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1 INTRODUCTION

Though it appears to be agreed that the fluonine 10n Qepresses
the growth  vitro of buman and murne cells opinions are still

mded us regards the concentration at which this effect makes
self felt,
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BerrY and TRILLwOOD (1963) report that addition of as httle
as 01 mgfl of sodium fluoride (about 0 0456 ppm fluormne 10n) to
the culture medium 1s sufficient markedly to depress the growth
wn titro both of human HoLa cells and of mouse fibroblasts, as
determined by counting the cells with the aid of a Coulter counter
aftor trypsimzation I'rom additional clonal culture experiments
they conclude that since much higher concentrations are necessary
to cause a sigmficant decreaso m reproductive capacity, the growth
reduction 1s probably due to a decrcase i division rato As 1s
apparont from theiwr table, growth depression after addition of
0 456 ppm fluorido 10n would secom not to differ appreciably from
that after addition of 0046 ppm

ArmstroNG and collaborators (1965a) repeated and extended
these oxperiments and observed results contrary to those of Berry
and Tnllwood Working with two established Iines of human
epithelial colls »iz HeLa colls and oesophageal eptthehum cells
and using bestdes cell counts determinations of cell protemn as an
mdex of cell multiplication, they found that concentrations up to
10 ppm of fluorine 10n are without effect An meipient retardant
effect was observed at a concentration of 15 ppm They rofer to
oxpermments by Prorrir and ACKreMaNy (1964) who found that
the uptake of tritium labelled thymidine by organ cultures of rat
metacarpal bones was not affected by up to 20 ppm, indicating
unimpaired DNA formation, and to work by Arnsricur (1964)
who found no mhbition of multipheation of murine leukaemic
lymphoblasts at &7 ppm

After Brrry and TritLwoop (1965) had remarked that tho
growth rate in Armstrong s HoLa coll oxperiments was veory low
to bogin with 4) ArMsTRONG c8 (1965b) eamo up with new exper:
ments where the growth rate was comparable to that observed by
Borry and Trillwood

In these oxperiments growth was measured in a different way after
24 h of ncubation the position mn each of the flasls of & cells which had

divided once was marl ed Tho number of eclls m cach of these clones was
recorded but clones which had not divided mto 4 cells on day 2 wero

4) Thor remark that the growth rato of Armstrongs oesophageal opt
thehal cells was much less than that of thewr own mouso fibroblasts and
HoLa cells 18 not gormane to the 1ssue, 1t 13 well known that there aro
marked differences in growth rate between cell types
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doned Ob ly, tha p dure results 1 an increase of the measured
growth rate The discrepancy between the earhier results of the Armstrong
group end thoss of Bury and Trillwood remains unexplaneil however
No statement 13 raade as to whether or not at the higher fluonde concen-
trations move clones had to bo abandoned because of 8 standstill in growth

The graph p ted shows a surp ly regular ovp tial
growth, at exactly the samo rate, with and without addition of
10 ppm fluonne ron, no disp are, however, nd! d Finally
N1as {19653), a. former collaborator of Berry and Toillwood, presents
the result of o small seres of experiments wn which he finds no
effect, on the growth of HoLa cells, of 1 ppm NaF

"Tho present paper 18 a report on expenments whero the influcnce
of Guonde 10n, added 1o concentrations of 1, 2, 4, 8 and 16 ppm
to the culture medium, on the growth of human HeLa cells, amnion
cells and T (kidnoy) cells was studied

2 EXPERIMENTAL
21 Mermops

The eells wero grown 1 250 ml closed culture flashs (Kimax)
8% 37°C The culturo medium consisted of & per cent calf serum
and 95 per cent Hank's balanced salt buffer solution, with 6 mg/m}
lactalbumm, 05 mg/ml streptomyen, and 1000 Ufml periciilin
added Each flask contained 12 ml of medium and 1 ml of inoculate
with, imtially about 500000 cells The medium was changed
every 48 h

Sodium fluenide was added to obtamn fluorine jon concentrations
of either 1 2 4 8 or 16 ppm over any already present in the
mediam §}

As prelminary oxperiments had shown that the results of DNA
determinations were 1n concord with those of cell counting but
that their dispersion was markedly less, growth was measured by
determainstion of the DNA content of the culture flasks after 2,
3 4,5 6and 7 days of cultivation

The medium 1s removed and the cell layer 1y washed once with
saline The cells are then loosened from the glass surface with

%) The fuonde content of Leiden drinking water 13 exceptionally lows
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& ml 0 25 per cent trypsin 1 salno and, together with 5 mnl saline,
transferred to an 18 ml closed culture tube (Kimax) and centrifuged

After careful removal of the supernatant tho tubes aro stored
at 4 °C DNA deternunations are mado according to CERIOTTLS
(1952) indolo method after oxtraction of the cell residues with 1 ml
of 1 M porchlonc aad

For each fluoride solution, two cultures were grown, n soparato
flasks, for each period of growth Hence for exch NaT concentration,
and cach day, the two DNA determinations, whether made
duplicate or not, provide ndopendent estimates of the corresponding
amount of growth

T cells and ammonie cells were analysed 1n duplicate and HeLa
colls wero analysed singly agamnst standard solutions of punfied
thymus DNA The reaction mixture consisted of 0 25 ml of per
chloric acid extract and 3 75 ml rengent (26 mg indole and 66 ml
concentrated hydrochloric acid i 250 ml)

To dotermune tho amount of DNA imtmlly presont n the flashs,
1 ml moculato samples, contatmng some 500 000 cells, of each of
tho cell strams were analysed The rosults of theso analyses aro
shown mn Table 1

TABLE 1
DNA
T. duplicate 18 8 6 17 average
Colls analysis 2214 3 18 13
Amnion dupleato 2105 3 439 356 3 averago
Cells analysis 610 5 4 410 9 5 6 4 [
HeLa single 5 616 21 7 714 910 4 1 /|averagoe
Cells analysig 2

22 Rrsurrs

Raw data are given 1n Tables 2 to 4, which show the amount of
DNA n ug per culture flask, after 2, 3, 4, 5, 6 and 7 days of
cultivation, for 0, 1, 2, 4, 8 and 16 ppm I'+ added to the culture
medium Tho form of the growth curves can be scon by reading
down tho columns Growth 1s slow at first and becomes much more
rapid 1rregularly
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TASLE 4
Hela Cells DNA values 1 pg por flask
am F+ 0 1 2 4 8 18
f
v Dopt Cult | Dupt Colt | Dupl Cult | Dupl Cult | Dupl Cult | Dupl Cutt
s sl ol 7 7] 9ol e} 7 —

1 10 14 T 20 2 1% 4 13 18
33 A 2 2 20 21 21 17 25 23
42 29 42 57 21 50 28 38 25 28 42
42 51 48 54 42 45 56 61 31 28 27
102 — 61 105 87 50 42 39 42— 57
88 94 {19 92 58 111 3 82 o3 101 74

11
28
45
L}
32
80

The differences between the duplicate determinations remsin
small throughout excopt for some of the small amounts of DNA,
but the vanability between the repl d 1003
rapudly as we read down the columns and this trend scems to bo
very uregular

3 STATISTICAL ANALYSIS
31 A SUITABLE SCALE ¥OR DETATLED ANALYSIS

In contrast to the case for many other biological dose response
relationships there seem to be as yet no standardized procedures
of statistical snalyss when the response 19 a vanation 1n the rate
of growth and division of cells Also the mathematieal forms of
growth curves of this kind are not known We have thercfore
estimated the form of these curves empinically, but we have not
tried to fit a mathematical function to this form

Roth biologieally and statistically 1t 18 reasonable to analyze
growth curves m terms of the loganthm of the amount of the
growing substance The relative vamation whether random or

18 more import: biologieally than the absolute
vanation, and 1t 1s clear that the random scatter 13 more nearly
bamogeneous In & logenthime scale This applies both 1o the pair
vananees and the vanation along the rows

In terms of log y, where ¥ 13 1n pg DNA, variances for large y
were Taifly homogeneous, but not those for small y, the par
varances for 2 days were too large, and those for 0 days (imtial
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Fig 1a T-cells
Standard errora of plotted pomta 1n z scale

%, 032, O, 045, difference 035 (For day 5 these three estimates should
o doubled)

30

20

Fig 1b Ammon cells
Standard errors of plotted points wn z scale

X, 023, O, 033 dufference 041 (For day 4, 038, 080 and 095 respectively).
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amounts of DNA), larger still The growth curves did not become
hinear, mn other words, they are not sunple oxponentials

A transformation was therefore chosen that is linear for the
smaller values of y and approaches log y for larger ones Wo have put

z=smh-1 (y/20) (1)
=y/20—1/6 (y/20)*+ (2
so that y=10¢* (1 —0%) 6}

Hence, whon 15 less than about 15, =/20, and when exp —2z=1,

z=log,(y/10) The variances were more nearly homogencous m ths
scalo, which was thorefore used for all tho statistical analyses The
resulting estimates for different fluoride concentrations were then
converted back to thoe onginal (y) scale, and oxpressed as ratios
of o standardized growth curve as described below

Table 6 gives the means and vanances in the transformed (2}
sealo, and the moans of tho 2’s transformed back to the y scale
In relation to tho duplicate doterminations from the same flash,
tho analysis1s 1n torms of the inverse hyperbolic sine of the average
of the two y values Henco there are two z valuos for each dav
and cach fluoride concentration obtamned from separato independ
ently growing culturcs, making 12 for each day

Trom the means of thoso 12 values averago growth curves were
obtaned for each type of coll

TABLE §
The moans over all doses and variances ostimated from parr differences,
in tho transformed scalo
z=smh ? /20 whero y 13 1n g DNA
z=moan over all doses for the samo number of days
y=the same transformed bacl to sg DNA, thus y=20 sinh =

T Cells Ammnon Cells HeLa Cells

Days
z rarz v z varz Yy z ar s v

0605 00870 128 | 0280 00120 58 | 0445 00498 92
0729 00462 159 | 0510 00176 106 | 0641 00409 137
0828 00372 185 | 0858 00218 193 | 0057 00188 222
1038 00151 247 | 1328 01278 351 | 1366 00454 366
1426 01742 392 | 2079 000756 787 | 1536 00001 443
2115 00661 817 | 2528 001162244 | 1751 00692 559
2478 0030971183 | 2702 004841625 | 2170 00554 864

RN
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Fig 1a Tecells
Standard errors of plotted pomts in z scale

X, 032, O, 045, dfference 035 (For day 5 these threo esttmates should
be doubled)

30

™
<
\VH

IS

20

2 4 6
Fig 1b Ammion cells
ed pomnts 1 2 scale

Standard errors of ploty
933, difference 041 (For day 4, 058, 080 and 095 respectively),

x, 023, 0,
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30 200
2 Y
150
100
days A
v) 2 4 6
Fig lec HelLa colls
Standard errors of plotted points n z scalo
X, 028, O, 042, difference 051
Fig 1 Growth curves for the three cell types, showing thoe two scales for
y/20

measuring growth y scale, ng DNA per flask, 2 scale, z=ginh 1
Full curve menrn growth curves for all fluoride concentrations

Top enrve gstimated growth curve for concentrations 0, 1, 2 and ¢4 ppm
Bottom curve estimated growth curve for concentrations 8 and 16 ppm

X, obsorved means, 0, 1, 2 and 4 ppm
Os ” » 8 and 16 ppm

All means were obtamned in tho z scale
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32 THE AVERAGE GROWTH CURVE

We first consider the mean {m the transformed scale) for all the
determmztyon® tade on ans day These means are plotted agamst
the length of the growth period n the mddle curves 1n figs I {a~c}
Both the transformed scale and the ongmwal DNA seale are given
The top and bottom curves are estimated growth curves for the
means for doses 0 1 2and 4 and for dosea of 8and 16 (The method
of obtamning them 13 discussed tater) The powts plotted are the
actual means for these two doso groups

The shapes of the growth curves are clearly different for the
thres cell types For T cells there 8 o rapid increase {even in the
transformed scalo) between 5 and 6 days from the beginming of
growth and there 19 a smilat mereaso for amnion cells between 4
and § days For Helia cells also there are vanations in the grawth
rate but this is less rapid and the averaged growth curve 15 moro
neatly hinear between 2 and 7 days The parr vanances aro discrep
antly high at 5 days for T cells and at 4 days for amnion cells
that1s just when the very rapid growth s bepinmng £ thus penod
of rapnd growth should begn at different times m different mdt
vidual growth curves this would explam why these parhiculsr
varances are so much hgher than the others For Hela cells

with & legs vanable average growth rate the pair vamances reem
o be My b ot

1 throug!
Table 6 gives all the par means expressed as deviations from

the corresponding row means 1n other worda the entries are stan

TABLE 6
The deviations in the patr means from the meana for all doses for the same day
(a) T cells
Days |__ Concentrations Row
o ] 1 1 2 4 | 8 | 18 \ mcans
2 | 0371 —239 | 201 | +081 | —24 | 4221 720
3 | —083 ) 41821 +062 | —108 | —018 ) + 037 828
4 | +317 | —d08 | —028 | +077 | 4097 | —o053 | 1 038
5 {4369 { ~211 { 4270 [ +120 [ ~240 | —3°5 | 1428
6 ' +ot5 ) yuas | +125 | —o0s | —265 | —o45 | 2118
1 +07 L pwr2 b o221 002 ] a8z | —253 1 2418

means (mthout day 5)
+ 005 | —030 | 4134 | —009 | —133

—olg 1438
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days

° . : . L : . o
o 2 4 6

Fig 1c HeLa cells

Standard errors of plotted ponts mn = scale
X, 028, O, 042 differenco 051

Fig 1 Growth curves for the threo cell types, showmg the two scales for
measunng growth y scale, ug DNA per flask, z scale, z=anh ! y/20
Full curve mean growth curves for all fluoride concentrations

Top curve estimated growth curve for concentrations 0, 1, 2 and 4 ppm
Bottom curve estimated growth curve for concentrations 8 and 16 ppm

X, obscrved means, 0, 1, 2 and 4 ppm
O » » B8 and 16 ppm

All means were obtamed in the z seale
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33 ANALYSIS OF THE DEVIATIONS FROM THE AVFRAGE GROWTH
CURVE

Table 7 gives the analysis of vamanco for the deviations given
1 Table 6, again leaving out the two rows with much larger
vanances The mgmificance levels given only refer, of course, to
the amount of vanation between tho column means, disregarding
any trend 1n this varation

Tasre 7

Analysis of vanance with z=emnh-1 (y/20) Sums of equares of deviations,
and vanances for 100 z All deviations are from the row means The pairs
term 13 obtawned from the terms §(zi—2s)?, one for cach parr The column
term 18 due to the difference between tho column means for the different
dose (concentration) effects, and thus gives the main doss effect The doses
% days term expresses the cffect of the dufferent doses on the shape of the
growth curve, s¢ vanations m the growth curve over and abovo those
desenbed by a parallel shift P 13 the probability of obtainmg & greater
column vanance/pairs vanance ratio by chance, if there 14 really no doso
effect on the column means

Tcells without day 5

sum df vanance
Pawrs 122590 30 4036
Columns 40010 5 8002
Doses x days 14761 6 20 7381
Total 310216 55
P 0313

Amuon cells without day 4
Paurs 64075 30 2138
Columns 35205 5 7041
Doses X days 68157 20 3243

- =7 43
Total 16453 ¢ 55
P 0015
HeLa cells

Paurs 143290 36 3980
Columns 86623 5 17325

Doses X days 136332 25
Total 36624 5 86
0003

5453
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TAnLE 6 {continued)
{b) Ammon celly

Days Concentrations Row

0 1 2] 4 | 8 1§ | means

2 4070 § —160 | 4005 | —055 | 4250 | —110 510

3 — 033 + 042 + 062 + 012 + 132 | —218 858

4 + 121 | — 159 - 061 | — 109 + 101 { —o024 1328

6 + 091 | — 019 | — 124 + 001 + 066 | — 014 2079

6 — 033 + 027 | —023 - 142 [ 4032 | — 148 2528

7 -+ 063 -+ 168 -+ 188 + 138 | —207 | —352 2792
means {(without day 4)

4032 | 4-012 | 4022 | +048 | 4055 | —169 | 1753

Standard errors 049 for concentration I,
046 for the other concentrations
Only one determimnation for day 2, concentration 1, miseing valuo of 2z
assumed to bo 050
{c) HeLa cells

Days Concentrations Row
0 1 2 4 8 16 means
2 — 076 + 000 [ —031 + 224 | — 236 -+ 109 641
3 + 193 | —022 | —182 | —037 [ — 47 | + 103 957
4 — 036 + 264 + 014 | — 096 | — 301 -+ 154 1366
& + 044 + 129 | — 016 + 254 { —356 | — 056 1536
6 + 334 + 344 + 084 | — 2006 | —226 [ — 241 1751
7 + 050 4185 | —090 | + 010 [ —040 | — 115 2170
monns

- 086 + 152 | —038 | + 011 | — 200 | — 007 1402

Standard errors 060 for concentrations 0 and 8

058 for tho other concentrations

Only ono det t for day 6, 1ong 0 and 8 Miwsing z

valuos assumod to bo 184 and 156 respoctively

The results for all threo ccll typos suggost a small irregular decrease m
growth rato ospeeinlly for concentrations of 8 ppm but tho vanation for
T colls could be a chance one

dardized on the number of day s of growth In obtaming the column
means, day & for T cells and day 4 for ammion cells were left out
These means give estimates of the effects of the differont fluonide
concentrations The standard errors aro estimated from the com

bined pur varances
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Tanre 8
Weighted mean doss effects expressed on the 2 scalo as deviations from the
daly means () for all dosox and weighted by the estimated amount of
growth up to that day {lower weight factors for day §, T-cells and day 4,
ernnion tells see text), alsa the corresponding mean z values for concens
teations 0, 1, 2, snd 4 snd for 8 and 16 ppm end their standard errors

Values of z—3

Fluonide concentration, ppm

Cel type 0 1 13 4 8 15
T 4068 4013 410 013 —8l  —136
Standard errors 081
Amnion 4036 4034 4033 408 —o024 —I85
Standard errors 053
‘HeLa 4108 4199 027 —027 —191 —082
Stapdard errors 065 {072 for O and 8 ppm)
Values of z
{ 01,24 | §F | 816 | SE | Dfference | SF
T 2556 0010 | 2319 | 0057 0287 0070
Ammon | 2347 0027 | 2180 | 5033 9157 0048
Hela 1720 0033 ) 1539 | oos 0190 0038

{#g DNA per flask, the y scale) In these umts, the estimated
amounts of growth for each day (as gven in Table € by averaging
over all doses) are shown in Table 9 The values for day 7in the mean
growth curve are regarded as the standard anes, and the amounts
of growth for each concentration have been expressed 23 a ratio
of this standard The amounts of growth for the other days can be
estimated-hy multiplyig each of these ratios by the entres for the
standard growth curve, assuming of course, that the amounts of
growth tematn 1 the same proportion for the same growth period
and different concentrations This scems to be approximately true
at least for the longer periods of growth ’

The corresponding estimates for the growth of the means for
0 1 2 and 4 ppm and for 8 and 16 ppm are shown 1n the figure
The decrease from one to the other 1s clearly about 15 perncent
for amnion cells, and more than 20 per cent for T and for HeLa celle
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The ‘doses x days vanance 18 Iarger than the corresponding
par variance but not greatly so Hence the growth curves for
tho same kind of ecll and different fluonide concentrations do not
vary greatly in shape 1n fact starting [of course] from the same
point thoy become approximately parallel in tho transformed scalo

%4 AN ESTIMATE OF THEL AVERAGE CCFECT OF THE FLUORIDE
CONCENTRATIONS ALLOWING FOR TIHL FACT THAT THF GROWTIH
CURVLS ARF CUMULATIVI

In assessing tho effects of different fluoride concentrations no
allowance has so far beon made for the fact that growth curves are
cumulative If we do so wo obtain another estimato of tho average
effect of cach concentration which may be more meaningful
biologieally

In prmeiple the deviations reading down the columns of Table 6
are simply weighted by the amount of growth up to that pomnt
Theso amounts of growth are estimated by subtracting the means
for day 0 from the means for each of the other days (as given in
Table 5) (Ihe denvation 13 given 1n the appondix )

In cstimating the mean doso offoct on the T cells the weight for
day 5 was multiplied by 1/4 and for amnion cells the weight for
day 4 was multiplied by 1/6 This allowed for the discropantly
large variances for these particular days

Table 8 gives the weighted means obtained 1n this way together
with their standard crrors The pattorn of variation with ineroasing
fluoride concentrations s similar to that obtamed from tho un
weighted means but 1t 13 moro regular In particular the increaso
between concontrations of 8 and 16 ppm for T cells and HeLn colls
which 13 against the genoral trond becomes less In any caso the
conclusion 1s that concentrations betweon 4 and 8 ppm begm to
have an effect on T cells concentrations of about 8 ppm on amnion
cells whilst for HoLa cells as hittle as 2 ppm may have some effoct
i dimimshmg the growth rate

Tor all threo cell types thero 18 o marked drop n growth rato
between concentrations of 4 and 8 ppm Tho means for 0 1 2
and 4 ppm and for 8 and 16 ppm are given n tho table tho differ
ences for all threo cell types are betweon 3 and 4 timos their
standard orrors

Theso ostimates have beon converted back to the onginal units
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estimates for day 2 are obtaned from all the other davs mcluding
of course day 2 If we take tho 6th day as tho standard estimates
based on earlier days become forecasts but the principle 13 the same
Each estimate must bo weighted by a factor nversely propor
tional to the vanance 1n obtaning the contnbution to the eshimate
for day ® due to the 2 value for duy 7 the deviation z2~£» 13 there
fore first multiphed by g2/g and then by g3g3 Then from whichever
day we start with e arnve st tho same wetghted mean 2, given by

_gla—n)tgs(a—z)+ gr{r7 =)

$)
- 2tgat 4

The summation 13 of course over z values for the same fluonde
solution
The vamance of this estimate 1 shghtly greater than

Zgt varzf{Zg)" This allows only for the random vanation in the
zs A rough caleulation showed that the cffect of errors w the
estimates of the g8 13 much smaller This hag been neglected We
have slso ignored the errors in the estimates of zo which are not
neghgble These would affect the relative values of theg s but have
lttle effect on the ones that have most weight namely g; and g¢

4 DISCUSSION

SmeEr and ARMSTROMG (1960) found that for fluonide concen
trations in the dnnking water ranging from 015 to 22 ppm
fluonde (about 0 07 to 1 ppm fluonne 10n) plasma fluonde concen
tration 13 apart from transient increases after meals within the
range 0 14 to 019 ppm (some 0 06 to 0 09 ppm fleonine son) The
lowest at which ding to BerrY and TRILLWOOD
fluorme  added to the medium markedly depresses the growth
n ntro of HeLa cells (and of mouse fibroblasts) 1s below the lower
end of the physilogieal plasma range e Jevmivs {1963)
nghtly remarks that 1f normal cells 1z tivo should have the same
sensitivity to fluonde as the cancer cells studied 1n wilro by Berry
and Trllwood fluonde at physwologieal concentrations might act
23 a weak imhibrtor of cell growth He also points out that without
addition of any fluonde the concentration in the medium would

m all df;robabxhty already be hugher than the lowest concentration
adde

‘The results obtained n the Present experiments are at vanance
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TanrLe 9
Accumulated amounts of growth for each day, and the effects on them
of tho different fluonide concentrations, measured 1 ug DNA and expressed
a3 ratios of tho amount for the mean growth eurvo at 7 days Tho amounts
of growth for shorter periods can be cstimated, assuming they are in the
same proportion, by multiplsing the entries in tho first part of tho table
by these growth ratios

Days o 2 3 4 1 6 7
Amounts of growth in ug DNA (y scale)
T {128) 31 57 19 26 4 668 1054
Amnion {59) 48 135 292 729 1180 1409
HoLa (92) 45 130 274 351 466 772
Concentrations, ppm
0 1 2 4 8 16 0,1,2.4 816
Growth ratios and standard errors

T 1071 1079 1176 1013 0832 0871 1083 0851
ST 098 099 107 093 077 080 050 056
Ammon 1038 1050 1035 1094 0974 0823 1056 0896
se 057 058 057 060 054 046 028 035
HoLa 1131 1252 0970 0969 0800 0931 1075 0863
Sk 092 091 073 073 069 004 041 050

Note The standard errors are approximate since they assume that tho
y values for zero concentrations aro exact Errors in theso can give
niso to amall errors in the eorresponding growth rates, all in the
samo direction, tho comparison between tho growth ratios 13 affected
very shightly

APPENDIN

THE DCRIVATION OF THE WEIGHTED AVLRAGE
ALLOWING I'OR CUMULATIVE GROWTH

The amount of growth for any particular number of days must
provide information on the amounts of growth during provious
days (we recall that all detorminations wero mado on soparate
cultures)

Subtracting the zero valuos i Tablo 5 from each of tho other
row means we obtan estimates of tho mean amounts of growth
g2, g3 g1 g7 up to the corresponding days Tho estimate for day 2
from tho day 7 valuo 18 2:92/g; with varance (g3/g;) var z Sunmlarly
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culture flasks, determined according to Cenotti's indole method, was used
83 indox of growth

For each of the fluonne concentrations, and for each of the cultivation
periods used, viz 2, 3 4, 5, 6, and 7 days, two cultures were grown In
separate flasks DNA were made 1n dupl n the case
of T cells and ammon cells

1In & detaided statistical analysis the shapes of the growth curves and therr
vanability were taken imnto account It was found that concentrations
between 4 and 8 ppm have an meipient growth-depressng effoct on T-cells,
concentrations of about § ppm begin to have an effect on amnion cells,
for HeLa cells s Littlo 63 2 ppm may already have somo influence From
estimates based mawly on the longer growth penods it appears that for
all threa cell types the average growths at 8 and 16 ppm were 15-20 per cent
lower than at the other concentrations
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with those of Berry and Tllnood The fluonde concentration (over
that alrcady present mn the medium) at which an mnciprent effect
on the growth of HeLa cells was found exceeds the lowest value
at which o marked depression of growth was observed by Berry
and Tnllwood by a factor 45.

‘Woe are unable to account for this difference, 1t cannot:bo ascnibed
to tho difference in method (DNA determinations ts cell counting)
because, as remarked earher, the results of cell counting and of
DNA determinations agreed Nor does 1t seem likely that an
mtially high fluonide concentration m their wedium could be
mvoked According to the present experiments there 1s an inaipient
growth retarding effect at 2 ppm fluorine 1on The range between
1 and 2 ppm was not subdivided, but 1t can be concluded that the
concentration at which an effect makes itself felt lies within this
range Supposing tho imtial concentration in Berry and Tnllwood’s
medium to be of this order of magmtude 1t seems most unhkely
that addition of 0045 ppm would tip the scale, and oven more
unlkoly that, if such were the case, there would be virtually no
difference botween the effect of addition of 0045 ppm and that
of addition of ten times that amount

On the other hand, the fluorine concentration (2 ppm) where,
1 the present experiments, a depressing effect on HeLa cells begins
to mako 1tself folt, 13 fivo times less than the one (10 ppm) which
was still without effect 1n the hands of Armstrong ¢ s This difference
might bo due to a selection effect if 1t should indeed bo truo that
i therr experiments more clones had to be abandoned at the
Ingher fluoride concentrations No explanation can be offered for
the fact that, unkhe Anderson c¢s, wo found growth not to be
exponential for any of the cell types

The fact that the cancer (HeLa) cells seem to be more sensitive
to fluorine than the other human cell types studied i the present
mvestigation 1s of interest, but s unlikely to be of practical 1m
portance, smce the concentration at which thewr growth begins
to be depressed 1s about ten times normal plasma concentration

SUMMARY

The influence of fluorine 1on added mn concentrations of 1, 2, 4, 8, and
16 ppm to the culturo medium on the growth wn vitro of human amnion
cells, T (kndney) cells and HeLa cells, was studied DNA content of the
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£ M Asrts, Shmulation of the glucuromie aerd pathway by drugs
Department of Pharmacology, University of Nymegen

A vanety of drugs have been reported to stimulate the L-ascorbic
acid synthesis in rat hiver Evidence that this phenomenon concerns
stimulation i the glucuromc acid pathway, anses from the finding
that the admumstration of barhital, chloretone or 3 methyl-

h b to rats 1t the of D hexose C!t to
labeled D glucwrome acid, L-gulome acid and Leascorbic sad It
appears that the sud drugs stimulate the glucuronie acid pathway
at some step prior to the conversion of D glucuronicaeid D glucare
acid 13 a metabohie produet of D glucuronic acid In view of theso
findings an enhanced excretion of D glucaric aad would be ex-
pected to occur during stimul: Barbital enh: the
of D glucuromic aerd Trascorbic acid and D glucarie acid 1n rats,
chloretone enhances L-ascorbie acid and D-glucane acid exeretion,
but 3 methylcholanthrene 13 found to enhance the Lrascorbie anid
excretion only (Burns and CowNEY, 1966)

In our experiments & single dose of thiopentone, DDT, amudo-
pyrine, phenylbut or nikethamde, ad d to rats, has
no influence on the excretion of D glucaric acid, while at the same
time the exeretion of I~ascorbic acid 1s enhanced A aingle dose
of DDT or mkethamde does not enh the of D
glucurome acid

During of rats with 1t doses of D gl
lactone the mcrease of D glucane acid production displays a pattern
different, from the mcrease of L-ascorbic acid production At low
doses there 13 a constderable increase of D glucanc acid production,
but not of L-ascorbic acid production Furthermore the stimu
lators barbital, ruketh de, phenylt dopyrine
enbance the excretion of L-ascorbic acid but not of D glucane
acid 1n rats loaded with D glueuronolactone (AarTs, 1967)

The results may indicate that the L sscorbic acid pathway and
the D glucaric acid pathway have their own D glucurome acid pool
It 18 supposed that the L-ascorbic acid pathway together with the

D glucurome acid generating system form
e o g sys one physiological se-
Since the phymologieal mgmf
gnuficance of the D-glucanc aad
Ppathway 13 not established (SaDAHIRO ¢! al + 1966), the possibality

and
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could still be recognized as basophyhe segments rich 1n nucler

In the diaphragm the necrosis was much more abundant n the
vicimty of the end plates than in the penpheral parts of the fibres
\oreover, 1n the diaphragm the muscle fibres were more affected
than 1 the other muscles Rats which had been grien an LDy
of soman, which has no effect on the end plrte funchion, had no
muscle necrosis No necrosis was observed 1n the other organs
examimned

An oxime was injected 1, ¢ or 8 h after DFP to mvestigate
whether the development of necrosis could be prevented by re-
activation of cholinesterace Each rat recerved 150 mgfhg PSap
In those rats which received the oxime one hour after DFP less
necrosis was found the next day

All evidence so far pomts to the hypothesis that a relation exists
between 1nhibition of the cholinesterase at the end plate and the
muscle fibre necrosis

C M Ballintyn, The infl of prop upon resp Y
neurons tn the medulla oblongata of fishes

Zooloieal Laboratory of the Unuersity of Gromngen, Haren (Gr)

In the past, 1t has been shown that several bran stem respiratory
neurons are able to generate thythmic activity, also when rhythmic
proprioceptive stimult are absent Vo BAUMaARTEN {1956), von
Bavwosrtex and Kanzow (1958) and Conev and Wavo {1959)
used succrnylcholine, which transitorily lames mammalian muscles,
to exclude rhythme proprioception Their main pomt 1s, that the
Tesprratory neurons under observation then contmue to fire
rhythmeally

Only scant information 15 given on the mfluence exerted by
proprioceptive stimuli VoY BAUMGARTENY and Kavzow (1958)
recorded a change in the activity rhythm of cells durimg paralysms
Comen and Wana (1959) observed rhythime m~zpu":1tm'yO discharges
m the region of the root of the t nerve,
which became continnous dunng sucemyl paralysis They mter:
preted these potentrals as proprioceptive 1mpulses from the jaw.
which are known to be cammed m the mesencephalie trlgemllnus‘

Only vov Bavsasrrey and Sarvoraent (1962) worked with
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that the responsible enzyme 1n this pathway may have a function
not related with physiclogical ) glucurome acid metabohsm eannot
be excluded The following mechamsm for the different effect of
stimulators 1s proposed stimulators imtiate an cnhanced D-
glucuronic acid formation with consequences for the L ascorbie
acid pathway and the D glucurome acid L xylulose cycle If a
markedly enhanced D glucurome acid formation is imtiated, an
outflon of D glucurome acid to the D glucarc acid pathway
(barbital, chloretone) and to the extra cellular space (barbital) also
oceurs
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A Th Amensand B M J van Benthem, Necrosis of
striated muscle fibres n the rat after injection of chalinesterase inhibitors

Medical Biological Laboratory of the Natwonal Defence Rescarch
Organization TNO, Rysuyh Z I

Albine rats of 200 g were mtrasenously mjected with the LDsg
of DT'P, tabun, 827, Sz or Si0 The S compounds are systox dertva-
tives The diaphragm and the intercostal gastrocnemius and psoas
muscles were studied at two hour intervals up to 12 b and subse-
quently each day, during 10 days after the mjection The material
was fixed m 10 9, formalin solution Sections, 7 s thieh, were
coloured with haematoxihn eosmn or with the PAS techmgue
Other organs examined were lungs, bruns, hidneys, heawrt and
splecn This work was dono m conjunction with the investigations
by Wolthwmis and Meeter described m their abstract

The nueroscopic examnation of tho muscles revealed a process
of part1al necrosis of the fibres followed by complete regeneration
Tho first abnormalities appeared after 2 h and consisted m an
uneven swelling of the sarcoplasm with eosimophyha After 4-6 h
the first leucocytes were seen and 10-12 h after the injection the
partial fibre necrosis was fully developed After 3-4 days the first
new striated fibrils were visible After 10 days tho necrotic parts
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could still be recogmzed as basophyhic segments rich tn nucler

In the diaphragm the necrosis was much more abundant i the
viemity of the end plates than in the peripheral parts of the fibres
Moreover 1n the diaphragm the muscle fibres were more affected
than 1n the other muscles Rats which had been given an LDip
of soman which has no effect on the end plate function, had no
muscle necroas No necrosis was observed mn the other organs
examined

An oxime was njected 1, 4 or 8 h after DFP to miestigate
whether the development of necrosis could be prevented by re
activation of cholinesterase Each rat recerved 150 mg/hg P:S1p
In those rats wiich recerved the oxime one hour after DFD less
necrosis was found the next day

All evidence so far pomts to the hypothesis that a relation evists
between inhubition of the cholinesterase at the end plate and the
muscle fibre necromis

C M Ballintyn Thesnfl of prog plion upon resy Y
neusons in the medulla oblongata of fiskes

Zooloqeal Laboratory of the Unitersuty of Gromingen Haren (Gr)

In the past 1t has been shown that several bram stem respiratory
neurons are able to generate thythme activity also when rhythmie
praprioceptive stimuli are absent Vo BAuMGARTEN (1996), von
BAvMOARTEY and havzow (19a8) and Contes and Wana (1959)
used suceinylchaline whieh transitorily lames mammalian muscles
to exclude rhythmic proprioception Thetr mam point 1s that the
:;;{mzbnemons under observation then continue to fire

Only scant mformation 13 given on the mfluence exerted by
proprcceptive stimuli Vo Bavsoartes and Kanzow (1958)
ré:;ried adchimge i the actinty rhythm of cells duning paralysis
Cor and Waza (1929) observed thythmie inspiratory discharges

e regton of the ph Toot of the t 3 nerve

;vr):;}:‘ l:;c;:xe continuous during sueciny 1 paralysis They inter

P 1
ek Dtive 1my from the jaw
ocn] a:'eoim;wn to be camed 1n the mesencephalic tngemxjmls
ly AUMGARTEN &nd SaLMorragmr (1962) worked with
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that the responsible enzyme n this pathway may have a function
not related with physiological D glueurome apid metabolism cannot
be excluded The following mechamsm for the different effect of
stimulators 13 proposed stimulators mitiate an enhanced D-
glucuronie acid formation with consequences for the I, ascorbic
acid pathway and the D glucurome acid L xylulose evele If a
marhedly enhanced D glucurome acid formation 1s mtiated, an
outflow of D glueuromo aad to the D gluearic aad pathway
(barbital, chiloretone)j and to the extra celiular space (barbital) also
oceurs
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Burns J J and A H Coxvwey, in Glucuromie Acid (Acaderme Press,
Now Yorl 1066) p 372
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A Th Artensand R M J van Benthem, Necrosis of
striated musele fibres i the rat after inyection of chohinesterase inhibrtors

Medical Biological Laboratory of the National Defence Research
Organization TNO, Rysuyh Z H

Albmo rats of 200 g were mtrax enously mjected with the LDso
of DTP, tabun 8.7 S3s or Sgo Tho 8§ compounds aro systox dernva
tives The diaphragm and the intercostal gastrocnemus and psoas
museles were studied at two hour mtervals up to 12 h and subse
quently ech day during 10 days after the mjection The material
was fixed in 10 9%, formahn solution Sections 7 p thich were
colourcd with hacmatoxthn ecosin or with the PAS techmque
Other organs exammed were lungs, brams ldneys heart and
spleen Tlus work was done n conjunction with the mvestigations
by Wolthwis and Meeter deseribed m theiwr abstract

The microscopic oxamation of the musoles revealed a process
of partial necrosis of the fibres followed by complete regeneration
The first abnormahties appeared after 2 h and consisted m an
uneven swelling of the sarcoplasm with cosmnophylhe After 4-6 h
the first leucocy tes were seen and 10-12 h after the mjection the
partial fibre necrosis was fully developed After 3—¢ days the first
new strated fibnls were visible After 10 days tho necrotic parts



GRONTAOEN  APRIL 6-7, 1067 27

excitation threshold, but when a small continuous proprioceptive
mgnal 18 added to 1t the threshold will bo reached periodically
and the neurons fire 1n thythmic bursts With a large proprioceptite
mput the excitation 1s slways above threshold and the cell1s active
without interruption
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A J J Beerens, Discharges from primary afferents in the
utricular nerte an the cal

Dept of Neurophysiology and Ear, Nose and Throat Climic of the
Walhelmina Gasthuss, Unirersity of Amaterd

The purpose of the exp 18 the mvestigation of the resy -
pattern of the utricular macula 1n mammals, 1 comparison With
the findings 1n lower vertebrates (LOWENSTE and RonerTs, 1950,
vox Horst, 1950, Ross, 1936, Sciorx, 1957)

After performing & partial labyrinthectomy {section of the
ampullary nerves to the honzontal and anterior vertical semu-
eircular canals) on the left mde, a microelectrode 1s introduced
into the internal acoustic meatus on that ade

‘While recording from the superior vestibular nerve solely active
fibres from the utricular nerve are encountered

In the normal (honzontal) position a rather constant resting-

discharge at a rate of some 20 to 40 impulsesfsec {5
echargo o p fsee {50 to 200 micro V)
0

1ly the resting d constatg of moy

bursts When altering the position of the cat (slo:: ‘::13‘:5! l:)ewg:laz

the left) the discharge frequency 13 found to mcrease:gha )} l.t

» level between 80 and 120 rmpulsesfsec As long as th ok ol

18 kept 1n this tilted position, the discharge fr: uen: ’ omaun

cor‘\xnt n‘: ths higher level seney romains

en the ammal 13 brought

discharge immediately relu:ns tl,f!: ltth:or:gr\mnzl‘ ;’::::0!1 e tho

Change of pontion towards the nght (tlting) provnl]:‘ea a decrease
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succinylchohne 1n fish They came to the conclusion that, contrary
to 1ts effect 1n mammals, the paralysis 1s irreversible

The respiratory neurons described by these authors all continue
their rhythmic activity after suceinyl injection until the end of
the experiments

Artificial abduction or adduction of the opercula both 1n normal
and m paralyzed ammals did not influence central respiratory
activity, except 1n a few cases where the mposed movement was
abnormally great A sudden injection of 10 cc of water into the
mouth sometimes resulted 1n changes mn the finng pattern of the
respiratory neurcns under observation

The present report deals with the choice of a smtable relaxant
and with the influence of proprioceptive input upon the respiratory
centre

As the firing pattern of the neuron after recovery from paralysis
serves as a control and 1n my expeniments the irreversible action
of suceiny lcholine was clear tho properties of other relaxants were
msestigated  Although the dose 18 rather entical, flaxedyl {(galla
mine) appeared to produce a paralyss that lasts for about half
an hour, which the animal survives 1f the gills are 1rrigated arti
ficially

The experiments with flaxedyl lead to the conclusion that,
depending on their reaction to paralysis, the neurons in the resp
ratory centre can be divided mto three categories One group of
cells continue firing rhythmically during the period of complote
mmmobility Lvidently these cells are part of the structure which
generates the respiratory rhythm or primanly depend upon 1t for
the generation of therr own activity The second group stops firing
to resume 1ts activity only when respiratory movements start again
This group of cells consequently must be a part of, or manly
dependent upon the proprioceptive system Finally the third type
of neuron 1s silent during paralysis Proprioceptive mput as arti
ficinl abduction of the lower jaw, however causes them to resume
therr activity, which 1s continuous 1f the abduction 18 great but
consists of rhythmic bursts 1f the mouth 1s shghtly opened This
remarkable behaviour can be explained as follows the cells are
connected to the structure generating the respiratory rhythm and
also to the proprioceptive system, erther directly or via the neurons
of group two The rhythmic mput alono 1s, however, below their
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stimulus, spplied exactly at the samo moment as before, caused
a less deep 1nspiration, followed directly by a second one This
difference appears to depend on the activity of the expiratory
centres mfluencing the frequency of breathing Evidence for this
hypothesis 1s the fact that this doubling of the induced nspirations
always disappeared after bil 1 vag y.

In some dogs the mduced inspirations were preceded by some
expiratory activity, the effect being the stronger the earher 1n the
expiratory phase the stimulug was given

These effects probably depend on the exatatory condition of
the respiratory centres We hope this method will offer a new
approach to the problem of rhythmicity of Lreathing

R A Binkhorst and J A Vos, Short ferm exercise and the
effect of warmng up

Department of Physiology, Uniteraity of Nymegen

In continuation of previous experiments (Brekmorst and Vos,
1966) one gubject (aerobic capacity of 4 8 1 per minute) performed
exereise on & bicycle ergometer during one minute, at loads varying
from 100-650 Watt (612-3965 kg/mm), with 70 rpm In one sertes
the work was preceded by a warming up period of 10 min ey cling
at 0 Watt, the exercise of the second series was preceded by a
warmmng up period of 10 min bicycling at 155 Watt Oxygen con-
sumption (Douglas bag, Haldane), ventilatory data, heart rate,
pH end lactic aaid were measured

The results of cach expenment were expressed 1n enmulative
curves 1n order to determmne the total amount of transported
oxygen ventilated volume and sum of heartbeats in the first
minute of exercise, after the warming up period

RESULTS

1 Al the parameters ultumately reached values which were

70-90 % of those reached at maximal OXygen consumption
tests

2 When the totsl amount of oxygen transported and the total
amount of heartbeats were plotted agamnst the respective
workloads, a distinet tendency for a levelling off of the para
meters, with an inereasing load, was found
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of the resting frequency In any grven position during lateral tilt
the discharge frequency 1s mndicative of that position

Recording from 4 primary afferent utricular nerve fibre shows a
distinet frequency modulation of the discharge during tilt in the
transversal plane

These findings 1n the eat are 1n good accordance with those 1n
lower vertebrates and give support to BREUER s hypothesis that
stimulation of the otolith organ 13 effected by the shearing force
of the otolith 2 e 1n the transversal plane by outward displacoment
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J A Bernardsand J F Sistermans Transient changes in
lung ventilation by brief shmulation of the carotid bodies wn the dog

Department of Physwlogy Unuersity of Nymegen

Spontancous ventilation of dogs ansesthetized with chloralose
urethane was recorded by means of a pneumotichograph The
arterinl chemoreceptors of the earotid bodies of both sides were
stimulated simultancously by mnjecting 1 ml of blood previously
equilibrated with a gas mixture contaming 7 % O and 10 9, CO
1 N, near the artenal bifureation within one half to one second

Injection m the expiratory phase caused an immediato deep
msprration after a latent period of about one second the volume
of this mspiration being larger as the injection was given Iater
Iate injections caused httle or no change m frequency euly
mjections however produced an increase in frequency

Stimulation during mspiration mereased the volume of this
inspiration to some extent followed by an immediate second
breath of smaller volume 1n most cises

In some experiments the induced nspirations were not very
deep but thoy were always followed directly by o second msprration
In one experiment a stimulus during exprration was followed by
one decp nspiration without chango i frequency Half an hour
Jater when the spontancous frequency of the dog was higher a
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specially shaped resistance body with holes straightens the relation
between flow and output

The arr flows from the flowmeter through a hosepipe and an
wnlet valve to the mask The expired awr flows from the mask
through sn exhaust valve and a second hosepipe to the mituing
drum

The mung drum has a content of about 5 dm? The let 13
tangential, this keeps the air 1n a crcular movement and gives
an excellent muxing action The outlet 13 central and prowided
with an exhaust valve

The exprred air sample n the mixng drum diffuses to the oxygen
analyser

The oxygen analyser is of the polarograplue type and has two
cells for measuring the difference 1n oxygen concentration between
mspired and expired air Both eells are at the same temperature
The cell 1n the expired air measures the unknown concentration
and 13 shunted by a resistor The other, the reference cell, is shunted
by a servo controlled resistor 1n such a way that the voltage on
both cells 13 equal The current ratio and also the resistor ratio
13 hnearly related to %, O» The accuracy 18 better than 01 9, O

Two potentiometers are coupled to the servosystem One gives
a signal proportional to A O, The other 13 fed with the signal from
the flowmeter and gives a signal proportional to A O:xflow After
integration this gmves the oxygen consumption

A C Bobbert, Neuro-muscular transmission in the sntact frog
Department of Physiology, University of Leiden

In frogs wb- f~ts ¢ - vt

not every 1my .

and contract P
the neuro lar t rat10 13 phy Iy less than
one

This transmission ratio decreases when the finng rate of the
motoneurones mereases and further depends on their finng pattern
These observations strong]

ly suggest that m the Living frog de-
pletion and mobilization of acety! o rtant |

Icholine play an 1mportant part
0 neuromuscular transmission i T ¥
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3 Howover, the total ventilated volume increased more than
hincarly when plotted agamst the respective workloads
4 Taking the warming up inte account 1t was shown that there
w1s only a small difference 1n the determined values at the
lugh loads Tor the oxygen transported, 1t could beo cileulated
that at about 680 Watt 1t would have been the same, inde
pendent of the difference m warming up This suggests that a
warming up at 0 Watt would have been sufficient for tho work
at high loads However, personally the subject preferred a
warnmung up at 155 Watt Turthormore, he could not fulfil the
work at 540, 600 and 650 Watt when preceded by & warming
up at 0 Watt, 1t was impossible to have the muscles go on
worl ing probably beeause of a low pH 1n the muscles
The results presented 1n 1, 2 and 4 suggest that the hmuting
factor for the levelling off 1s probably the amount of stimuh
to tho heart at the onset of tho exerciso after tho warming up
Clearly ventilation (3) does not follow this closely, 1t right
be that here other stimuli also play an mmportant part 1n m
creasing ventilation at the Leginning of exercise
6 It can also Lo concluded that it 13 not tho ventilation as o
mechamsm but the transporting and delivering systom that
sets the hmt for  larger oxygen uptake (1)

b

REFLRENCL

Bingxorst R ) andJ A Vos Motabolism and respiration during ses ero
m 1seular exerciso (to be published i Acta Physiol Pharmacol Neerl )

J Bleeler and I Hoogendoorn, 4 portable apparalus for
continuous measurement of oxygen consumphion during work

Netherlands Inshtute for Preventite Medictne T N O, Leden

This apparatus manly consists of a flowmeter mask with valves
mixing drum and oxygen analyser

A simple mechanical typo of flowmeter has been designed for
measuring tho respiration volumo The electrical output 1s directly
proportional to the flow and 1s not influenced by movemonts of
the person examined

The flowmeter has a rectangular cavity mn which a valve s inged
This valve 18 balanced A spring dehvers the counter couple A
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F I M Bonke L N Boumanad H E van Rygn,
The length of the post extrasystolic tnterral after atrial premature beals

Department of Physiology Unwersily of Amsterdam

In the 1solated spontaneously beating nght atrium of the rabhut,
premature beats were elicited by electrical stimulation Theintervals
between the extracellulatly derived atnal complexes wero measured
continuously with two electrome interval timers The frequency of
the spontaneously beatmg atrium was found to vary only shghtly
A maximal standard deviation of 0 5 %, was found from 60 samples
of 10 succeeding normal intervals out of 20 experiments (confidence
level 95 %)

After an atrial premature beat the interval (post-extrasystolic
pause) 18 1n most 1nstances longer than the normal interval Two
hypotheses have been put forward to explam the length of this
post extra systolic pause Evurmaant (1897) followed by WENCKE
BacH (1903) assumed n decrease in the conduction velocity after
the stimulus Eccres and Horr (1934) however nssumed that
the discharge in the S A node after the premature beat 1s delayed
as they found a relation between the length of the curtailed cycle
and the durstion of the post extrasystolic panse

In the 1solated rabbit heart we observed a similar relationship

Furth we obtamed expe 1 ewidence that several

factors determine the actual length of the post-extrasystolic pause

1 ad 1 rate of diastolic depol
fibres (B(ERSTERER e al 1966)

2 = shift of the pacemaker 1 the 8 A node area

3 changes in the conduction veloaity of the atrium and S A pode
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T' H Bonjer, Application of a portable apparatus for continuous
requstration of oxygen intake

Netherlands Institute for Preventive Medicine TNO, Leiden

As early as 1911 Doucras deternuned the oxygen intake
different forms and intensitics of work His method consisted of
collecting the expired air 1n large bags, after which the volume
and the composition of the expired gas were determined This
method 15 still frequently used Nower methods, as deseribed by
KorranyI and MicHaeLis (1941) and by Worrr (1058) are based
upon direct measurement of the volume of expired air by means
of a portable dry gasometer, or a pneumatachograph, respectively,
m both methods part of the expired mir 13 sampled for gas analysis

The methods mentioned above share the following drawbacks

1 Between measuring periods large or small bags must be ehanged,

valves or stopcochs must be manipulated, and often readings

must be done,

the duration of the measuring period 1s himuted especially 1f

Douglas bags are used,

3 svanations in oxygen mtake during one and the same measuring-
period are levelled out

[X]

The apparatus, as deseribed by BLuexkr and HOOGENDOORN,
has been developed with the aim to meet these drawbacks The
volume of the mspired air as well as the oxygen percentago of the
expired atr are measured directly The results are transduced to
an electrical signal and transmitted by cable or by means of a
telemctering dovico In this way continuous registration of the
oxygen uptahe 1s obtaned, which may last as long as the mouth-
piece and the nosechp can be worn without too much discomfort
A nose mask prolongs this period considerably

The mothod 1s applicable as well, if 1t 13 impossible to get near
the subject It 1s not necessary to sphit complex tasks into com
ponents if the oxygen ntake for the different parts of the task
must be known

To callibrate the apparatus a Douglas bag 1s attached to the
“oxhaust” Tests during rest and during various occupations show
the aceuracy to be equal to that of existing methods
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G A Charbonand R S Reneman, Parathormon o selective
vasodilator

Dep ¢ of Phar l and Dep ¢t of cardi I
surgery, Unwersily of Utrecht

In a previous paper (CHARBO\, 1966) data were presented on
a diuretic and hypotensive action of parathyrord extract (PTE)
Both effects vecurred shortly after mjection, +¢ within half en
hour and within 5 mn respectively

The cause of the hypotension mduced by PTE was further
vestigated The blood flow to varous regions was measured in
anaesthetized dogs with & square wave electromagnetic flow meter
PTE appeared to enhance selectively the arteral flow through the
liver and through the renal arteries within 1 min The effect was
log dose dependent Maximal increase of the flow was obtained
with 32 pg of parathormon 1v per kg At this dose level no
change was observed 1 the mumute volume of the heart No change
erther was seen 1n the flow through the common carotid arteries
or the superior mesenteric artery, nor in the blood supply to spleen,
pancreas and stomach The flows through the femoral, the wnfertor
mesenteric and the vertebral arteres were decressed by PTE
Arterial and venous pressure as well as the heart rate remamed
unaltered Oxygen saturation, carbon dioxide content, base excess,
PH npor standard bicarbonate of the arterial blood were 1nfluenced
by PTE
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L N Bouman and T I M Bonke, Impulse conduction
through the sino auricular node

Department of Physiology, Unwersity of Amsterdam

The conduction veloeity of impulses was measured around and
m the S-A node of the 1solated right atrium of rabbit hearts The
nuricle was electrically paced by shocks with a duration of 0 5 m/sec,
a voltago of 1 V above threshold and a frequency of 10 % above
the spontaneous heart frequency Numerous micro-electrode 1m
palements were made Between two mmpalements the micro
electrode was moved 0 6 mm perpendicular to the terminal suleus
or 1 mm parallel to 1t The intervals between the pacing stimulus
and the fibre discharge wero measured with an electromc nterval
timer, which was started by the stimulus and arrested by the fast
nse of the differentiated action potentinl From these intervals
the conduction velocity was calculated

The most important conclusions from our experiments are

1 In the atrium the conduction veloeity 1s highly vanable, the
average velocity was about 1 mfsec

2 In the crista termmahs the transverse conduction velocity 1s
only about 40 cm/sec

3 In the S A node, away from the crista, the conduction velocity
falls across a distanco of 3 mm to only 1 cmfsec or less

4 Further away from tho cnsta the fibres are activated earler,
apparoently the activation travoels faster above and bolow the
node than through 1t (PAES DE CARvALHO ef al , 1959, SaNO
and Yamagaisii, 1959)

5 The conduction veloaity inside the S A node 1s lughly dependent
upon the frequency of the atrial stimulation Intracellular
records from o fibre 1n the centre of the node showed that
when the frequency 1s stepwise ncreased from 28 cfseo to
4 cfsce, the conduction time imtially ncreases slowly When,
however, the frequency oxceeds 3 8 ¢fsee the conduction time
will quite suddenly merease more than fourfold

6 This change in conduction time following the frequency in
crease 18 partly due to a concomitant decrease in the rate of
nise of the nodal action potential
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of alesterase towards tributynne whick n rat plasma 1s 30 times
Jower than 1n guinea pif plasma
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V Claassen and § E Davies, Pofentiafion by tncyche anfi-
depressants of the weght loss caused by amphetamine sn rate

Pharmacological Laboratorses, NV Philips Duphar, Weesp

A number of effects of amphetamme have been found to be
potentisted by tnieychie antidepressants, e ¢ increase of locomotor
activity stereotypie behaviour, hyperthermia ete It was invests
gated whether the same potentiation occurred with regard to the
anorexogeme properties of amphetamine

Aals albimo rats individually housed were pre trained dunng
three weeks to eat food dunng a © hours’ penod dunng the day
For the test the drug (3 dosages 1p ) and di amphetamine sulphate
(2 4 and 8 mgfkg ac) were mjected 45 min before the normal
time of gremg food The food 1 water )
and body weights were then measured every honr during 6 h
The mean necrease m body weight of 6 rats per dose lovel ay

b d with desmethyl 15 shown in Fig 1 As ean be
seen from these graphs a clear potentiation of the effect of amphe
tamine on body weight occurs at the dosages of 03 10 and 30
mgfky desmethyhmupramune The extent of potentiation 15 depen-
dent on the dose of emphetamme used and 18 mosb pronounced
at & dose of 4 mgfkg amphetammne sulphate

In all experiments the effects on food and water consumption
showed & very comparable path dunng the feeding period

Nortuptylne aleo gave o strong p of the ampY 3
effect but was found to be about 25 times weaker than desmethyl
when a comp of dose

curves was made
A number of non antidepressant psychotropie drugs was also

investizated m this test Halopendol (03 and 1 m,
g/kg 1p) gave
tteell en antagorsm of weight gam, but in combu?atmn with
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P J OChristen and E M Cohen, Binding of 3P sarin to
csterases and other protewns n plasma from rat man and gunea pig

Medical Buological Laboralory of the National Defence Research
Organization TNO, Rysuyk Z H

In blood plasma the potent acetylcholinesterase mhibitor sarm
reacts with various esterases and with an enzymo which catalyses
its hydrolysis (CHRISTEN and Comen 1963 CunisTeN and VA
DEN VMUASENBERG, 1965) In experiments usmg Sephadex gel
filtration 1t was found that during menbation of rat plasma with
001 m\[ P sarin 35 %, of the added 2P was bound to protemn
In human plasma this figure was 7 % and m gunea pig plasma
11 % ‘Lhe esterase activitics were mhibited after this treatment

Using o mcerogel electrophorests techmque m combination with
autoradiography the nature of the plasma protemns to which 3 P
had become attached was studied It was found that i human
plasma all detectable radioactnnity comerded with the albumin
fraction while 1n rat plasma the 3°P was found at the same spot
as the ahesterase In gumea pig plasma the radioactivity was
nearly equally distmbuted over tho albumin and the aliesterase
The amounts of P bound to cholinesterase weto too small to be
detectable under our expermmental conditions

When after the incubation of rat plasma with 0 01 mVI *P sann
the pH of tho meubation mnture was lowered to 565 only 5%
of the ndded *P remamned attached to tho proteins After this
treatment no detectable radioactivity comeided with the alicsterase
activity It was found that the inlubited aliesterase was reactivated
The binding of 3 P to human plasma protems 1s not miluenced by
o decrease of tho pH of the plasma 3°P sarin mcubation mixture
to 65 Human plasma contams no aliesterase

Our results indicate that plasma aliesterase inhubited by reaction
with sarm 1s readily reactivated by lowermg the pH to 56 From
the amount of 3°P relcased from tho enzyme at pH 5 5 a concen
tration of eatalytic contres m rat plasma of 3 M was cileulated

Data derived from experiments published by My ERs (1952) also
suggest the presenco of lugh concentrations of aliesterase m rat
plasma When tributyrine was used as a substrate for aliesterase
a much higher activity was found in gumea pig plasma than m
rat plasma Our experiments demonstrato o catalytic centre activity
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mouse The hypothermia which was seenin the rat and the mouse
after high doses could be a pre shoch effect

CHANGES IN WHITE BLOOD CELL COUNT

In ruminants, horse, dog and probably 1 cat and swine leuho-
penia reached a maximum after 1 to 2 h The degree of leukhopema
was postively related to the dose of pyrogen For the species
studied, the following list of diminshing sensitivity can be made
rabhut, horse dog, rumunants, cat and swine Tlus result shows a
rather good correlation with the fever effect of the pyrogen used,
which makes 1t probable that these effects are related in some
way

Although the gostro intestinal effects 1n different animals were
not the same, some differences m sensitivity between the spectes
were seen (hypomotility of the rumen, vomiting, diarrhoea)

It 15 concluded from the results that the different species appear
to have a different sensitivaty to pyrogens and that the following
hist of dimimushing sensitivity can be gien rabbit, horse, goat, dog
cattle, sheep, cat, swine, chicken, mouse, rat, and guinea-pig

D O E Gebhardt, The wnfluence of 5 fluorouracil and of
terin on himb reg of A
comparatie study

Ryls Inshituut voor de Volksgezondherd, Utrecht

Both ammnopterin and 6 fluorouracil mhibit the de novo synthesis

of thymudine Previous work by GeBuarpT and FArer (1966) had
shown that

1) Oral admimstration of 100 mg/kg amnopterin on one of the
first fourteen days after amputation through the humerus could
retard the process of regeneration three weeks

2) Polydactyhsm ocewrred 1n 30 %, of the regenerates 1f a single

dose of 100 mgfkg aminopterin was given on one of the first
eight days of regeneration

3) Admmnistration of ammnopterin on the fourteenth day after
amputation yielded oligodactylism 1 100 9, of the regenerates

1t has now been established that

1) By 1increasing the dose of ammoptenn from 100 mgfkg to
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amphetanune 1t inhibited the amphetamine weight loss Mepro-
bamate (200 mg/hg po) and hbrim (10 mgfhg 1p) did not
mfluenco the amphetamme effect Cocamno (3 mgfhg 1p ) gave an
mdieation of weak amphetvmine potentiation

Trom the results obtained 1t 1s apparent that the anorexogemec
effect of amphetamine can be potentiated by antidepressants As
this interaction can como about 1n \arious ways — some of which
are not strictly related to tho central effects of the antidepressants,
eg a decrease 1n rate of metabolsm of amphetamme — this po
tentiating effect has to be interpreted carefully

J TronsandA 8 J P A M ~van Miert, Effects of bacteral
pyrogens in different anvmal species

Institute of Veterinary Pharmacology and Toxicology University of
Utrecht

In the present report the results are presented of a study dealing
with the actions of a single pyrogen preparation m 12 different
ammal species A single batch of T colt 0111B4 hipopoly saccharde
(Difeo Laboratories) was nsed

BODY TEMPERATURE

In most species the temperature rose after a certan latency
time Both latency and temperature riso were related to the dose
of lipopolysaccharide Small doses gave monophasic temperaturo
curves In some animals brphasic temperature curs es were observed
after moderate or high doses of pyrogen The temperature cifeet
was caleulated 1 two ways
1 The averago of the mdnidual temporature maxuna mn an ex-

perimental group
2 By means of a “fever index ’, this being the area mn em? under

the fever curve during 6 h of measurement

The dose level giv ing an average temperaturo reaction of +0 6 °C
(12 em? respectrsely) was caleulnted The doso rango for this
reaction was for tho rabbit and tho horse between 00001 ug and
0001 pgfhg body weight mtravenously Tor tho goat and the cow
1t was between 0001 pg and 001 ug and for the dog, sheep cat
and swine botween 001 pg and 01 pgf/hg body weight mtra
venously There was no fever reaction 1n the rat, guifica pig and
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Subjects were 10 Wistar rats, 6 months of age, conditioned
daily after 16 h of water-deprivation to press a button and to be
rewarded with a drop of water

PROCEDURE
Prgiop 1
On 5 succegsive days the learned responses were recorded at
10 a m, spontancous actmity at 2 pm during 5 min each No
sigrificant correlations were found between the parameters of free
snd learned responses
Periop 11

On 6 succesave days, two groups of 5 rats were adminstered
slternately either a dose of the pharmacon or a placebo i an
emulsion by a stomach tube

1 b, 2§ and 6 h after drug admmustration a check was made
of learned, free and free behaviour respectively

Perron I

Tn pentod 111, he r, the
“free”, “leamned”, “free’

q of beh: heck

was

RESULTS
2-ethylerotonylurea causes

decrease of the frequency of (R) i non water-deprived rats
(23 and 6 1),

enhancement of the frequency of (R) 1n water-deprived rats
(L h)

shortening of the latency times of the first button pressing
(1 and 2} By,

no effect wh r on the freq

-

I

w

'S

y of learned resp
It 13 concluded that water-deprivation plus 2-ethylerotonylurea
significantly enhance the CN S activity
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260 mg/Lg on the seventh day oafter amputation, the percentago

of polydactylous regenerates was greatly reduced and the

percentage of ohgodactylous regenerates increased

106 mg/Lg amnopterin increases, whereas 100 mgfhg 5 fluoron

ricil decreases the incorporation of thymdine methyl H3 in

the DNA of the nucler of blastema cells

Both ammopterm and & fluorouracil induce a synostosis of

humerus with the radius and ulna m 100 %, of the regenerates

4) Admustration of 100 mgfhg 5 fluorouracil on the fourteenth
day after amputation retards the regeneration process about
eight weehs and jiclds ohgodactslous limbs or imbs with the
normal number of digits Polydactylous hmbs were never ob
served after treatment with 5 fluorouracil

5) Both regeneration and growth are retarded more than twolve
weehs 1f o combination of 100 mg/hg & fluorouraci! and 300
mg/hg thynudine 1s adnumstered on the fourteenth day after
amputation On the other hand the combination of 100 mgfhg
ammopterin and 300 mg/hg thymidine does not retard regener-
ation any more than aminopterin alone

12

3
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H van der Helm Hylhoma, P Visserand A W Szafran,
Lffect of 2 ethylcrotonylurea on free and learned behaviour of the rat

Department of Physiology, Ditision of Psychophysiology Unmersity
of Amsterdam

Rearmg (R)1sawell known parameter of “free” or “ spontaneous”
behaviour of tho rat Its frequency 1s consdered by Lt (1963)
as o measure of the unspecific C NS activity, beng positively
correlated with tho speed of learming

The present experiment had a twofold purpose 1) to determine
relations between frequency of (R) and two parameters of a learnod
Slanner response (S) 1e frequency of button pressing as well as
latency timo between start and first response, 2 to study the
effects of 2 ethylerotonylurea (FErGUSON and Lixx, 1956) on (R)

and (S)
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Differentiation of sarious types of spasmogens on gunes pig weum

After In the
In the hem1 After presence of
presence of Procane hexa
lachesne | CBOLTIM [ preryrmony

Furtrethonium o (6 6 {9) 9 (%) g8 (6}
Acety! carbocholne” o @] 2z (@ T | 1we (18}
Acety! sihcocholine 1@ 1 3 02 713 (20)
Acety] glycol 2 (2 0 {8 0 12l 17 19
Nicoting R N ™ 2 (19)
BaCls 128 (1) | e (10) 3110 9 ] 101 (8)

The contractions of the vanious spasmogens sre expressed as mean per
centage of the contractions under control conditions
The number of expeniments 13 given in brackets

The possibility that the poutive charge (3+), stall present on
the central earbon and siictum atom of both 130steres, 13 essential
for ther spasmogemc action, could be excinded by testing the
so called “acetyl glycol”, an ester 1n which the onum group 1s
substituted by an OH group bearing defimtely no postive charge
“Acetyl glyeol”, too acts as a spasmogen and behaves m the

differentiating tests 1n the same way as acetyl“carbocholine® and
acetyl“sihcocholine
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P Th Henderson and E J Ariens, deetyl “carbocholine”
and acetyl “sihicackoline”, directly or indirectly acting cholinergics?

Department of Pharmacology, Unnersity of Nymegen

The mtrogen free 1sosteres of acetyIcholine acetyl“carbocholine”
(3,3 dimethylbutylacetato) and acetyl“sihicocholine® (trimethyl-
wilylethylacetato), show a spasmogeme action on the 1solated gut
of the rat and the guinea mig Since the onum group, which seems
to be necessary for a cholinergic action (Arirws, 1964, 1966) 15
absent 1n these compounds the question arises whether the “choli-
nergic action” of these 1sosteres has to be regarded ~ as suggested
by Burer¥ (1965) — as a direet cholinergic action based on the
mteraction betw cen the drug involyved and tho cholinergic receptors
on the effector tissue, 1 ¢ the smooth muscle tissuo 1n the organ
or whether 1t has to be regarded as an indirect cholergie action
based, for mstance, on the Iiberation of endogenous acetylcholino
or a protection of the endogenous ncetylcholine agamst the n
activating acetylcholine esterase
The spasmogemic action of acetyl“carbocholine” and acetyl-
“silicocholine” could be :dentafied by testing these compounds under
different conditions
1 In combination with an anticholinergic Inchesine
2 After blochade of the acetylcholine synthess by hemicholinium
{(MaclNTosu et al 1950)

3 After blochade of the acetylcholno releaso by procame (FELD-
prrG and Liv 1949)

4 After treatment with a ganglionic blocking agent hexametho-
nium

The experimentel results obtained are summarized 1n the follow-
ing table

From a compnrtson of the spasmogetic behaviour of the 1sosteres
of acctylcholine under the specific differentiating conditions with
the spasmogenic behaviour of the directly acting cholinergic
furtrethonium the ganglion stimulating micotine and the mamly
non cholinergic acting Baions 1t can be concluded that acetyl-
“carbocholme” and acetyl*“sthcocholine” are to bo considered as
mdirectly acting cholitergic, non nicotne lthe compounds  the
action of which 1s possibly based on a stimulation of the liberation
of acetylcholine at the presynaptio nerve terminals
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Some strilang ewmlanities with the distnbution pattern after
glucose UL-MC suggest that labelled products occurring 1o the
Krebs® cycle are mvolved
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F C Jager, Vitamun E and poly unsaturated fatly acids
Unilever Research Laboratory, Viaardingen

In recent years, there has been a growng intercst in the use of
dietary fats with a ugh poly unsaturated fat content In practice
this implies the use of vegetable oils having & ugh lmolere acid
content Although 1t was known that the vitamin I requrement

with ption of hnolere aeid, the quanti-
tative relationship between these two factors was not clear

In cases of witamin E deficiency, the erythrocytes of rats show
a strong spontaneous hemolysis 4 witro It has therefore been
mvestigated to what extent this phenomenon may serve as test
method for the indication of the vitamn E requrement

Within a specific dosing range, there appeared to exist a negative
Iinear relationship between the log-dose vitamm E (mgflg food)
and the percentage hemolysis This hemolysis :n tafro (in NaCl-
phosphate buffer pH 7 4, at 38 °C) reached a practically constant
level after 4 to § h Thus lovel was hugher for o diet wath 37 cal 9,
maxze o1l (made tocopherol free) than for a corresponding lard diet,
the dose of nitammn E added to the diet being the same To prevent
hemolysis +n tairo 118 mg D « tocopherol acetate per kg food
was required in the lard diet whereas 1n the case of the maize o
diet, 193 mg was requred

For the rat, the conclusion can be drawn that 1n case of an
mereased hinoleie acid consumption the vitamm E Tequirernent
increases by 01 mg D « tocopherol acetate per g linoleic acid
This imphies that vegetable oils with a high lmoleic acad content

by nature contain sufficiently vitamm E to meet this extra re
qairement
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W Hespe and H Prins, Auforadiographic investigations tnto
the distribution of exogenous GABA wn the mouse

Rescarch Department of the NV Komnklyle Pharmaceutische
Fabrielen vk Brocades Stheeman and Pharmacia, Amsterdam

(in collaboration with Dr I Roberts, City of Hope Medical Centre
Duarte, Califorma)

At 1, 2, 4, 8 and 16 h after 1p administration of o 015 mg
dose (56 pc) of GABA-UL MC to female mico the distribution of
radioactivity was studied with a macro autoradiographic technique
(ULLnERG, 1054)

One hour before GABA adminustration, part of the ammals re
cerved an 1v dose of 26 mg/hg amincoxyacetic acid (AQAA),
known as a strong inlubitor of GABA-transaminaso (WaLracH,
1961) The established strong influence of AOAA on the distribution
of radioactivity suggests a nearly complete mhubition of the GABA
breakdown by AOAA, the distnibution pattern after AOAA-
treatment, especially at the early time intervals, being representa
tive for unchanged GABA Assuming this we may consider the
distribution of exogenous GABA as characterized by affimty to
the intestinal wall, liver, kidneys (urine), hypophysis and vertebral
and costal cartilage leading to a lighly mereased concentration
1n these organs and tissues as compared to that of the blood Only
shght levels of radioactivity not exceedmg that of blood are
found 1n the remamming part of the orgamsm There 1s no pene
tration of radioactivity into tho CNS which contradicts a recent
postulate that GABA enters the brain more readily after admins-
tration of AOAA (van GELPER 1905)

Without AOAA pretreatment the distribution pattern of radio
activity 1s governed by labelled GABA metabolites already at the
first time intervals studied The hiver 15 now far less radicactive
than at the corresponding time intervals after AOAA treatment
which mdicates that this organ 13 the mun centre of exogenous
GABA metabolism and AQAA nfluence Contrary to GABA 1tself
the radioactive metabolites show a lugh affimty to Harder’s gland
the salinary glands, especially the sublingual gland and other
mucous glands in tongue, palate and larynx, to a lesser extent
there 18 also an obvious concentration of radicactivity i the CNS
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A J M Kits van Heyningen, ¥ HupingandR B. H
Schutgens, Some properties of 1,2 bisphosph Ipyruvate

Department of Phystols Lab of Biock try,
Dep of Medical E: I Unurersity of Amsterdam

1,2 bisphosphoenolpyruvate (bis-PEP), has recently been 1solated
and dentified from ncubation media of rat diaphragms (Krrs vax
Hewnmyaes, 1965) The structural formula hag been confirmed by
orgame eynthesis and companson of the natural and synthetic
prod An enzy method of deter was developed
upon ncubation of media with acid Phosphatase (EC 3132)
at pH 66 or wmith alkaline phosphatase at pH 8 (EC 3131)
all bis PEP will be transformed mto pyruvate which can be de-
termmed subsequently with lactate dehydrogenase Acyl phospha-
tass (EC 3617) did not hydrolyse ns-PEP Incubation media
consisted of Krebs Henseleit phosphate buffer with 09 IU
Insubnjml and 50 pg Adrenalin/ml added, as this appeared to
increase s PEP secretion mto the medium by more than 45 9,
(hrrs vax Henwmeex, 1966)

In these media the following pomts have been mnvestigated

1) The mfluence of 10doacetate (1 mM) and sodium fluoride {1 m)
on the production of bis-PEP Nerther inhubited respiration
of the diaphragms and both mhubited glucose metabolism as
judged from the amount of glucose left m the medis after

meubation Sodim fluoride inhibited bis PEP production to
an extent which precluded enzy d Tod

d bis PEP m the media by 609 as

determied 1 3 senes of experiments on 10 hemdiaphragm
palrs

2) The presence of axygen did not Prove to be essential to the
formation of tis PEP In two experiments under N2 the 14(C-
glucose was added to the Warburg vessels after 10 mun nen-
bation There was no difference between the amount of labelled
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M C do Jonge, M A Crommelin, J Weits, J A
Kornelis and Jw  van den Berg, The effect of electrical stimu
lation of the urinary bladder on the circulation and respiration of
spnal transected dogs

Laboratory of Medieal Physics, Untersily of Gromingen

Chnieal observations of paraplegic patients pointed out that
reflex activity of the nenrogeme bladder could induce cardio
vascular reactions The most important symptom was a large
mcrease In arterial pressure observed 1 patients with o complete
spmal lesion at or above the segment Ths, coused by a vaso
constrictor reflex 1n arms and legs (GuTTvANY and \WWHITTERIDGE,
1947)

With regard to the development of an electrical stimulator for
the treatment of the neurogemic bladder (DE JovGE e al , 1966)
we studied cardiovascular and respiratory reactions in 8 dogs with
a complete spinal transection at levels between C7 and Thyy During
electrically induced exeitation of the urinary bladder we recorded
the e c g, femoral arterial pressure and peripheral blood flow, by
means of photoplethysmography and stram gauge plethysmo
graphy The effcct on respiration was studied by simultaneous
determinations of respiratory volume and esophageal pressure

Our results indicate a sigmficant increase 1n systohe and diastohie
pressure 1 dogs with a spinal transection at or above the segment
Ths This hypertensive reachion reached a maximum of 200/150
mm Hg and was caused by o considerable increase m vascular
resistance m both upper and lower extremitics In the sume dogs
we obsery ed simu auricular arrhythmia during electrical stunulation
of the bladder In dogs with spinal lestons below Ths, bladder
exeitation evohed only very shight alterations in blood pressure,
without any influence on heart rate

Bladder stimulation had no effect on the respiratory total yolume
or mirwny resistance The only reaction w18 an increased respiratory
rate m one dog with a spmal transection at the level C;

On the bams of these experimental results 1t 15 to be expected
that electrical stimulation of the urmary bladder of paraplegic
patients with lngh thoracic or cervical spinal lesions may induco
hemody namuo changes smmlar ~ at least quahtatively — to the
reactions ns deseribed during bladder reflex activity
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A J M Hhite van Hegyningen F HuyingandR B H
Schutgens Some properties of 12 bisphosph

P [ pyruvate

Department of Physiology Laboratory of Biochemastry
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12 Insphosphoenolpyruvate (s PEP) has recently been 1solated
and 1dentified from incubation media of rat diaphragms (hits van
HEwvweEN 1065) The structural formula has been confirmed by
orgamc synthesis and companison of the nstural and synthetie
products An enzymie method of determunation was developsd
upon ineubation of media with scid Phosphatase (EC 3132)
at pH 66 or with alkaline phosphatase at pH 8 (EC 3131)
all bis PEP will be transformed into pyruvate which can be de
termined subsequently with lactate dehydrog, Acy] phosph
tase (EC 3617) did not hydrolyse bis PEP Incubation medsa

i

d of Trebs Hensclen ph buffer with 09 IU

linjml and 50 ;¢ Adrenalinjml added as tlus appeared to
merease bis PEP secretion into the medium by more than 45 %,
(hors vax HEwNDeEn  1966)

In these media the following points have been investigated

1) The mfluence of 10doscetate (1 mM) and sodsusm fluonde {1 mM)
on the production of bis PEP Nerther intubited respiration
of the diaphragms and botb intubited glucose metabolism as
Judged from the amount of glucose left 1n the media after
incubation Sodium fluonds mhibited bis PEP production to

1

an extent which precluded enzymic d 1on Tod

d s PEP tion 1 the media by 609, as
determined 1 3 series of on 10 hemdiapk
pairs N

The presence of oxygen did not prove to be essential to the
formation of bis PEP In two expenments under N2 the 4C
glucoso was added to the Warburg vessels after 10 mun inen
bation There was no difference between the amount of labelled
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M C de Jonge, M A Crommelin, J Weits, J A
kornelisand Jw van den Berg, The effect of electrical stimu
latwon of the urinary bladder on the circulation and respirafion of
spinal transected dogs

Laboratory of Medical Physics, Unitersily of Gronngen

Chnical observations of paraplegic patients pomnted out that
reflex activity of the neurogemc bladder could induce cardio
vascular reactions The most important symptom was & large
mcrease m arterial pressure observed in patients with a complete
spinal lesion at or above the segment Ths, caused by a vaso
constrictor reflox in arms and legs (GurTvaNy and WHITTERIDGE
1947)

With regard to the devclopment of an electrical stimulator for
the treatment of the neurogeruc bladder (pe JONGE et al , 1966)
we studied cardiovascular and respicatory reactions in 8 dogs with
a complete spinal transeetion at levels between C; and Thye During
electrically induced exeitation of the urinary bladder we recorded
the e cg  femoral arterinl pressure and peripheral blood flow, by
means of photoplethysmography and stram gauge plethysmo
graphy The effect on respiration was studied by simultaneous
determinations of respiratory volume and esophageal pressure

Our results indicate a sigmificant merease i systolic and diastolic
pressure 1n dogs with a spinal transection at or above the segment
Ths This hypertensive reaction reached a masimum of 200/150
mm Hg and was caused by n considerable ncrease n vascular
resistance n both upper and lower extremities In the same dogs
we obseryed sinu auricular arrhythmin during electrical stimulation
of the bladder In dogs with spinal lesions below Thy bladder
excttation evoked only very slight alterations m blood pressure
without any influence on hemt rate

Bladder stimulation had no effect on the respiratory total volume
or airway resistance The only reaction was an mncreased respiratory
rate 1 one dog with a spinal transection at the level C;

On the basis of these experimental results 1t 1s to be expected
that electrical stimulation of the urmnary bladder of paraplegic
patients with ligh thoracic or cervical spmnal lesions may nduce
hemodyname changes sumilar - at least qualtatively ~ to the
reactions as described during bladder reflex activity
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to cause PGE; liko efiects on ADP induced platelet aggregation
In a roughly quantitative assay and expressed on a dose-level
theso substances showed 5 1 20and 1 % PGEy activity respectively

As aggregation of blood platelets 12 thought to play an important
part 1n thrombogenesis and maybe even m the genesis of athero
sclerosis the finding that PGE, and PGE; influence platelet aggre-
gation seems to be very mportant

H L hnoohandP E Voorhoeve Analynsof anhdromically
etoked responses 1n the olfactory bulb of the rabbu

Department of Meurophysiology Unueraity of Amsterdam

Lammar field potentials mn the olfactory bulb evoked by anti
dromic stimulation of the lateral olfactory tract (LOT) have been
desenibed previously (Ocmr 1963 Prruaes e al  1963) The
lamunated strueture of the bulb 13 deternnned by the Jayer of the
mitral cell bodies which send therr axons mto the LOT and a
primary dendnte upward into the glomerular layer

In the core of the bulb the evohed potential conasts of an rutial
negative wave Ny of about 2 msee duration and a positive wave
P lasting for some 15-20 msec Early in the P wave a small negative
hump N; can be detected and 1n the trough of the P wave a faurly
large negative wave N3

On withdraws) of the micro electrode the configuration of these
potentials changes From s depth of abont 870 mm upwards
cotresponding to the level of the mitral cell bodies the N; wave
13 preceded by & sharp positive mflection and has the properties
of a propagated spike potential along the prmary dendrites At
evactly the same depth where the Ny wave becomes diphasic the
£ wave reverses to & slow negativity with the same time course
Tt 13 as yet not clear whether this wave is due to active hyper
polarization of the soma se to mhiiton or to a delayed re
polarization of the el 11y depolarized dary dendntes
10 the external plexiform layer (EccLEs e al 1966)

The Nrwave has 1ts optimum Just below the mitral eell layer
and seems to be due to activation of internal granule cells by
recurrent mutral axoncollaterals The N wave does not reverse
;:‘ﬂc :foﬁyizx;?;z:dntghtude m the external plexsform layer

en the stimulating electrode 13 on the
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bis-PEP formed aerobically or anacrobically In conclusion bis-
PEP formation does not require the action of glyceraldehyde
3-phosphate dehydrogenase The posstbility of its formation v1a
the pentose-phosphate cycle 1s supported by the poor labelling
obtained with [1-1*C]-glucose n the medm (Krrs vay Hen-
MMGEN, 1965) The nature of the mhibition by fluoride 13 a3
yet unhnown

REFERENCES

Kirs va~y Hruxmnry, A J M, Bioclum Biophys Acta 97, 165 (1965)
» 1,2 bisphosphocnolpyruvate, Thesis, University of Amsterdam
(1966)

J  XKlooze, Influence of prostaglandins on ADP-induced platelet
aggregation

Unilever Research Laboratory, Viaardingen

Prostaglandins have been demonstrated to cause smooth muscle
contraction It 1s also known that under certain conditions, blood
platelets are able to contract, owing to a protem fraction which
m many ways s analogous to muscular acto-myosin Whon a
platelet contracts, intracellular flmd contamning among others
adenosine diphosphate (ADP) 1s released, resulting in aggregation
of the blood platelets induced by the ADP released On account
of these facts 1t has been examined whether prostaglandins are
able to cause contraction of blood platelets and consequently
platolet aggregation

None of the prostaglindins examined induced platelet aggre-
gation n otrated platelet-rich plasma (¢cPRP), as was measured
by o turbidometric technique However, 1¢ appeared that PGE
mhibited platelet aggregation induced by additton of ADP to
ePRP of rats, pigs and men PGE; stimulated platelet aggregation
mdueed by addition of ADP in ¢cPRP of rats and pigs, but 1t was
wnaetive n human ¢PRP Dose responso curves showed that PGE;
and PGE; were already active n doses as low as 10-8 to 10-2 pug/ml

The effect of PGL; and PGE: was found to be very specific as
a great number of prostaglandins with very small differences 1n
chemieal structure appeared to be mactive Only three related
gubstances, mz PGLE;-217, dinor-PGE; and an 130-PGL; were found
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effect relation that phenobarbitone acts in more than one way
on the metabolsm of total bram RNA
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R J M de Leeuw, Migs M L Hamelink, K 4 Foest
and B F Visser, Stgnificance and measurement of erythrocyte-pH

Lungfunction Laboratory, State Unwersity Hospital, Ultrecht

The mtracellular pH of red blood cells (pH1) 18 an 1mportant
factor for the situstion of the Hb HbO; equlbrium, and therefore
far the oxygen transport function of the blood This function 15 of
paramount mportance, and 18 safeguarded agmnst disturbance
owing to coarse varations of the pH 1n three different ways by
the high concentration of protern m the erythrocyte, by the
Haldane Bohr effect, and also by the specific ety throcytary mecha~
msm conssting of sphtting off phosphate from diphosphogly
(and ATP?) 1 sadoms and combinmg phosphate with mono-
phosphoglycerate {and ADP?) 1n alkal the mnorganie phosph
diffusing away to the plasma in exchangs for bicatbonate {and
chloride) m amdosis and wice versa m alkaloss

Planning an vestigation of pH in relation to the diphospho-
glycerate mechanism in pathological sexd base condutions, the first

problem to be solved was workimg out a dependable method for
determmation of pHi

Direct measurement of pHi n cell hemolysate with the glass
electrode -+ d calomel el de 13 not anly tuve consuming
beeause of the prel 'y pulations { bie and 1soth 1

H P and freeze thawing), but also
Afficult on account of the ugh protein concentration st the hemo-
Iysatefsaturated KC1 boundary Nevertheless we came to TePro~
Sutible ¥y measurements, but, having the disposal of this direct
method, we looked for » more simple, mdirect procedure

PHi predicted from the blood-pH {pHe) appeared to have a
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anterior olfactory nucleus and 18 presumably due to activation of
a scparate set of fibres ongmating 1 this nuclens and havng
synapses on the mitral cell secondary dendrites All theso potentials
ean be expluned by assuming & ““closed field” n the core of the
bulb and a laminated field above the mutral cell layer
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A van Langeveldeand E L Noach, Influence of phenobar-
bitone on RN A metabolism n rat bramn shces

Department of Pharmacology, Uncrsity of Leiden

It 15 well hnown that the oxygen uptake of bramn material, when
measured 1 tilro, decreases under mfluence of phenobarbitone,
while lactic acid production mncreases (Bam, 1952) This has been
attributed to mhibition of NAD(P)H oxidoreductase {GIUDITTA,
1963)

In our oxperiments rat bramn cortex shees were incubated 1n
Warburg vessels (MeInwaiy, 1062) Inlubition of ovygen uptake
13 significant at phenobarbitone concentrations of 10—t M and
higher In the same experiments 1C orotic acid was added to the
shices m the vessels After incubation for 1 or 2 h total RNA m
tissue and RNA radioactivity were determined (Apams, 1965) The
uracil morety 1n the RNA was found to be labelled and 1 all
probability the cytosme moety, too The specific activity (counts/
min mg RNA) was about 1600 after 1 h, about 3700 after 2 I
In the mcubation solution free 14C uracil could be detected along
with MC orotic acid by thin layer chromatography Radioactivity
and amount of uracil also mereased with mereasing time of eu-
bation

Phenobarbitone was found to lower the speaific activity of RNA
1 slices, mcubated for 2 h, but total RNA content remaned un-
changed Phenobarbitone caused similar effects on free uraaml mn
the mncubation medium Unhke the decroase of oxygen uptako the
decrease 1n specific activity 1s highly sigmficant at 3x10~5 M
phenobarbitone It becomes probable from the non lnear log dose-
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can be explamned from the non lmear stress-strain behaviour of
the artenal wall matersal

We imtend to study the influence of hydrostatic pressures on
the propagation tune with o larger number of subjects, to investi-
gate whether this method 15 & useful tool to examine the st:ffiness
of the large artenes mn pathological cases

E Meeterand O L Wolthuis, Anticholinesterase hypotherma
0 the ral and s use wn the study of therapeulic agents

Medical Buological Laboratory of the Natinal Defence Research
Orgamzation TNO, Ryswyk Z H

Groups of slbmo rats of about 200 g were intravenously njected
with vanous cholinesterase inhintors It was found that DFP,
goman, tabun, and a systox denvative with an uncharged molecule,
S35 all produce a drop n rectal temperature of about 6° The
lowest temperature 13 reached after 3 hours and recovery takes
place m the next 25-35 h

Dunng half bour persods rais were exposed to an environmental
ternperature 7° below the normal room temperature before, and
at appropriate times after the mnjection of soman At the deepest
pomnt of the soman hypothermia the drop in body temperature
resulting from the cold stresy was 3 times as large as before the
soman This d that the hypothermia
13 ot a result of a shuft 1 “set pornt” of the regulation mechanism,
but 15 caused by & loss of regulating capacity

It was found that cholinesterase mhibitors with charged mole-
cules the systox demvatives Sy aud 85 do not produce hypo-
thermua  As Lodiax and JEVDEN (1965) obtained hypothermia by

t t L )l drugs, theineffectiveness

al of ch
of charged molecules can be explained by therr mabibty to pass

the blood brain barmer
Atropime sulphate intrapentoneally injected m doses anging
from 05 to 10 mg per ammal a few minutes before the mgection
of the enzyme inhibitor, clearly counteracted the hypothermua,
although even 10 mg did not, completely prevent this phenomenon
"The effects of various ozimes, admmstered ntrapenitoneally one
hour after the of the antichol

, were studied
P28 (150 mgfkg) was found to have a elight anti hypothermic effect
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standard error of the estimate (S L L ) of 0 018 pH umits [(n=243,
PpHe=7406 (mean) £ 0046 (SL ), pHi=7 209 4 0032) ]

Hemolysed whole blood pH (pHh) would givo o more rehablo
1den of pHs, because pHh largely dopends upon pHy, ery throcy te
contents having o much greater buffering eapacity than plasma

Tho result of combined measurements of pHi, pHh and pHo
was an acceptablo SEE of pHi predicted from pHh, 1:2 0009
pH units, prediction from pIh and pHe giving no further m-
provement (n=064, pHe=7399 + 0043, pHh=7259 £ 0039,
pHI=7205 4 0033)

Th W van der Mark, L do Pater and Jw van den
Berg, Varation of the propagation tume of the arterial pulse wate
with hydrostatic pressure

Laboratory of Medical Physics, Unitersity of Groningen

The propagation timo of the arterral pulse wavoe 1s equated to
the timo between the R peak of the I'CG and the begmmng of
the upstroke of the photoplethysmogram of the thumb The ECG
and the photoplethysmogram aro fed mto an clectrome pulso
shaper The timo between the output pulses of this shaper repre-
sents tho propagation time These pulses trigger an electromic
timer which 1s connected to a printer 1n order to record the props
gation timo m digital form

Since the pulse wave veloaity depends among other things on
the stress m tho aiterial wall tho propagation time depends on
the mean transmural pressure m tho arteries This depondenco ¢an
be mvestigated by measuring the propagation tiume at different
positions of the arm varying the position of the hand from as far
as possible below heart level to as far as possible above heart Jovel

In our cxperiments wo measured the propagation time of 11
healthy recumbent subjects with three different posutions of the
hand  at heart lovel and 1n the extrome positions below and above
heart lovel When we take the propagation time at the position of
tho hand at heart lovel ag reforence value, tho propagation timo
an the high position 13 longer and m the low position shorter We
found, converted to o level vamation of 40 e, 1n the ligh position
o mean erease of 11 9% (SD 2 9) and n the low position &
menn deereaso of 6 % (SD 1%) The differonco of theso values
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gumea pigs of the same breeding, ono group serving o8 control
(not subjected to exteroceptive stimulation) The test stimulus A
concentration of DNCB just below the pnmaty toxicfallergie
threshold {which we previously established) The DNCB solved 1n
acetone was applied to the shin of the amimals on an exactly
restroted surface of 2 em? Exteroceptive stimulation a eyhindrical
cage with electnfied gnd (110 V, 1 mA)

Measure for shan reactions & Tvwo ntersubjective judgements
b Photograplic regustration

Resvrts  The Null hypothesis could be rejected in favour of
the alternative hypotheses at a sigmficance level of 0 01, on com-
panson of the bjective judg ts Qur photographs did
not give enough possibility to differentiate between the groups

Co~cLusioy  In our experiment exteroceptive stimulation led
to a lower threshold for a delayed type hypersensitivity as defined
by us

REFERENCE
Week, A L peand J R Frey,
S Karger Basel (1966) p 41

to simple !

A 8 J P A M van Miert, The effect of bacterial pyrogen

and kypertherma on rumen motihty wn the goat (prelmingry com-
munication)

Institute of Vetersnary Pharmacology and Toxweology, Unneraity of
Utrecht

Rumimants suffering from imfectious diseases often show a re
duction in rumen motility, especially during the fever period This
effect can also bo observed after imjection of wfusion fimds, con-
taminated with pyrogens, or purified endotoxins from gram nega-
tive bactena (vAx Mierr 1966)

In the present study 10 goats were given mtravenous mjections
of different doses of a punfied lipopolysacchande (from E col
O111B4 prepared by Difeo) Special attention was given to body
temperature, heart frequency and rumen motiity {recordings were
made using a system consisting of & water filled polyethylens tube
with open end placed 1n the rumen combined with a straingauge
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agamngt DFP and soman As the soman-inhibited enzyme 1s almost
completely “aged” after one hour, : ¢ unable to reactivate, the
P58 effect on this hypothermin 18 not caused by reactivation of
cholinesterase 1n the ens MINA (150 mgfkg) 1s very effective
and rapid 1n action against DI'P and clearly passes the blood-brain
barrier Toxogonn, given 1 a low dose (40 mgfkg) 1s strikingly
effective against DFP but not aganst soman, which shows that
1t acts by enzyme reactivation and that 1t passes the blood-bran
barrier In higher doses, up to 150 mgjhg, 1t has hypothermia
aggravating side offects during the first two hours, before 1t demon-
strates its beneficial action TMB,4 probably acts somewhat similarly

REFLRENCE
Lovax, P and D J Jeworw, Int J Neuropharmacol 5, 353 (1965)

P J G Mettrop and P Visser, Exteroceptine stmulation as
a factor wn the induction and ehicitation of delayed type hypersensi~
tunty reactions fo dimtrochlorbenzene (DNCB) wn guinea pgs
Duision of Psychophysiology, Physilogical Laboratory, Unitersity
of Amsterdam

Recently the study of the direct influence of the nervous system
on mduction and elicitation of delayed-type hypersensitivity skin
reactions has been dented a subject of discussion (A L pE Wick
and J R Frey, 1966) In Literature the proposition 18 often made
that conflict-situations can potentiate allergic and sensitization
reactions 1 man

In the present experiment we nvestigated the imnfluence of
exteroceptive stimulition on sensitization We expocted that
exteroceptive stimulation would lead to a lower threshold for a,
delayed type hypersensitivity skin reaction to DNCB in guinea-
pigs

NULL HYPOTAESIS p—q Alternative hypothesis p>g, where
p 1s the probability that an orgamism subjected to exteroceptive
stimulation reacts to a test stumulus, and g 18 the probabihity that
an orgamsm not subjected to exteroceptive stimulation reacts to
a test-stimulus

FXPERIMENTAL CONDITIONS Orgamsms two groups of twenty
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Herrzs, M H, B L Mowpy and B Memomxy, Am J Physial 198,
1307 {1960)

Mgmr, A 8 P A M vax Tydschr Diergeneesk 91, 1485 (1966)
Afprigvax, Cr H, R F Kewer and 3 J Avso¥, Am J Vet Res
27, 857 (1966) ;

RoserteEaw, D snd G € Wrrrtow, I Physiol 179, 00D {1983)
Rosewmemg, § ¢ B C Louzaer W H Joraw end B ZnomeiaNy,
Proc Soc Exptl Biol Med 102, 335 (19a9)

W F Muntjewerff, J A Kornelis and Jw van den
Berg, Acoustic properfies of lungs and trachea

Laboratory of Medical Physics, Unnersity of Groningen

This research was part of a senes of expenments on the primary
glottal sound The acoustic properties of the subglottal system
strongly affect the vibratory pattern of the vocal folds

The expenments were performed on dogs of 15-20 kg body
weight, after transection of the trachea ansesthetized by laughing-
gas only If possible, respiratory actions were suppressed by hyper-
venttlation, 1f mot by sucanylcholine admmnstered wath an -
fusion pump Before a measurement the respiration pump wwas
disconnected from the trachea and the measuring apparatus was
cannected

This apparatus consisted of a vibrator and & microphone, both
locking mto a small space The system to be investigated, bewmng
connected to this small space, has an acoustic impedance dependent
on the frequency The wibrator produces a ghding tone of constant
volume velocity The pressure at the site of the microphone 1s
therefore proportional to the mmpedance, for all frequencies

Cslibration of the apparatus was performed by means of a stiff

open tube length 30 cm The resonant frequencies and Q-values
of thus tube can be calcul! The fi of an open
tube are related as 1 3 &

The subglottal system behaves fike an open tube The resonances
are shghtly shifted, owing to the small radms of the tubes The
wall properties also have some wmpact on the sound veloesty and
therefore on the resonant frequencies The  values are also de-
pendent on the tadu of the pathways and op the wall properties

Some pharmaca were sdmumstered and the effects on frequencies
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transducer and an electrome recorder) There was httle or no
reaction with 001 pg/lg body weight, with 0025 ug and 01 ne,
however, there was an average maximum temperature riso of 1.2 °C
respectively 20 °C In the mean time tho frequency and mtensity
of the rumen contractions were dimimished by 44 and 56 % re-
spectively 52 and 80 9 The effect on body temperature and rumen
motility reached its maxrmum 3 h after the injection During this
period bradyeardin was observed With 1 g and 10 sg per hg
body weight the temperature rice was 15 °C respectively 115 °C
after + 5h Thoe frequency and intensity of the rumen contractions
dimimished however withim 60 min after injection, by 85 and 92 ¢,
respectrvely 87 and 96 9, There was bradyeardia during thus period,
thereafter tachyeardia developed

The differences with high and low doses prompted us to make
further studies

Hyperthermia also gives a reduction in rumen motility (intensity
reduced by 84 to 93 %) On the other hand, the antipyretic nos a-
minsulfonum (Novalgin® Hoechst) 50 mg/hg reduces the effect
of 01 ug endotoxin on temperature and rumen motility

Trom the literature 1t 1s hnown that 1 the pertod of hyper-
thermia (ANDERSSON ¢f al, 1963, RoBErTSHAW-WiITTOW, 1965),
but also during endotoxin shock (HEIFFER ¢f al , 1960, ROSENBERG
ef al, 1959), a marked release of catecholamines occurs There 1s
hy pergly caema during fever 1n ruminants (CARALA, 1965, MuLLe-
Nax ¢t al , 1966) In sheep, stimulation of the n splanchnicus gives
a reduction 1 rumen motility (Brunanp-NAvArro, 1953)

In our experiments the intravenous infusion of epmephrie 1
pef/hg/min gives a marked reduction i rumen motihty with brady -
cardia, often followed by tachycardia

It 1s therefore concluded that tho reduotion in rumen motility
after an mjection with endotosin 1s possibly directly cused by a
sympathetic stimulation and epinephrme release and indirectly by
the temperature nise ehated by this pyrogen

REFLRENCES

AnpErssov, B, C C Gare, B Hoxrerr and A Onoa, Acta Physiol
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J F W Nuboer Photomelry wn a wild rabbit
Laboratory of Comparatice Physiology, Uniersity of Utrecht

In order to measurs the sensitivity of the ight sense for a number
of wave lengths, a wild rabbut 18 tramed to choose between two
stimuh & reference light and a test light The stimuh are simul-
taneously presented mn an automatically working two choice appa-
ratus Each stimulus appears as many times to the left as to the
nght of the anumal 1n an unlearnable sequence

The amimal is trained to respond to the reference light, a response
to this Light 18 continuously remnforced {food reward) This choice
will be most difficult when the stimulus intensities of both lights
match The rate of difficulty can be d the
proportion of choices of the reference hight

For each test wave length two series of experiments are per-
formed One senes 1s started at low stimulus intensity of the test
Iight The animal thus learns to respond to the brighter reference
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and @-values correlated with the effects on the bronchual tree,
found 1n hterature

Changes of wall properties and tube radu were readily demon-
strated with this method of mnvestigation

I L Noach, I N Chin A PavandP C M Goosen,
Quantitatine aspects of false transmutter release by tyramine sn reser-
pzed pithed rats after snfusion of a-methyl noradrenaline

Department of Pharmacology, Unwersity of Leden

In reserpumzed ammals, pressor effects of 1v tyramme (Tyr)
are normahized after an v mfusion of Noradrenaline (NA) (Burn
& Rand) In previous work with pithed rats we demonstrated that
rapid tyr tachyphylaxis is due to NA breahdown by mono-amimo~
oxydase After infusion of 25 pg «-methy I-noradrenaline (x-me-NA}
which 18 not attached by MAO, tyr tachyphylaxs 1s absent The
log dose-effect curve for pressor effects of Tyr (range 20-80 pg)
after x-me-NA 18 exactly parallel to the curve of x-me-NA 1tself
(ronge 0 125-1 000 xg) and significantly steeper than the curve
of Tyr before the infusion Torty pg Tyr release the pressor
equvalent of 0150 pg «-me-NA Since the actus! amount of
«-me-NA released 1s obviously much smaller, the absence of tachy-
phyla~is for repeated doses of 40 pg tyr after infusion of 25 ug
a-me NA 15 eastly explaned However, tyr tachyphylaus after
infusion of small amounts (1-2 5 ;ig) of a-me-NA 1s to be expected
and did occur The possibihity of receptor sensitization for tyr by
a-mo-NA could therefore be rojected

After desmethyhrprarune (DMI) 3 mg/hg s v, the dose effect~
curve of a-me-NA was shifted to the left, raising 1ts pressor potency
45 times DVMI after an « me-NA infusion reduced tyr pressor
potency almost to zero Therefore, DMI does not sonsitize adronergic
receptors for pressor amnes Since 1t 1s known that DMI blochs
uptake of catecholamines mto tissue stores, the data presented
indicato that about 80 % of a dose of x-me-NA 1s mactivated by
tissue uptahe before reaching adrenergic receptors Ro uptake of
«-me-NA, released by tyr, may contribute to the absence of tyr

tachyphylaxs
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tume derivative of the left ventricular pressure 1t appeared that
during the ocelusion the ventricle contracts wregularly Owing to
thus rrregularity no simple relation between the maximal ventricular
pressure and the left atrial pressure could be observed In 13 dogs
weighing from 15 5 to 32 5 Lg the mean maximal pressure in the
left ventricle was 355 mm Hg (SD 55) 1¢ 280 % of the control
value, and the corresponding maximal value of the demative was
6100 mm Hgjs (SD 1620), se 270 %, of the control value
From these experiments the matching of the ventricle to the
vascular system can be determined Then the ventricle 1s considered
to be analogous to an electric generator with & constant voltage E
and an internal resistance Ry, and when the input impedance of

the vascular system 15 app y Tep d by a t
R, the matching 13 miven by the ratio RifRu To get the correct
pressure ponding with E, the clamp of the aorta must

oceur exactly durmng diastole The ratio RifRy can be calculated
from the mawuimal pressure directly before and after the clamping
For successful occlusions on 8 dogs RyfR, ranges from 0 28 to 0 69
Smee coronary flow has been neglected the real values are still
larger Hence We may conelude that the matching of the ventricle
to the vascnlar system 13 quite good

R L Polak, The mnfuence of smic drugs on gynth
and release of acetyleholine by the 1solated cerebral cortex of the rat

Medical Biologeal Laboratory of the
Organszation. TNO, Ryswyk Z H

Vational Defence Research

To be published in Journal of Physiology, Proc Physiol Soc,
17-18 March 1967

J Pool Penpheral circulation and vasoddating drugs
Department of Cardiology Unuersity Hospital, Lerden

In order to yudge the effect of vasodilating drugs we made some
measurements of the peripheral cirenlation, whereby we tried to
distinguish between skin and musele errculation

The methods we used were
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Iight Next the radiance of the test light 15 made higher stepmiso
At each step the ammal 1s permutted to chooso 100 times The
second series starts at relatively high stimulus intensity of the
test ight This time the ammal thus learns to respond to the less
bright referenice ight Next the radiance of the test Iight 1s lowered
stepwise Meanwhile the radiance of the referenco hght (496 nm)
18 kept at 080x 10-2 Wm—2 sr-1

Both series result in funetions which describe the preforence for
the reference ight 1n relation to the radiance of the test light
This radiance corresponding to the intersection of both functions
18 supposed to be the stimulus intensity which equals that of the
reference hght The reciprocal of this value 13 used ss a relative
value of the spectral sensitavity

The results are represented as open squares (relative log scale)
They are compared with results — filled circles ~ of another type
of photometric measurement (optokinetic method m a tame rabbit,
NuBoER, 1965) The maxima of both results — at 491 nm - are
equalized

The greatest difference between the two results 1s found between
the range of 500 nm and 570 nm It 18 suggested that this mcom-
patibility might be a result of the stimulation 1n different parts
of the visual field by each method, the two-choice method making
use of the nasal parts of both visual fields, the optohinetic method
making use of a more central part of one visual field

REFERENCE
Nunoer, J F W, Acta Physiol Pharmacol Neerl 13, 209-210 (1965)

L de Pater, J A Kornelis and Jw van den Berg,
Response of the left ventricle fo a sudden occlusion of the aorta

Laboratory of Medical Physics, Unuersity of Qromingen

In anaesthetized, open chest dogs the response of tho left ventri-
clo to a sudden, total occlusion of the aorta was determined The
sorta was clamped durimg 5 to 10 sec by a forceps, so that the
ventricle-contraction was virtually 1sovolumetrie, since the output
was reduced to coronary flow The following variables were con-
tinuously recorded the ECG, the pressurc in tho left ventricle,
the left atrium and the aorta distal from the occlusion, and the
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indication of the latter the renal excretion of phenol was used

The doses used were 10 and 20 mg of toluene per rab of about
250 g and 2 and 4 mg of benzene per rat These doses were calcu
Jsted on the basis of the maximum allowable concentrations 1n
ndustry

The dose of 20 mg of toluene dimmshed the amount of phenol
excreted during the first eight hours after the admimstration of
both doses of benzene The dose of 10 mg of toluene dimimshed
the amount of phenol only after admmstration of the hnghest dose
of benzene during the same pertod During later periods of col
fection of unne, no differences 1 phenol excretion were found
among differently treated ammals nor when these ammals were
compared with untreated control ammals

From these results 1t was concluded that toluene simultaneously
sdmnmstered with benzene, may mtubit the metabolism of benzene
m 8 compehtive way

H van Biezen, A neuromuscular preparation wn witro of the chick

Department of Pharmacology, Unsrersity of Utrecht and N V Organon,
Oss

A peuromuscular preparation 13 made of the musenlus tnahs
anterior of the 2~10 days old ohick It s bathed i Krebs Henseleit
solution whch 1s saturated at 37 °C with 95 9, O, and 5 %, CO;
gas muxture The nerve s stimulated with pulses of 1 msec duration
at 01 eps supramaximally

Tut 1ne and gall from 2 fmld the twtch force
registrated with Grass FT 03 However, 01 fml suxa- or deca
methomun give a slowly developing dose-dependent contracture
on which the twitch 13 superimposed

From about 05 [ml the twitch height decreases during the m-
crease of the contracture Small non blocking doses of curare-lihe
compounds prevent the contracture, but potentiate the twitch
decrease by methorum hike drugs TEA increases the twitch height
but does not guve & contracture High doses of TEA block the effects
of suxa and decamethonum on tension Atropue also blocks this
cofitracture by methomum like drugs as does Hexamethonum

The preparation 1s very useful differentiating neuromuscular
blocking agents It shows bath phases of the methonum hike drugs,
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1 Photoelectric plethysmography o pulsation measurement of
the shin circulation

Venous occlusion plethysmography according to Whitney with
mercury strands around the cAlf which gives an mndication of
the flow n the calf muscles

1

Vasodilating drugs were given ntravenously in increasing doses
up to 028 mg/min

RLSULTS

1 Tor measurement of shan pulsations the big toe and the thumb
are more sensitive than the shin of calf and forewrm

2 In 5 healthy subjects an 1soxsuprine derrvate with a pure §
sympathicormmetic action had & sgruficant effect on the blood
flow tn the cuf and no effect on the slun pulsations

3 In 5 patients with an atherosclerotic stop in the ihac of femoral
artery this drug had no effect on the calf flow nor on the sk
pulsations

4 In 6 healthy subjects 1soxsuprine with a combmed § mmetic
and « Iytic action had a sigmficant increasing effect on the
blood flow 1n ealf and forearm and on the shin pulsations of
the big toe and the thumb

CONCLUSIONS

1 With the deseribed methods 1t 1s possible to investigate the

mfluence of vasodilating drugs on shin and muscle haemo

dynamies
The effect of these drugs on patients can differ from the effect

on normal subjects

©

H van Rees The influence of toluene on the metabolism of benene
wn rats

Dept of Pharmacology Uniwersity of Leiden and Netherlands Insh
tute for Preventwe Medicine TNO Lewden

In industrial hygene surveys the renal excretion of phenol 13
used as a crterion for the exposure to benzene As this exposure
18 often the result of benzene occurring as an mmpurity of toluene
1t was mvestigated whether srmultawneous admmmstration of the
two substances would influence the metabolism of benzene As
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were measured calonmetrically 1n two subjects domg umnterrupted
constant work {7} kealfmun} 1n & warm (35 °C) and dry (12 % RH)
environment The subjects were not allowed to dnnk dunng the
expermments The exposure time m the subsequent experiments
was imereased by 18 mun up to a maxmum of 144 mn With a
thurd subject who repeated the 72 mm and 108 mn experiments
four times the v of the of the lated
heat was assessed
Despite a continuous nse 1n rectal temperature owmng to de

hydration no inerease 1n accumulated heat was found as long as
the sweating rate Temamed at the requred level The sweating
rate remained at a constant level up to approximately 119 mm
After that 1t d d and quently the lated heat
mnereased These findings support the concept of heat regulation
rather than temp ® i The musleading word body
heat content should however, be avorded It 1s coneluded that the
regulatory model for thermal sweating includes not only body
temperatures but also body mass The hypothesis 18 put forward
that body water volume as relevant parameter of body mass,
bemg 1tsell & controlled magmtude mfluences the set pomnt for
thermoregulation or acts as the set point 1tself

D Sprut Measurement of the water vapour loss of human shin
n  ar apph; a thermal conduchrity cell

Dep of Dermatol R C U y Nymegen

In spite of its ugh sensiivity 1 detecting small changes of
water vapour concentration in air, the thermal conductivity cell
has not been applied widely 1n such measurements The most likely
Teason may be that 1t 1s well known that, theoretically, the indy
cation of the mstrument 1s not directly proportional to the concen
tration of the water vapour (Grusz and Scmuncxk, 1928) However,
1 measuning the humdity of air, Citerey (1965) found that the
deviation from the direct proportionality 13 only small The senst
timity of his instrument should be twice as tugh measuring water
vapour concentrations under 0 1 %, 231t should be at aboutol—2 9
The venfication of the ndication 8t a very low water vnpo:r

n gradient many &ffieulties The difficulties
were overcome and both direct and indirect verification were
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depolarization, leading to a contracture of the slow fibres, and
desensibilization, leading to decrease of twitch height.

Chr. L. Riimkeand J. Noordhoek,The influence of pretreatment
with lynestrenol on the anticonvulsant effect of phenobarbitone and
phenytoin in mice

Department of Pharmacology, Free University, Amsterdam

In mice phenobarbitone (50 mg/kg s.c.) and phenytoin (50 mgfkg
s.c.) exert an anticonvulsant effect in the supramaximal electro-
shock-test and in the chemoshock-test with bemegride, if adminis-
tered 24 h previously.

These anticonvulsant effects of phenobarbitone and phenytoin
are diminished if lynestrenol (4 mg/animal or.) is given, two days
before the administration of one of these anticonvulsants. Lynes-
trenol alone (4 mg/animal or.}, 2 or 3 days after its administration,
was without effect in the clectroshock-test or in the chemoshock-
test.

The plasma level of phenytoin, 24 h after the administration
of 50 mg/kg s.c., was 6.9 meg/ml in the lynestrenol-pretreated mice,
whereas it was 12,8 meg/ml in controls The corresponding pheno-
barbitone levels (24 h after 50 mg/kg s.c ) were 2.0 and 5.2 meg/ml,
respectively. After smaller lynestrenol doses (0.4 or 0 04 mg/animal),
a similar effect on the plasma phenobarbitone level was observed.

Consequently, 48 h after pretreatment of mice with lynestrenol,
the elimination rates of phenobarbitone and phenytoin from plasma
aro increased As phenytom and phenobarbitone are mamly elimi-
nated by metabohsm in the liver, it 1s probable that lynestrenol
accelerates the elimination of these deugs by enhanewng the sctivity
of the liver microsomal enzyme system

Whether this action of Iynestrenol, which was observed in these
animal experiments, should be taken into account in human pharma-
cotherapeutics, remains to be established.

J. W. Snellen, The accumulation of keat during walking on the
treadmill and its significance for the control of thermal sweating
Dept. of Physiology, University of Nijmegen

Heat accumulations during exposures to work and heat lIoad



GROVINGEN, AFRIL 6-T, 1967 69

the plasmas mixed with resp dextran fractions 100 000 to
140 000 and 47 000 to 67 000

2 Tn contrast to former trals, we were now able to separate the
protems of the sediments electrophoretically on paper The
most 1mpottant components observed were a fibnnogen peak
and a smaller albumin peak The fibrinogen peak varies greatly
according to concentrations and MW of the dextrans
In order to find ont whether other protems were present in the

d t, the sup t from 1) was -el phoretic-
ally analysed sccording to Afonso The great vamation in the
plammetrically measured protems of the controls showed that
the areas, covered by each protem in the different dextran-
plasma did not fl ly

Still we believe that the constant relations observed prove
that various globubns such as h T coerulopl
fibrmogen, transfernne, IgM, IgA, are present, but probably
not IgG Al hipoprotems and haptoglobine were found
Thus was confirmed by a similar analysis of the sediments, when
an antiserum of a rabhit, immunized with the solved sediment
of bovine plasms mized with dextran B P, was used A definite
relation between the quantity of the sedimented protemn and
the MW of the dextran and the percentage of 1ts solution
could not be established 1n these globuling

ea

H J Th Thalenand Jw van den Berg, The implantable
R wave controlled pacemaker

Laboratory of Medical Physics, Unwersity of Gronangen

With electrical cardiac stimulation i cases of an A-V block m
many pattents s return of the sinus rhythm 13 found We observed
this 1 21 5 % of the pacemaker patients treated m Gromngen
The recovery of the sinus rhythm results 1n an mnterference between
the smus thythm and the pacemaker thythm causing an arregular
heart action This 1s unpleasant for the patient and entails the
danger of ventnicular tachycardia or fbnllation when the pace
maker impulse coineides with the velnerable period of the heart-
¢yele To overcome these disad ges the R-wave lled
pacemaker was developed

This pacemaker requires detection af the ventricnlar depolan-
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realised Contrary to the results obtained by Crierry, the indication
of o GOW MAC microcell JDC 133 now show ed directly proportional
to the water vapour concentration, even at low concentrations
under 019

The water vapour loss of 1 em? forearm skin has been determned
A flow of 10 ml environmental awr/min has been directed through
a conductivity cell, after that passed the shin and a second con
ductivity cell The accuracy of the measurements amounts to
001 mg water/em® skin hour Carbon dionide and other gases
diffusing from the shin mterfere only to about 5 9, of the water
vapour loss A measurement may be completed within two minutes
if carried out applying environmental air, as 1t 15 not necessary
to wart until the skin has become conditioned to changed circum-
stances Only after sweating some 15 min have to pass before the
measurements can be started

REFLRLNCES
Grusz, H and H Scuwvizck Wiss Veroffintl Siomens Konz 7, 202-224
(1928)
Carrry, R H,m A Wexurr Humudity and Mosture Vol I, Reinhold,
New York (1965) pp 539-551

W T H Stroer, Electrophoretic obseriations on the sedwments
of dextrans and plasma proteins

Pharmacological Dept of Powite Products NV, Amsterdam

It 1s & well known fact that some plasma protemns sediment
when blood 18 mixed with dextran In order to analyso the compo
sition of these scdiments, the following experiments were per-
formed
1 The supernatant obtaned after centnifuging bovine haemolytic

plasma, was mried 4 to 1 with dextran fractions with a M A\

renging from 47 000 to 518 000x 103, separated by electro-

phoresis and measured photometrically after stmming with
benzidine and afterwards with ammoblack It showed the
greatest loss of fibrmogen n tho 10 % solutions of the dextran
fractions 83 000 to 153 000 Tlus was confirmed 1 a sumlar
experiment, when blood and dextran were mixed 1 1 In the
6 % and 10 % solutions the fibrinogen peak was smallest 1n
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Our first B wave controlled p Xer has been 1mplanted
a patient 1 1966 and functions well

J © de Valows Regonal cerebral blood flow
Central Institute for Brawn Research Amsterdam

"The local clearance rate of an mert freely diffusible non metabo
Iized radioactive tracer measured over the cerebral cortex 18 an
indicator of regionsl cerebral blood flow according to the Fich
prnaiple further elaborated by heTy (1951)

Suitable tracers for this d are sabne sol of
1sotopes of hrypton or Xenon 1 e hrts and ket® To svod extra
cerebral 13otope uptake and contamination of clearanes curves &
direct 1njection of the 1sotope mto one of the internal carotid
arteries ot one of 1ts mawn branches s preferable The clearance
curves are then measured over the brain arca to be studied and

bsequently analysed The kind of rad 18 important m regard
ta penetrative power of the radioactive particles and the kind of
detector to be used ks s almost exclusively a f-emutter (Emax=
=067 VioV) and Xe!® 13 8 y-emtter (Emse=0081 MeV) In the
present series of experiments hr%$ was used From the maximal
£ energy of Krss a self absorption with a half thickness of 0 34 mm
tissue can be determined This relatively small range makes Krypton
very suitable for the measurement of regional corfical blood flow
This however necessitates & cramotomy removal of dura and

suction of blaod and cercbro spinal fluid to avold contamination
of clearance curves

By applying this method to smali amimals (3 ¢ rabbits) one meets
the difficulty of bridging the gap between the eerebral volume and
the d of the By lable In co
operation with the Physics Laboratory of Philips Nederland N V
emall L thium dnfted S iemm p 1 n sermeonductor detectors were
developed The dimensions of this detector are 1x1x1 mm

Dunng thewo experments the artersal PCO  was frequently
measured with the Astrup mcro apparatus and mamtained between
35and 40 mm Hg Neuroleptanslgesia was mduced by Hypnorm®

Reg onal cecebral ok curves ob d by this ¢ d

and the calculated regonal blood flows were 1 good agreement
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zation, Research on patients and dogs showed that the amplitude
of the depolarization wave decreases after the electrode-implan-
tation and stabilizes after 4-6 weeks. The ncgativo phase of the
depolarization wave, after stabilization having an amplitude of
+ 8mV withintramural and £ 3.6 mV with endocardial electrodes,
is used as trigger signal. Therefore the sensitivity of the detecting
circuit is fixed at 1.9 mV for negative signals, with a froquency
band of 25-150 Hz. The depolarization signal, obtained by means
of a detecting electrode, is passed to the detecting circuit and,
after modification and amplification, transmitted to a circuit de-
signed to block tho proper pacemaker. Tho pulsc-forming circuit
of the proper pacemaker is blocked if the heart frequency is higher
than the fixed pacemaker frequency. The ventricles aro stimulated
by the pacemaker, however, if tho heart frequency is lower than
the pacemaker frequency. To prevent detection of the stimulation
artefact, o second blocking circuit is started simultaneously with
the stimulating impulse, blocking the detecting circunit for some
time. After this blocking time the above-deseribed cyelo can start
again,

The pacemaker has been tested in o number of animal experi-
ments with good results. In the definite design improvements are
made by using one electrode for detection and stimulation and by
including & magnetic switch enabling aualysis of the pacemaker,
when blocked by the heart-activity.

The advantages of this pacemaker in regard to the continual
asynchronous stimulating pacemaker are:

— no interferenco between pacemaker rhythm and heart rhythm

— lower cnergy consumption, sinco the energy consumption of
tho deteeting and blocking circuits is Iess than tho consumption
of the stinmilating circwt. The lifetime is therefore determined
by the heart-activity itself and is roughly equal to thoe lifetime
of the continual asynchronous pacemaker when blocked during
50 % of the time, becoming longer when the blocking per-
centago increases.

The advantages in regard to the P-wave triggered pacemaker are:

— gimpler circuit
— moro stable and greater trigger signal
— considerably lower energy consumption,
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A Versprlle The effect of vagal shmulation on the S A and A 1
node of solated young and neonatal mammahan hearts

Laboratory of Climacal Physwology Department of Pedwatnics Ums
vermty Hospital Leden

Danes ef al (1957) described an inhibitory effect of N vagus on
neonatal rabbit hearts However no information 1 available about
the effect of vagal stimulation on hearts of young and neonatal
ammals with atrio ventneular rhythm

Viith the L dorff perfusion app the effect of vagal
stimulation was studied on 1solated hearts of neonatal (1 3 days
old 3 experiments) and young rabbits {10-17 days old 9 exp)
and young adult rats (5-6 weeks old 8 exp)

Atrio ventrieular rhythm was established by cooling the smo
auncular node A curved imjection needle was placed aganst the
reg on of the & & node and brought at low temperatures with cold
water runrung through it In order to be sure of a selective tooling
ofthe S Anode the A V frequency has to be constant during eooling
at different low temperatures In each expeniment the discharge
frequency of the AV node remamed constant when coohing the
S A node from 10-22°C

The heart rhythm was measured by means of an electrocardio
graph Two electrodes were placed on aorta and on apex of the
heart respectively The A V rhythm was charactenized by & negative
P wave a shorter P Q mterval and a lower frequency

Posuible effects of changes m coronary perfusion on the § A as
well as the A V rhythm occurring during vagal smulation +were
controffed by stopping perfusion of the hearts for at least 10 sec
In this time 8 A us well a3 A V frequency did not change sigmfi
cantly Therefore the percentage reduction of § A and A V frequen
cy in the "-8® sec after beginming of vagal stimulation were
compared

Stimulation of left as well as nght vagus with frequencies of 4
8 and 16 Hz and matumal mtensity has a clear nhibitory effect
on 8 A frequency of all three groups of amimals The A V frequency
Was proportionately more reduced about 15 times as much as
the reduction of the § A rhythm
m::‘:;z\;:l;esn: with the rabbit hearts did not show any sigmfi

etween the stimulation-effect of nght and left
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with tho values observed from tho hterature (LAsSEN and INoy A,
1963}
REFERLNCES

Kemy, § 8, Pharmacol Rev 3, 1 (1951)
Lassev, N A and D H Inovar, Arch Neurol 9, 615 (1963)

A J Vergroeson, J de BoerandJ J Gottonbos, Effects
of prostaglandins on perfused 1solated rat hearts

Buological Department, Unilever Research Laboratory, Viaardingen

To clucidate the role of the heart in the eardiovascular renctions
known to oceur after the admimstration of several prostaglandins,
1solated rat hearts were perfused according to Langendorff with
different concentrations of a range of prostaglandina (PG) The
enitera used were the contractile force of the myocard the frequen-
cy of the heart beat and the amount of fld perfused through the
coronary ‘ascular system

PGL,, PG, PGLy-217 (a dehydrated form of PGE,) and PGFy,
and PGT, appeared to bo active m concentrations of 0 01 ug/ml
and higher The three PGE compounds acted mainly as vasodilators,
PGE; being the most actine and had hLittle or no effect on the
frequency of tho hewrt beat The effect of PGE) on the contractile
force was variable, mostly a moderate merease was observed, but
sometimes a defimte decrease occurred

On the other hand, the perfusion with PGFy, or PGz, had
practically no vasodilating effect but resulted in o sharp increase
1 mechaneal activity of the myocard without causing a change
1 the frequency of the heart beat PGI'y, and PGEs; scem to have
hardly any activity in concentrations of 1 ug/ml and lower Sevoral
1somers and homologues of PGE; and of PGE» the homologues
with 18, 19, 20, 21 and 22 carbon atoms were inactive in this
experimental set-up
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Some smprovements of the system have to be mentioned

— the Lifetime of a mercury tube 13 shorter the more a ¢ 18 used,
a Ingher-power tube on 70 % of its maumal output would
lengthen the hfetune considerably ,

— demodulation system will be mmproved by mtegrated crreuits

108},

- :wo l)nomtor systems are necessary with a lower sensitivity
than the receiver,

— photo-elements of a different sort will be used (fast photo-
voltae cells), placing of which 13 entical {phase relations),

— asecond channel wil be necessary for the amphtude parameter,

REFERENCE

Ronticex, V, Telestinulation by means of light transmusion, World
Medical Eloctronies 2, 254-256 (1966)

0 L Wolthuis and E DMeeter, Spontaneous recovery of the
neuromuscular transmission in the rat after sntoxreation with sublethal
doses of cholinesterase wnhibators

Medieal Buological Laboratory of the Natwnal Defence Research
Orgarazation TNO, Rysuwyh ZH

Groups of albino rats of about 200 g were intravenously mjected
with an LDsy of one of the following organophosphorous anti-
cholinesterases  DFP, soman, tabun, and Sz, S and Sy, sub
stances, which are chemically related to systox The recovery of
the neuromuscular transmission was studied by sacrifieing one or
more ammale af gnnrantioto & mpo 46 - 2L

pER Meee and Wortnois 1965)

With DFP and Sz no demonstrable Tecovery was observed
dunng the first { days Duning the subsequent 10 days complete
recovery took place With Sy and Sy partial recovery cccurred

m 3 dage, with tabun this was already seen after one day Soman
never evoked any of 1l

this dosage at

Sometimes haemorrhages were seen in the dinphragms 4 to 24 k

after the anticholinesterase mjection These rare haemorrhages
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vagus In the rat hearts the right vagus showed a stronger mnhi
bitory effect on the S-A as well as on the A<V node than did the
left vagus Theso results with rat hearts are in agreement with
thoso obtained Ly Lrwis (1914), who experimented with adult
dogs
REFERENCES

Dawes, G 8,J J HaNpLEr and J C Morr, J Physiol 139, 123 (1957)
Lews, T, Heart 5, 247 (1914)

P Vissor, H van Ingen, A A Moeyerand V Rohlfcek,
Telestvmulahion by means of light transmssion 1)

Department of Psychophysiology, Physiological Laboratory, Unwcraity
of Amsterdam

Telestunulation of anmmals 1s usually done by radiofrequency
transmssion For somo years rescarch has been done with cats
continuously stimulated with sinusoidally modulated hight The
electrical responses of the visual cortex and thewr changes by
distracting stimult were studied Telestimulation of different cere-
bral sites was needed Many difficulties, such as detection of arti-
ficial potentials simultancously with the biopotentials, ean be easily
overcome by using light transmission During hght transmission,
however, the average intensity of the light has to bo constant
frequency modulation or pulse position modulation has to be used
The former was chosen, the demodulator being less complieated
and less heayy Primanly fluorescent tubes have been used, but
a carrer frequency of maximally 500 cs could be reached, wiuch
18 too low 1n view of the FM modulation

The ammal 18 free-moving and no direct “vasibility” between
recerver and Light source can be guaranteed A superhigh mercury
discharge tube (40 V, 14 A) showed the best results A current
modulator with a carner frequency of 14 L/c 1s doveloped A very
hight demodulator and tuned mimaturized amphfier 13 attached
to the back of the frec moving cats (RomLicrg, 1966) Square
wave stimuli are transmitted of which one paramcter only 13 to
be transmutted e width

1) The project was financially supported by the Notherlands Organi
zation for Purely Scientific Research — ZW O - The Hague
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wero located at the end-plate region Inspection of dinphragms
from DFP-rats with the low-power dissection microscope revealed
a sequenco of morphologie changes During the 3rd hour after DFP
mjection & “clearing” of the end-plate region may be wisible,
allowing more Iight to fall through this arex From 3-24 h after
DIT an mcreasing “groymg” of the end plate region devolops,
which 15 also scen on the next day This “groymg” appears to be
an mcrease 1 optical density, and 13 accompanied by a general
blurring of the contours of the muscle fibres and the nerve branches
On the 3rd day after DI'P a “clearing” of the end-plate region
develops, which 1s bounded by grey areas on both sides This 18
still visible on the 4th day, whereas on the 5th day the muscle
has regamed a normal appearance

Soman, which does not mterfero with end-plate function, pro-
duces no “‘greying” Reactivation of the cholinesterase mn tho rab
with P28, one hour after DFP admimstration, provents the de-
velopment of “greymg” Denervation of the diaphragm on ono
side just before DFP admumstration prevents “greymng” from
developing on that side Probably the abnormally ligh acetyl-
choline level at tho end-plates cither affects tho muscle fibres
directly or intorferes with the local blood eirculation These phenom-
ena may slow down recovery durng the first 4 days

REFLRENCL

Mrrr, € vax prr and O L Worrnurs, Biochom Pharmacol 14, 1292
(1085}
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that quaternarization of certain « adrenergic blocking agents 19
well tolerated This i contrast to quat of f ad

bloching agents which leads to a practically total loss of the g-
adrenergic blocking actinty The fact that quaternanzation 13
allowed 10 the o sdrenerge blocking agents wndicates that the -
adrenergic receptors are located 1n such a way that they are easlly
accessible to the nghly romized quaternary compounds The fact
that the quaternary dematives of the 8 adrenergie bloching agents
are practically 1nactive does not allow the conclusion that these
receptors are hidden behind ipid membranes and therefore mac
cesaible to the quaternary onmm compounds Ths smee 1t may
well be that the B adrenergic receptors do not tolerate quater~
nanzation of these compounds The fact that also the tertiary
amunes, obtained by ntroduction of one methyl group 1 for
mstanee the g adrenergie blocking agent ho 592 results in & marked
decrease { <0 003) of the blocking actinty points in this direction

REFERENCES

Amtvs B J Neunyn Schruedeb Arch Pharmak exp Path 257, 118
(1967)

———, Armeon. Forsch 16, 1376 (1966)

E A Baarsma, P H Kylstraand A Ladan, Depressor
and pressor afferents an the vagal nerte of the rabhit

Dept of Phynology, Unwersity of Ulrecht

In & number of experiments 1t was shown that stimulation of
the vagal nerve resulted 1n unexpected effects At the begmning
of the stimulation persod there was a sharp fall m blood Ppressure
After some seconds thus fall changed into a pressure nse to a higher
fevel than the control level On cessation of the stimulug, a second
fall could be recorded Duning this second dechine, the pressure
fell under the control level Just as during the first moments of
the stimulation this fall 1n pressure changed mnto & rise

To analyse these effects, we performed twenty experments In
theso expeniments the central part of the cut vagal nerve was
stunulated with vectangulor current stimul The strength of the
stinth was carefully selected The stimulation pertod fasted one
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E J Ariensand A M Simoms, Adrenergic blocking-agents
Structure and aclinty

Department of Pharmacology, University of Nymegen

A comparison of tho «- and g adrencrgic blocking agents with
the adrenergic agents shows that the « adrenergic bloeking agents
have lttlo or no chemscal relationship, wiile the g-adrencrgic
bloching agents are very sumilar to the corresponding adrenergic
agents, especially where the side chain 1s concerned (ARrINs, 1967)
Tor the « adrencrgie blockang agents an interaction with accessory
recoptor areas — binding areas situated 1n the direct viemty of,
but differing from the « adrenergic receptors — 1s Iughly probable
An analogous situation 18 reported for the antilistamnes with
respect to the lustamine receptors, the antiserotouns with respeet
to the serotonin receptors and many of the anticholinergic com-
pounds with respeet to the cholimergic roceptors (ARILNS, 1966)
Tho low speeifieity of various w-adrenergic bloching agents which
have a relatively lugh antihistamime and anticholinergie activity
may be related to thus mode of action Tho same holds true for the
fact that many antilustamimes and psychopharmaca such as the
phenothiazine denivatives have an « adrenergic bloching activity,
too The relations between the x adrenergic bloching actinity (=1)
and the antilistamime and anticholmergio activity respectively
tested on tho 1solated vas deferens of the rat, on the 1solated iloum
of the gumen g and on the 1solated gut of the rat are piperoxan
1-016-011 Dibozane” I -9 35-0 23, phentolamine 1 -0 11~
0034 moxisylyt (‘ Optlon”) 1 -037-016 promethazine 1-500-
G, chlorpromazine I — 317 — 013 thionidazine 1 — 0 31 - 0 063,
thioproperazine 1 ~ 0 05 -~ 0 1 and prochlorperazine 1 - 063 - 08
For the § adrenergic activity & much higher degree of specificity
18 observed 1n this respect although some of these compounds e g
propranolol have a weah antilistarmnic activity The relations
between the § adrenergic bloching activity (=1) and the ant
histammic and antichohnergie activity respectively tested on the
1solated tracheal muscle of the calf, on tho 1solated 1leum of the
gunea pig and on the 1solated gut of the rat are propranolo]
1-~0002 - <0001, Ko 592 1 — <0001 - <0001, H 56/28 1
00014 — <0001, MJ 1999 1 — <0001 - <0001

An imteresting aspect of the structure activity relationship 1s
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blood pressure When bath groups are activated sumultaneously,
the first system, which 13 more rapid, causes the mtial fall in
blood pressure The second decline 13 caused by the cessation of
the actimity of the slower pressor system That the effects are less
pronounced when the strongest stimuli are used, may be caused
by the fact that small depressor active afferents come mto action

We thunk some of our results are 1 accordance wWith thase of
Dovoras ef al (1955) and with those of Bo<mOEFFER e al {1958)

REFERENCES
Povmoerres B K Kraven und N Moms, Plagers Arch 267, 265-278
{1958)
Dovoras, W W and W Scmravmany, J Physol 132, 173-186 {1956}

D O E Gebhardt, The snfluence of 5 fluorouraesl and of
plenn on limb reg of Amb 4
comparatue study

Puk

voor de Volk dherd, Utrecht
Published 1 dcts Phymol Pharmacol Neerl 13 (1969) 41

W A van de Grind, 4 stochashic model of lateral nkibrtion
0 the humon retwna

Department of Medical and Physwl 1 Physws, U of
Utrecht

Very extensive electrophysiological studies of the visual system
of Limulug have been published by H K Hartline and his school
These studies idicate that lateral mhitation 13 of utmost 1m-
portance in the p g of visual inf by the Limulus
facet eye W Reichardt proved that in prmeiple the mechansm
of lateral it 18 able to P for the biurnng caused
by the overlap of the visual fields of the ommatidia RaTurre {1965}
showed that extrapolation of these ideas to the human wisual
eystem leads to a good model of the Mach band phenomena

From the pomnt of view of the quantum theory of vinon 1t 18 of
mmportance o nots that the humsn retinal Teceptors are single-
quantum-detestors Tlus means that the eignals from these re
ceptors to the deeper structures of the retina have the character
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minute. The duration of the rectangular stimuli was 5 milliseconds,
Frequencies of 5, 10, 20, 40 and 100 stimuli per sceond were used.

RESULTS

In most experiments, the change in the blood-pressure depended
on the stimulus-strength. Only in two oxperiments, tho result of
stimulation was always a fall in blood-pressure. In all other ex-
periments mixed offects were obtained, The results can be rubricated
as follows.

1. LFFECTS OBTAINED WITH THRESHOLD STIMULL

These feeble stimuli always resulted in a decline in the blood-
pressure. 1n most cases, the pressure-fall reached a constant level,
On cessation of the stimulation period, the pressure rose to the
original level. In most cases the pressure-fall was only small.

2. EFFECTS OBTAINED WITH STIMUL! OF MEDIUM STRENGTH

If the stimuli wero made slightly stronger, the blood-pressure
declined to & minimum. This minimum appeared about ten seconds
after tho onset of tho stimulus. After tho minimum, the pressure
started to rise slowly. The amount of this incline depended on the
stimulus-strength  With stronger stimuli, higher pressure levels
weroe obtained. In most oxperiments, theso levels remained constant
throughout the stimulation period. Cessation of the stimulation
was followed by a fast fall in the blood-pressure. Tius decline
appeared to have the same time-constant as the decline at the
beginning of the stimulation period

3. EFFECTS OBTAINED WITH STRONG STIMULI

Stimuli of high intensity produced a rise in the blood-pressuro
in most experiments. After stimulation the pressure declined. Still
higher intensities resulted in less pror d offects, S
the pressure oven fell during stimulation.

CONCLUSION

We conelude that the mixed effects, deseribed above, are caused
by the simultancous activation of at least three different groups
of afferent fibres in the vagal nerve. Tho most sensitive afferents
are pure deprossor ones, Less sensitive afferents cause a rise in
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between systematically vared foads, and physiclogical and psycho-
Togical responses to these loads {Huerxg, 1084, Hurrve and
SaneraTi, 1066}

The purpose of the present experiment was 10 test the validity
of these results The power of the physiol 1 and psychological
vamiables to diseriminate between non trawed aod tramned subjects
(Ssp and Ss,) was 1vestigated

METHOD

The Ss petformed work on a bicycle ergometer The load was
imereased, for the S3, by 10 Watts every minute, for the Ss; by
30 Watts every 3 mun This discrepancy between programs bad
no consequence for the present purpose

The physological varables used were both heart frequency
{beatsfmm), and respiratory mimute volume {mlfmin) together with
oxygen Jfmin}, which were d 1n a closed-
system spirograph

As a psychologieal 1ndex the load perceived by the Ss was indi-
cated on & rating scale, during exercise the Ss matched the angle
of the ponter of a voltmeter with the perception of the effort by

moving the ponter upwards The correspondmg voltages were re-
corded

The Sy were males between 19 and 25 years old The S8s,, 14

normal healthy students, performed the exercise tall their heart
frequency reached 170 The Ss,, 11 top amateur racing cyclists,
formed til exh N i by &

p 3 Ives ag 90° on the
voltmeter These 83 repeated the experiment after s 2 week
interval

RESULTS

All 8sq attamed a level of 190 Watts, all Ss; 330 Watts Withw
these ranges reg: q were caleulated directly from
the data (method of least squates), for the ¥'s as the dependent

vanables, and X as the independent vanable i munutes 1,2
ete

For 81, und Sy, the TERTesNION enualiony were respectively heart
frequency Y=46X+79 and Y=24X+ 76, respiratory runute
volume Y ~2 400X 45 400 and ¥=1700X +12 500, oxygen con
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of a Poisson process Another important result of psycho physical
studies of human visions that even after complete darh adaptation
at least 2-12 quanta have to be absorbed within o restricted area
and timo mterval for perception to take place

Under these circumstances the decper retinal cells apparently
function as “comncidence detectors” In view of these facts an
mmportant question 1s how comeidence detectors ean inhibit each
other mn n manner simlar to the non stochastic lateral inhibition
tn the eye of Limulus A comnerdence gate (C gate) ean be defined
as n multi mput threshold gate whero every coming pulse 15
‘remembered’ T time umits (7' 13 the commeidence interval) A
C gate with 2 mputs with weights -+ resp —z and a threshold
+2 performs briefly stated as follows

The C gate gies an output mn response to a pulse on the ex-
citative (+a) mput unless a pulse arnived at the mlubitive nput
less then 7' time umts before

This simple mechamsm proved to be an eacellent stochastic
counter part of the non stochastic type of mhibition and conse
quently Mach band phenomena can bo modelled m this way

The described mechamsm 1s shghtly different from the ono
treated mathematically by Tev Hooren (1966) n that the i
hibitive pulses in our case have & time restricted mfluence When
1/T 13 small compared to the average mput frequencies our model
converges to the one described by Ten Hoopen

REFERENCES

Raturr ¥ Mach bands Qantitative studics on neural networks m the
rotina Holden Day Inc (1965)

Hoorex M 1BM dal mterval distrik Kybernetih 3 17-24
{1966)

J L Hueting A M Coffeng M van Leeuwon and
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subjects
Physiological Laboratory and Coronel Laboratory for Environmental
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In provious experiments significant intercorrelations wero found
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nerves on cardiac arrhythmia but considered 1t more disturbmg
than interesting

In our lat -y, & mathed of vagal stimul on
the time interval relation of the 1solated rabbit heart was found
Retrogradly perfused rabbit hearts were used and the R R ntervals
of the surface electrogram were measured {for further methods
see GERLINGS {1966) When the vagal nerves were not stimulated
the intervals showed an amazingly constant time 1nterval relation
(demations of appr 4 msec) Supraliminal stimulation of the vagal
nerves with frequencies of 5 73, 10, 14 18 and 22 Hz, however,
showed an increasmg inconstancy wn the time interval relations
No difference was seen between stimulation of the night or the
left vagal nerve

Since heart rate dropped considerably durning vagal stimulation
the sugmented vanabihty m tioe mnterval relation could possibly
be an effect of the lowered frequency To eliminate this effect the
sympathetic nerves of an isolated heart showing a constant tume
interval relation were stimulated, resnlting 1o a 50 9, increase of
the heart rate Btill no difference in time mterval relation conld
be found The vagal nerves were then stimulated {appr 15 Hz)
lowening the heart rate again to the onginal level Now a distinet
mcrease 11 the irregulanty of the time interval relation was found

From these expeniments we conclude that the vagal nerves have
annfluence on the time interval relation of the heart The sympa
thetic nerves do not have such an influence

REFERENCES
Geest H DEetal D of 3

of the vagus nerve Circ Res XVIL (Sept 1955}
Gemuvos E D De imvloed van do zenuwen op de
sctvitert van het bhon ynehart. Thows 1966 Amsterdam
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sumption ¥ =123X+1060 and Y =107X+971, effort intensity
Y=44X-4 and Y=30X—-40

In all theso cases the coefficient 1s smaller for the Ssy than for
the Ssp, henco the slopes of the lines for the Ss, are steeper More-
over, for Ssy the regression line for effort shows a considerably
lower level, which lends still more power to this measure

Elmmatmng X from the equations gives the following relationship
between the two groups for heart frequency HFy=05HFy+35,
for effort intensity EI,=0 7EI,—37 Extrapolating the regression
line of the last equation suggests a wide range of discrimmation

REFELRENCES

Huerivg, § E, Acta Phymol Pharmacol Neerl 13, 198-199 (1964)
end H R Sareuats, J Appl Psychol 50, 535-538 (1966)

S. G T Hulstand D de Wied, Changes in body temperature
and water tntake follownng tntracerebral vmplantation of carbackol
n rats

Department of Pharmacology, Medical Faculty, Unwersity of Ulrecht,
Vondellaan 6, Utrecht

To be published in Physiology and Behavior (1967)

G Jambroes, E D Gerlingsand A G Willebrand, The
wnfluence of the ragal nerves on cardire time-interral relations

Department of Physiology, Unwersity of Utrecht

The ECG of trained athletes at rest revealed a considerable
neconsistency in the timeanterval relation of the R-R ntervals

This same nconsistency i time interval relation was found m
experrments with isolated rabbit hearts when the vagal nerves
were stimulated

1t seomed useful to find out to what extent the vagal nerve tone
was a crucial pomt in the generation of this phenomenon

In hterature the sinus archythmis 1s generally considered to be
s respiratory phenomenon DE GEEST ef al (1965), who carrted
out investigations n this field, found an fluonce of the vagal
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Trom these findmgs 3t 13 concluded that slso during random
gumulation the contractile parameters of an 1solated heart zre
closely related to the preceding RR mtervals It 1s concervable
{hat this relation 18 & contributiog factor 1n the vanability of hemo-
dynamsc parameters found duning atrial fibnilation 1 men

T Piek, Achon of the tenom of the wasp Microbracon hebetor Say
on the somalic new lar § of the moth Phil
cynthia Hibn

Pharmacologieal Laboratory, University of Amaterdam

The contents of the venom bladder of Microbracon whach ave
about 0008 ul (Fase §924), can paralyse more than 50 pounds
of farvae of the wax moth (Brarp, 1952) The venor has no effect
on either the efferent or the afferent nerves or the activity of the
wisceral muscles (Bearp, 1952, Prex, 1966)

Freld stmulation of paralysed moth larvae resuits in a con
traction of the integumental muscles At intracellular stimulation
the flight muscles of Phil show active resp not affected
by Mycrobracon venom Neither does the venom affect the effective
membrane resistance of muscle fibres

Intracellulsr records of membrane potentials in flight muscle
fibres of Phil show y postsynaptic
potential changes (MEPSP's) with a frequency varymng from
§0-230 potentials per mun n the different fibres The average
amphtudes of the MEPSP's vary from 30-50 4V 1n the different
fibreg

The most marked effect of Arerpbracon venom 1a on the frequency
of the MEPSPs After an 1mtial increase the frequency gradually
decreases to zero whie the amplitude 1 decreased by st most
30 Y, This indicates a presynaptio offact of the venom

At & relatively hugh mutial frequency the time-course of the
changes 1n frequency 15 faster thsn at a relatively low imtial
frequency

In addition 1t s shown that after admimstration of Microbracon

venom the time-course of the parslyss of the fight muscles 1e
faster 1n muscles stimulated ndirectly once per second than n
muscles stimulated imdirectly once Der munute
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F L Moyler, J Strackee, I' L van CapelleandJ C
du Perron Mans, Computer analysis of the wnterral contrachihty
relationshep during random stimulation of the isolated heart?)

Department of Cardiology and Clinical Physiology, Wilkelmina Gast
faus, Unwersity of Amsterdam, Ladoratory of Medical Physics,
Unwersity of Amsterdam

Atrinl fibullation 1s a common rhythm disturbanee of the heart
m men During this type of arrhythmia the heart contracts very
wregularly and 1t ean be seen that n general beats differ from
the preceding one and from tho next

Tor the understanding of the hemodynamics of patients with
atrial fibrillation, some knowledge of the relationship between the
duration of RR interval and the contractile behaviour of the
myocardrum may be of importance Howeyer, this relationsiup has
not yet beon studied m hearts contracting irregularly For such
a study the aid of a computer 1s almost essentinl

Tirst the behaviour of RR intervals of patients with atral
fibrillation was studied After smtable conversion of the EK G
avalable on magnetic tape a computer (IBM 7094) produced the
serial auto correlation function and the hustogram of approximately
2500 RR mtervals It was found that the mtervals were random
and the histograms rather skew Next wo produced random rhythms
with tho aid of a radioactive source and a Geiger Muller counter
By scaling the impulses and introducing a dead time histograms
matching those of the pationts were obtained These rhythms were
then used to stimulate 1solated perfused rat hearts The LK G
and the 1sotonic contractions were digitized and processed 1 the
computer Serial cross correlation functions were computed between
tho RR interval on one hand and contraction-height area ond
maximum of the first derivative of the contraction on the othex
hand

The first order cross correlation coeffictent between RR mterval
and contraction height turned out to be 0 6, between RR imterval
and contraction area 0 8 and between RR interval and maximum
of first dertvative 05 Although small the second order coefficient
was defimtely negative 1n all mstances
=

1) Supported by the Orgamzation of Pure Research (Z W O ) & Graven
hage The Netherlands
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L H van der Tweel, F van Capelle and F L Meyler,
Synchromzation of pacemaker cells

Laboratory of Medical Physics, Unneraity of Amsterdam,
Depe t of Cardiology and Chneal Physiol Wilhel
hare, Unuersity of Amsterdam

Gast-

As eatly 83 1928 Van der Poll compared the electrical actimty
of the heart with relaxation osallation Using this as a working
hypothesis he was able to smulate the EKG w o model The
ater devel of st d hniques mdeed demon-
strated the feasibility of thus concept for pacemaker cell actinity

Since artific1al electrical stimulation has up till now always been
effected by means of pulses of short duration resulting m an all-
or nothing Tesponse, 1t was thought of interest to study whether
certain charactensties regard } of a rel
oscillator are present in pacemaker tissue 1n solated perfused rat
hearts

Far this purpose s smusodal current was applied to the bath
m which the heart was submerged, by means of two electrodes
It was found that, m & restricted frequency range around the
spontaneous rate of the heart (in our setup 4-5 cfsec), the com-
plexes fell at a certamn site 1n the sinusoidal cyele, depending on
current strength and frequency

As 1n techmical relaxation oseill this h
also found for frequ of the synch
multiples of the spontaneous rate

Right or left auncelar bipolar complexes did not change when
current was appled as long a8 this did not exceed a imiting value
In the expeniments in which the ventricular R wave could be
wdentified m the auncular leads, the P-R time was found to be
equal for the spontaneously beating and the synchromzed heart

With ncreasing current strength the fomn of the complexes
changed more or less suddenly, while at the same time the frequency
selectiity of the phenomenon diappeared Moreover the com-
plexes occurred at another place in the sinusoidal cycle

After removal of the auricles the deseribed phenomena could be
de:ﬂl\;tmled o,;\ & ventnenlar level ab much lower rates

S far es this macroelectrode techmque permits, 1t see;
justified to conclude that the heart can be(:ynchpxe‘omzed ma wal;?

was
g current, being
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These results indieate a block of the synthess of the transmitter
substance, rather than a block of transmutter release

REFLRELNCLCS
Hasc A, Biol Zentrbl 44, 209-243 (1924)

Bearp, R L, Connectient Agric Exp Sta Now Haven Bull 562 {1952}
Prex, T, Insect Phymol 12, 561-568 (1908)

C Romynand W Lokhorst, The respratory metabolism of the
hen’s embryo at a low oxygen pressure

Laboratory for Veterinary Physiology, Unwersify of Utrecht

Tho heat production and heat dissipation of incubated eggs have
been dotermined under simulated “high altitude conditions”, as
well a5 1n ar with a decreased oxygen contont Under both con-
ditions the energy mutabolism of the embryo 1s lughly correlated
with the pO; 1n the incubsting air A low oxygen pressure results
m a decrease of tho respiratory metabohsm and m o shghtly
retarded hateling of the chicken

Low oxygen content at normal atmospheric pressure has o much
more pronounced effect than the ‘ lugh altitude” condition More-
over, the heat elimination 1n the former condition 1s greater than
the heat production

This phenomenon may be oxplained by a smaller evaporation
at normal atmospheric conditions The water loss from tho eggs
18 within wide limits independent of air velocity but in linear
correlation with the water vapour tension in tho surrounding atr
and mereases with the lowering of tho total pressure of the mcu-
bating ar

The limiting factor 1 oxygen supply to the embryo 1s thereforo
the water content of shell pores and membranes

At conditions of “lugh altitude” the desiccation of the pores
1n the egg shell may be conuidered as an adaptation to the un-
favourable conditions 1 embryome dovelopment
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not only of the oxygen concentrations, but also of the volume
expired, 1 the carhon dioxide free gas

REFERENCE
Wem, § B pe V, J Physol 109, 1 (1949)

D de Wied, The effect of ACTH gnd ACTH fragments on avordance

learning

Department of Pharmacology, Medical Faculty, Dnaversity of Ulrecht,
Vondellaan 6, Utrecht

Removal of the pitmitary gland or the adenohypophysis only,
markedly diminishes the ability of rats to acquire an avoidance
response (AvPLEzwsie and Baupny, 1955, D Wirs, 1064) The
admumstration of a long acting ACTH preparation or a hormone
substitution therapy with cortisone, testosterone and thyroxne
1mproves the learning abiliy of adenohypophysectomized rats (D
Wiep, 1964)

The mabiity of the adenchypophysectomzed rat to acquire an
avodance response may be attributable to a general debilitation
of the ammal owing to lack of adequate hormonal supply It may
also be due to the absenco of ACTH This was determmed with
the aid of ACTH fragments which do not extubit noticeable cortico-
trophie effects

Hypophysectomized male rats were tramed mn a shuttle box
The €S was a buzzer presented for & sec followed by the US of
shock1f the smmal dhd not make o barner crossing Ten eonditiontng
tnals were administered each day for 14 days Ammals were treated
with 2 dose levels of synthetic ACTH § 1-24, « MSH or ACTH 410
Zn phosphate complexes of these peptides wers prepared (Dz WiED,
1968) and injected subcutaneously every other day duning aequi-
stion The treatment was started one day prior to the first con-
ditioang tnal  Sham-operated rats served as controls

It appeared that & MSH and ACTH 4-10 markedly inproved
avoidance leatning m a manner quite similar to that observed
when ACTH £ 1-24 was used m a doso of 20 18 Dose response
cu\;veﬂ ci (;?'?}s[e 3 pciptdxdcs were nearly identieal

Since 4-10 Is devoid of corticotropluc actinity, ¢
indicato that the behavioral effect of Aﬂ§ mn hypopgys:‘:t;:z‘;;
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fundamentally differing from the conventional stimulation with
pulses

B F Visser, Determination of oxygen uplake wnthout carbon
dioxzde measurement

Pulmonary Function Laboratory, Unwersity Hosputal of Ulrecht

The method of WEIR (1949) for the caleulation of metabohsm
(K') from oxygen concentrations m mspired (0;) and expired
arr {Oe)

an R’ = (04~ 0,)0 0504 0

18 based on the comcidence that the ealorze value of one htre of
oxygen {K) as a function of the respiratory quotient (R)

9 K=3 9+1 1R 2

almost equals § % of the correction factor to be applied because
of the volumo difference between mspired and expired air

79 07420 O3R (3

It 1s umpossible, however, to caleulate the oxygen consumption
mn thig way without knowing R The following reasoming presents
a solution to this problem
If there existed bemngs not producing carbon dioxide st all,
living 1n a carbon dioxide-free atmosphere, their oxygen con
sumption (O ) could be calculated from the volumes mspired (V1)
and expired (V) and the corresponding oxygen concentrations O 1
and O,
0= Vl'o'i— Ve O'e (4)
In this ease
0=V-V. ®

Substitution of ¥ from Bq (5) mto Eq (4) and solving for O’
yields
0’/ Ve=(0"1—-0")/(1—01) )]

The condition for vahidity of Eq (6) can be simulated by first
absorbing carbon dioxide and then performing the measuroments,
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The sesults were compared with those obtamed by suijxr ex-
peritents with rat liver preparations as described by AL-KAssaB
et al (1963), Boorm et ol {1963) nnd Comey ef al (1964)

The possibilities of p bioch try of foreign com
pounds far parative logy were d d
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¢ L Wolthms J F Anthomand W F Stevens, Infer-
anvmal transfer of injormation by bramn extracts

Medwal Biolopcal Laborafory of the Natwnal Defence Research
Organization TNO, Ryswyh (Z H)

In » modsfied T maze rats were trained twice daily to avord foot
shock by escaping 1to the lighted alley After 15-18 days, when
80 % oc more of the responses were correct, the ammals were
d d their brams homog: d and the h

1’ cen-
tnfuged

Kawe recipients wers mjected 1 p with the resulting supernatant,
each ammal recering a fixed dose equivalent to spproximately
two thirds of a donor brain Control recipients recerved the same
dose of :dentically prepared supernatant from the bramns of un-
tramed donors

Four series of 10 experimental versus 18 controt Tecipient rats
were tratned in the same way as the donor animals, the combined
results show that learmng speed 1 the recipients mjected with

tromed moy 18 sigmficantly enh {p2=0006)

To wvestigate whether a non-speafic stinulsting effect could
cenhance learnng n the T maze used the effects of strychnune,
pervitn and Mg Pemoline on speed of Iearung were invest;zated
In the dosages used none of theso substances enhanced le;mng
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rats 1s extra-adrenal Studies on other parameters such as escape
and exploratory behavior as well as on the general condition of
the hypophysectomized ammal should be carried out to determine
the speciicity of this hey on avoud learming

" I
1944t
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J G Witand P Lecuwangh, Aspects of mercapturic acid for-
maton n birds

Institute of Veterinary Pharmacology and Toxicology, Biltstraat 172,
Utrecht

The ability of birds to form mercapturic acids (N-acetyleystemno
derivatives of foreign compounds) 13 relatively unknown In mam-
mals, the mitial stage n the biosynthests of mercapturic acids 18
the reaction of the foreign compound with glutathione, occurring
1n the iver The glutathione derivative can be degraded by enzyme
reactions to give a § cystemne derivative, which 1s N-acetylated
enzymatically to yield a mercapturic acid (seo BoyLaxD and Boots,
1062)

The metabolic pattern of 1,2 dichloro 4 nitrobenzene and 2,3,5,6-
tetrachloromtrobenzene 1n birds (pigeons) was investigated 1n com-
panson with rabbits (Bray ef al , 1957, BrAY e al , 1953) It was
found that pigeons can form mercaptunic acids with both com-
pounds Pigeons convert part of 1,2 dichloro-4 mitrobenzene to
3,4,3'4’ tetrachloro azoxy benzene and 3,4-dichloro aniline, as 1s
the case with rabbits Pigeons, howover, arc unable to metabolize
2,3,5,6 tetrichloro mtrobenzene to 2,3,5,6 tetrachloro amline and
2,3,5,6 totrachloro-4 ammo phenol, found as metabolites n rabbit
urine Experiments un wifro, using the high-speed supornatant of
pigeon liver, demonstrated the presence of glutathione-S aryl-
transferase, as mndicated by the enhanced hiberation of mitrite-10ns
from 4-nitropyridine N-oxide and 2,3,5,6 tetrachloromtrobenzene
and by the formation of S (2 chloro-4 mtrophenyl)-glutathione and
8-(2,4-dimitrophenyl)-glutathione from 1,2-dichloro-4-nitrobenzene
and 2,4-dimstrochlorobenzens respectively
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These results are n accordance with recent findings deseribed
n the references

REFERENCES
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©) Presence of precursors

1) Speafic release mechamsws
£) Tdentical achion

h) Pharmacological Wentity

(@, b, ¢, d} ARl components of the cholinergic system are present
1m the central nervous system, but not n the penipheral nerves
of msetts The contents of free and bound acetylcholine are greater
than 18 known of vertebrates, the same holds for cholinacetylase
and cholinesterase (Cormou=, 1958} These components have been
proved to be present by chemieal and hustochemical methods Sn
interesting observation is the rather high cholmesterase activity
n the nerve sheath that can form an effictent “biochemucal barrier”
(TRENERNE)

{* ¢) The action of acetylcholine of msect preparations was
studied by many authors (e ¢ Prossex, 1940, ROEDER, 1048, 1950,
KErkoT, 1965) The differences m waterals, methods and results
rsed confroversy ctoncernmng the vole of acetylchohne Other
transmitters, well known from vertebrates, have been identified
m nervous tissues of wnsects, however, their actions still remain
obscure Remarkable 13 the importance of cholinesterase mhibitors,
many of which are used as Insecticides

Amino acids have received derabl \7 pecially
the last few years Several authors sssume L-glutamate to be an
exating transmitter and GABA an wdtubitng qne 1 msect neuro
muscular synapses The author of this abstract could not confirm
these observations (FLorey, 1967) preferred to use the term

“modul batanice™ for compounds {e ¢ stmno aeids) thay sffect
the performance of the nervous system
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P N Aarsen, Sensihization of guinea pig leum lo the action of
bradyhinan by trypsin hydrolysate of ox and rabbit plasma

Pharmacological Laboratory, Unwtersity of Amsterdam
Accepted for publication by Br J Pharmac Chemother

G Bocht, Transmutters wn the nervous system of insects
Department of Zoology, Uniersity of Nymegen

The neryous system of arthropods generally contamns a dorsal
bramn ganglion and a pair of Jongitudinal ventral nerve cords with
segmental ganglia arranged 1n a ladderlike configuration, pert
pheral nerves eonnect them with several organs Depending on
the shape of the specics, there are many variations on this pattern

The anatomical structure of the gangha 1s unlike those of verte
brates A superficial connective tissuo sheath 1s presumably equiva-
lent to tho vertebrate perincurium, 1 the msects the non cellular
portion will be referred to as “neural lamella”, the collular one as
¢ permeurum’  Tho next peripheral layer contans nerve cell
bodses, which are mterconnected 1n the central part of the ganghons
by a meshwork of axons, the neuroptle, Schwann- and gha cells
and many oxtracellular spaces are situated near the periphery of
the ganghon Important achievements in the hnowledge of structure
and function are described and summarized by TREHERNE (1965)

Central synaptic transmussion 1 essontially similar to that of
vertebrates However neuromuscular junctions of arthropods
differ from thoso 1n vertcbrates in that only a himited number of
neurones may mnervate cach muscle as well as each muscle fibre
This so called polyneuronal mnnervation 1y connected multiterminal
Iy with muscle fibre Both hinds of synapses the neuromuscular
and central ones contamn numerous synaptic vesicles localized at
the presynaptic membranes

Several authors developed critera for the identificition of trans
mutters (CoLmouN 1963 Frorey 1967 Hens and Kryiovi6,
1962 WERMAN 1966) They can be listed as

a) Presence of inactivating enzyme
b) Presence of transmitter

¢) Collectability of transmitter

d) Presence of synthetizing enzyme
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change 1n direction of activation of the § A node may cause ?
change n the guration of the tr \; sction p t;
of the nodal fibres

An attempt was made to messure this change more precisely
In the wolated rabbit atrium action potentisls of fibres i the
S A node were measured with conventional glass micro-electrodes
When a pacemaker cell was impaled the attum was electncally
dnven by means of a bipolar electrode on the mght surienlar
appendage when the dnving had been mantained for 10 see the
dnving was contmued with a bipolar electrode on the right atmal
posterior wall This alternation in direction of activation was
repeated every 10 sec as long as the micro-electrode remained
wm the fibre Data from an umpalement were used for caleulation
when we had been able {0 pace the preparation twite from esther
electrode The dnving frequency was kept at 10 9% above the
spontaneous frequency at the atart of the experiment

The action potentials were stored on magnetic tape After the

P we 1 the litude the maximal rate of
depo and the & of the action potential on 1f4
and 3/t of the amplitude Per 10 seconds period of driving the
mean values of these parameters were caleulated from 20 subse
quent action potentials and their standard errors This was done

for 15 cells taken from 4 experiments The results can be summa
nzed s follows

1 In all cases 1n which 4 parameters conld be measured at leass
2 changed ¥ ding to the Student s

T test (p=001) when the activation pattern was changed

1t was smposaible to elasnify tho change 1n terms of fibeo type

or locabization the parameters seem to change independently

of each other

3 Ofthe il the ! rate of depol: 100
15 affected most by & change of the site of stimmlation An
tncrease or decrease of more than 20 % was frequently observed

In most cases the change of the other parameters was less
than 109,




8 NETHERLANDS SOCIETY FOR THYSIOLOOY AND PHARMACOLOGY

T I M Bonke and L N Bouman, Disturbances of S 4
node function as caused by atrial premature beats

Department of Physiology, Unwersity of Amsterdam

In a previous paper BowkE ¢f al (1968) wo described the relation
between the length of the atrial eycle before and after the prema
ture beat Impulse conduction in the 1solated, spontaneously beating
right atnum of the rabbit was measured with micro electrodes
The earlier in the atrial ¢y cle a single electrien] stimulus was applied
to the atrium, the lower was the conduction velocity of the impulse
By recording simultancously with two bipolar electrodes on the
surface of the atrum and one micro electrode m the S A node,
wo have obtained evidenco that after a discharge by a premature
beat o shift of the pacemaker occurred within the node

The slopo of the diastolic depolarization as recorded from the
fibres of the S-A node was found to be depressed after a premature
beat The depresston was more pronounced in truo pacemaker
fibres than in latent oncs Wo assume that this unequal depressiou
and the very slow conduction of the impulso through the S A
node cause the shift of the pacemaker

In our opmton two factors mught explain the increased length
of the premature beat cycle
1 the decrease of the conduction velocity n the atrium and the

S-A nodo when the premature beat 1s elicited at an early moment

n the atnal cycle
2 the shuft of the pacemaker within the § A node

REFERLNCE

Bonkr F I M,L N Bousanand H E vax Run Acta Physiol Pharma
col Neorl (1968) in the press

L N Bouman I' I M Bonkeand H L van Ryn,
Directional influences on the action potental in the S-A node of the
rabbst

Department of Physiology, Umveraity of Amsterdam

Trom experiments on the conduction velocity of mpulses
through the S A node of the rabbit, we obtained evidence that a



PROCEEDINGS 107TH MEETING AMSTERDAM JANUARY 13 1968 101

showing an EDso between 100 and 1000 ng of venom gland extract
per 100 mg bady weight All other maects tested did not react
to & venom dose up to 1000 ng per 100 mg body weight

D B Faber, The pharmacology of polypeptides enh the
action of bradylinin

Pharmacologweat Laboratory, Uraversty of Amsterdam

Ospaim of al {1964) showed that human fibrinopeptide A en-
hances the effect of bradghtrun on the rat uterus A substance
increasing the effect of bradykimin on the guinea pg 1leum was
shown by AARSEN {1368) to be present 1 o< and rabbit plasma
treated with trypsin Highly punfied human fibrinogen {96-100 %)
was treated with bovine thrombin Human fibninopeptide A was
wolated nmng Sephadex filtration followed by column electro-
phoresis on Sephadex With the same separation methods, a nega-
tively charged peptide was tsolated from rabbit plasma treated
with trypain

The effect of fibrinopeptide A was studied n the gunea pig sleum,
rat uterus, rat vas deferens, rabbit leum, gwinea pig bronchi,
guines pig fung vessels, rat aorta and sheep coronary artery In
all these preparations the effect of bradykimn was enhanced,

whereas 1 effects of h acetylchol.
led oxytoem, tnn adrenabin and nor-
drenalin were not enhanced Both Sibrinopeptide-A and the rabbt

plasma peptide Increase the spontaneons contractions of the rat
uterus (in oestrus), and show an inlubition of the spontansous

contractions of the rabbit ileum followed by an nerease in tone
Thoen o+ - .

. .
1 + o auguet tian et of bradylome Apart from striking,
pharmacological simlarities, the two peptides are also sinular with
respect to wolecular weight, 1s0-electne pomt and shsorplion
spectrum and therefore they may be dentical Swce some of thew
efiects resemble those of bradykinn, these peptides may have the
same mte of action &8 bradykinin

REFERENCES
AsrsEN, PP\, But J Pharmacol Chernotherap 32 (1988) m press

et
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D Drenth, Some aspects of the collection and the action of the venom
of Microbracon hebetor Say

Pharmacological Laboratory Unwersity of Amsterdam
Venom preparations were obtauned from fomale Microbracon
wasps 1n the following ways
extriction of whole wasps
extraction of 1solated venom glands

clectrical stumulation of Inrge numbers of wasps simultaneously
stimulation with ether vapour of large numbers simultancousty

e L2 1D =

In order to compare theso preparations as to yreld activity and
punty, the following investigations were performed

1 dotermmation of dry weight after freeze drying

2 determmation of the LDsp 24 h after mjection nto larvae of
Gallenia mellonella L

3 determination of the proten content

4 dise electrophoresis

The purest proparations wero obtamed after electrical stimu
lation but the yeld 1s too low to mal e this method smtablo for
practical use Both extraction of venom glands and stimulation
with ether vapour give high yields of very active preparations
without marhed differences m purity Sinco mass stimulation with
other 18 much simpler than the preparation of venom gland extracts
ether stimulation 1s chosen as tho routio mothod for the collection
of Microbracon venom In diluted solutions AMicrobracon venom
rapidly loses its biologeal activity The stability cannot be improved
by tho addition of salts but bovine serum albumm and some other
protens has e a stabilizing effect The optrmum stability hes between
pH 8 and 9 Concentrated venom solutions and freczo dried prept
rations can be stored at — 20 °C without apparent loss of activity

Ropresentatives of different insect orders wero injected with
mereasing doses of & venom gland extract A hugh sensitivity for
Microbracon venom scems to be restricted to the order of the
Lemdoptera Most members of thus order show an LDjo smaller
than 10 mg of venom gland extract per 100 mg body weight
Trom other nsect ordors only Musca domestica L (Diptera) and
Perillus bioculatus Tab (Hemaptera) are susceptiblo to the venom
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1mta the mpsled cell 1 electr 1 ducted to the p Ler
cells of the preparation

In the atrium preparation, howevers<o much current 18 dissipated
that the pacemaker Tegion 18 not at all nfluenced by it Current
duspation mght be caused by low mtercellular resistance m
combmation with the large diameter of the preparation.

Tn the small cluster thers will not be so much current dissipation
In some cases current of suffcient mntensity will reach the pace~
moker Tegion and slter 1ta discharge frequency by changuig the
membrane potential and the velocity of the diastolie depolanzation

REFERENCES
Apaxt T and T Oraxt J Neurcphysmol 18, 472 (1955)
Serrrpamis N and D Lemmowy, J Gen Phymol 47. 895 (1934)

Woopsory, J W and W E Crur, mn Nervous inhibition, (E Florey,
editor} New York, Pergamon Press Inc (1961} p 124

€ van der Meer, General considerafions on an tigat
paralysing wasp tenoms

of

Pharmacologreal Laboratory, Unwersity of Amsterdam

The purpose of our investigation 1s the elucidation of the ct 1

structure and the mechamsm of action of paralysing wasp venoms
The folowing phases in ths g can be dist: shed

SELECTION OF THE WASPS

The seleatton of species that can be obtained in large numbers
mects with difficulties, snce very ittle 1s known about the biology
of these wasps as well as about methods of cultivation,

The venoms of different species appear ta differ 1 mechansns
of action and chemical composition
COLLECTION OF THE VEWOM

Since the collection of the natural venom meets
with difficulties
methods for artificial collection ave bemg used -
BIoLoaICAL sTANDARDIZATION

Biological units must be defined as a measure of the actinity of

the venoms These umts ma
\y vary considerably, eg owing t
changes m condition of the test smmals {nm-cfj’)A ! s
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Bavrn, G, E Zirorer und H Kovzerr, Naunyn Schrmiedebergs Arch
Pharmak Exp Path 254, 235 (1966)

Ospanr, A J,J A Grapsrr ond K Laki, Biochim Biophys| Acta
86, 535 (1904)

H J Jongsma, R J v d Stadt, C Borstand L N
Bouman, The effect of polarizing current on the automaticity of
wolated heart muscle preparation

Department of Physiology, Unitersity of Amsterdam

The mechamsm of impulse conduetion in the heart 1s still the
subject of controsersy Both an ephaptic and a synaptic mechanism
are advocated (SPERELARIS and Lenvruie, 1954, WoopsUrY and
Crirr, 1961) We have re mvestigated this problem by using
a 19olated atrium preparations including the sino atral node (dia

meter 2-3 cm),
b clusters of atrial cells cultured wn witro (diameter 100-300
micron)

In both cases a bridge eirewit (ArARI and OraNt, 1955) was used
for the simultaneous application of current and recording of action
potentials with one mucro electrode

Application of hyperpolarizing or depolarizing cucrents of max
mally 70 nA to the atrium preparation had netther an effect on
tho discharge frequency of an impaled fibro nor on the frequency
of the whole preparation as measured with a surface electrogram

Appheation of currents of maximally 7 nA to cell elusters mostly
had no effect sometimes a small effect and a fow times a pronounced
offect In the latter cases o depolarizing current mncreased the dis-
charge frequency of the impaled cell, whereas a hyperpolarizing
current decreased and sometimes even completely abolshed the
spontaneous electrical activity The magnitude of the effect de-
pended on the intensity of the current apphed, on the diametor
of the clusters and on the mitial contraction rate of the clusters,
which was measured with a photo diode Tho contraction frequency
of the whole cluster always remamod synchronous with the dis-
charge frequency of the impaled cell, even when 1t obviously was
a Iatent pacemaker cell In our opinion these results favour the
hypothesis of ephaptio 1mpulse conduction The current mjected
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cy 15 by far the more mportant, In Phlosamia howerer, the
amphtude of the AEPSP & 13 not affected, but the frequency of
the potentials shows an 1mtial increase followed by a decrease,
sunilar to the effect of Microbracon venom 10 thas species (PrEK,
1968

In) both species studsed Philanthus venoms manly affects the
frequency of the MEPSP 8 rather than the ampltude and therefore
may be d to act pred ly on a presynaptic site

After admimstration of Philanthus venom, the onset of paralysis
of the muscle 15 epeeded up by actinty of the neuromuscular
system by stimulation of the nerve This may be an mditation

that the venom affects either the synthesis or the storage mechamsm
of the lar t % bt:

REFERENCE
Pk, T. Acts Physol Pharmacol Neer! 15 (1969) 87

R T Simon Thomus, The eollechhon and breeding of wasps
producing o paralysing renom

Pharmacoloqical Laboratory, Unwersily of Amsterdam

For sn investigation on the mods of action and chemical structure
of paralysing wasp venoms large numbers of female wasps must be
table, preferably througl the year Large numbers mey

esther be reared 1 the laboratory o collected 1n the field
Parasitic wasps that are switable for mass culture must. fulfil the
following requrements 1 mating in a small space, 2 no diapause
3 large reproduction, 4 easy mass culture of the host ’
Bcrobracon hebetor Say (Bracomdae), which uses small moth
farvae as 112 host, fulfils all these requirements One female produces
an average offspring of abaut 12 ferales At present our colony
produces 400-500 females daly The following requirements can
be formulated for predatory wasps that may be rollected m the
field 1 easy dentification as to species and sex, ¥ occurrence 1n
demf ‘pupuhtmns, 3 good survival dunng tran’sport_

U:{;un hus friangulum F (Sphecidac) meets these

oy 3 0 o, At el oty
crs from 1961 to 1967 Dumng
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PURIFICATIOV, ISOTATION AND DETFRMINATION OF THE CHFMICAL
STRUCTURI

Lach venom consists of a great number of components Punifi
cation and 1solation of the nctive component(s) must be guded
by Dbiological tests

MLCHANISM OF ACTION

The natural prey ammal may not always be adequate for the
determination of the mechanism of action of a venom, becauso
of its size or becauso too littlo 13 known about its anatomy or
phy siology

In the two species of wasps studies so far, paralysts 13 caused by
an effect on the neuromuscular transmssion

A moro detaled study of the site of action 1s 1n progress but 13
hampered by the fact that at present tho effect of an unhnown
substance 1s studied on a neuromuseular transmssion process caused
by an unknown tranamutter substance

T Piok, Action of the ernom of Philanthus triangulum F on the
newromuscular transimssion i wnsects

Pharmacological Laboratory Umitersity of Amsterdam

Tho venom of the digger wasp Phianthus apparently couses
paralysis of the skeletal muscles m all inscets order and m spiders

Provious myestigations by o number of authors as well as by
ourselies have shown that 1t 19 very likely that the venom ciuses
paralysis by blocking the exeitatory neuromuscular transmussion

In order to gam more information on the site of action in the
neuromusenlar junction the effect of the +enom has been studied
on the spontancous mimature exeitatory postsynaptic potentials
(MEPSP s) 1 the longitudinal fight muscle of tho locust Schesto
cerca gregaria Torsk and of tho moth Philosamia eynthia Hubn
These muscles are of the fast type

The venom preparations used are crudo oxtracts of the venom
bladders The activity of the different extracts 1s cxpressed in Beo
Umits, based on an estimation of the EDsa 1 honey bees

In Schistocerca both the frequency end the amplitude of the
MEPSP's are decreased by tho venom, but the effect on the frequen
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ey 13 by far the more mportant In Philosamia however, the
amphtude of the AEPSP’s 13 not affected, but the frequency of
the potentials shows an uhal mncrease followed by a decrease,
sumtlar to the effect of Microbracon venom 1n this spectes (PIEK,
1969)

In both species studied Philanthus venom manly affects the
frequency of the MEPSP’s rather than the amphtude and therefore
may be assused to act pred tly on a p ptic site

After admnmstration of Philanthus venom, the onset of paralysis
of the muscle 15 speeded up by activity of the nenromuscular
system by stimulation of the nerve Tlus may be an ndication

that the venom affects exther the synthesis or the storage mechanism
of the 1 st

REFERENCE
Prx T, Acts Phymol Pharmacol Neerl 15 (1969) 87

R T Simon Thomas, The colleclion and breeding of wasps
producing a paralysing venom

Pharmacological Laboratory, Unuversity of Amsterdam

For an investigation on the mode of action and chemcal structure
of paralysing wasp venoms large numbers of female wasps must be
available, preferably throughout the year Large numbers may
either be reared in the laboratory or collected 1n the field

Parasitic wasps that are switable for mass culture must fulfil the
following requirements 1 mating in a small space, 2 no diapause
3 large reproduction, 4 easy mass culture of the hest ’
h)llcmémwn hebetor Say (Bracomdae), which uses small moth
© ::::; ::s Lngat, fulﬁlsrall blhese q ts One female prod

2 spring of about 12 females At present our colon:
g;ot;‘:c:i 1:!:3;5?0 females daily The following requirements caﬁ
P marl{;‘redutmy wasps that may be collected 1n the
. n]’m entification as to species and sex, 2 oceurrence in

P 'WI: "OHS, 3: gu;d x:‘ur:m al during transport

. P dae} meets these requicements
};;l;::m“dy this spectes has disappeared 1 ﬂallam‘l‘, probably

g & series of mix cool summers from 1961 to 1967 During
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Puriric ATION, ISOLATION AND DFTFRMINATION OF THE CHFMICAL
STRUCTURF

Lach venom conasts of a great number of components Punifi
cation and 1solation of the active component(s) must be gumded
by biologieal tests

MLCHANISY OF ACTION

The natural prey ammal may not always be adequate for the
determmation of the mechamsm of action of a venom, becwuse
of 1ts size or because too httle 1s hnown about its anatomy or
physiology

In the two species of wasps studies so far, paralysis 1s caused by
an effect on the nenromuscular transmussion

A more detailed study of the site of action 1s 1 progress but 1s
hampered by the fact that at present the effect of an unknown
substance 1s studied on a neuromuscular transmission process caused
by an unknown transnutter substance

T Piek, Action of the venom of Philanthus triangulum F on the
”Cl“’On”lcC“,ﬂr transmrssion 1 nsccts

Pharmacologieal Laboratory Unwersity of Amsterdam

The venom of the digger wasp Philanthus apparently causes
paralysis of the sheletnl museles in all insccts order and m spiders

Previous 1mvestigations by a number of authors as well as by
ourselves have shown that 1t 18 very likely that the venom eauses
paralysis by bloching the exeitatory neuromuscular transmussion

In order to gan more information on tho site of action n the
neuromuscular junction the effect of the senom has been studied
on the spontaneous munmiature exeitatory postsynaptic potentials
(MEPSP s) m the longitucinal fhight musclo of the locust Sehisto
cerca gregaria Torsk and of the moth Philosamia cynthia Hubn
These muscles are of the fast type

The venom preparations used are crude extracts of the venom
bladders The activity of the different oxtracts 1s expressed in Beo
Units based on an estimation of the EDso 1n honey bees

In Schistocerca both the frequency and the amphtude of the
MEPSP s are decreased by the venom, but the effect on the frequen-
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1n 60 series of different cellsin I8 rabbit atna, stimulus frequency
was found to be hinearly propertionst to the Joganthum of conduction
veloaty, while stunolus frequency was also linearly proportional
to the maximal rate of nse of the action potential

Changes 1n sodm inward carrent might be responsible for con
duction veloeity changes following an nerease or decrease 1 heart
frequency

5x10+¢ g acetylcholne/ml perfusion flud inereased both con-
Quetion velootty and mammal wate of nse At low frequencies
acetylehotme had only minor mfluence on wanmal rate of rise
and conduction veloaity, but at high frequencies both increased
considerably

This finding mght explan davergent expenmental results m
Iiterature

B J Visserand W Spanjer, Bioch 1 study of o paralyning
inseet venoms
Ph logical Laboratory, U ty of Amaterd

Crude preparations of Microbracon hebetor venom, obtamned by
extraction of {solated venom apparatuses and homogemzed whole
female wasps contam a large number of components among winch
amino aexds, peptides, enzymes and other proteins No brological
actimity could be 1solated from the starting matenals by a) ex-
traction with orgamic solvents b) sublimation 1n vacuo, ¢) ultra-
filtratson A partial punfication could be achieved by a) preparative
gel electrophorests on polyacrylamude, followed by gel Sltration
on Sephadex G 75, b) gel filtration on Bephadex G 100, followed
by 1on exchange chromatography on DEAE-Sephadex A 60 The
recovery of the bological actinty after punfication by both

wethods, however, was still low owing

to tl
—_ e G o he lo‘w stability of the

on 8 ibrated

with known protens, mdicated a molecul

matels op o , ecular weight of approm
Philanthuas &

fum venom btamed by hom
gemazmng abdomens of female Wa;ps, were partually punﬁid byo;
seties of gel filtrations on Sephadex @ 200, G 25 and G 10 m

succession Complete recovery of the biological actinty after ponfi-
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1965, 1966 and 1967 an averago of 2000 females o y ear were collected
n southwest France

Phalanthus can bo kept m tho Iaboratory 1n relatively small cages
on top of containers filled with fine sand, 1f supplied with water,
honey and honey bees The females dig breeding-holes and drag
paralysed bees mto theso holes Part of the offspring emerges after
30 days at about 26 °C The remainder can be made to emerge by
subjecting them to a 4 weeks’ cooling period at 5°C In the la-
boratory 1 female produced an average offspring of 1 female and
4 males

The females of tho second generation show an apparently normal
behaviour However, the offspring consisted exclusively of males,
mdicating that no mating had occurred or that possible matmgs
had been unsuccessful

J W Viersma, L N Boumanand M Mater, Conduction
velocty and rate of rise of the action potential at different heart
Jrequencies wn rabbit auricle

Department of Physwlogy, Unwersity of Amsterdam

The crista termmnalis of young rabbits was 1solated from the
night atrium, without the smo-atrial node The muscle strip was
stimulated by means of a bipolar electrode, with programmed,
stepwise changing frequencies We used 16 different frequencies
between 2 and 9 cps

The conduction time was measured with two mtra cellular mero-
electrodes, which wero placed on the erista torminalis on straight
lLine with the stimulation electrode The maximal rate of riso of
the transmembrane action potential, which can be regarded as &
measure for the inward sodium current during depolanzation, was
calculated

After o sudden change i frequency of stimulation, conduction
veloeity and maximal rate of rise changed gradually to a steady
state value We compared the means of both conduction time and
maximal rate of miso for the same cell at different frequencies of
stimulation during the steady state

Increase n frequency gives rise to & fall in conduction velocity
and to & fall in maximal rate of mise, 1n closo relation The inverse
also holds true
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cation was aclieved Philanthus toxin appeared to be a more
stable moleccule than JMMicrobracon toxin presumably having &
molecular weight of less than 700 (provided no retardation takes
place because of adsorption during the gel filtration)
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The former Department of Pharmacology, now called “Rudolf

Magnus Institute for Pharmacology” The laboratory was bult

with the aid of the Dutch Government and the Rochefiller
Institute m 1925 and opened m 1928



Atta Physiol Pharmacel Neer! 15 (1969) 1091 10, © North Holland Publishing Co
‘Not 1a be reproduced by photoprin of mucrofilm withost wriftes permission From the publisber

PREFACE TO THE RUDOLF MAGNUS ISSUE

On November Bth, 1968, the 60th anmversary of the creation
of the Chair of Pharmacology of the Medical Faculty of the Univer-
sity of Utrecht, the first mn the Netherlands, was celebrated In
1908, Doctor Rudolf Magnus from Heidelberg who was then
35 years old was appointed as the first professor of pharmacology
Upon Ius arrival Magnus was already well known for his work but
he became famous during hus stay m Utrecht His work on the
postural reflexes, 1 collaboration with the otologist De Kleyn,
13 still a landmark n physiology

The University of Heidelberg asked him to return to s Alms
Mater when he was at the height of hus fame The fact that the
Rochefeller Foundation and the State of the Netherlands were
willing to supply the money to bumid a laboratory exclusively for
pharmacology helped Magnus to deade to stay in Utrecht Un-
fortunately, he died 1n 1927 Just before the opening of hus laboratory
which was at that time one of the most modern m the world
One of his former o workers, Dr U G Bylsma, succeeded Magnus
n 1929 and worked 1n the laboratory for 35 years Many pbarma-
cologists recerved their tramung at this time and during Professor
Bylsma’s office, ph )1 dually developed mnto a mult:~

the laboratory

Y 'y
diseiplinary science This made it desirable to rebuild
and to re-equp 1t although this was done after hiy retirement
a8 head of the department Upon completion, the Board of the
University of Utrecht granted perrussion to name the laboratory
after Rudolf Magnus 1n honour of a great scientist.

On November 8th, 1968 Magnus’ grandson, Jan Rudolf Magnus,
unveilled the stone beanng the new name “Rudolf Magnns In-
stitute °, m the presence of & number of government and umversity
officials members of the Magnus family and many colleagues

* On November 9th, 1968, a sympostum was held under the
suspices of the Netherlands Socety for Phyatology and Pharma.
cology to mark the 60th v Yy Thissy was intended
to be a survey of a number of topics of research currently under
mvestigation m the vanous Iaboratories of Physlologyymd of
Pharmacalogy in the Netherlands The Papers given at the sympo-
109
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swum, are published 1 this 1ssue of Acta Physiclogics et Pharma
cologien Neerlandica, together with the two lectures on Rudolf
Magnus and on the lustory of the Char of Pharmacology by
Rudolf Magnus’ son, Dr Otto Magnus, and by Professor Bylsma

I gratefully acknowledge the courtesy of North Holland Publish
g Company for giving us the opportumty of editing this Rudolf
Magnus 1ssue and I also wish to thank all the authors for ther
very valuable contributions

Ultrecht, November 1908 D pr WIED xp
Professor of Pharmacology

Charrman of the
Rudol} Magnus Instilute
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MAGNUS AS SCIENTIST AND TEACHER
BY

U G BIILSMA

The part which I have to play m this meeting dedicated to the
tion of the G0th -y of the creation of the chair

m pharmacology, 18 that of the biographer of the first twenty
years of this period, when Rudol Magnus was the first full professor
m pharmacology

Classical pharmacology has been concerned with the tash of
answermg the question of why & certain drug exerts its known
therapeutic action Untal the middle of the last century thus was the
domain of the cimcian who tried to find the answer from hus
observations 1 patients, and who also ined to formulate the
correct indications

On previous occasions when I have spoken of clasyieal pharma-
colagy, the term has been mterpreted by some people as meaning
old fash d or even obsolete ph logy This 15 not far
Even if & substance 13 suspected of bewng a useful drug on the basis
of amimal experiments, 1t 13 still climeal pharmacology which
provides the final practical and theoretical proof

In tbe second half of the last century, scientists started to
conider these fundamental questions They discovered that
expermmental research in ammals, n which a greater vanety of
experiments are possible, pronided a better msight mto the actual
problems

The prominent names of Clande Bernard and of Buchheim

should be mentioned here, with their dufference m starting pownts
Bernard the physiologist and Buch}

the ¢} , each wmith a
dfferent attitude, nevertheless approached each other 1 thewr

work Since then experimental pharmacology has taken shape and
constitules & part of classical pharmacology just as clinieal pharma~
cology does
Utrecht soon acknowledged this situation When 1n 1868 Engel-
mWan was app 4 as the £ifth prof; in the medical faculty,
one of his many tasks was expenmental pharmacology Thus,
111
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we now also commemorate the fact that the word pharmacology
has been present i our curniculum for enactly one century

One ) car later follow ed the appointment of a lecturer, Brondgeest
for “experimental pharmacology , phy sical and propadeutic diagnosis
and the theory of amimal heat production i the healthy and the
1ll state”, the last part may be considered as the start of pathological
phystology Brondgeest obtamned a two roomed Iaboratory in 1896,
and died m 1904 Then evpertmental pharmacology +amshed
silently, and two lecturers were apponted for pharmacognosy and
cliucal pharmacology

In 1908 Magnus was appomted as professor i pharmacology,
without any other subsidiary tashs A switable laboratory was soon
found m the house “Lecuwenbergh”, which had been founded by
Agnes van Lecuwenbergh as a pesthouse, but had never been used
as such It had served as quarters for the body guards of hing
Lows Napoleon, and later on as a chemical laboratory The bulding
was somowhat changed and mmproved, but the ammal housing
was very poor, the roof was leaking and the rafters had to be
supported Trom 1920 Magnus refused each jear to start lus
lectures, unless a declaration was grven by an expert that attendance
of his leetures had not et become dangerous By that time Magnus
had a number of scientific and techmeal assistants and oven a
secretary with & typewnter

In lus teacling he followed the method of Schmiedeberg He
abandoned the botameal aspects of pharmacognosy and concen
trated on the most important aspeet of drugs thesr mechamsm of
action Tor pre climeal students this was restricted to the normal
healthy orgamusm and for elimieal students he combined the teaching
of pharmacology with pathophysiology

His seientifio program was o logieal consequence of his work m
Hedelberg where he had been working with Gottheb Howesver,
he had been working in other laboratories temporanly eg the
Zoological Station m Naples and he had also visited several
laboratories in England and other countries These wisits had made
Jum many friends among whom Sherrington and Schafer, parta
cularly the former had directed his attention to the nervous system

The work of Magnus before 1908 included several important
nvestigations ©g experiments on salb and water metabohsm
the pharmacology of heart and airculation, and the gastro ntestinal
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tract In Utrecht many studies were performed on purgatives
made possible by the application of Xrays From there the
synergishic and antagomstic actions of several opum alkalods
were studied and questionsoftoleranceand addiction were analyzed
Heart and circulation were investigated with the aid of new
techniques heart irregulanties and coronary diseases recerved

and also pathol 1 p logy was further developed
An ymportant theoretical question was whether spontancous
thythmic ts were pletely m ongm In

Utrecht the fight between a neurogenic and a myogere theory of
the heart rhythm was not yet settled and Magnus decided to use
the intestines as & model since 1t appeared to be impossible to
remove the mnnervation from the heart Together with Boeke he
attacked this basal question until 1t also appeared 1mposuible to
separate muscular and nervous elements in this tissue In the
meantime 1t had been found that the gut produced a substance
which lated intestinal and this sub ppeared
to be choline a finding which was one of the new facts which

led Loew: to formulate the humoral transmission of neural
stimuly

Even before 1914 the mduction of pulmonary edema by me
chanical and toxic influences was studied and durmng the first
World War Magnus and Laqueur studied the effect of the war
213 phosgene and the therapy of its intoxication during the fime
when s Germans they were mobihzed and had to serve i the army

During lus absence his staff members especally Storm van
Leeuwen made an intensive study of the quantitative aspects of
drug antagomsm Later on Magnus sought the assistance of the
profescor of astronomy for the mathematical approach to these
problems

Although his contributions to pharmacology were 1mportant
e recerved pubhiec recognition eluefy for hus work on the physiolo
greal meanung of postural reflexes The integration of motor reflexes
labyrinth phvaiology and brain centers mvolved 1n motor behavior
were analyzed by Magnus and his eo worker De Kleyn i dhew
experimental work on ), tor and postural

Not only an his scientific work but also in the

present building Magnus displayed a
work and an 4 el

deaign of the

t talent for systematic
w1sion of the develop of 'k His
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untimely death provented him from actually worlung i this
laboratory

I come now to the second and more difficult task an evaluation
of Magnus as a person The facts related up to now can be cheched
by anybody, merely by studying the documents Very few luing
people, however, hnew lum personally and worked with hum
Of course, a personal recallection of the man Magnus 1s subjeetive,
but I will try to give a fair impression of him I thinh we could
approach lum best by ashing ourselies how he achieved such
eminence

It 1s obvious that he was a man of great ntellect, but intellect
can have many forms, and a more discerning estimation has to
be made

Magnus read much and fast, pharmacology, physiology, patho-
physiology and philosophy, and he was capable of separating
rapidly the important from the msignificant Morcover, he had an
excellent memory, and he could incorporate every new fact mto
the framework of the concepts he already had in lis mind His
habit of making notes of lus reading and mserting these m Ius
lecture material was very useful In this way not only were his
lectures up to date, but also he was able to correct a doubtful
theory One of his aphorisms was a scientfic truth lives only for
fiftecn years

His lectures were enitical, detmiled and documented, which meant
that they were diffieult for the students He did not care that
attendance at his lectures was rather low, because he gave them
for the students who were interested in scientific reasomng and
research

His phenomenal memory was o help to his co-worhers for at the
time only o few old abstracting journals were available Since the
hibrary was in Ins office we only had to venture a modest sigh
and he would ask what 181t you are looking for? Take that journal,
about that volume, and jou will find your mformation

His attitude towards his pupils was that of a father towards
s inqusitive sons He acted according to a proverb of Confucs
he who works as a seientist and does not love people 1s hike some
body who lights a torch and closes his eyes

The results of all experiments were discussed, and then came
the question what are you gong to do next? His advice was given
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in such a way that the pupil was convinced that he himself had
found the answer, and often this was true because Magnus had
forced hum 1nto logical reasomng
He behaved a3 a father of studious sons and of course, a3 amongst
real sons the duffe 1 ters and tions caused
conflicts How wise he was 1 such cases! None of us could tell
from his attitude or words whether he had any preferences, he
never told anyone that he disapproved of something done by
else Approval or disapproval were exf d only m
private In this way a good relationship was tained b
s staff and also his guests from other institutes
T have been ashed sometimes whether Magnus was ambitious
Apparently his ambition did not show clearly Was 1t hudden, or
18 hidden ambition no ambition? On the other hand 13 ambition
not necessary m order to perform a task so well? Without any
ambrtion there 18 no need to publish the results of research. Perhaps
one should not speak of ambition, but of dnive or motivation
At any rate, his pupils respected him very much, and Magnus
had many friends the ph logssts, physiologists and
neurologists His modesty must have prevented him from bemng
proud of the homage pard to him by many distingushed scientists
Shortly before hus death he was considered as a candidate for the
Nobel Prize, and to judge from the givenby the
only his death prevented hum from receiving the award It seems
appropriate to conclude this commemoration with a literal citation
from the booh ‘ Nobel the man and his prizes”, which summarnzes
the judgment made m 1927
* The mvestigations of R Magnus and A de Kleyn referred to
above concerned tone and posture in different circumstances It
was found that the ngidity developing in decerebrate ammals
after trans section of the bramstem especially i thewr limbs,
depends to a great extent on the position of the head A more
detailed analyas revealed that 1t was a question of torc reflexes
which are affected partly by the position of the head 1n space and
partly by its position m relation to the neck Both groups, which
;an remforee or weahen each other according to a defimte pattern
r:;:x::c:ln::li\:med ulr:lderhthe name of attitudinal or standing
U Ohs:;zv:nme the amimal to stand up These reflexes
normal, mtact ammals, 1n all habitual
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untimely death prevented him from actually working in this
laboratory

I come now to the second and more difficult tash an evaluation
of Magnus as a person The facts related up to now can be checked
by anybody, merely by studying the documents Very few Ining
people, however, knew him personally and worked with him
Of course, a personal recollection of the man Magnus 1s subjectise,
but I will try to gne a farr mmpresston of him I think we could
approach him best by asking ourselves how he achieved such
emtence

1t 13 obvious that he was a man of great mtellect, but mntellect
can have many forms, and & more discerning estimation has to
bo made

Magnus read much and fast, pharmacology, physiology, patho
physiology and philosophy, and he was capable of separating
rapidly the important from the insigmificant Moreoyer, he had an
excellent memory, and he could incorporate every new fact mto
the framework of the concepts he already had in his mind His
habit of making notes of his reading and mserting these m his
lecture material was very useful In this way not only were his
lectures up to date, but also he was able to correct o doubtful
theory One of his aphorisms was a scientific truth Iives only for
fifteen years

His lectures were critical, detailed and documented, which meant
that they were difficult for the students He did not care that
attendance at his lectures was rather low, because he gave them
for the students who were mterested n scientific reasoming and
research

His phenomenal memory was a help to his co workers for at the
time only a few old abstracting journals were available Since the
library was n hs office, we only had to venture a modest sigh
and he would ask what 15 1t you are looking for? Take that journal,
about that volume and you will find your information

His attitude towards his pupils was that of a father towards
his inquisitive sons  He acted according to a proverb of Confucius
he who works as a scientist and does not love people 1s hke some
body who hghts a torch and closes his eyes

The results of all experiments were discussed, and then came
the question what are you gong to do next? His advice was given
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RUDOLF MAGNUS
PERSONAL REMINISCENGES

BY

0 MAGNUS

On this 60th anmversary of the ereation of the Chimr of Pharma-
cology n Utrecht, 1t 1s my privilege to try to give an mmpression
of the personahty of my father Rudolf Magnus, who held this
Chair from 1908 until hus death m 1927

He always hked to use quotahons and sphonsms One of them
was 2 quotation from Goethe’s Faust “Was du ererbt von Demen
Vatern hast, erwirb es um ¢s zu besitzen!” (What you have m-
herited from your ancestors you must acquire 1n order to possess 1t}

Indeed when he was born ot September 2, 1873 1n Brunswick,
Germany he was gifted with quahties which he must have

smherited from both his parents His father was a lawyer and notary
i  Brunswick, fus dfather and great. Afather were
doctors His hiterary talents he probably whented marmly from
his mother Her father was hbranan of the mumeipal hibrary n
Hamburg

After he had 1eft the gymnasium m Brunswek he intended to
study hterature But a friend of s father, Richard Meyer, the
brother of the famous Victor Meyer, then professor of chemistry
1n Heidelberg, convinced him that be should not waste his -
telligence on the past, but shold rather choose a soentific career
Accordingly he went to Hewdelberg to study medicine There he
was particulstly mpressed by the lectures of the phymolomst
Kuhne and we still have m ovr possession a neatly bound volume
with the notes he made durng Erb’s lectures 1n neurology He
completed g medical etudies 1 1896 and obtamned his Ph D 1n
medicine summa cum laude sn 1808

In those days a scientific coreer Was even less fucrative than at
present He therefore first ssked hus father whether he was wilhng
to continuo to support him a9 far as was necessary Fortunately
thus support was gladly provided and he became assistant to the

n
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movements thoy play an important part. While a decercbrate
animal ean stand up but is not able to get up on its feet, it can get
up if the cercbrum alone has been removed, provided the big
nerve centers or ganglin situated at the base of the brain are left
intact. This ability is due, as Magnus and De Kleijn discovered,
to o special group of “righting reflexes” which are elicited, partly
by the vestibular apparatus in the inner ear and the neck, partly
by the eyes, and, partly, by the trunk of the body. It is these
complex reflexes which enable a cat always to land on its feet.
Obviously, they arc nlso of the utmost importance in man.”
The works of Magnus and De Kleijn were declared by the
examiner (1927) clearly to deserve o prize, and the prospects for
an award scemed most favourable when Magnus died unexpectedly.

In my inaugural address in 1928 I said that the name of Magnus
will always be connected with this Institute. It is a pleasure and
an honour to act now as the advocate of the new name of this
laboratory.
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scientific publications sud notes enabled ray father to study these
very extensive nvestigations in greater detail Thia led bum to ask
permission to repeat Goethe'’s experiments with the instruments
Goethe had used 1n s house 1n Weimar He was able to confirm
that Goethe 8 observations were completely correct In 1908 he
gave a series of 10 lectures on “Goethe als Naturforscher” (“Goethe
as a scentist™), these lectures were pubhished 23 a book n the
same year

The first lecture began with a poem of Goethe which T should

like to quote, because 1t was very charactenstie of my father's
approach to science

“Weite Welt und breites Leben
TLanger Jahre redhich Streben

Stets geforscht und stets gegrundet
Nie geschlossen oft gerundet

Acltestes bewahrt mit Treus
Freundlich aufgefasstes Neue

Heitern Sinn und reine Zwecke

Xunf man kommt schon emne Strecke”
(Wide world and broad life

Long years of honest strnfe

Always searched and always tested
Never completed often improved

Old expenence guarded faithfully

A fniendly reception to new things

A cheerful muind and a clean purpose
Well! one may hope to mske some progress)

Relations with Professor Gottlieb were apparently not always
zood which mav have been due to the fact that the pupil began to
receive more recogrution than the master Therefore my father
accepted with pleasure the mvitation to become the first professor
of pharmacology m Utrecht He received the announcement of
s appowmtment mn a hand written letter from the secretary of
the Board of Governors of the Uniseraty We do nat know what
he thought about s salary of f 4 000 (approx §1100) a year and
of the two © yearly increases of § 1000 ($ 275), but we do know
that my father never regretted having come to Utrecht He and
my mother soon felt at home there, they had a large arcle of
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professor of pharmacology Gottleb in Heidelberg But from there
he traveled abroad and spent ses eral periods i various laboratories
abroad, 14 1n the zoological station i Naples, with Schafer n
Ediburgh and, most important of all for hus future work, with
Sherrngton 1n Liverpool

In Naples he met the biologist Von Uexkull who soon became
his friend He was mmpressed by Von Uexhill’s observation m
mvertebrate animals that the distribution of the excitabiity of
nerie centres depends on the stato of contraction of the muscles
they mnervate InSherrington’s laboratory he wanted to investigate
whether similar reactions could be demonstrated 1n vertebrates
He therefore made observations on the tail of a dog after a spmal
transeetion This did not prove a very satisfactory preparation, but
during these experiments his attention was drawn towards the
postural reactions m the lund legs of the dog From then on 1t was
decided that he should make a special study of the postural reflexes
which Sherrington then left to him to eluaidate However, they
kept 1n regular contact

In 1896 my father met my mother who came from a famly with
many interests in arts Her home was a centre for artists in Munch
Tt was characteristic both of my father and of the time 1n which
he hived that he waited to ash my mother to marry lum until he
considered himself to be 1n & position to sustamn a family Furtuna-
tely my mother was prepared to wait six years for s proposal
Therr marnage was a very happy one Here 1t should certamly be
mentioned how much my father owed to his wife She always
created the best errcumstances for is work and his other activities
She not only took care of the education of the chuldren and the
ordinary household duties but also of all business matters Moro
over she was always willing and prepared to receive the many
visitors — even 1f they were announced just before lunch or supper-

In 1901 my father was given the “vena docendr” in Heidelberg,
he became an “extra ordinary” (associate) Professor mn 1904,
at the age of 31

Besides lus ordmnary professtonal work he did not lose his iterary
mterests He had a great admiration for Goethe, not only because
of s literary work, but particularly because of the umversality
of his gemus A publhcation of the complete work of Goothe m
Weimar, which for the first time made available the complete
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scientific publications and notes enabled my father to study these
very extengive mvestigations 1n greater detail This led him to ask
permssion to repeat Goethe's experuments with the mnstruments
Goethe had used 1n his house 1n Wermar He was sble to confirm
that Goethe’s abservations were completely correct In 1906 he
gave a serres of 10 lectures on “Goethe ls Naturforscher” (“Goethe
as & scent1st”), these lectures were published as a book m the
same year

The first lecture began with a poem of Goethe which I should
like to quote, because 1t was very charactenstic of my father’s
approach to science

“Weite Welt und brestes Leben
Langer Jahre redlich Streben

Stets geforscht und stets gegrundet
Nie geschlossen, oft gerundet
Acltestes bewahrt mit Treue
Freundlich aufgefasstes Neue

Hertern Smmn und remne Zwecke

Nun! man kommt schon eine Strecke”
{(Wide world and broad hfe

Long years of honest stnfe

Always searched and always tested
Never completed often ymproved

0ld expenence guarded faithfully

A friendly reception to new things

A cheerful rund and a clean purpose
Well! one may hope to make some progress)

Relations with Professor Gotthieb were apparently not always
good which may have been due to the fact that the pupil began to
receive more recogmtion than the master Therefore my father
accepted with pleasure the invitation to become the first professor
of pharmacology 1n Utrecht He received the announcement of
his appomtment mn & hand wntten letter from the secretary of
the Board of Governors of the Univeraity We do not Lnow what
he thought about hus salary of § 4 000 (approx $1100) a year and
of the two & yearly increases of 1000 (§ 275), but we fl’o knn
that mv father never regretted having come t<; Utrecht He 0‘;
my mother soon felt at home there, they had a large cm:l:‘:)f
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professor of pharmacology Gotthieb 1n Herdelberg But from there
he traveled abrond and spent several penods in v arious laboratones
abroud, 1a 1n the zoological station in Naples with Schafer m
Edinburgh and, most 1important of all for lus future work, with
Sherrington i Liverpool

In Naples ho met the biologist Von Uexkull who soon became
Ius friend He was impressed by Von Uexkull’'s observation mn
nvertebrate amimals that the distribution of the excitability of
nerve centres depends on the state of contraction of the muscles
they innervate In Sherrington’s lahoratory he wanted to mnvestigate
whether similar reactions could be demonstrated wn vertebrates
He therefore made observations on the tail of a dog after a spmal
transcction This did not prove a very satisfactory preparation, but
during these experiments his attention was drawn towards the
postural reactions n the hind legs of the dog I'rom then on 1t was
deaided that he should make a special study of the postural reflexes
which Sherrington then left to him to elucrdate However, they
kept 1n regular contact

In 1896 my father met my mother who came from a family with
many interests i arts Her home was a centre for artists in Munich
It was characteristic both of my father and of the time i which
he lived that he waited to ash my mother to marry him until he
considered nmself to be m a position to sustam a farmly Furtuna-
tely my mother was prepared to wait six years for his proposal
Their marriage was a very happy one Here 1t should certamnly be
mentioned how much my father owed to lis wafe She always
created the best circumstances for his work and his other activities
She not only took care of the education of the children and the
ordmary household duties but also of all business matters More-
over she was always willing and prepared to receive the many
visitors — even 1if they were announced just before lunch or supper.

¥n 1901 my father was given the “‘venia docendi” in Heidelberg,
he became an “extra ordmary” (associate) Professor mn 1904,
at the age of 31

Besides hus ordinary professtonal work he did not lose hus Iterary
interests He had a great admiration for Goethe, not only because
of s hiterary work, but particularly because of the universality
of his genius A publication of the complete work of Goethe 1n
Weimmar, which for the first time made available the complete
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cientific publications and notes enabled my father to study thesi
rery extensive mnvestigations mn greater detail This led lum to as|
permission to repeat Goethe’s experiments with the imnstruments
Gocthe had used 1n his house m Weimar He was able to confirm
that Goethe s observations were completely correct In ‘{906 he
rave a series of 10 lectures on * Goethe als Naturforscher’ (“Goethe
as a scientist’), these lectures were published as a book 1 the
game year

Theyﬁxst lecture began with a poem of Goethe which T shoulld
like to quote, because 1t was very characteristic of my father’s
approach to science

‘ Weite Welt und breites Leben
Langer Jahre rediich Streben

Stets geforscht und stets gegrundet
Nie geschlossen oft gerundet

Acltestes bewahrt mit Treue
Freundlich aufgefasstes Neue

Heitern Sinn und remne Zwecke

Nun' man hommt schon eme Streche”
{Wide world and broad hfe

Long years of honest stnfe

Always searched and always tested
Never completed often 1mproved

0ld experience guarded faithfully

A friendly reception to new things

A cheerful mind and a clean purpose
TWelll one may hope to make some progress)

Relations with Professor Gottheb were apparently not always
good which may have been due to the fact that the pupi! began to
recerve more recogmtion than the master Therefore my father
aceepted with pleasure the invitation to become the first professor
of pharmacology m Utrecht He received the announcement of
his appointment 1n a hand wrtten letter from the secretary of
the Board of Governors of the University We do not know what
he thought about his salary of f 4 000 {approx §1100) a year and
of the two & yearly increases of {1000 (8 275), but we do know
that my father never regretted having come to Utrecht He and
my mother soon felt at home there, they had a large crcle of



120 0. MAGNUS

friends in Utrecht as well as in other parts of Holland and abread.

During the first world-war he was called back to Germany to do
military service. But on repeated requests from the Dutch govern-
ment he was released in 1917 in order to take up once more his
position as professor of pharmacology, which during his absence
had been filled very ably by the deputy director of the Institute
W. Storm van Leeuwen Sr.

One of my ecarliest memories is of the disappointment I felt
when I was not allowed to accompany the other members of the
family to the railway station from where my father was taken
home by the Utrecht students in a torch procession.

After the war ho resumed contacts with his English and American
friends and colleagues such as Sherrington, Dale and Cannon.

In 1924 his monograph “Korperstellung” (“Posture’) appeared.
One ycar later he was invited to return as a professor to Heidelberg.

There he was offered & modern laboratory instead of his beloved
old laboratory Leeuwenbergh, which had become much too small.
When however, the Rockefeller Foundation offered to contribute
half of the costs of a new laboratory in Utrecht, provided the
Dutch Government would contribute the other half and this offer
was accepted, my father decided with pleasure to stay in Utrecht
amidst his team of collaborators and his many friends. Apparently
he and his family were not the only ones who were pleased; when
the decision to remain in Utrecht became known, the students
celebrated this with o serenade, during which their president
P. Lieftinck (who was later to become a promiment finance minister
and financial expert of international fame) interpreted tho students’
pleasure.

We still remember the ceremony of the laying of the first stone
of the new laboratory by his youngest daughter Erica (now Mrs.
Burdon). However, my father did not live to attend the opening.
During a holiday 1 his beloved Pontresina in Switzerland whero
he was making preparations for a journey around the world,
including visits to the United States and Japan, he suddenly died
in the night between the 24th and 25th of July 1927. It would
certainly have filled him with pride and satisfaction if he could
have known that this Institute would be named after him.

Let me try finally to describe his personality and to analyze
the qualitics that enabled him to create & body of scientific work
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rch apparently 1s not outdated after 40 years It seems to be an
::c:pnfxf to th); rule of Von Ueshull which he often q“ﬁie"i’
“\Vas 1st eine wissenschaftliche Wahrheit? Fan Irytum von heute
(What 1s a scientific truth? An error of today) 4

Professor Bylsma has already mentioned hiz mtelligence an¢
excellent memory I should like to add that both were highly
selective Matters which he thought of no importance or which did
not nterest him he immedately forgot He had apparently a oft
for what he humself charactenised as the essence of serentificresearch
#Man muss sich am richtigen Augenblick wundern”” (One must be
surpnised at the nght moment) His literary talents were of great
use to him, both in wniting and speaking he could formulate s
thoughts clearly and easily and used to dictate & lecture or an
article directly mnats final form Already in 1920 he used a dictaphone
for this purpose The thapters of the “K llung” & d
1n the same way

He wag extremely well organsed, could concentrate completely
on what he was doing and did not allow himself to be distracted
Moreover, he was very punctual both for lunch and supper he
came home exactly on time and expected his cluldren not to be
late Duning meals each of the four culdren reported n turn what
he or she had expenienced and at these times lus attention was
focussed entirely on the family On winter evenungs he often read
to the family after supper for half an hour from works of lus faverite
wnters Afterwards he worked i his study until 31 o'clock and
could not be disturbed However, frequently he had to attend
meetings and quite often my parents received guests In the evening
He enjoyed social hife, good food and a glass of wime On these
occasions his sense of humour and hus gift as raconteur and story
teller contributed much to the congemal atmosphere

There was not much tmme for hobbies Apart from his work he
liked walking, particularly i the mountains, and 1n winter he was a
keen ehater Bometimes when there was good 1ce on the canals of
Holland the whole laboratory had a day off for shating T do not
know whether this tradition 1 still kept alive, perhaps 1t can be
remtroduced with the new name of the Institute

Results of scientific research are often considered to be a purely
teti Iachievement Intellig 18 necessary, but not sufficient,
Qualities of character and personahty and certam social qualitres

were
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are as cssential as intelligence Reliability, a sense of responsibility,
persoverence, are only o fow of them Apart from these my father
had a particularly good and natural contact with nearly everybody
whom he met This was mainly based on the fact that he had a
notably well integrated personality This was evident i the great
number of s friends and in the devotion of lus collaborators and
pupils It 13 stall evident today when we mect somebody who knew
my father Nearly always some touching memories come to the
fore My father himself, together of course with my mother profited
most from these good personal relations

When reading once more tho many eulogies which appeared after
g death 1t struck me that some of s best friends wrote that
he was a happy man As such wo also remember him

Before fimshing I should lLike once more to quote one of his
aphorisms  “One should make a work of art out of one’s lfe”
I think we are justified 1n stating that he accomphshed this mission
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THE REGULATION OF ACTH SECRETION
BY

P G SMELIK

This paper 18 not intended to be a general survey of the hiterature
on the regulation of ACTH seeretion but rather a Teview of our
own work For a more extenstve review of recent literature the
reader 13 referred to the excellent chapters wnitten by Forrier
(1966), Maom et al {1966), and YaTES {1967)

Soon after 1t first became clear that the secretion of adrenal
cortieal hormones was controlled by corticotrophin {ACTH) from
the anterior pitwitary (Syorm, 1930), the question was posed (as
formulated by WaLTerR B Cax~o¥ i 1937) “If the pitwitary
regulates the adremal cortex, what regulates the pitmitary?”
(InoLE, 1959)

A sunple model for such 2 control, devised by SAvErs and
Sa1ERs (1947), was that the level of circnlating adrenocortical
hormones would influence directly the rate of ACTH secretion
The bastcidea was, that during stress more corticosds will apparently
be needed, the d tissue uti ol ¢ eorticoid
blood levels, and this decrease will 1n turn sumulate the ACTH
producing cells to secrete the hormone Conversely, an mncrease
the corticord levels will mhuibit ACTH secretion, 8o that s true
negative fred bach systern would be operating

There aro strong arguments in favor of the existence of such a
feed back system Adrenalectomized anumals develop an extremely
igh titer of lating ACTH, Iy, ad ration of
cortieords inhubits ACTH secretion

However, for several reasous thig theory very soon appeated to
be incorrect 1n the case of acute stressful stimulation In the
first place, when 1t became possible to measure corticosteroid levels
o plasma direetly, no decreaso at afl was noted m corticord con
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centrations after the appheation of a stress stimulus Secondly,
the release of ACTH occurs within minutes after an acuto stimula
tion, much faster than could be accounted for by the corticod
feed back system Moreover, 1t soon became clear that n amimals
and partienlarly in man, emotions hke fear, fright and anger are
much more effective 1n provoking a fast reflex ACTH secretion
than bodily damage or muscular effort The entrance of the phy
sician, the sight of an aceident, the impact of an exploston all
result in an immediate release of ACTH, and 1n such cases 1t 13 not
at all clear why an increased need for, or utihzation of adreno
cortical hormones should exist When adrenal ascorbie acid deter
munations were used as an mdex for adrenal activity a group of
rats might be transfored from the anmmal quarters to the ex
perimental room and wait there for some time m order to undergo
some stressful procedure Howev er, soon after plasma corticosterone
determinations became possible, 1t appeared that even openmng
the door of the rat eage, and certainly the transfer of a rat to another
environment, constitutes an acute stimulus for ACTH secretion — 2
fact which has embarrassed many experimental workers on stress,
and st1ll had to be recognized by some workers even In recent years
(FrRIEDMAN and AbEr, 1967) We have been using transfer to a
strange environment smce 1959 as a stressful procedure, and the
pitwitary adrenal response to this emotional stumulus appetrs to
be dependent on the integrity of the hypothalamus (SMELI®, 1959)
and the postersor labe of the prtuttary (SMELIk, 1960, De WIED,
1961)

Following the work of Harris (1948) Hume and WITTENSTEIN
(1050) and McCaNw (1953) 1t became apparent that the hype
thalamus 1s intrinsically mvolved in the control of mtwitary
adrenal function This discovery mtiated the development of &
new field, that of neuroendocninology, in which the analysis of the
nervous control of the endocrine system constitutes the central
problem This paper will deal only with work pertaining to this
subjeet, and will not review our studies on the role of the posterior
lobe or on the distinction between ¢ psychie” and somatic” stress
(for review see SMELIK et al, 1962, TorTIER, 1966)

Concerning the hypothalamie control of pituttary adrenal func
tion, 1t has now been established that, sinco any significant neural
connection between hypothalamus and anteror pituttary 15 absent,
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humoral factors, produced by the hypothalamus and transported
wa the portal vessel system are responsible for the Wg“ht‘;" of
pitwitary function The 1dea that neural tissue 18 capable of elal or::1
ting blood borne factors (“neurosecretion”), 13 widely accepted,
perhaps somewhat too teadily by endocrmologists, who were
tempted to consider the hypothalarus as another endocrine master
gland 1would like to recall here that the Nobel laureate W R Hess,
n  dinner speech a3 the Honorary President at the Symposium
on the Diencephalon 1n Vilin, 1956, showed some embarassment
after hearing so many papers on hypothafamic factors, and stated
emphatically that, yust as a Woman 13 more than mammary glands,
the hypothalamus 18 more than an endocrine gland Looking back
to those davs, 1t 13 10 longer 50 amazing that of all noxious stimul,
emotional disturbances most readily activate the pitmtary adrenal
system The hypothalamus can be considered as a nodal pomt
between the limbie th phatic and halie arcwtry,
which 15 mvolved primanly in affective and emotional behavior
(ParEZ, 1037, NAUTA, 1960) Incoming stimuh from enteroceptive
as well as p tave P will be yed to the hype

thalamus, which 1s the integrating and coordmating center for the
vegetative or autonomie reactions 1n response to every disturbance
of the homeostasis of the orgamsm I will return to this pownt later,
but Tude now that d 1 research has the task
of unravelling the mntegrative function of the bram stem m respect
to tho autonomie eystem and the endocrne system

In view of the fact that the existence of a specific hypothalamie
factor controlling ACTH secretion (Corticotrophin Releasing Factor,
or CRF) cannot, be densed, the question of the control of the pitus
tary adrenal axs has shifted 1o the hypothalamus The two main
problems here have been 1 what 18 the deutity of the CRF?
2 what 13 the site of acton of the corticoid feed back?

It should be clear that these questions are closely related In
fact 1t scems impossible to solve esther of them completely when
the other 15 stll unsettled Since by definttion the CRE will act
Duireetly on the anterior pituitary even when the hypothalamus has
been eliminsted, corticords should be able to block tts action 1f
they act directly on the ptuitary, but the effect of CRF should
:;’:c:\’endl;‘c;'l‘nt'td if they act on the hypothalamus Consequently,

of the ¢ffect of s CRF Ppreparation by corticord administra.
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tion can be taken as evidenco either for g pitwitary site of action of
the corticoids or as evidence that the CRT preparation under
study does not contamn the true physiol mical CRF A derabl
amount of controversy has arisen m the literature because one
mvestigator tried to prove that tlus CRT preparation contans
the CRT by mjecting 1t into a corticord bloched animal whereas
others have tried to detect the sito of nction of corticoids by m
jecting CRT preparations

SITE O ACTION Or CORTICOSTEROIDS

Some years ago 1t was thought that the question of & hypo
thalamic or pitwitary site of corticoid fed back action could be
solved by mmplanting o small amount of a corticord mto theso
structures themselves and then mensuring pitwtary adrenal
responscs to stress Implantation work in the rabbit revealed that
libition of adrenocortical reactivity could only be obtaned if the
sterotrd was mmplanted mto the hypothalamic regron between the
optic and the anterior part of the median eminence but no m
hibition was seen 1f the implants were put m the pitwtary or
elsevwhere 1n the bramm stem (SMELIK and Sawyesr 1962) Ths
was tahen as evidence for a hypothalamtc action of corticord
feed back Corroborating results were obtaned n the rat (DavID
soN and PELDMAN 1063 CHOwFRs el al 1963 CorpIn etal 1965
Smrum 1965) All authors now agree that the most effective site
for ymplantation 18 the anterior part of the hypothalamus

However scrious objecttons ¢an be raised agunst the mter
pretation that the mte of action must be the hypothalamus
Interestingly cnough Dr Wiep (1964) demonstrated that the
effect of CRT preparations could be blocked progressively by
protreating the ammals with nereasing doses of dexamothasone
a synthotic corticosteroid Lven in ammals m which the hypo
thalamus had been destroyed (and in which the CRI' preparations
were offective ndicating their action on the anterior pitwitary)
dexamecthasono was capable of blocking therr effect This strongly
guggests that corticords if admmustered mn sufficent amounts
can act directly on the prtwitary

Moreover from & theoretical pomt of view 1t has been argued
by BoapaNovE (1063) that perhaps the anterior basal hypo
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thalamus 15 the most cfficent site for mmplantation because the
hormone 13 deposnited close enough to the portal vessel system to
be transported to the anterior pituitary, in thig way the ACTH

producing cells would be more evuly reached by the steroid than
by implantation of the crystalie substance in the antenor lobe
tissue itself Bogdinove’s 1dea of an “implantation paradox™
appeared very difficult to prove or disprove Personally, our
mmpresson from the data now available 13 that the 1dea 1s 1

genious but not, correct Implantation will cause a local saturation
with the hormone, and if the only site of attion were the antenor
lobe 1t 1s difficult to understand why pitwitary implants have no
effect at all One would expect & gradient directly related to the
degrree of contact with the primary plexus of the portal vessel
system Our studies with corticosterone implants in rats did not
venfy such an expectation The most effective site of implantation
was not the one closest to the portal vessel system but the regton
between optic ¢chasm and median eminence The mhibitory action

of mnplints decreased proportionally to inereasing distance from
this region (Fig 1)

Fig 1
©o Inhilntion of stress tesponse by corticosterons implants

Theoretieally the most demsive evidence would be obtaed
from an exptriment m which a CRF preparation 15 admimstered
to an aumal beanng o hypothalamic corticosterard ymplant 1§
the effict of CRF were bloched by such an implant, 1t could be
concluded that the bloch 1s at the pitmitary level We have attempted
such an experiment with dexamethasone implants and the sub
sequent admimnustration of a crude, but vasopressin free CRF
Preparation which appeared to be active 1n WANY 8834y prepara
tions for CRLF activity (cec below) Tt appeared that the effect of
this crude CRE was not blacked (although somewhat diminished)
by hypathalame dexamethasone mplants whereas the effect of
Postenior lobe principles was completely abolished {Fig 8} -
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In view of these and other results wo believe that specific
corticosteroid clements are situated m the anterior part of the
hypothalamus the sime arca as 1s thought to control mtuitary
adrenal function by claborating the CRI

This does not mply however that corticords cannot block
pituttary tissue at all The question here 13 whether thns happens
when corticoid levels are elevated within the physiological range
The available evidence strongly suggests that this 1s not the ease
The most direct evidence for a pituttary stte of action has come from
the observation that at least 100 ;g of dexamethasone has to be
admnistered subcutancously i order to prevent CRI' induced
ACTH release and the effect of this dose of dexamethasone clearly
cannot be matched by any merease i concentration of endogenous
corticosteroids (DE WiED 1964)

Recently 1t has bLeen found that mucromnjection of 4 pg of
dexamcthasone phosphate directly nto the anterior ptwitary
provents stress imndueed ACTH secretion (YATES personal commu
nication) In earlier studies (with o more sensitive stran of rats
however) ACTH release due to a scald stress conld be blocked by
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2pg intravenously or 10 ng mjected mto the median emmnence or
anterior hypothalamic septal region (Darzyan apd Yares 1968}
These results also suggest that the pituwitary 1s sensitive to eortt
couds but that the most sensitive area 18 Jocated withum the central
nervous system

In conclusion 1t 1s thought that the pnmary site of action of
corticosteroid feed back 13 the anterior hypothalamus, and that
only pharmacological doses of corticoids are capable of blocking
prtutary tissue as well This would moply that the sterord blocked
anmal (if the corticod 18 administered systematically) 1s not a
sutable preparation for CRF assays The degree of pitwitary
inhubition Wil of course depend on dose Toute of admmstration
and time but 1t 13 questionable whether any procedure will escape
the Scylla of incomplete protection agamst unspeaifie stimulation
and the Charybdis of decreased pitwitary responsiveness

PHYSIOLOGICAL ROLE OF
CORTICOSTEROID FEED-BACK

Some years ago an wngemous attempt was made to revive the
1dea that the level of blood corticoids continuously controls the
activity of tho pitwtary adrenal system The theory advanced
by Yares and assomates {1961) requires that a ‘ comparator”
eusts stuated 1n the central nervous system which 1s capable
of detecting a discrepancy between the actual corticoid levels and
the demand for corticords 1n that situation and which consequently
will resct the setpomt of the coptroller The attractiveness of the
theory lies in the fact that such a system would provide a con
tinuous automatic control which can operate 1n every situation

Unfortunately the theory s not entirely acceptable We have
shown that 1n case of acute stress the reflex activation of the
pituitary adrenal axis 13 independent of the cwreulating corticoid
{evels unless they reach supra physiclogieal valnes (SyeLIX, 1963a)
Accordingly the results of YATES et al (1961) can be explamed by
a fadure to recognize these supra physiclogical Jevels 1o therwr
experiments

Study of the time-d 1 it d to disclose

o) g
another 1mportant nspect of the feed back m‘echams

m Wh
supra physologieal Tevel of corticords 13 provohed by mtravc::m:
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mmjection of corticosterone inhibition of stress induced ACTH
seeretion oceurs within 15 sec and Iasts for about 20 min However
if corticosterone 1s given subeutaneously the mhibition develops
only after two hours and lasts for about 8 h durnng which m
lubition plasma corticosterone levels have already decresed to
normnl values (SurLin 1963b) Iurthermore if a comparable nso
m blood corticord titers 13 induced by mtraperstoned mjection of
corticosterone the blockade appears within 30 mmn and 1s present
for 60-90 min If sumilar experrments are performed with dexa
methasone mstead of corticosterone the mhibitory action appears
later and lsts for a longer period of time

These results indicate that a time delay exists between peak
cortrcoid levels and onset of inlubition and this delay 15 manly
dependent of the route of admumstratton A slower resorption of
the corticord 15 also followed by a longer duration of the blockade
Thus not only the absolute concentration m the blood but also
the rate of appearance in the blood scems to be mmportant This
suggests that a corticord <enaitnve sito slowly accumulates the
steroid and that inlubition 1s proportional to the degree of local
binding at the feed back site A prelummary working hy pothesis
has therefore been put forward that the mhibition s o function
of tho produet of time and concontration (SueLik 19631 b) This
concluston has also been n1ceepted by Yares (1967)

In summary corticord feed back would appear to dampen the
hypothalamo pitwitary adrenocorticel system but to possess &
rather hmited capacity If no corticoids are present (as in adrenal
octomized animals) the system idles at a high level the basal
production of ACTH 1s elevated and activation of the system by
atress provokes an excessnve reflox ACTH sceretion The presenco
of o functional adrenal cortex heops tho system in chech under
normal condittona the low concentration of corticoids m the
blood require & long time to cxert this inlubition and the capacity
will only be sufficient to control slow and small variations m the
external milieu reflected by diurnal shifts in actrvaty Whether
reflex ACTH sccretion will occur will depend on the mtensity of the
disturbances and tho actual corticord levels Howover these levels
can nover be increased by the adrenal cortex to a level sufficiently
ugh to block the system completely Admstration of pharm?
cologieal doses of corticords cn accomphsh tiis but the blockade
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1s then extended to the anteror pitwtary itself, rendenng the
pitutary unresponsive to CRF Stressful stumuli will activate the
pituitary adrenal axis secmingly wrespective of the existing corticord
levels, only extreme situations like adrenalectomy or treatment
with pharmacological doses of corticords will disclose that they do
mfluence the rate of ACTH secretion

TFuture research should concentrate on the role of the endocrines
1n the adaptation to the demands of everyday life, rather than on
models 1n which such extreme conditions are provobed Further
refinements 1 methodology and d tions will certamly
disclose continuous a ad) of metabolic
and behavioral regulations by the target hormones

MECHANISM OF ACTION OF
CORTICOID FEED-BACK

Very Little 1s known about the actual mechanism through which
corticoids modulate the center responsible for the control of ACTH
secretion Since they scem to act primanly on the anterior part of
the hypothalamus, a site which 18 thought to elaborate the CRF,
the most obvious hypothesis 15 that they prevent mn some way
tho production andfor release of CRF If one ascumes that CRF
13 produced by special neurons, which have their cell bodies i the
snterior hypothalamus and send ther avons to the medun
emmence corticoids might act by rendenng these cells insensitive
to afferent neural stimuli, by mhibiting the electneal activity of
these cells by interfening with the biosynthesis of CRF, by prevent-
g the transport slong the avons or by Llocking the release of CRF
from the nerve endings

An inhibition of CRF-synthesis has been suggested by Verstxos-
DaveLis (1065) Ror and Stewxer (1967) bave found that
dexamethasone inhibits the rate of finng of some hypothalamue cells

Recently we have observed that after establishing a blockade
by dexamethatone either direct mechameal stumulation of the
antenor hypothalamus or administration of vasopresain 1w still
capible of mndueng a small and short lasting adrenocortical

activation This would suggest that after corticord treatment

some CRF 15 still pre<ent which can bo released by direct stimula
Acecard

tion gly, we have d that d hasone blocks
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tho production rather than the release of CRT, and that under these
condittons a neuronal pool containing releasablo CRT can still ewist
Turther experiments appear to support this iden If the pool 13
depleted by appropriate stunuly during dexamethasone mlubition
vasopressin or mechameal stimulation are no longer capable of
causing o transient ACTH release A CRT preparation s still active
under these circumstances (Henok and Surrix, 1969)

Theso results suggest that dexamethasono interferes with the
claboration of new CRT, but do not indieate how ths 1s ac
comphished At the same time they suggest that vasopressin does
not act as a non specific stress stimulus or as a CRT, Lut rather
has a direct effect on the release of CRT from the pool within the
CRT ncurons

NLURAL INPUTS TO THE
HYPOTHALAMIC CONTROLLER

Up to this pomt 1t has been taken for granted that strossful
stimult 1n some way reich the CRT producing neurons It 18
concetvable that different stimult converge in tho hypothalanue
area where the cell bodres of theso neurons are situated, since the
hypothalamus recerves afferents from many structures (medil
forebrain bundle, form striv termmalis bundle of Schutz, ete)
Nevertheless the nature of such synaptic contacts 1s not known
although some evidence exists for cholmergio and for noradrenergie
transmission in thig area (SHUTE and Lrwis 1966, ZAMBRAMNO,
1968)

Wo have studied tho eoffect of reserpine implants m tho hypo
thalamus n order to obtun some nformatton about the rolo
which monoamines might play 1n the transmission of neural signals
to tho regulating conter Local dopletion of monowmines m this
region by reserpme did not modify the ACTH socretion m any
respoct studied It was therefore concluded that no evidenco could
be produced mdicating an obligatory rolo of monovmines m the
control of ACTH release (SMELIK 1967), although they do partict
pate m the control of prolactn sceretion (Vax MAANFN and
SMELIR, 1068}

In studying the effect of several autonomic drugs 1t was
found that hypothalamic mmplants of atropine provonted stress
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nduced ACTH secretion The effectsve site for implantation appeared
to be restricted to the antemor part of the hypothalamus,
ibitton occurred within 30 min after wplantation (Henor and
SMELIE 1968)

This suggests that a cholmergic link 18 my olved m the activation
of hypothalamie centers controlling ACTH secretion In view of
the Jocalization 1t 18 conceivable that the CR¥ neurons are activated
+1a a cholnergie synapse There are some indications :n the hitera
ture that a similar mtuation may exist for the nevrosecretory cells
producing vasopresain {ABRAHAMS and PICKFORD, 1926, WWALKER,
1956) This would be consistent with the apparent close relationship
between the control of ACTH and of ADH secretion

THE STRESS RESPQONSE

A few speculative words may be said about the over all system
which mediates the response to acute noaious stimulation The
neuro endocrine reaction to imminent danger and bodily damage
seems to subserve a dual purpose first, a mobilzation of energy
sources and activation of the systems v olved 11 musenlar effort,
second repair of the damage inflicted and replenishment of depleted
energy sources

The autonomic nervous system 18 the meduator for these reactions
The mmmediate reflex response consists of excitation of the sympa
thetic system resulting in release of catecholamnes from the
adrenal medulla an 1nereased heart rate dilatation of the coronary
and muscle blood vessels and glycogen and fat mobiization as the
most important features These reactions can be mduced by
electrical stimulation of the posterior hypothalamus, which suggests
that this region 13 primanily involved in the control of the sympa
thetic reflex

A sccondary adaptive reaction 1s medited by the para
eympathetic division which imtiates the anabolie processes and
restores the energy supply The endocrine system partiipates by
arapid seeretion of ACTH ADH and probably some other pitmtary
}::;::n:“l‘;,mc;-“ t'}}h};oxir;:nz)r '{)2:‘4 re:c:.on 18 :hn fast, but has 5
wunthess 1o morcacd  and gl iortﬂ c:ls 13 diminiched  protemn

Yo DUIY vp. eapemd glucocorticoids are secreted n order
ydrates to activate the reticulo-endothelial
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tho production rather than the release of CRF, and that under thes
condrtions a neuronal pool contaimng releacable CRF canstill e ¢
Turther experiments appear to support this 1dea If the pool 15
depleted by appropriate stimult during dexamethasone inhibition
vasopressmt or mechameal stimulation are no longer capable of
cansing a transient ACTH release A CRF preparation ts still actne
under these aircumstances (HEDGE and SupLik 1969)

Theso results suggest that dexamethasone mterferes with the
claboration of new CRT, but do not mdicate how this 15 ac
comphished At the same tune they suggest that vasopressm does
not act as a non speeific stress stimulus or as a CRT but rather
has a dircet effect on the release of CRT from the pool withm the
CRT ncurons

NEURAL INPUTS TO THE
HYIPOTHALAMIC CONTROLLER

Up to tlus pont 1t has been talen for granted that stressful
stimul m some Wwav reach the CRT produemg neurons It 13
coneetvable that different stimul converge 1n the hypothalimio
area where the cell bodres of these neurons are situated <mce the
hypothalamus recenes afferents from many structures (medml
forebrain bundle formin strin termmahs bundle of Schitz ete)
Nevertheless the nature of such synaptic contacts 18 not hnown
although some evidence exists for cholinergic and for noradrencrgic
transmusslon m ths aren (SHUTE and ITrwis 19C6 7 4MBRANO
1968)

Wo hase studicd the effect of reserpme implants i the hypo
thalamus m order to obtamn some mformation about the rolo
which monoaumnes might play m tho trnsn~sion of neural wgnals
to the regulating center Local depletion of monoimines in ths
region by reserpme did not modify the ACTH sccietion mm anv
respect studied It was thereforo concluded that no e3idence eonld
be produced mdicating an obhgatory rolo of monoammes m the
control of ACTH release (SympLik 1967) although thes do parhr
pate 1n the control of prolictin eecrction (Vax VMaanen and
Suerik  1968)

In studymng the effect of several autonomse drugs it was
found that hypothalamic implants of atrope prevented stress
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nduced ACTH seeretion Theeffective sito for mplantation appeared
to be restricted to the anterior part of the hypothalamus, in-
habition occurred within 30 mun after implantation (Heper and
SMELIK, 1968)

This suggests that a cholmergie ink 15 mvolved in the activation
of hypothalumic centers controling ACTH secretion In view of
the Tocalization 1t 18 concevable that the CIUF neurons are activated
v1a a cholinergic synapse There are some idications in the hitera-
ture that a similar situation may exist for the neurosecretory cells
producing vasopressin (ABRAHAMS and PrcrrFoRrD, 1956, \WALKER,
1956) This would be tent with the app t close relationship
between the control of ACTH and of ADH secretion

THE STRESS RESPONSE

A few speculitive words may be said about the over all system
which mediates the response to acute noxious stimulation The
neuro endocerne reaction to imminent danger and bodily dvmage
seems to subserve a dual purpose first, a mobilization of energy
sources and activation of the systems involved i muscular effort,
second, repair of the damage mflicted and replenishment of depleted
energy sources

The autonomie nervous system 1s the mediator for these reactions
The smmediate reflex response conwsts of exeitation of the sympa
thetic system, resulting 1 release of catecholamines from the
adrenal medulla, an increased heart rate, dilatation of the eoronary
and muscle blood vessels, and gly cogen and fat mobilization as tho
most important features Theso reactions can be induced by
electrical stimulation of the posterior hypothalamus, which suggests
that this region 13 primanly 1nvolved 1n the control of the sympa
thetie refiex

A sccondary adaptive reaction 18 mediated by the pars
sympathetic divtsion, which imtiates the anabolie processes and

Vv MV RIUWAD Rormone} 11us Teaction 18 also fast, but has 'n
longer latency The loss of Dody water 13 dimirushed proten
8ynthesis 19 inereased and glucocorticonds are recreted i order
to buld up carbohydrates to activato the reticulo-endothehial
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the production rather than the releace of CRF, and that under the ¢
conditions & neuronal pool contmimng releasible CRF canstill ex: t
Turther experiments appear to support this idca If the pool 1
depleted by appropriate stunul during dexamethasone mhubition
vasopressin or mechanieal stimulation are no longer capable of
causing a transient ACTH release A CRF preparation 1s still active
under these circumstances (HEDGE and SMELIK, 1969)

These results suggest that dexamethasone mterferes with the
claboration of new CRF, but do not mdicate how ths 1s ac
complished At the same time they suggest that vasopressin does
not act as a non specific stress stimulus or as a CRF, but rather
has a direct effect on the release of CRF from the pool within the
CRF ncurons

NEURAL INPUTS TO THE
HYPOTHALAMIC CONTROLLER

Up to this pomnt 1t has been taken for granted that stressful
stimult i some way rench the CRF producing neurons It 18
concervable that different stimuli converge in the hypothalume
area where the cell bodres of these neurons are situated, sinee the
hypothalamus receives afferents from many structures (medil
forebrun bundle, formix, stria termmalis bundle of Schutz, etc)
Nevertheless the nature of such synaptic contacts 1s not hnown
although some evidence ewsts for cholnergie and for noradrenergic
transmission i this arer (Savrte and Lewis, 1966, ZaMBRANO
1968)

Wo have studied the effect of reserpme mmplants m the hypo
thalamus 1 order to obtun some mformation about the role
which monoanunes might play m the transmission of neural signals
to the regulating conter Local depletion of monoammes 1 this
region by reserpme did not modify the ACTH secretron 1n any
respect studied It was therefore concluded that no exidence could
be produced mndicating an obhgatory role of monotmines 1n the
control of ACTH release (SyeLiy, 1967) although they do parher
pate m the control of prolactin secretion (Vay Maanen and
SMmELIR, 1968)

In studymng the effect of several autonomre drugs 1t was
found that hypothalamic umplants of atropme prevented stress
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system and to control tissue reactions to damage Such renctions
are provoked by stimulation of the anterior part of the hypo
thalamus

Tt 15 concenable, therefore that tho stress responso 1s mitiated
by activation of hypothalamie centers through afferents from the
rhinencephalic or mesencephalic Iimbic systems, and that the
posterior and the anterior region of the hypothalamus respectively
mediate the subsequent phases of the neuroendocrine emergency
response Such a model would unite the 1deas of Cannon on the
sympathetic medullary reflex as the “emergency reaction”, and
of Selye on the pitwitary adrenal responso as the “general adapte
tion reaetron”, and would still recogmze the ecentral integratine
poation of the hypothalamus in these mechamsms
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The ste of elaboration of LRF 1s probably located n & stnctly
crrcumsenbed region of the hypothalamus, the so called hypo-
phystotropie area Pituitary transplants 1 this region maintain
ovanan cycles (Havasz ef al , 1962, 1965) Also, FLAMENT DORAND
(1965) showed that hypophyseal grafts implanted 1n this zone
produced a differentiation of gonadotrophie cells This result
roughly agrees with the areas n wluch mmplants of sex sterods
are most effectine m mhibiting gonadotrophmn release

Superimposed on this regulatory ) pulses can
modify the secretion of LE and possibly also of FSH Some of
theso are mhibitory, as shown for instance by the dummshed
secretion of gonadotrophins observed in lactating animals, whereas
others are of an exeitatory natufe Among the latter the impulses
leading to ovulation by inducing acute discharges of LH are of prime
mportance It 13 known, mamly from the extensive work of
Exerett (for review, see EVERETT, 1964) that in the rat, impulses
entering the anterior hypothalamus finally result m ovulation The
precptic region plays an important role as a source or channel for
these 1mpulses while lesions m tlus area block ovulation, electrical
stimulation mduces 1t

It 18 well huown that the ad ration of central dep
drugs at appropnate times blocks ovulation, as e g pentobarbital
mjected at or shortly before 2 pm on the day of vagmal pro
oestrus EVERETT and Sawyer (1900) showed that after this type
of blochade ovulation is postponed for only 24 h, mdicating that
the central nervous activity responsible for ovulation has essentially
o 24 hour rhythm This leads to the question why 1t 15 only at
this time the so called entical penod on the day of vaginal pro
ocestrus, that an acute release of LH occurs 1n the female and not
on other days of the cycle

There are two possibilities either the actinity of the central
nervous system is inhibited on the other days of the oestrous
cyele, or only on the day of vagnal Pro oestrus are the impulses
augmented in order ta become effective 1t 1 posuble that thangmg
levels of oestrogens or even progesterone during the cycle may be
responsible and ono might specnlato 8 to whether the paradoxeal
effect of these hormones, 1¢, the fact that under some errcum

stances they scem to promote LH releaso instead
ot oy toem fo T cad of ihibiting 1t,
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REGULATION O LH SECRETION IN THE RAT
BY

G P VAN RELS

.

In summarizing some of the factors concerning the mechanisms
by which secretion of Luteimizing Hormone (LH) 15 regulated mn
the rat, certamn similartties with ACTH secretion, discussed 1n the
previous paper by Smehk, become apparent As 1s the case with
ACTH, a distinction ean be made between mechanisms mvolved
m mantatmng o basic level of sceretion and others by which LH
seeretion 18 modified acutely

The fact that secretion of LH by the anterior pitwitary gland 18
dependent upon an mntact connection with the hypothalamus 1s
8o well known that 1t need not be discussed any further It 1s also
generally accepted that negative feed back mechamsms by which
steroid sex hormones inhibit LH sceretion and thus mamtain &
basic blood level of LH, arc mamly the result of an action of
steroids on the hypothalamus, thus altering LH secretion by a
restraining mfluence on the amount of LH releasing Factor (LRF)
which reaches the anterior pitmtary gland The data concerned
with this concept were obtamned from experiments 1n which minute
amounts of the steroids were implanted in different structures of
the central nervous system (Lisk, 1960, Lisk, 1962, DAvIDSON and
SAWYER, 1961, KANEMATSU, 1963) Another indication that the
site of action 15 outside the hypophysis, is the fact that treatment
with steroid sex hormones does not render the pituitary gland
unresponsive to the enhancement of LH secretion caused by the
admimstration of hypothalamic extracts contaimng LRF On the
contrary, measurement of plasma LH 1n gonadectomized, ocstrogen
and progesterone pretreated rats has been used as an assay system
for LRF (McCANN, 1962) Also, after treatment of gonadectomzed
rats with high doses of synthetic steroids with an intibitory effect
on ovulation, ScHALLY and co workers (1968) did not find any
decroased sensitivity to the action of a highly punfied LRF

preparation
136
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tion of progesterone Or cestrogen This hypothests 13 supported by
the fact that 1n female animals rendered sterile by the admimstra
10n of testosterone shortly after birth progesterone has no effect
1 provokmg ovulation although progesterone treatment could
enhance LH release after electrical hypothalamic stsmulation
(BareAcLoToR 1961 Barractoter and Gorski 1961) DopNER
and DockE (1868} showed that the ovulatory action of destrogen
\n inmature female rats 19 absent after admmstration of testoste
rone shortly after birth as well as 1n males bearing ovanan trans
plants
A finding which looks disturbing at first sight 15 the observation
that m female rats rendered stertle by placing lesions in the antenor
hypothalamus progesterone may cause ovulation again (GrEEP
1943) However as shown by BarrsCLOUGH ef al (1064) this
effect 13 not always preent after Jarge lesons ovulation 1s blocked
andy 13 meffective The expl for the drscrepaney
may be that smaller lestons do not interrupt all fibres along which
the ovulatory stunult are conducted into the hypothalamus Thus
the stumult are too weak to cause a discharge of LH However
if the action of progesterone 1s essentially an increase of the effect
of these ympulses progesterone mught induce ovulation s ammals
with partial destruction of the incoming pathways Recently
pl deaffe 1on of the hypothal has been made
possible by the u«e of a special knfe designed by Hatasz and Porp
(196 ) (for review fec SzENTAGOTHAS ef ol 1968) It would be &
meost important finding if the question could be angwered as to
whether progesterone 18 still active after complete deafferentiation
One might speculate that the rhythmie impulses responsible for
the wnduction of ovulation have essentially a 24 hour rhythin but
that the efficiency of this h 18 d by ch z
Vlood levels of oestrogen and progesterone suice blood levels of
both hormones have been shown to increasc before ovulation
A question of importance which cannot be answered now, 13 the
#ite of action of these hormones Since the Preoptic re,ton appa
sently plays an umportant rolo in the mechanisms contralling
::’vu\:'n‘?n 1t would be wteresting to hnow whether these hormones
O e s oy e b
Yoot of tha 1 i g fibres but with the connections with the
ypothalamus left intact Another question s whether
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LvrrrrT (1947, 19484) showed that ocstrogen, mjected durng
pregnancy causes ovulation and when injected on day two of the
5 dny oestrous ey cle, advances ovulation by 241 These oxperiments
may be considered as a sequence to tho original observation of
Honwuwra (1934) that oestrogen mjected into propubertal rats may
induce ovulation and formation of corpora lutea Morcover,
SwrLHEDM (1965) showed that in gonadectomized female rats
mantamed on a low dose of oestradiol the acute admimstration
of a lugh dose of the same hormone leads to elevated blood LH
levels when estimated 24 h Ilater It should be noted that this
effect was not seen m male rats

Progesterone too, has the abihty to promote LH relerse when
mjected on the third day of the 5day cycle, ovulition occurs
24 h earlier (I'veRETT, 1948b) In ocstrogen pretreated gonadecto
mzed females, progesterone njected at noon ciuses a marhed
merease 1 plasma LH levels, with maximal levels at 7 pm on
the samoe day However, when mnjected at 12 pm of the same
dny, no wmereases are scen 7 h later, although the inlubitory effect of
oestrogen pretreatment 18 prolonged (Carigaris ef al, 1968} Ths
Mlustrates the dual effect of progesterone on LH release which
with regard to the mnduction or mhibition of ovulation has been
carefully studied by ZEILMAKER (1966) Recontly, essentually
the samo results have been demonstrated in gonadectomized of
menopausal human females with progesteronc by mens of
immunological LH estimation methods (Opr1L and SwERDLOFF,
1968) However, no effect was found in males

Thus, under certun circumstances both oestrogen and pro
gesterone promote LH scerotion The effocts are scen m females
but not in males Morcover whilo the offect of progesterone develops
farrly raptdly the effect of oestrogen requires a latency pertod of
at least some 24 h

The fact that theso cffects of progesterone are found only
fomales, could very well be the result of the following diseropancy
between male and female ammals It 1s known that in principlo
the male animal does not possess the basic mechamsm of rhythmie
LH discharges probably as a result of the action of endogenous
androgens secroted shortly after birth (for roview, sco HARRIS,
1966) Therefore, 1t scems that thus basie mechamsm has to be
present 1f one tries to induce mcreased LH secretion by admimstrs
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THE ROLE OF BIOGENIC AMINES
IN THE EXTRA PYRAMIDAL SYSTEM

BY

A M FRAST

1 INTRODUCTION

The motives for onr 1nveatigations were denved from the follow
wng facts Caurssox (1939) and Beerern and Rosesarey (1959)
established that practically all dopamine in the mammalian bramn
18 found m the extra pyramidal system (EPS), whereas noradrena-
e 19 pre«cnt there m mmimal quantities, suggesting that the
function of dopamine ts not merely that of a precuteor of noradecna~
line Carrsson (19,9) had also demonstrated that reserpine could
deereree the doprmine Jevel 1n the EPS provoking a catatonie
statc in rats and a Parkinsoman syndrome ta man From the
catlier tnveatigations of Dr Joxo (1930) and ScHALTENERAKD
{192%) 1t wag known that bulbocapnine was able to provole a
strilang hiypohinetic ngid syndrome (HRS), which was mamfeated
m taty and rats as a catatonic state and 1n monheys as a Parkin
«onan gyndrome

The results of VAY ANDEL (1959) prompted us to study dopamme
i the FPS smce he showed that patients with a catatonsa on

a chronse encephalitic biars reacted to treatment with ecomne
with Parkinton ke phenomens, mstead of the favourahls reaction
which he ot 4 1 cat, hizoph

phrenies

1 MOLE DF CATECHOLAMINES IN THE FPS
21 leriersce or OCH;-GPOULPS IN DoPAMISE DEPIVATIVES
First the chemical structure-cffect relationship between dopa
mine and bulbocapnine way studmd together with some other
ul
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the ovulation mducing effects of ocstrogen and progesteronc have
a physiological significance The answers to these problems may be
of utmost importance 1n elucidating the mtricate mechantsms by
which ovulation 1s controlled
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These results supported the hypotbesis that in human patients
this HRS might be created by an abnormal dopamine metabolism
with O methylationat the para position, with or without O methyla
tion at the meta position In agreement with this hypothems was
the finding that 3 ¢ dimethoxyphenylethylammne 1s present n the
urine a8 the “Pink Spot’” 1n schizoph and Parl

P P

(Frieosiorr snd VAN WINKLE, 1963, BARBEAU ef al, 1963)

22 INFIUENCE oF OH-GROUFS IV DOPAMINE DERIVATIVES

Sinee the catatonic action of bulbocapmine was antagomzed by
apomorphme (DtveY and EVRARD, 1934) and that of dimethoxy-
dopamume by dopa (as a precursor of dopamine} (ErnsT, 1962b),
a structure-effect relationship was anticipated It should be pointed
out that apomorphine and the normal metabolite 1n the brain,
dopamine, share the same basie structure, with OH groups at the
phenol ning and joming an ethylammne side chamn (Fig 2) In the
early literature (HARVACK, 1874, AMSLER, 1923) a typrcal “compul
sive gnawmng syndrome” was described after treatment of rats
with apomorphune, the presence of the corpus striatum was obli
gatory for this syndrome

1t was deerded to use this compulsive gnawing behavior m rats
o3 o test for the structure effect relationship of apomorphine and
dopamine (Er\et, 1965b) Apomorphine 1s a polyeychic compound

OCHy ocH, DCHy Y
o OcH,
T
Hy :n@gkuz HyN N i

drmethonydogamens
~dimethoryphenl  35-demethon -
bulbocoprune ethylorrie ' phenylethylom ne phu;:’!"}/mz

R ™
o M F ]
s 3 W e,
opomorphine dopomne dexomphetemae

kg 2
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alkalowds of allied structure, papaverine, lnudanosime laudamne
narcotine, hydrastine, narcetne and berberine (IirasT, 19624)
After admimstration of these compounds to eats a HRS appeared
to be induced by bulbocapnine and ¢ien by papaserine, laudimne
and laudanosine but never by narcotme, hyvdrastine narceine or
berberine This mdieated that, i order to provoke a HRS only
one or two OH groups of the dopamine ring must be changed
into OCHj groups and that the ring must have an cthylamine
side chain (g 1)

OCH, 0CHy OCH,
OCH; CH -0CH) -0CH;
OH co
CHy HC go HC-0
i ocH
wendvteo HEN ¢ oty u,cu/\;",o\’c HEN'Y T,
2 2]
Lo 4 ocHy kgt o N
BULBOCAPNING LAUDANNE NARCOTINE HYDRASTINE
0CH, o
Nt oo Gl
H H:
3 3 coon HyC ]
=0 v
ciz oz o
NE R 0cHy  HEN g Sa00H; NN w0
S 3 HOCH; L% ~OCH; o-CHy
PAPAVERINE LAUDANOS NE NARCEINE BERBERINE

Fig 1

Tlus hypothests was supported by the fact that this HRS could
be antagomzed by DOPA, the precursor of dopimme (ERNST
1962b) The relationship between chemical strueture and the
capaaity of mmdueing a HRS in cats was further analyzed with the
a1d of & number of methoxy phenylothylamne derivatives (ERNST,
19650a) T'rom theso results 1t was concluded that

only compounds having an OCHj group at the para position
mduce 2 HRS,

b) tho presence of OH groups at the phenol rmg prevents the
compound from passing the blood brun bairter

the presence of other OCHy groups next to the para position
nereases the duration of the HRS

a,

=

c,
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Sourkes 1964, Scrinuax et al, 1965}, suggesting that 1ts action
33 dependent on the prosence of at least one of these anunes

« Methyl para tyrosme hos been shown to bloch catecholamme
synthests without affecting serotonin levels (SPECTOR et af , 1965)
and our results shoned that the gnawing behavior after dexamphet
amme was also smhibited after this pretreatment Soit vas concluded
that the gnaning compulaon cceurring after administration of
dexamphetamine was caused by release of endogenous dopannne
"This was corroborated by the finding that pretreatment with the
VAQ mhibitor ipromazid enhanced the effect, since dexamphet
amine stsclf s not destroyed by .AO, this enhancement must
have been due to protection of released endogenous dopamine
The gnawing provohing action of apomorphine, however, could not
be modsfied by pretreatment with « methyl-dopa, « methyl para
tyrosine or ipromazid Tihis strongly suggested that apomorphine
does not act 11a dopamme release but that 1t has a dopamme like
effect on the receptor structures Vie postulated that apomorphine
my be capable of replacing the function of dopamine 1n the extra

pyramudal structures for instance in Parkinson-disease where
dapartne 1@ deficient
24 INDIRECT ACTION OF DEXANMPHETAMINF O\
LOCOMOTOR ACTIVITY

The posiulation of an mdwrect action of dexsmphetamine on
gnawing hehavior through the release of dopamine, was difficult
to reconcile with the results of Vav Rossuyt e al (1962, 1064)
who suggested a direct action of desamphetamine on psy cho motor
actraty baced on thewr expeniments with reserpine pretreatment

The decrewse m the levels of dopamine, noradrenaline and
srotomn crwsed by reserpine 13 well known but stnce, danng this
treatment, the normal production of the endogenous biogenie
amnes 13 d no decisive i a3 to 3 direct action
of o drug can be drawn under the<e conditions For this reason
1 was thought preferable to block the production of the brogesc
ammes by enzvme inh as m the exp on the effect
of dexamphetanune on gnawing behavior (Ernst and Raxs, 1969}
Rats were placed 2 & pggle cage registenng the psycho moter
actiwity by amphtude and frequeney changes, 23 a resnlt of the
motements of the ammals The eurves Fig 3snd Fug 4 show a
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which 1s eapable of passimg the blood brun barrier because of its
Iipid solubihty Dopamine, however, cannot pass thus barmer so
its precursor depa which penetrates enwily was used m the expen
ments, combmed with pretreatment with the MAO whiator
iproninzid to merense the dopammme concentration n the bram
Young Wistar rats were placed m metal cages with a wire mesh
bottom The “gnaw compulsion™ syndrome was considered to be
present when the rats were gnawing at the wire of the bottom for
at least half a minute and when after loosening the anmals from
the wire, they started gnawing agam

Usmg this method 1t could be confirmed that not only apemorphne
but alse dopamme was able to induce & gnawing compulsion syn
drome It was also established that this gnawmg effect of dopamme
and apomorphine was antagomzed by bulbocapnine p methovy
phenylethylamine, 3,4 dimethovydopamine, but not by 3 5 dime
thoxyphenylothylamine  Hence the cceurrenco of an OH group
or an OCHj group at thoe para positton of the dopamme rng
appeared to be eritical for the pharmacologieal effect Whereas
hydroxy compounds cverted an exatatory action O methylated
dernatives had an mhibitory mfluence on the bram

23 DIRECT OR INDIRECT ACTION ON GNAWING BFIIAVIOR

Although dexamphetamine does not possess OH groups at the
phenol ring 1t 18 also capable of mducing gnawing behavior (Tg 2)
(JANSSEN, 1961, Raxprui et al  1963) The question was raised
as to whother tho gnawmng offect of apomorphme and dexemphet
amine were dopendent or independent of the presence of dopumne
in tho corpus striatum (DRNST, 1967) Accordingly, tho action of
these drugs was studied n rats in which

1 the catocholamine stores i the CNS were depleted by pre
treatment with « methyldopa or « methyl para tyrosine

2 MAO mhibition preyented motabolie degradation of the endo
genous catocholamines

Trom theso experiments 1t appered that the gnawing behwior
after dexamphetamine was miubited by « methyldopn pretrent
ment, but only for 1518 h This mdicates that tho aetion of
dexamphetamumne 18 correlated with the recovery of dopamine and
serotonm stores to normal lovels (CarLssoX and Linpqvrst, 1962,
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1

sgnificant change of the d phetamine effect on
actimty after pretreatment with reserpme or « methyl para
tyroane Thus 1t appears that {he mtrease sn locomotor actinity
wduced by dexamphetamune 13 effected by the release of dopamine

2% BITES DF ACTION OF DOPAMINE AND APOMOPPHINF
w me EPS

No dlear information was wailable as to which nervous structare
would be affected by dopaimine or apomorphine durning the com
puluve gnawing syndrome but it was hhely that the corpus
striatum was wnolved The presence of this structure appeared
to be obligatory for ths syndrome caneed by apomorphune
(HARMACK 1874, AustEr 1923, Brick, 1933), erystalline dapa
(as n precwrsor of dopamine) or apomorphine were therefore
mplanted stereotavuienlly into different parts of the EPS of rats,
after which their behatior was observed for several hours (Ernst
and SmEL,, 1966) Fifectre implants of dopa and apomorphune,
re<ultmg 1 an mtense compulsive gnawing, appested to be located
1 the doral part of the caundate nuclens and globus palhidum,
negative resufts were obtuned after implantation mn the ventral
et of the coudate nuclens 1n subthalamie structures and in the
substantia mgra As a control meta tyrosine a drug with the same
clemicai structure as dops but Jacking an OH group at the para
posttion was ymplinted m these places Only negative results were

btamed  which tnd the sp y of the dopa and apo
worphine effect Thus, the site of action of dopamme as well ag
apomorphine appesred to bo i the doral part of the corpus
strntum  The negalne results of the implantation of dopa and
apomorphing 1nto the substantia mgra were somewhat disturbing
snee 1t 39 well known that the lesel of dopimime 15 very high
w this part of the EPS Hongver, some evidence exsted that
dopamnergre nerve cells lywg in the substantia mgra send thew
fibers to the neostnatum where dopumine ss released upon a o
electpent R(m:uh(mn (Brobar, 1963, Anpfs o af, 1985, Me
I\z\\x\\ 1963 R0 we supposed that such dopammnergic nmgro
fersc smaiion. Thoetore et e, I
merystathng i'm:mn\msl:(‘\::;ej‘ ﬁ‘t):::t)gmm; siepiete (esenine)
»Ern of mts to cause o \y;cﬂ nc«:umula::m S pmabsant

0 of acrtylchotine Such
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Tw 3
1 Salo Saline 4 Reserpino Dexamphet
2 Baline Dexamphot & Reserpmo Dexamphet
3 Resorpine Saline 6 Resorpine Doxamphet
-
1 —— — “ :
2 e

5

Fig 4

1 aMp Tyrosmne Dexamphet 4 Salne Saline
2 aMp Tyrosune Dexamphot &5 Saline Doxamphet
3 oMp Tyrosme Saline ¢ Sahne Doxamphet
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significant change of the desamphetimine effict on
actiity after pretreatment with reserpme or & methyl para
tyrosme Thus 1t appears that the increase m locomotor actinity

induced by dexamphetamine 1g effected by the refease of dopamne

25 SIIES OF ACTION OF DOPAMINE AND ATOMORFUINE
w e EPS

No cler information was available as to wiich nervous structure
would be affected by dopamine or apomorphine dunng the com-
pulave gnawmg syndrome, but 1t was likely that the corpus
strtatum was involved The presence of this structure appeared
to be obligwory for this syndrome cawwed by apamorphine
(Harwack, 1874, AnstFr 1923, Bruck 1933), erystalline dopa
(a¢ a precursor of dopamine) or apomorphine wero therefore
implanted stercotaxically mto dufferent parts of the LPS of rats,
after whick their behavior wad observed for several hours (Ervst
and SvELIR, 1966) Effective 1mplants of dops and apomorphine,
resulting i1 an 1ntense compulsive gnawing, appeared to be located
n the doral part of the caudate nuclens and globus palhdum,
negativo tesults were obtaned after mmplantation 1 the ventral
part of the caudate nucleus n subthalame structures and wm the
substantia mgra As s control, meta tyrosine a drug with the same
chemucal structure as dopa, but lacking an QH group at the para-
position was implanted m these places Only negative results were

i d, wheh ind the speaificity of the dopa and apo
morphine effeet Thus the sie of attion of dopsmme as well as
apomorplune appeared to be in the dorsal part of the corpus
striatum  The negative results of the implantation of dopa and
apomorphimne 1nto the substantia mgra were somewhat disturbing,
sice, 1t 13 well known that the level of dopamune 13 very hgh
m this part of the EPS However, some evidence existed that
dopaminergie nerve cells }ying 1o the substantia migra send thewr
fibers to the neostriatum where dopamime 19 released upon a0
electrical stimulation (BRODAL, 1963, ANDEN ef al, 1964, Mg
Lenaz, 1965) So we supposed that sueh d 7 gic mgro
e mtation” Thodos shyestgae. s pan dopmy

crefore physostigmite ealicylate (eserine)
n erystalline form vwas impl, d st lly inta the sul
mgra of rats to cause a local accumulation of aeetylcholine Such
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For practical purposes apomorphine was used mn further expen
ments since the same receptor 13 mvolved for dopammne as well as
apomorphine {ErNsT, 1967, and confirmed by Awpix, 1967)
Apomorphine induced gnawing behavior appeared to be blocked as
well, and & parallel shuft was present 1n the dose response curves
of the three compounds A reasonable blockade of the apomorphune
effect was al<o obtamed by a mimmal dose of perphenazine and
thig equilibrium of doses could be used as & “Unit” When the rats
were treated with an increasing number of “Umits” (Fig 6), the
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an implant caused compulsno gnawing behavior, which was
inhibited by pretreatment of the rats with atropme Implantation
of eserme mto the caudate nucleus or the globus pallidum was
ineffective (Smrrik and Erast, 1966) Hence 1t was concluded that
cholinergic nerve fibers end synaptically on the dopammergte
nigra cells Sinco cholinergie stimulation of theso cclls provol ed
gnawing behavior, a functional sigmficance of this migro neostratal
dopammergie tract was demonstrated for the first time

26 CENTRAL DOPAMINFRGIC RFCTPTORS

It appeared that these central dopamunergic receptors (CDR)
m the corpus strintum are very speafic Phenovybenzamme @
potent and centrally acting « adrenergic receptor bloching agent
was not able to prevent or to antagomize compulsive gnawmg
nor did nethalide a § adrenergic receptor bloching agent Pretreat
ment with ant1 lsstamine and anti serotonn drugs could not
prevent the syndrome, nor did lugh doses of atropine Accordingly
the CDR nvolved in compulave gnawing behavior are different
from known autonomic receptor structures

As we know from earlier experiments (Erst, 1962a, b) dime
thoxyphenylethylammne (= dimethony dopanune=DIVPEA) and
somo other drugs chemteally related to dopamne ean produce a
hypokmetic nigid syndrome n ammals which was confirmed by
Barnrav (1966) This hypokinetic stato and other Parhmsomn
symptoms are also provohed m many patients treated with neuro
leptic drugs such as chlorpromazine perphenazine halopenidol ete
The studies of BARBEAU (1967) and Da Pripa and PLFTSCHET
(19662, b) suggested that these Parkinsoman sy mptoms aro cwsed
by CDR blokkade Stimulated by the work of Van Rossu (1966)
who was ablo to bloch the peripheral depressor effect of dopamine
recoptors by neuroleptic drugs we agam used the compulsie
gnawing syndromo 1n rats as o model to provide more ov 1idence
for o specific CDR blockade by theso nouroleptic drugs

Rats pretreated with ipromiazid were njected with different
doses of perphenazine haloperidol or DIMPEA  all ammals were
treated one hour later with L dopa, after w Iuch tho mtensity of the
gnawing was measured It appeared that all three substances were
able to bloch tho gnawing behavior and moreover these drugs
cused a parallel shift i the dose response curves (Tig 5)
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n the peripheral tors of the intestine The v produced
Z} tryprt)eauinu sbould‘ then be regarded as a blockade of the § HT
receptors It was also established (Van AapeL and Ernst 1961)
that the tryptamme catatonia could be mntenmfied by atropine
moderate doses and completely abolished by phnsoshigmine
salicylate (eserine} These results led to the hypothesis that trypta
mine can blogk {or eompete with) 5 HT receptors thus elrmnating
& function which tends to potentiate certam acetvicholine activities
in the CAS and that conversely a hypocholmergic function would
produce catatoma

Y A\ ANDEL (19.9) 1nvestigated catatoma in 18 chcal patients
all showing hypokmesia mutism and stupor Ywithout hnowing
the chintcal diagnosms {schizophreme hysterical or encephalitic
patients) he treated them wath eserine injections to clevate the
concentration of acetylcholine in the CNS Fourteen patients out
of the 18 reacted favourably they started to talk and to Jaugh and
their contact with persons i their environment was much better
One patient of the group of 18 did not show any tmprovement and

3 patients reacted 1n quite a different way they showed Parkinson
Vke symptoms after the eserine 1nj Later on 1t app d
from the chmeal diagnous that the 14 patients who reacted
bt bly were all schizopt the patient who did not react
%38 a hysterical one and the 3 who showed an aggravation of therr
symptoms and P like pt v were ecat on a
chronte encephalitic bams Thus our hypothews 1 justified wn
schizophrentc patients but not i chronte encephalitic ones This
led us to the idea that yet another chemieal mediator mught be
mmyolved wm eatatoms phenomena of these latter patients which

d our study on dop n the FPS

31 Srres oF acrioN or 5 HT ™ e EPS

To determme more exactiy the role of 5 HT 1n the EPS rats
were mjected with § HIT after a pretreatment with the MAO
whibstor ipromazed The anmals fitst showed tremar and stereo
typed movements of the head and forelegs they moved around
the cages and after some fime they started to gnaw

This gnawing behavior was not simiar to the dopamine and
apomorphine gnawing (ER~sT 196,b) smee the ammals took the

wire of the floor and held it convulsively, without moving around
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gnawmng nfensily and the duration of the gnawing pertod, was the
same 1 all animals, only a parallel shuft in the starting pomnt of the
syndrome was observed Thus the three eompounds gave a parilel
shift in the dose response curves, without affecting the maximum
that could be obtamnul This would suggest a competitive type of
antagomsm on the CDR

3 ROLL O SEROTONIN (5-HT) IN CPS

In tho mtroduction results suggesting an important role of 5-HT
1n the extrapyramdal system (EPS) were mentioned but most of
this work was unknown when we started our research on thus subject
It struch us at that time (ErasT ef al , 1961) that Van NIFUWEN
HUYZFY (1936) had been able to provohe a catatonic state n cats
by tryptamine, a compound which lachs only one OH group on the
5 position of 5-HT Smce 5 HT 18 not ablo to pass the blood-bran
barrer, cats were given tryptamine mjections nto the cysterna
magna, producing a catatonic state, and this catatonn could be
antagomzed by &§ HT Theso contral effects on the autonore
nervous system of 5 HT and tryptamine were qualitatively of the
same order, but the effect of tryptamine was much weaker These
facts led to the hypothesis that both drugs were acting on tho
samo receptor m the CNS, just as GApDUM (1953) demonstrated
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SUMMARY OF THE RESULTS
AND A HYPOTHESIS

unds having an OCHj group at the pars position of the

,,,,?,?,‘,1’ ::? ,lfmg an g\hgy\amme sido-cham sre sble to provoke & HRS,
by bloclomg the daparme receptors i the EPS Ths blocking effect seems
1o be obfaned by & competitnve antagomsm The presence of more OCHy
groups next to the para poswion, speresses the dusation of thuy HRS .

The presence of OH groups 1n this ton prevents the P
from passing the blood bran barner But amuno acida beanng no net
chatge snd polyeyclic lipid solublo compounds rapidly pass this barmer,
although they possess OH groups at the para and meta poaition of the ning
They are able to mume the effect of dopamune in the EPS by uttizing the
dopamme receptors

With compounds . which OH and OCHs groupa are absant from the
basse chemucal structure, there 13 & good chance that therr action 15 &n
ndirect ove, by dopamine release

Chol, nerve fibers end sy

ptically on the dop migra cells,
causes b4 mn the corpus
stnatum via the nigro uedstnatal dopammergie fibers

On the basis of theso results the following hypothesis 15 proposed In
patients with Parkinson s dusesse based on & degeneration of the sul

hence

betantse
nugra including the dop: cells a eurplus prod;
of acetylcholne msy exi=t mn the atea of the EPS In patients showing a
Parkingon hke synds s peen sfter with ler of the

phensthiazine or reserpins Lype 1ng 13 caused Tespettively by the dopamine
receptors i the corpus sthiatum bemng blocked or by the dopamine stores
beng depleted Therefore, 1t should be possible 1n addition to the usnal
treatment with anticholnergic drugs to wse dopaminergic agents the
Tapentically, whach rapidly eross the blood bramn barner and mumuc the
dopamine effect Apomorphme would meet these requirements, but its
emetic effect 13 & serous objection
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We also performed implantation studies with 5 HT or 5 HTP n
different parts of the EPS, with or without pretreatment with
proninzid (Hap?ovié and Ernst, 1968) It was found that 5 HT
mduced gnawmg behavior only when mmplanted 1n the rostro
ventral part of the corpus striatum (g 7) In all other parts of
the corpus stristum § HT or 5§ HTP mnduced neither gnawing nor
tremor, even when mmplanted into the area where the implantatien
of dopa or apomorphme did provohe gnawing behavior (ERNsT
and SMeLIR, 1966) Tremor was mduced by mmplantation of 5 HT
or 5 HTP mto the substantia migra, both with and without ipromazid
pretreatment

g 7

To confirm these findings, bilateral lesions were made by Iugh
frequency cauterization n the rostro ventral part of the corpus
striatum, and 5 days later 5 HTP, L dopa or apomorphme was
admimstered 1p (with 1pronazid protreatment) In these anmimals,
5-HTP nduced only tremor followed by stereotyped movements
of the head and forlegs, wlnle gnawing behavior was provoked only
after admmstration of L dopa or apomorphme These findings
clearly demonstrated that there are two separate sites of action of
5 HT a stto of action for gnawing behavior, located n the rostro
ventral part of the corpus striatum, an for tho tremor m the
substantia mgra Possibly there 1s also a third site of action provek
g the stercotyped movements
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SOME RECENT DEVELOPMENTS IN
CLINCAL NEUROPHYSIOLOGY

THE RECORDING OF AVERAGE VISUAL RESPONSES AND
THE, DETERMINATION OF REGIOVAL CEREBRAL BLOOD FLOW

BY

O MAGNUS

1 INTRODUCTION

Climical neurophysiclogy 13 perhaps as old as neurclogy The
ehiesting of a kneejerh or of a pupiflary reflex 13 ps much a chimeal
neurophy siological method of wvestigation as 13 the determmation
of the conduction velooity of a perve or the recorting of an average
cartical response to photie stimulation The tome nech reflexes
desenibed by MaGxUS and DE RLeU {1912 1924) which are part
of the neurological exammation in patients with severe bram
damage are a good ple of the deelop of a ) )
diagnostic wethod from pure neurophysological research Con
versely chnicai neurology has contributed much to neurophystology
In this conpection one can mention the neurologist Huemires
Jacgsov (1931) and the peurosurgeon Penfield who by careful
obsers ation of epileptic seizures and the correlation of their observa
tions with the pathological regons from which these serzures
oniginated contributed so much to our knowledge of the functional
localisation n the cercbral cortex (PENFIELD and Jaspzr 19a4)
Moreover such observations have led to estensive and very

ding exp 1 phystological research
Of course the aums of chinical nevwrophysiclogy sre feudamentally
different from those of experimental nenrophysiology The first
responaibility of the chnical neurophysiologist 1s towards his
Patient But modern techmea! developments offer to the climeal
neurophysiologist methods whith enable hum to abtam data from
Patients which can alsa be of value to neurophysiology It 1s of
155
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A number of methods of automatic quantification have been
mtroduced Fora discussion of these methods I should Like to refer
to o report on the symposium oOn this subject by STORM VAN
Lecowes and Magnus (1961) The mtroduction of speaial purpose
computers has made it possible to record 1n man average cortical
responses to vanous stimult The tesults of some mvestigations on
the recording of the average visual responses normal subjects
and patients will be diseussed 1 the first part of this paper

3 A thrd hnttation to the impro t of correlations b
EEG and bramn disturbances 1s due to the fact that detaled
formation concermng the mature and the extent of a cerebral
Tesiom 18 often lacking at the time the EF G 1s recorded Omgimally
such mformation wis only based on the chmeal neurologieal
examnation and m some cases on findings at operation or at
autopsy Howeser parallel with the EEG a number of other
diagnostic methods have been developed such as vanous neare
radsologreal contrast wethods echo-encephalography and the
varous tvpes of scwtigraphy Wathmn the domaimne of clineal

phy siology the t of the cerebral airculation with
the aid of radio active 1sotopes appears to be of wmportanee

Results obtained with this method are the subject of the second
part of this contnbation

2 THE AVERAGE VISUAL CORTICAL RESPONSE

The nfluence of thythmie photic stimulation on the EEG has
already been statied by Apruas and Marrrgns (3034) It was
antroduced mto routine climcal EEG 1a 1 order to ehew epileptic
activity by ¥ and W GRev Warrer 1n 1949 In ocerpital areas
responses were also found to 1sofated flashes but becanse of ther
fow amphtude 1t was often dufficult or hardly possible to distimgmish
them from the ongoing activities This was improved by the method
of photagraphic superumposition {Dawsoy 1947 With ths method
Ciganel, studted the visual responses w 75 normal adults Bat anly
the ntroduction of speetal purpose computers has made 1t possible
to &tudy these responses 1 a chineal setting on a larger peale
For this purpose 1t 13 netessary to odd  relatively large number
of fesponces m order to eluminate the spontaneous activity

‘The savestigations to be reported here havo been carmed out with
o 16 channel van Gogh elect ) a 3

P
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particular importance that some of these methods are not harmful
and often not even cumbersome to the patient and that therefore
some of them can also be apphed to normal subjects

The most important method of clunca! neurophysiology 1s
clectroencephalography  Sinep the discovery of the clectroenceph
alogram of man by Berger 40 years ago the diagnostic value of
the LG has been improved contmuously by making empincal
correlations between ELG patterns and brun disturbances

However, thero are hmitations to the further improvement of
these correlations, three of them will be mentioned here

1 The DEG can only record electrical phenomena which are
caused by synchronous potential variations of large neuron popula
tions 1 the cerebral corton In other words activities of small
groups of nonrons wlich for instance, give rse to finger movements
or clementary local sensations are not scen in the LG CoorER
el al (1965) and more recently STORYM vaN LEFUWFN (1968) Ins
maugural address have drwn attention to this fact

Tor these reasons only those pathologieal processes which gue
rise to synchronous changes of the electrieal activities of relatively
lIarge cortical areas mamfest themsclves in the ERG The most
mnportant of theso processes are

1 Disturbances of metaibohsm ecither diffuse (anowa hypo
glyciema or mtovication) or else loeal (1schaenme lesions
tumors etc )

2 Alterations of the level of consciousness

4 Epileptic discharges which are nearly always associated with
abnormal synchromsation of electrical activities of neurons

In this connection 1t should be stressed that tho DEG derives
its man importanco from the fact that 1t detects fundamentally
different aspeets of pathological bram disturbances from other
mothods of neurological examimation

2 A second hmutation 1s duo to tho fact that the ELG ewnnot
casily be quantified and thereforo thero tends to be a subjective
factor mn the evaluation of o particular record This can bo dimin
1shed to a certaun extent by gmiving an objective description and &
functional wmterpretation of the EEG without knowledgo of the
clinieal findings Only after this has been done should the CEG data
be correlated with the chinical data
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1 In normal subjects as well as 1 patients the average visual
respontes (AVRY were reproductble

The findings of Ciganek that the tesponse consists of an ocaipital
primary part during the first 125 msec after the flash, o some
what more diffuse secondary part for 125-250 msee after the
fiach followed by a rhythmie component of approximately the
frequency of the & rhythm have been confirmed {Fig 1)

2 Even i normal subjects there are large intenndividual differ
ences 1n the configuration of the response But in a swgle
normal subject the responses are symroetne within narrow swell
definable limits In this Tespect the average visual response
13 sumilar to the EEG

The configuration of the response 13 strongly influenced by
changes of the fevel of During d and
slecp marked changes occur in the shape of the AVR and
the latencies of its components (Fig 2) In this respect agawn
the AVR behaves like the EEG, perhaps 1t 1s even more senmitive
In older subjects the response often has a diiferent shape from
that m young adults As has been shown already by Ciganek
there 1s a surface negative spihe with a peak latency of 80 msec
1 the oceipital region However, 1t appears that this component
13 only found constantly i young adults With mncreasing age
a surface positive sptke with the same latency and location 18
found more frequently

In accordanee with data from the hiterature a pathologresl
asymmetry of the AVR has been found 1n 21 out of 22 patients
with a conmderable contralateral defect of the wisual Geld
In the only exception, the asymmetry just fasded to reach the
previously set limmts of normality However also in the majonty
of patients with lestons m one hemisphers, which did not

nterfere with the visual pathways, an abuormal visual resnonan
U

»

-

o

o

v [N

In lesions interfering with the visual pathways or affecting the
ocapital region there was always an abnormal asymmetry of both
the pnmary and the secondary part of the AVR When a lesion
outaide the visual patliways gave nse to an abnormal asymmetry
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Computer of Average Transients (CAT), an XY plotter and a
TR 1300 Ampex tape recorder, which made 1t possible to stors
the eloctrical activity of 13 channels simultancously and to deter
mine the averago responses partly on line and partly afterwards
from the tape In this way, the potential distribution of the vanous
components of the average responses could be determmned Jonkman
and Ponsen studied the average responses to hight flashesin 16 young
and 10 older normal subjects and 1 130 patients, mostly with
neurologieal disorders Only the main conclusions of these
vestigations will be mentioned They aro described 1n dotadl i the
thesis of JoNEMAN (1967)

6x2per

' ' ' 1 I ] , Ll I 1

0 too 200 a00 400 500 m gec

Fig 1
8 Sup average resy gm Lght flashes rocorded in the left
occipital to ear lead Each trace 1n the average of 50 rosponses Flash
froquency 2 per 3 sec A primary pert mn the first 100 msee, & secondary
part between 100 and 225 msec after the flash and a rhythrme component
hed El ‘! in Figa 1-8 corresponding with

"10:20 gystem’

can be d
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250 meee
Fig 3
AVR recorded 1n  man, age 63, with a vascular lemon in the left parietal

rogion There was no hemnopsis The asymmetry 15 most marked m the
panetal region (JONKMAN, 1957)

shown that there are a number of parallels between the AVR and
the ordinary EEG At first sight 1t would scem nubhely that
anslateral lesions not affecting the visual system can give rse to
an abnormal asymmetry of the AVR However, in this respect
also there 1s correspondence with the EEG Local pathological
abnormalities 1t the EEG consisting of delta waves or spike
discharges are usually not associated with a disturbance of the
function of the corresponding part of the cerebral cortex For the
time bewng 1t 13 nat possible to mdicate what must be the nature,
Tocation and extent of & lesion 1n order to give rse ta a pathological
asymmetry of the AVR Perhaps exp Al physiol \|
research could prowide interesting data on this problem

So fas, the recording of average responses 1o hght flashes has
1ot yet provided an essential contnibution to neurological diagnosis
Ths appeats to be due partly to the fact that the abnormalties
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25 50 75 100 125 msec

g 2
Primary part of the AVR Samo dernvation
subject awake
«=+ + dunng slecp (JoNkMAN, 1967)

of the AVR, this proved to be associated with an asymmetry of the
primary part of the response and not with an asymmetry of the
sccondary part Theso findings have been confirmed by OosTERHUIS
et al (1969), who studied tho AVR i 30 patients with cerebro-
vascular lesions

Investigation of the average visual response to light flashes has
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of the AVR aro not speafic for the type or location of a lesion
Only with some vasculir lesions was the response diturbed
partieularly m the area of the leston (Ig 3) I'mally it must he
stressed that the method 1s expensiie and time consummg and
that 1t must be earried out by an experienced my estigator

Turther quantifiettion of the stimulus parimeters appeared to be
necessary Tollowing earlier mvestigations by D1 Lanae (19)9)
n which modulated hight was used to study fhicher fusion, VA~ DER
TwrrL (1961) mtroduced sinusordal modutation of hght tensity
as a stimulus for the recording of cvohed potentials With this type
of stimulus 1t 1s posaible to study the relationship between stimulus
and respense m a quantitatno way The average light mtensity
remams unchanged with diffcrent frequeneies and modulation
depth Morcover the vanations in hght intensity correspond more
with those of physiological stimul: The myestigations of VAN DER
TwrFL and SPIkRrtSF (1965, 1966) with tlus ty pe of stimulation
have shown that the complicated responses are caused by different
mechamsma which ean be distingmshed and separated Vorcover
some 1den was obtamed of tho sequence m which these mechamsms
occur The quantitative data which havo been obtamed appear to
clanfy how fast phenomena aro attenuated m early phases of the
visual system

With the same method Storm van Lecuwen and Kamphuwizen
and Mol have obtamned mteresting results m neurological patients
(vide VAN DFR TWrEL ef al, 1967) In our umt Ponsen studied
tho aerage responscs to stop varmtions of o constant average Iight
mtensity, the modulation depth as well as the average light
mtensity could bo changed mn different experiments The responses
to mcrease and deerease of hght ntensity were studied separately
In order to obtam reproducible results 1t proved to bo mportant
that the subject remamed well adapted, that there was no change
mn the background light, and that the subject remamed awake
with oyes open When these conditions wero fulfilled reproducible
responses wero obtained (Tig 4) This wasoven true for a modulation
depth of 2} %, a vanation m hght mtensity which could just be
pereaved, 1t also apphchto different derivations The average
responses to decrease of light mtensity were symilar to those
obtaned with increaso of ight intensity, but tho amplitudes wero
usually lower The averago responses obtamed n different test
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subjects were also sumlar at least for certam modulation depths
(Fig 8)

Also with this stimulus modality the responses were very sensthive
to variations 1 vigilance or conscrousness They changed in con
figuration and latency with drowsiness and sleep {Fig 6) When
the test subjects remaimed awake duning the procedure, changes m
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Graphs representing the relation between the modulation depth and the
amplitude of one gradient of the AVR m 5 normal young adults

Upper part  The drawn section of the AVR indicates the gradient, the
arophtude of which waa raeasured

Lower part  Each graph represents the averags of 2 separste experients,

For each modulation depth the average of 222 responses to increase of L I.

was deterrmned The heavy drawn line represents the average of the 5 other
graphs
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the degree of vigilance caused by different tashs only pave nse
to shght modifications of the average response (Tig 7)

Tho relation between the modulation depth and the amphtude
of the mam component of the av erago response varied from subject
to subject Tig 8 shows tlus relation for 5 subjects, together with
the average for these subjects as recorded n tho paricto ocapital
detnvation

So far the mvestigation has heen imited to 8 young normal
adults When the method has been sufficiently standardised and
the normal v arations are known the mv estigations will be cxtended
to neurologied) patients

The question arises a3 to which direetion these methods of
myvestigation should be deyeloped

Of course 1t 13 not possible to predict which new methods will
become avaulable to electro neurophysiology n the near future
At present 1t scems justified to state thet automatie analysis of
certun aspects of tho spontancous electroencephalogram or of
ovohed potentinls will movide nformation mamly on those dis
turbances of the bran which lead to erther local or else diffuse
synchromized changes of the clectrical activity of the cortex

These disturbances have been mentioned above

Recent developments seem to pomt in the samo direction In this
co mection the Contingent Negative Varation (CNV) or “Expect
ancy Wave” discovered by Grey Warrer and colleagues (19642 b)
should be mentioned They demonstrated that preceding an e\
pected sgnal a slow diffuse negative potential occurs with o
maximum at the vertex, particularly when the signal 15 to be
followed by an action Tlis CNV ean bo “conditioned” or “de
conditioned” 1 other words 1t 1s 1 smt1blo sign to study a certun
psychologieal attitude which Groy Walter has called “expectancy”™
The type of situation which leads to this expectancy does not
mantfest 1tself m the CNV The mvestigation of tlis phenomenon
seems to open perspectives for psychological and psychiatric
research 1n which the CNV can serve as & monitor Investigations
by Storm van Leeuwen on the correlation of certain types of
electrical activity of the cortex and of subcorticnl structures with
ce~tan behaviour patterns of dogs pomt n the same direction
Tho results of some of theso mvestigations will be deseribed by
Storm van Lecuwen in the subsequent communicition
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angography RISA 18 a macro malecular subrtance whach, dunng
the period of measrement remais almost entirely within the
Llood vesxels The gamme radiation 15 measured with the ;1d of &
somntiliation detector over the parieto temporal region and 1s
plotted on paper The curve obtalned shows a steep nse, a platean
and an exponential decreste (Fig 9) Therefore when platted on
semilogasithmic paper the phase of dechne of the radio activity
i3 & straght lme The time m which the radio activity decreases
to half of 1ts maxumsl value has been called by van den Berg the
Crrculstion Tyme, Descending phase 3 (TIPY) 1t 18 & far measure
for the clearance of the RISA from the intracerebral blood poal
With this method van den Berg studied approximately 200 patients
m whom casotid angiography was performed and established
criteris for normality and sbnormality, by correlating the CTD}
with the type and estent of the lesion Then with vav per Drrrr
and vaN pE¥ Bero (1967) we made n companson between the
EEG findings and the CTD} (Table 1) In general, there proved to
be a good carrelation between the seventy of the EEG abnormalities
and the degree of glowmng of the cerebral arculation However,
there were a number of mnteresting exceptions There was a small
number of ezses with matked EEG abnormabties and » noymal
cerebral erculation In particular there were 4 cases of encephalitis

Tasee §
220 t5ps gw GID 1 we
430 ] 3138 | 3950 | >50
1 o a8 a2 10
o 5 1n 13 5
mr 4 o 0 86

Correlation between degree of EEG sbnormabties sud cerebral blovd fow
&s determuied by sntra carotid imjection of RISA
CrDy 2}-3 sec  normal
31-38 soc  mildly sbnorma)
3950 scc  moderately abnormal
> 650 sec  Beverely abnormal
EEG typs I o or muld abnormahties
EEC typa II wmarked angjaters) Bbnormaktiey
EEG typo I severe distyrbances on ome &de with less marked ab
Tormalilies on the other side
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As has already been stated the application of various methods
of automatic analysis of tho LT'G has so far had little practical
mmportance for neurclogieal dingnosis Therefore other clmeal
neurophysiological methods which ean be applied to neurological
ptients are particularly welcome In the following section some
myestigations on the cerebral airculation will be briefly discuseed

3 THE MEASURLMENT OF THE CEREBRAL
CIRCULATION WITH
RADIO-ACTIVE ISOTOPES

Parallel to studies of T'azio and colleagues (1962 1963) Van DEY
Brra (1965) and Van pen Bere and VAN Drr Drirr (1962)
used radio active 10dine hnked to human scrum albumm (RIS4)
This substanco was njected mto the carotid artery followmg

ol L
o
4
1] T TR
Fig 9

2 44 yrs w th a deep tumor n tlo r ght panotal regon
Upper part RISA curves from night and left parioto tomp oral regon

ZLower part The same curves roprosented on a som loganth mic scale
CTD} = 4 scc on the right sde 2} sec on tho loft s de {normal values
24-3 sec)
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curve can be resohved into 2 mono exponential components (steep hine =
fast component other line = slow component) Fast 95¢¢/100 g/rmn, slow
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m whom mtoxication nnd disturbances of metabolism which are
not directly relited to the erculation were consdered to be
responstble for the I'T'G abnormaltics In these cases the FEG
provided better mformation eoncerning the cerebral disturbances
than the measurement of the cireulrtion

On the other hand there was a Iarger group of patients in whom
tho TLG showed DLttle or no abnormalitics but m whom there
was a marhed slowing of the cerebral areulation T'his group
mcluded munly patients with a primary chronie vaseular m
suflieiency and patients 1n the chrome stage after a severe head
injury In these cases we have assumed that the brun and partic
ularly the cortex had adapted to the dummshed ecirculation
probably mainly by atrophy This could bo demonstrated mn some
cases by pneumo encephalography

In this group of patients the mensurement of the circulation
provided o better picture of the cerebral disorder than did the LEG

LassrN and colleagues (1963) have ntroduced the measurement
of tho rcgional cerebral bloodflow 1 man with the aid of Lrypton 8o
or Xenon 133 which diffuse directly into the brun tisue When
one measures the radio activity m a corresponding way a curie1s
obtuned which after o rapid increase shows a gradual deerease
extending over minutes mstead of scconds as 13 the ewe with
RISA The descending phase can usually bo considered to consist
of 2 exponential components (Fig 10) a fast and a slow component
T he first one 1s considered to be mamly a measure for the bloodflow
n the grey matter the second one for tho bloodflow in the white
matter This method 1s hkely to give a better picture of the supply
of the mert gas at the level of the ganglion cells

At first Rrypton 85 was used which emits mamly beta Tays
and only a small pereentage of relatively hard gamma rays Moro
recently Xenon 133 has been introduced which has the advantage
of emitting almost exclusively soft gamma rays which makes 1t
posaible to measure moro locnlly than with Krypton A drawback
of Xenon 133 1s that 1ts half hfe 1s only 5 days in contrast with
12 years for hrypton 85

Both gases are exhaled directly through the lungs so that there
18 very little recirculation and the radiation doso 18 completely

harmless
In our hospital Krypton 85 has been used by JONKMAN VAN DEY
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the tumor itself, tan mve Tise 1o 1 sbunting of blood to the vens
( intra cerebral steal ) This can sometimes be demonstrated with
cerebral angiography (FEN\DEL and PEROT, 1965) In the curves
obtained with Aenon 133 n such caces there 1s a hugh mitial peak,
symilar to the one obtamed 1 c1ses of arterio yenous aneurysm
(Fig 11 van DER Drirr et ol 1968)

1t 1s hoped and expected that the application of thiy method of
mvestsgation will not only be useful for diagnosis but that it will

?l:|
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Fig 1t
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the tumny (of
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Brro and 1\ W\ D1 r Drirr (1068) 52 times for the mensurement of
the cerebral circulation m patients with various brun disorders
8o far there hns been no clear eorrelation between the location of
a lesion and values obtaned for the dufferent components of the
arculation curve ITo a certain extent thus could be evpluned by
tho fact that some lesions such s bram tumors for mstance can
either be assoctated with an merevse or with a decreaso of the
regional ccrebral bloodflow  However, 1t could be shown that m
prtients with focal lestons therc are larger regional differences
than in patients with diffuse disturbances Theso differences were
relatively small In eases of a umilateral space occupying lesion
grvng nise to a substantial displicoment over the midline as shown
by echo encophalography andfor earotid angiography the average
values for the arculation were lower than n the group of cases
without a displacement This ewn be expluned by the fact thit
the displacement 1teelf gives rise to a disturbance of the erculation

So far we have studicd the circulation in 6 patients with Nenon
133 Tho prelmimary results confirm the findings of HOEDY
Raswussen (1067) that with this 1sotope one can measurg more
locally and obtun a better impression of the regional differences m
cerobral bloodflow

Tt 18 possible to record sumultaneously with 16 channels over part
of onc henusphere In this way valuable mformation has been
obtaned on the flow m the region of acute cerebro vascular lestons
(Hocpt RasvussiN ef al  1967) It appews that there 1s often
maxima! dilatation of eapillaries owing to viso motor paralysis
The auto regulation of these vessels 15 Jost and the blood flow
dopends entircly on the difference between the arterial and venous
pressure 1 e on the bloodpressure Vaso dilator drugs hay o thereforo
no mfluenco on the blood vessels 1 the affected aren and when they
eauso a fall in blood pressure they may even have an adverse effect
on the crculation m the 1schacmre leston

As tho uptahe of onygen by the dvmaged tissue 1s dimimshed
oaygenated red blood may reach the vems oven if the Jocl
bloodflow 18 normal or subnormal This has been ealled * luxury
perfusion by Lasscy (1966)

The method described can also provide interesting mformation
on disturbances of circulation caused by bramn tumors

Vaso motor paralysis Dbut also the abnormal vasculansation of



RECENT DEVELOPMENTS TN CLINICAL WEURCPEYSIOLOGY 177

van radio actieve 1sotopen Acad thess, Leiden J J Groen en Zoon
1965
--L. crlJ H A. VAN DER DrIFT, of the cerebral i
wth radio actnne wotopes In  Der Hunkreslauf in Forechung und
Kk (I Internst Seleburg Symposam) 156-164 (1262)
Berorr, H , Uber das Elek )l des hen Arch Psychiat
87, 521-510 (1929) . I
CroAneR, L, Do p
Yichen Hirnrinde Vydavatel stvo Slovenskey Akademe Vied, Bratislava,
152 (1981)
Coorem, R, & L Wrvres, H J Crow and W G WarrER, Companson of
subcortical, cortical and scalp actwity using chromically mdwelling
1 dos i man ph cln N 1 18, 217228 {1983)
Dawsovy, G D, Cerebral resp to electneal tion of peripheral
nerve 1n man J Neurol Newrosurg Psychiat 10, 337-140 (1947)
parer,  H A AN pEE, N K D hor, D vay ppv Bred and E J

JovRAAR, bral steal 1n ceteb lar occluson, vascular
" snd Fourth posiuz of the
rentarch grour A aamehe 3 et ey

Fazio,C, C Fresc "
de la cireulat
Rimh (I Intemmat Salzburg bymposwurn) 194-212 {1962)
wnd , Direct common varoud mjection of yadio
1sotopes for the evaluation of cerebrsl eirculatory disturbances
Meurology 13, 561574 {1963)
FriveL, W and P PErOT, Red cerebral veins A report on arteniovenous
ghunte in tumors and cerebral sears 3 Weurosurg 22, 315-325 (3985}
HoepT Rawvssen, K, Regonal cerebral blood flow 'The intra artenal
wyecton method Munksgeard Copenhagen 81 {1967)
——— E Sgivios, O Pavisoy, ¥ Ewarp, J K. Bireruy, A FAHRES
xRvE and N A Lassex, Regonal cerebral blood flow sn aeute apoplexy
The * Luxury Perfumon Syndrome™ of bran tissue AMA Arch
Neuro] 17, 271 281 (1967)
HUGHLINGS JACR90N T Solantad et « o ~
convy
Joveuaw,

A Bt | . s Sunjetls snd neutological patients Acad thems,

Amsterdam, (8t Ussuls khuek, W assenasr, Holland) (1957)
D vax pe¥ Bexe and J H A vax pen Drrrr, Mstmg van de

regionale cerebrale eirculatie met radio actieve 12otopen (with summary
i English) TNO.-Nieuws 23, 415-448 {1968}

Laxoe, H pE, Research mito the dynamue nature of the human fovea
cortex systerny with mtermuttent and modulated hght, Tand IT J. Opt.
Soc Ao 48, 777-789 (1958)

Lasszv, N A, The Lusury Perfusion Syndrome and 1ts possible relation
t(?;;uu,n&)mzmbohc acidosa lovalised within the bran Lancet 1113-1115




176 0 MAGNUS

provide us with better information on the pathophysiology and
pharmacology of the brun creulation There 1s no striet paraliehsm
between tho results of the measurement with RISA and those
obtamed with Krypton 5 or Nenon 133 A companison between
the results of theso 2 methods should prov ide additional information

Correlation of theso findings with the CEG recorded at tho rame
tumo should furmsh interesting results concerning those EEG
abnormalities »Iich are caused by disturbanees of the crculahon

SUMMARY

Somo Imutations to the improvement of the contnbution the EEG can
make to tho logies! diag are d d The man factors appear
to be
1 Only thoso bran disturbances which give nise to abnormahty of syn
chromsed actiaties of largo niuron populationy of the cortex can bo
recorded
The LEG data do not lend themsclives castly to quantification
At tho timo the E1 G 18 recorded thero 1s often insufficient information
on the exnct type location and extent of & bram ! sion

(X5

In tho first part investigations concerning the average visual responso to
Lghtflashes 1n 26 normal subjects and 130 logieal patients are discussed

Some findings on average responses to stcp vamations of & constant
average hght mtensity in normal subjects are reported Responses to inereaso
and decrease of hght intensity havo been deseribed separately and compared
Tho correlation betw cen the modulation depth and the amphtude of the man
component of the response has been studied Problems concerning tle
application of theso methods to clinieal neurology are discussed

In the sccond part invest 3 the cercbral crreulation with
the mid of intra carotid anjection of RIS\ hrypton 85 and Nenon 133 are
reported The correlation between the CTD§ which 1s a measure of the
clcarance of RISA from the ccrobral bloodpool and the degrec of abnor
mality of the EEG recorded m the same period, has been studied The
categories of patients in which thero appears to bo a diserepancy between
the ELG and the ccrebral cirenlation, s studied by RISA, aro brefly
discussed

The importance of the application of diff clinseal physiological
methods and of tho ntegration of the results 13 stressed
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ELECTRICAL ACTIVITIES
OF THE BRAIN AND BEHAVIOUR

BY

W STORM VAN LECUWEN

One of the first people to make an attempt at a systematie
detailed mvestigation of the nervous system was Shernngton
He restricted Tus savestigations to 1 system which 15, or appes
to be more simple than the bram, nowely the spinal cord This s
not the place to enumerate the beautiful experiments which led
m finaly to fus concept uf the mtegrative action of the central
vervous system For the present 1 will suffice to remember that
Shernington understood very well the mteraction taking place
betseen cells Though s medel was simple, for he was thinking 1
comparatn ely small numbers rather than in Inrge masses of cells,
1 neverthieless rematns essentially valid Ita wmportance 13 the
snfiuence one cell has on another outaide the direct transmussion
of action potentivls Sherrington’s central exertatory state and
central mhibitory state are stil vahd concepts In Sherrngton’s
tie the refation between these states and dectrical phenomena
h1d nat been proved, but obviously husstat directly comparabl
to the present concepts of excitatory and mhibitory synaptic
potentials The main smignificance of the concept 19 that at the
synaptic level a process takes place which does not fpllow the all
or none charactenstics of the impulse transmitted along the peuron,
but syhuch 19 comparable to an analogue sy stem, gradually accumu
lating or decrensing as e<atatory or inlubntory processes eate in

agnus extended the work of Shernngton by weludeng the bram
stem in Wis investigations Thus rather than mvestigating only the

spinal reflexes a8 Shernngton did, Magnus mvestigated the more
tomplex mechamsme volved

MNagnus's eollaborators 1

1 the mamtenince of posture

ademaler and Do Kieyn ineluded 1n these
o



178 U MACNLS

Lassrn, N A, K Horor Raswssuy, § C Somexsen, E Sknkoes §
CrowqursT, B Bopronss and D H Inovar, Regonal cerebral blood
flow 1n man determmed by Kry pton 85 Neurology 13, 719-727 (1963)

Maonus, R, “Korperstell ' Dxper 11 phy 2101 he  Unter

uber die 1 ber der Korperstellung in Tatigket
tretenden Reflexe, uber thr Zusammenwirhen und shre Storungen

Berling J Springer, 113-131 (1024)

and A pr Krrow, Die Abhingighert des Tonus der Fxirumitaten
Muskeln von der Kopfstellung  Pilugers Arch ges Physiol 143, 455-548
(1012)

MagwusQ,J H A vaNprR Drirrand D 1N prv Bera, FEG and ecrebral
circulation, 1s0tope techmque In L Widén (I'd ) Recent advances m
clinteal neurophysiology  Tleetroenceph  chin Neurophysiol  Suppl
25, 107-110 (1967)

Oostrruurs, 11 J G I, I, Povsrn, F 7 JonkMaN and O Macyus
Tho average Vvizual response m patients with cerebro vascular diseast
Electroenceph elin Neurophysiol In press (1969)

Prapirip, W oand H Jasrer, I pilepsy and tho functional anatomy of the
human brain Boston Lattle, Brown and Co (1954)

Srraneist, H, Analyms of EEG reaponscs in man evel ed by sine wase
modulated Iight Acad thests, Amsterdam (1966)

and L H yaN prr Twrir, Lineanization of evoked responsed to
#no wave modulated hght by nowso Naturo 205, 903 (1960)

Storst vaN Lrruwin, W LEG synchronio cn gedrag Inaugural feeturc
Utrecht (1968)

and O Maavus, La signification do pnalyse automatique de
1'électro encéphal pour lo diagnostie clnique  Rev  Neuro!
104, 401-418 (1961)

Tweet. L H VAN DLR, Some problems in viaon regarded with respeet to
lincanity and frequency responsc Ann NY Acad Ser 89, Art D
820-856 (1061)

~— _ H A C Kaminuvizes, J Moy, F H Lorrs ba Sitia and W
Sronm VAN LFPUwry, Symposium on the nse of sinusoidally modulated
light for the study of visual mechanisms m normal subjects, patients
and ammals (dog) Electroenceph ¢hin Neurophysiol 23 586-5687 (1967)

and H Srenreysy, Visual esoled responses In The chimeal valuo
of eleetroretinography (H HeNkrs and T X vaw prr Twest Ta)
Iscrro symp Ghent 83-94 (1066)

Warrer, V. J and W G Warrer, Tho cerebral effects of rhythmuc sensory

jo

ph cln phystol 1, 57-86 (1949)
WaALTFR,W G V J Arpnipge R Coorrr, W C Mo CarrvvandJ CoxeN,
L'onigine ot la fication de !onde oxy o Rov Nourol 111,

257-273 (1904a)

. R Coorrr, V J Arnriber, W C Mo Carrumand A L WINTFR,
Contingent negative varnation an eleetric sign af sensor motor 83s0
ciation and expoctancy in the human bramn Naturo (Lond) 203,

380-384 (1004b)




BLECTRICAL ACTIVITIES OF THE BRAIN AND BEHAVIOUR 181

1 Radio telemeterng of electrical actimty By means of this
method electnical activity ean bo recorded 1 subjects which are
not connected by cable ta the recording apparatus and thus can
move about freely

2 The mtroduct of electrod dvelhng chromeslly
bram structures

These methods can be applied mn ammals and exceptionally
also 1n humans the latter method mn the case of patients suffering
from a bram affection necesutating the introduction of depth
electrodes for diagpostie or therapentic reasons

3 Analyms and quantification of the electrical bramn phenomena
and of behavioural aspeets by means of computers

By means of these developments a form of Laion may be
engendered between mvestigations of electrical phenomena of the
bram and behaviour In so-domg we should realize however that
the two probably do not often comeide precisely but only overlap
The reason for this 13 that with our recording electrodes the over all
average activity 1s derived from a number of cells and those which
happen to be near to the electrodes mfluence them more then others
which are further anay The spatial representation of these cells
may not be the same as the spatial distribution of the cells respon
sible for the behavioural aspects The latter moreover may be
mfluenced to a great extent by cells located at a considerable
distance from the recording electrodes

The present communication 18 restricted to EEG radio tele
metening and implantation techmigues carried out m dogs with
the aim of studying relationships between electrical actinity n
various bramn structures and the ammals behaviour

The electrodes were placed on various cortical and subcortieal
structures Of the latter the following structures have been parts
culatly studied amjgdalar nucler hippocampus lateral and medial
gemiculate bodies medial thalvmie nucler me<encephalie reticular
formition and olfactory bulb structures Usually 36 electrodes
were introduced mto the bramn and connected to a plug fixed on
the animals cramum In most ammals 1t was possible to record
:;-ru:mi;‘:a (:1[ }:Jne jear o; more The electrical activity was
o undymme:ms ;‘ ‘:x small transmitter placed on the
Intially 8 sgnals “e:m?ﬂ et oo eho plug on the head

o transmutted sumultaneously but recently




180 W STORM VAN LECUWEN

myestigations tho action of the labyrinths and the cerebellum
Rodemaker was particularly imterested n the bramn stem nucler
and the mfluence of cortex on these nucler

Al these mvestigations were carried out mamly by means of
experiments 1n which part of tho central nervous system was
extirpated and the effect of the cxtirpations on behaviour was
studied m comparison to the behaviour before the operation

Tor these investigators 1t was mmpossible to study electrical
actnvity of the brain because the studies were hampered by practieal
difficulties

1 Tho apparatus was such that recording could not take plee
i freely moving ammals thereforo the anmmals had to be an
acsthetized and most of the data presented up to the Second
World War was obtained from anacsthetized ammals or ammals
under other unphysiological conditions

2 In humans in the large majonity of nvestigations the re
cording olectrodes had to be placed on the intact sealp Only
exceptionally was 1t possible to place recording electrodes directly
1n contact with tho brain In humans also the recording apparatus
did not allow recording duning movement Though the subjects
did not have to be anaesthetized they were novertheless tied toa
couch or a chair by means of the connecting wires to the appiratus
Therefore 1 human subjects tho behavioural possibilities wero
also restricted

Thus comparatively httle rescarch has been carried out nto
the relationship between eloctrieal activity and behaviour A very
largo number of investigations has been carred out nto electrical
actvities of the bram of larger as well as of smaller structures and
of thoe brun umt the neuron In addition a largo number of
vestigntions has been carried out nto the behaviour of singlo
animals of ammals m groups and of wmmals n colomes The
specialisation has been conducted to such an extent that the
electroncurophysiologist scarcely hnows or understands the work
of the behaviour mvestigators the ethologist the ccologist tho
psychologist and the psychiatnst

Because of the above 1t 1 advantageous that m tho last decade
methods and techmques have been deseloped enabhing us to study
eloctrical activities m freely moving individuals human as well as
animel Theso developments concern particularly
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1 Radio telemetering of electrical activity By means of this
method electneal activity can be recorded m subjects which are
not connected by cable to the recordng apparatus and thus ean
move abont freely

2 The introducion of clectrodes dweling chromcally 1n
brain structures

These methods can be applied m apmals and exeeptionally
als0 1 humang, the latter method 1 the case of patients suffening
from a bram affection necessitating the introduction of depth
electrodes for diagnostic or therapeutic reasons

3 Analyms and quantification of the electrical brain phenomena
and of behavioural aspects by means of computers

By means of these developments a form of haicon may be
engendered betwetn 1nvestigations of electrical phenomena of the
brun and behaviour In so doing we should realize, however, that
1he tno Probably do not often comude precisely but only overlap
The reason for this 1s that with our recording electrodes the over all
average actinty 13 derived from a number of cclls and those which
happen to be near to the electrodes nfluence them more then others
which are further anay The spotial representation of these eclls
may not be the same as the spatial distribution of the cells respon
sible for the behawviouraf aspeets The latter, moreover, may be
mfluenced to a great extent by cells located at a considerable
distance from the recording electrodes
The present communication 13 restricted to EEG, radio tele
2 and 1mpl h cared out n dogs with
the mm of studying relationships between electmeal activity m
vanous bram structures and the ammals® behavipur

The electrodes were placed on varions cortical and subcortical
structures Of the latter the following structures have been partt
cularly studied amygdalar nucler, ippocampus lateral and medjal
geniculate bodes medial thalamic nucler mesencephalic retieular
formation and olfactory bulb structures Usnally, 36 electrodes
were mtroduced into the bram and connected to a plug fixed on
the sxwmale’ cranoume I most aimals i was poss:‘b]euto record
OVLr & period of one year or more The electnical activity was
:::lotinn-mnued by means of a small transnutter placed on the
3 ks back and connected by cable to the plug on the head

mtally § signals were transmytted simultaneously, but recently
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an apparatus for transmission of 16 channels has been descloped
and put nto action

The anmals’ behaviour was evaluated by recording = verbil
report, by taperccording televised pictures and by recording other
brological phenomena (heart rate, ¢y o moyements, tail movements
cte)

In this way clectrieal aetivities in various bram structures
have been obsersed wlich aro clearly related to behavioural
activity  These electrieal activities are charactenstie,

a for their frequency or wave duration,

b for their localisation n certamn brun structures,
¢ for thar form and

d for therr reactivity m rclition to behaviour

Tor these reasons — n analogy to termmology used chmeal
clectroencephalogr iphy - these activities have been named  speerfic
activities” Altogother 11 guch speetfic activities were distinguished

Some of these specific activities observed m dogs arc also hnown
i human electroencephalogriphy  Others have not )et been
obscried m man mamnly perhaps beeause some of theso activities
occur m brun structures whose eleetrical activities do not appear
at the sealp

It 15 of importanco to moention here that some of these specific
activities exlibited mutual relations These relations were of two
forms, the one was enlled ¢ comeidenco™ and the other “‘alternation”

Cowncrdence 18 used to mdicate that some of the speeific activities
often occurred at the samo time

Alternation 1s wsed to mdicate that some other specific activities
rarely ocourred at the symo time 1f the one was present tho other
was not and wice rersa

Apart from studying tho spontancous activities, responses to
ropetitive sensory stimulation were also exammed One of the
observations derived from this exammation was that i some €568
relations eusted botween some of the speeific activties and the
responses to sensory strmulation

In tho following account a few examples will bo presented of
gpecifio actiyities, their mutual relationships and their relationship

to ovoked responses
Lambda warces, are 1solated waves with a duration of approxim
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Fig 1
18 re d

of theta rhythms at 5-6 efsec

12 hippocarapus (R~2 and R-3) and lambda waves m visual cortex (R-9)

whilo log was walking outside m the sun searching for something i the

rase (B 18 R-19 are medinl thalamue structures R-22, B 23, ventral

bippocampus and R-16 olfsctory bulb) Calibration 200 #¥, TC = I sec,
HF = 70 efoee

Ay LU0 ser oReaming 1 e isush wrkex when dbe dog v
mahing eye movements wiule 1n brghtly it surroundings (Fig 1)
Some of the lambda waves were monophane, others biphasic
Kot all eje movements were accomparued by lambda waves The
most pronounced lambda wases occurred when the dog appeared
to be looking with anterest, as for example when walking ontside
m the grass or searchung for something

Ihppocampus theta rhythms are rhythmic waves at 56 cfsec
oceurring 1h various parts of the hippocampus when the dog was
alert or when 1t was walking and particularly when 1t way walking
to a speerfic goal On some occasions the frequency & cfeec pre
dommnted ot others & efsec If Sor example, the dog was runmng
after a hall or a mece of meat which had been thrown away, the
frcquency was 6-7 ¢fsec when 1t had canght the bl or the meat,
and walhed away the frequency dropped to 5 cfsee (Fig 2)
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A A
P
P T
;A\_)"Lt Fig 2
!Jn\x Series of 18 suceessn o frequency speetra of hppocampus
thetathy thman dog  Analyars period § gce total duration
j:‘»k,.\& therefore 9 see Tach spectrum consists of 20 frequencies
M between 2 and 32 efsec {seo lowest spectrum) At A dog
fooked at meat, dominant frequency was 5 ¢fsce At B
jf‘\r’\r\”_ meat was thrawn and dog Tuns after i, domunant
< !"‘\"'\«— frequency shifts to 7 and then to 6 ej~ec At C dog eanght
meat and ato 1t At D dog returned dommnant frequency
M was 6 ¢fsec
D o

®
E

Hippocampus theta rhythms and lambda waves often occurred
at tho same time These two phenomena  therefore, often conaided

g 1)

Irregular 10-20 cfscc actwity 1n amygdala

This speaific et tty consists of wrregular waves at frequencies
betneen 10-20 ¢/sce mn amygdalar structures and occurred 1f the
dog was smiffing This actn 1ty did not ocenr on all occasions when
the dog was smfling but only if at the sumo timo no lambda waves
woro present The irregular 10-20 cfsev activity m oy gdala and
the Tambdn waves therefore oxhibited the Pphenomenon of alter
naton” (Fig 3)

Responses eroked to rhythme phohie stunulation
In many dogs, responses evohed n varous structures of the
vsunl pathway were very vanable The vanalahty put was
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associated with the dogs’ condition but n some cases 1t appeared
to be related to a spearfic activity TnFig 4 responses to cantinuous
thythmie hght stimulation at 28 ¢fsec are shown in various areas
of the visual cortex and m the lateral gemeculate body For no
apparent reison, at one moment the responses m the cortical
denvation R-12 increased i smphtude while they decreased n
the neighbouning cortieal dertvation R-8 In the Istter lambda
waves accurred prominently It was observed that m the period
of increased response ;n R-12 each lambda wave in R-9 was
panied by a short d of amphitude 15 R-12 This
was also d many tumes, 1 various other
dogs and 1t wis concluded that alternation otcurred between
lambda and visual evoked responses 1n some cortical areas
On the bass of these and ather observations the impression was
formed. that the speaific sctwmibies tepresent o Mt W whuth
certain bramn struetures exist This state may correlate with a
certamn form of behaviour and may represent the condition necessary
for the development, of this behaviour
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5 CLOSING REMARXS . . . ¢ v ¢ v« o«
1 INTRODUCTION

11 ScOPE AND LIMITATIONS

This paper wall deal with certan results and views which arc

based on our lahoratory’s rescarch ovor the past five years, research

which, 1t 13 hoped, has made some contribution to the continuing

search for improved drugs for the control of inflammatory disorders
188
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Ya thus context the reader 13 reminded that the therapentic value
of sume prototype ants inflammatory drugs (eg aspirn, poenyl-
butazone, corticosterold) was first established by clincal empinicism
eather than by well conudered research on ammals, even today,
following, 1oany years of successful expenence with such prepa-
rations i human therapy, the pharmacologists are still trymg o
find the best correlating experimental models, which may serve
a3 tools for understanding the mode of action of anti inflammatory
druge end w due conrse may provide more effictent approaches
to the synthests and sereening of new compounds for this purpose

Durng o study of recogmzed ant inflammatory drugs, even in
farly sunple expertmental designs, the pharmacologist is still
frequently faced with puzzhing questions some of which, encountered
during rescarch over the past five years 1n ths laboratory, will be
aited 1n these pages Restricted though the seope of this paper may
be when compared with the whole field of ant1 inflammatery drag
research, no attempt can be made to give full coverage even of this
aspect, the present paper 13 therefore ittle more than a composition
of capita selecta A few not entirely substantiated generahizahions
will be unavoidable Many results o be discussed here have alresdy
been published elscwhere, but others have not 3Methodologieal
details will be omitted, 50 a4 to restrict the length of the paper

12 TerMINOLOGY

For insders in thys research field, ant1 mflammatory agents com-
prise an unambiguous class of drugs Yet if we consult a eorpre-
keastee and widely approved textbook such as Goodman and
Gimans Phar logical Basws of Th 105", we shall search
m van w the Subject Index for the term ant mfammatory

This apprrent contradiction deserves some consideration One
could simply assert that an anti infk: ry agent is a
whuch erther in experimental models or 12 ehnucal use pPrevents or
counteracts inflammation The latter however 15 a dyname process
rather than a y cond since the mflamed site under-
Bes continuous changes and so far there 15 no single drug known,

which m ammal experiments can antagomze all phases of the
inflammatory resction

There are qute 4 few drugs hnown,
classes (depressants and stimulants of &

belonging to a varety of
be CNS, MAO jnhbitors,
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hypotensive agents, smooth muscle spasmolytics) which have been
reported to counteract certain types or phases of cxperimental
inflammation in ammals, though these drugs have no antim
flammatory value m clinici! use The majonty of drugs currently
described ns non steroidal ant nflammatory agents have so far
scarcely been used for controllng inflammatory disorders other
than arthritic and related conditions By contrast, the antim
flammatory corticosteroids are used with increasing frequency i
inflammatory diseases m such fields as dermatology and opthal
mology It thus appears that whie the term anti mflammatory
correlates fairly well with chmeal usefulness as far as the sterodil
agents aro concerncd, 1ts use with respect to non steroidal drugs
1s more or less hnuted by custom to antirheumatic agents It 1s
also striking that while anti mnflammatory steroids belong to a
single, though broad chemueal elass possibly also having a common
mode of antt inflammatory action and differing mamly 1n potency
or side effects, the non sterordal ants inflammatory drugs comprse
a number of chemically unrelated compounds and 1t 15 a much
disputed question as to whether they have a common mechamsm
of action With these considerations in mind the omission of the
term “ant1 inflimmatory” as a textbook Subject Index term secms
to us justifiable for the time being As far as the reserch field 1
concerned the term 15 as vague as 1s our knowledge to date on the
drugs which 1t covers Whatever the renson may be for using this
term, for the present wo have no better substituto for 1t

In this paper the expression non sterowd ants tnflammatory drug
will be applied to compounds which counternct 1n experimental
mituations one or the other component of the mflammatory reaction
and which 1 addition have chimeally recogmzed value as antt
rheumnatic agents in the broadest sense of the latter term

13 Timl cHOICE O MICROVASCULAR LELSIONS IOR THIS STUDY

A long establiched difficulty 1n the animal study of ant1 inflamma
tory drugs 1s the fact that these agents do not mn the healthy
orgamsm exert effects wlich are at the present stato of Lnowledge
clearly related to their therapeutic use Thoirr tn vito pharma
cologreal effects 1n healthy animals are often towic mamfestations
where they have effects ather than toxic ones we so far have no
means of detecting let alone of measuring such effects Though
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i the past few years some mvestigators have concluded that effects
n certam bioct 1 systems (e g pling of oxidative phos-
phoryltion, stabilization of protewns towards heat coagulation)
are well correlated with cimeal anti mnflammatory effects, these
statements have not yet been convinengly substantiated There
15 thus an undensable need for the use of appropriate amumal models
of inflammation Indeed, one of the crmual guestions 1 this area
of pharmacology 18 whether sn exper tally induced
tion 1 faet provides adequate simulation of the pathophysological
events underiying the chmea) disorders Ae tus need has long been
recognized by pharmacologists, 1t explams thewr many efforts to
produce such modefs, many of the existing nfiammation models
have been T Iy developed by ph logists rather than by
expenimental pathologssts For the same reason pharmacologats,
though not primarily interested m explormg the mechanism of
wflammation, have provided essential cantributions to this end

Inflammation 18 a process composed of 8 Jong sud even ramulying
geries of events For practical reagons 1t 1s important to find »
reasonable muddle road between selecting a mode) representing too
narrow an aspect of inflammation and one which mimics a broad,
random sefection of inflaramatory changes There 13 an acute and
ehrone phase of mflammation In the early phase the events have
much 1n colnmmon, irrespective of the nature of the noxous stymulas,
wherens o greatet \amance in the response may be cbserved in the
delayed phase Redness, heat, plasma exudation, primary pam,
white blood cell and Iy Jocal ha hag
dominate the acute phase, while cell debris accumulation, Sbroblast
proliferation depasition of eollagen fiber, tissue shrinhage, partal
necrosis, secondary pain {due to urgﬁn deformity) and total repair
may all occur m the chrome phase The early response 13 sometirnes
termed the vascular phase and the late response the cellular phase,
thaugh otbers (SrecToR and Wrtrorewrey, 1963) diseriminate even
within the scute event between an exudative and & cellular phase,
clearly meanmg thereby that white blood cell migration represents
» Tnechamism separate from the reat

Simee however the lymphocytes are garded as cell
of\he Soroblasts IDewovz, 1965}, we may well consider the cellnlar
phase of the carly response a3 a tranationsl stage 10 the late
response, the whute blpod eells beng the connecting link  AJl other
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phenomena 1n the acute phase can be explamed on the basis of
loeal vascular alterations, these being partly himted to functional
changes but also involving certamn structural alterations It thus
seems Justified to say that microvascular disturbances oceupy &
central position mn the mechamsm of the acute phase m the m
flammatory reaction and 1t was for this reason that we took thee
disturbances as the target for our studies

As the vessels at the inflamed site may undergo a vanety of
changes, 1t was thought appropriate to classify the studies according
to the severity of the lesions Therefore the investigations presented
were performed m experimental situntions which more or less
reflect different degrees of vascular response as follows

1 Erythema, the first and ocensionally the only esternal sign of
inflammation The local vessels are cilated without any gross
change 1n structure and without major flud leakage

2 Qedema being the exudative mamfestation of mflammation
There 1s a local hy drostatic imbalance and the vessel wall —be
1t blood or Iy mph v essel - may undergo such changes m structure
as to allow flmd leakage

3 Haemorrhage which s known to accompany a variety of allergic
inflammations The changes of the vessel wall together with
destructive alterations in the pern aseular ground substance are
of such degree that not only fluid but erythrocstes lesh out
as well

The pharmacological aspects of the phenomena as shown above
w1l now be discussed m that order It will be seen how our pre
occupation with mvestigating ant: mflammatory drugs may also
contribute to a better understanding of mflammation itself The
omphasis will be laid on non steroidal ant: nflammatory drugs but
for the sake of comparison other agents will be discussed as well

2 ERYTHEMA

21 LIMITATIONS OF KNOWLEDGE ON FACTORS
GOVERNING ERYTHEMA
Redness of the shin as an early manifestation of inflammation
and resultng from local vasodilation 1s readily observable mn the
human skin but in ammmals factors such as hair coverage and
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colour of the shan have lmited the use of this phenomenon to
albino rats and gumea pigs For practical reasons we speak mostly
of Tocal vasodulation as the cause of erythema, one bas however
to realize that in fact the nutnent arterioles and the effluent veins
msy be chlated tatber thon the capillames (ZWEIF4CH, 1965)
However uncomphcated the mechanism of erythema appears, the
means to produce 1t 1n animals are few There are, natutally, plenty
of agents winch can nduce hyperacma, but only a few of these
cause & reaction hmited to erythema withont accompanying merease
of capillary permeabiity A vartety of chemieal matenials, - such
non speaific irntants as eroton orl or xylene, vesicants, physiologmeal
mediators ineluding histamine or bradykimn — either when apphed
topreally onto the shin or mtradermally mnjected, will for example
canse erythema, anfortunately, 2s mdicated by dye extravasation
techrques, plasma exudation due to permeabihity increase occurs
smultaneously with the hypersema By contrast, when erythema
was caused by exposing the skin to ultraviolet {(UV) wradiation,
a sunultaneous skm blueing test was reported by onginators of
the method to be negative (Wrvper ef al, 1858) At a certain
stage of the work 1n thus laboratory, some doubt arose as to whether
the reaction of the guinea pig skin to UV wrradiation 1s indeed
himited to vasodilation without permeabshty changes and hence
a few expeniments were performed to check the Tesults of others
We observed entiwrely confirmmg Winder's d b that the
Evans blue test was negative 2 h after wradiation, but at the
delayed time pownt of 24 h there was definitely observable dye
extravasabion fance ot 2 h the erythema 1s at 1ts maxmam and
d this 18 the ly vsed dard powt i time for
establishimg drug effect in ant: mflammatory testing, we may accept
the statement that the UV erythema test 1s, for the known expen-
mental mtuations the purest measure of the vasodilator event of
inflammation There 1s anly one chemical srmtant Lnown, namely
thurfyl nicotinate (tetrahydrofurfary) nicotinate), which 14 reported
to cause a rexction i many respeets mmilar to that induced by
VY wrradiation [Harnae 1963)
Except far the observations deseribed above,
work has been devoted to expl

astomshingly hittle
g the finer physwlogeal back-
ground of the UV-erpthema reaction The pauaty of pubheations
on this aspect 19 particolarly striking when compared to the tre~
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mendous efforts oxpended m exploring the mechamsm of other
inflammatory models currently used 1n pharmacology The fact
that no change in permeainlity but only vasodilation oceurs at
the early time pomt after UV irradiation 1s an argument in fayour
of tho assumption that in this crythema of the gumea pig no major
role 1s played by hiberation of such mediators as e g histomne
plasma hinins  serotomn or leucotasin since these are known to
cause merease of capillary permeability These mediators may at
best bo responsible for the late permeability response mn ultraviolet
injury  Unpublished studies m this lnboratory have shown that
guines pigs were not rendered unresponsive to UV irradiation wlen
they were treated with compound 48/80 polymy xine B or reserpine
1¢ agents 1 nown to deplete lustamme and scrotonn stores No
attempt was however made to determime by histochemucal or any
other means whether the stores of the ammals were ndeed com
pletely discharged The releasc of Slow Reacting Substance (SRS)
by UV mjury 15 a possibility as 1t has potent effects on smooth
muscles (obviously mvolved 1n vasodilation) 1t does not mncrease
vascular permeability 1n the guinea pig (SeFeror and WILLOUGHTY
1962 Zwrrracn and NaoLes 1961) though 1t may do so wn the
rat (Vargaftig unpubhshed) and evidence 1s accumulating for 1ts
bemng an mflammatory andjor allergic mediator

It appears that there 18 & rend need to mveshigate more exactly
which mediator 1f any 1s released after UV iradiation so as to
cause the hyperacmic response This would not be an ecasy tash
1n view of the difficulties involved 1n extraction and bioassay UV
hght 1s reported to eause lysosome disruption n titro (WEISMANN
and DineLe 1961) but whether this oceurs in the hving gumnes
pig <kin 15 unknown Inzymes involved m glycolytic and ovdative
processes have recently been thought to play a role mn the v
erythema of gumea pigs and inhibition of these enzymes was found
to be correlated to antiery thema action (G6r6G and SzrorNY 1964)
The latter conclusion has been critieised (WiNTER, 1966)

22 PHARMACOLOGICAL INHIBITION OF ERYTHI'MA

UV erythema was imtially used for pharmacological studies with
rats but this species 1s not very prone to display the hyperaemic
response and Wirnersr (1950) therefore ntroduced albmo gumea
pigs for the purpose The method used on gumnea pigs wis con
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siderably 1mproved by WIxDER (1958), who made & patticularly
thorough study on 1t His method has obtamed wide acceptance
and 12 used 1n a proctically unmodified form n this laboratory
as well The omgnal deseription 18 exceptionally good, so that no
dufficulty 1n reproducing 1t 18 encountered and expenence here over
a couple of years showed that even without the use of a large
number of amimals 1t 15 easy to obtein dose dependent results For
a proper understanding of the data to be disenssed 1t must be
emphasized that no drug has ever been deserbed ss having the
ability, when admimstered after induction of the erythema, of
rever<ing 1t, and even when the most active compound 1s admins-
tered prior to irradiation, a fully developed erythema will inevitably
show up at the 24 hour time powst The whibition due to & deug
18 easy to establish when the erythema 1s rated 2 hours followmg
the irradiation In other words, drugs ean delay, but not block or
eliminate 1e “cure”) the erythema
The originators of the test (WrxDEP ef af , 1958) found that of
more than & hundred chemseal agents studied (wcluding anti-
histarmines, drugs acting on autonome and central nervous system,
ACTH and anti infl 'y cor ds) only pyrine,
pheny lbutazone, salicylates and some eincopheng delayed erythema
development 1n non tovic doses Tt was stated that the test can
i lly predict 1 actinty of dal agents
We have results which indicate that the interpretation of the
results obtained with this method may need revizion As seen from
Table 1 the four non steroidal ants mflammatory drugs (lsted at
the beginning of the Table) possess erythema mhybitory activity

1 doses which are low a3 compared to those required m the -
flammatory oedems asiav

Tn addition there 13 no major discrepaney between the potency
l;‘anccmmg erythema inhibition and anti theumatie value of these

l’\lgq

We do not know however by which mechamsm these agents
counteract the erythema response and one cannot rule out the
Posabibity that the correlation with the climeal afaet 1o —nn 1=

\
e
'

ws elw it 1o produce 1ntracranial vasoconstrietion
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mendous efforts expended m explaring the mechanism of other
inflammatory models currently used in pharmacology The fact
that no change m permeability but only vasodilation oceurs at
the early time point after UV irradiation 1s an argument in favour
of the assumption that 1n this erythema of the gumnea pig no major
role 15 played by hberation of such mediators as eg histamne
plasma kinins, serotomn or lencotaxm, smee these are hnown to
cause increase of capillary permenbility These mediators may at
best be responsible for the Iate permeability response m ultraviolet
mjury Unpublished studies m this laboratory have shown that
guinea pigs were not rendered unresponsi e to UVerrradiation when
they wero treated with compound 48/80, polymyxine-B or reserpme
1e agents hnown to deplete histamme and serotonin stores No
attempt was howeser made to determine, by histochemical or any
other means whether the stores of tho ammals were mdeed com-
pletely discharged The release of Slow Reacting Substance (SRS}
by UV.mjury 1s a possibility, as 1t has potent effects on smooth
muscles (obviously mvolved in vasodilation), 1t does not ncrease
vascular permeability in the guines pig (Srrcror and WILLOUGHBY,
1962, Zwrrracn and NaoLes, 1961), though 1t may do s0 the
rat (Vargaftig, unpublished) and evidence 1s accumulatmg for its
bemng an mflammatory andfor allergic mediator

It appears that there 1s a real need to mvestigate more exactly
which diztor, 1if any, 18 rek 1 after UV rrradimtion so as to
cause the hyperaemic response This wounld not be an easy task
1 view of the diffienlties mvolved in extraction and bioassay UV
light 18 reported to cause lysosome disruption n vifro (WEISMANN
and DinoLs, 1061) but whether this occurs m the hving guimnea
g skin 19 unknown Enzymes mvolved mn glveolytic and oxidattve
processes have recently been thought to play a role n the uv-
erythema of guinea pigs and mhibition of these enzymes was found
to be correlated to antierythema action (G6r6c and SzrorNY, 1964)
The latter conclusion has been enticised (WINTER, 1966)

22 PHARMACOLOGIOAL INHIBITION OF ERYTHEMA

UV-erythema was mitially used for pharmacological studies with
rats, but this species 1s not very prone to display the hyperaenic
response and WiLneLst (1950) therefore introduced albino gumnea
pigs for the purpose The method used on guinea pigs was con
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favie 2

Sopwally sppled dexamethasone in guined piz erythema anl rat paw
erna test

Dexamethasone per cont | Erythema wihibit on ) Decdernn mhabition

0903 0% o,
ooz not tested 50 %

003 0%, ot tested

ethysergide showed the greatest autierythema activity being
effective 1 the lowest dose of all the drugs tested here Though
methysergide 18 a strong antagonst of serotonm 1t 35 not hikely
£hat thus alone would explain its erythems mhibitory effect Firstly,
fHecause serotomin 1s Tot hhely to be a mediator 1n the erythema

g and s dly because cyprobeptadine — being also a potent
antiserotomn drug - was much Jess effective 1n the ervthema test
Vethy sergide has some vasocanstrictor effect and posuibly a combr
nation of this together with soms as yet unrecogmzed property of
1 vesulted 1 1t macked antierythems potency Cyproheptadine
has antiserotomin antthistamine and some anticholinergie activity
Its vascular effects are poorly documentated but in tlus laboratory
we found no evidence of 1ts being a vasoconstnetor (Saxena nn
published) Which of its many effects 1s the maa factor m 1ts antr
erytherua activity 1s hard to say Even more camplex 1s the
sitnation with chlorpromazine as m addition to the effects men
tioned with cyproheptading it has a defimte effect on the CNS
What however needs emphasis 13 the fact that none of these
three drugs has cimcal apti theumatic value and hence their
activity m the erythema test strongly mibitates agamst the ongnal
atatement of WWinder that this method has specific predictive
valoe for ant: thenmatic activity of non stermdal drugs Vethy
tergide has an outstanding reputation for use m mugrame In
the Satter dusorder & number of infamimatory components are
by now recogmzed (S1ceTERT 1866) and wmdomethacne ‘proved m

a tril to have & remarhably beneficral action on vascular headache
(SrcoTERT 1963)

Finally some remarks about the copper compound 1n Table 1
This sut ﬁ:m\m‘ along with & sesies of copper chelates was found
m this I T to have p d ants infla 1

'y activity
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Tanic 1

Erythemo sntubstion on guinen pig
Drugs admmistered orally, except whero otherwico shown

Knolin rat Ratio
Er;;h:mn paw oedema crythema/
Compound mlubn?on 500, ocdema
mefks mtibition mhibition
mgflg dose
Indomothacin 2 5* <1
Phenylbutazone 7 70 <1
Mephenamio aaid 50 50 < <1
Aspinin 65 250 <1
Dexamothasone 1 05 1<
Hjydrocortizone acetate 130 20 1<
Mothysorgdo 1
Cyproheptadine 17 30 <1
Chlorpromazine 18
Cu(0H)CuCOy 25 mattnent 20 <1
Cu(OH)CuCO; ** mactive at 25 20 * 1<
* Approx ** Subcutaneous

m man {SICUILRI 1965) and yasoconstriction 18 & concenvable
explanation of its effectiveness in UV Iight mduced hy periemn

Results with tho corticosterords hlewiso do not sne us some
speculation Therr relatnely feeble antrerythema potency when
compared to their actiity agunst the mflammatory oedema of
tho rat paw 1s very cvident and the discrepaney 13 partieulaely
strihing with dexamethasone New ertheless the statement by W mnder
that non tovic doses of ant1 inflammatory steroids are mactive 1
the erythema assiy appears to us an oversimphfieation It was
shown 1n o recent study that corticosterords topeally applied on
human shin produce pailor due to vasoconstriction (BinER and
SATTAR 1968) We felt that denamethasone nught also preduce
an antierythema effect i the guinea pig when topieally applhed
The negative results however are clear from Table 2 We are faced
with the paradoxical facts that corticosteroids cause yasocon
strietion m human skin but have little effect on the erythema of
gumea pigs while the opposite 1s true for several ant: inflammatory
agents of the non steroid class Studies on species other than the
gumea pigs are thercfore indicated
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mhitntory effect of drugs ean be ohserved It 1s however not
cotreet to nssume that this test could speaifically predict the
ant: theumatic chipical value of non steroxdal compounds, smce
some drugs devord of antr theumatie effect show marked ery-
thema inhintion n the gwmea pig

The feeble anti-erythema effect of corticosteroids on guinea
pigs does not correlate with their marked pallor produting
effect on human shin

s

3 OEDEMA

31 PHYSIOLOGICAL BASIS OF OEDEMA

Thtee mam types of change wll lead to oedema

a Flow wncrease on the arterial side simultaneously with con-
striction on the postcapillary venous side will increase the
by drostatic pressure in the capillaries so that fluid 13 extruded
Capillary wall changes which enlarge the pores, or pericapillary
basement membrane changes will allow plasma estape It was
previously believed that the endothelia] cell membrane itself
underwent changes leading to escape of plasma but the present
view 13 that the mtracellular pores open (Marvo and Pavape,
1951
Increase 1n collod osmotic pressure outside the capillary wall

or decrease of colloid osmotic pressure mside the vessel bed will
also lead to fimd Jeahage

4

a

These changes may occur separately but also n combmation
with each other Zwetfach believes that the hjdrostatic mechanism
may precede the capiliary wall change (ZwerFacy, 1965) We know
that the changes mentioned under (a) and (b} regularly occur m

i wn  Several physiologeal sub eg
serotomn  plasma hiins Slow Reacting Substance leucotaxin,
Plasma globulin permeability factor ete ) are known to cause one
or the other of these changes and because of this some of these
substances are called infl "y med; The third mect
causing oedema 15 not } ted with infl
but occurs 8s A recult of massive plsma protem loss, (eg “mﬂi
disnrders or during prolonges] starvation] Sometimes this 1« not
A Jocalised oedema, but ono occurring at several mtes in the body
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in the rat paw oecdema test when parenterally administered. It
was for this reason that the compounds were investigated in the
UV-erythema method and the result with one of them, as a repre-
sentative example, is shown in Table 1. In the ocdema test most
of the copper compounds were poorly active when administered
orally and with the parenteral route their anti-inflammatory effect
was regularly associated with marked tissue irritation at the in-
jection site. Tt was concluded from these results that the copper
compounds may not have induced the anti-inflammatory effect
specifically themselves, but that this was due to non-specific tissue
irritation nt sites remote from the induced inflammation. Data in
Table 1 clearly show that in contrast to its profile in the rat paw
test, in the guinea pig UV-crythema method the copper compound
was inactive subcutancously, but active when administered orally.
In tho guinen pig, as in rats, it produced very marked irritation
at tho subeutancous injection site. If in the oedema test the effect
of this compound is indirect and due to the subeutaneous irritation,
this latter factor does not seem to play a role in the inhibition of
crythema. Though the gastric mucosa of the guinea pigs treated
orally with the copper substance showed harsh irritation, there is
no evidence as yet whether this provides a basis for an explanation
of the observed anti-erythema effect. Onc cannot however rule out
the possibility that in the guinea pig, gastric but not subcutaneous
irritation evokes the remote anti-inflammatory effect.

The possibility that some organ-specific tissue component may
govern the remote anti-inflammatory effect cannot be exclnded.
On the other hand we have no argument to rulo out the possibility
that in the guinea pigs the copper substance, after being absorbed
from the gastrointestinal tract, may have acted by virtuo of its
own cffect.

In closing the discussion on erythema inhibition our views may
be summarized as follows:

1. When erythema is induced by UV-light and the ffect is ovalu-
ated within the first 2 h following irradiation, it is a pure
measure of the vasodilator phase in inflammatory rcnctiar.l.
Except for this, our knowledge of the mechanism of this
phenomenon is scanty.

o Tith the method in the guinea pig o dosc-related erythema
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smtable for corryng out measurements on the same sTumal Bs
many timmes as dewred, tune course studies with 9 dufferent sub
stanees were parformed (Bovrs, 1963, Bowra and DE Vos, 1965,
Dp Vos and Bovra, 1986)

1 A group of matenals, ncluting chichen egg wlute, scrotonin,
histamine eompound 48/80, bradylmn and polyvinglpyrro-
hidone (PVP), mduce vedema whith attams jta peak sweling
within one hour of treatment and thereafter decliney Tapidly
(rapid and transient type)
haoln and catrageemn will cause swellng with & peak not
earlier than 4 h and with a duration of several hows {slow
and lung lasting type)
Aajunaja (hooded cobra) venom produces a swelling that
appears to Tepresent a combination of both the other types,
s thus oedema displays a peak ¥ b after the treatment and
the lesel remains sustained for up to 4 h, after which 1t slowy
starts to decline (rapid and long lasting tupe)

The latter type of oedema has more recently bren observed
uung Bothropy Joraraen vemom as an inducer (Vargafhg,
personal commumecation)

[

3

Except for the gnake venoms — not, studted for this purpose by
others — the above observations are in agreement with mndependent
rafestigations carried out ebewhere (WrxTER 1966)

The results suggest that i the rat paw sweling at least two
distinet factors play & role (one causing rapid development and
the other responsible for the delayed course) and that m certam
cases both factors may be present As certawn of the mducny
materials e g hustamune, serotontn bradybinin had been earmarhed
tr other studies as potential inflammatory andfor allergic mediators,
studies nere utiated at varons centres to determine whether
hi

of such pt pcal subst wayv have geearred when
other imtants were nsed to produce vedema

Depletion studies 1n mapy cases made use of the pw oedema
nduced by ehucken egg white The rat has an mborn allergy towards
ehicken egg white {SELL £, 1937) and ammals having their serotonin
oand histamine stores depleted do not develop oedema to o subse-
quent plantar ingection of egg white (Boaccarst and Wesr, 1963)

The foot swellng produced by poly vinylpyrralidone (PVP) was
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simultancously Acute inflimmation 1s practieally always ascoet
ated with Jocal oedema but cedema ean be present without beng
part of an inflammatory process Also 1t follows that any exper
mmental oedema will finally reflect vessel permeability cvents but
the nature of the oedema will determine whether or not 1t 15
suitable for antt inflammatory drug studies

42 THF RAT PAW OEDFVMA AS A MODEL THF \ ARIOUS TYPES AND
THF AMFDIATORS INVOL\LD

In laboratory antmals there are several hinds of experimentally
mduced acute exudative conditions hnown all of these being more
or less representatis e models of oedema trrespectn e of the mecht
msm Some of them howeser for example a peritoneal or pleural
exudate suffir from the disadvantage that to mensure them exacth
one has to kil the anmmal and that one therefore cannot follow the
development of the process i time The oedematous swelling of
an extiermty 13 devord of thus dravwbacl ag it can be measured
without 11lling or even anesthetizing the ammal The rat has long
been 1 nown to develop oedema easily mn the loose subeutaneous
connective tissue of its legs after loeal mjection of some srritant
and the shape of 1ts hind paws facihitates quantitative determination
of the swelling It 15 probably for these reasons that the rat paw
oedemn 19 one of the most frequently used test methods in antt
mflammatory drug research The number of techmques mvented
to measure this oedema 15 hardly less than the number of pharma
cologists using the test VW hether this 1s a sign that measurement
of this swelling 15 still problematical or 1n contrast so easy that
each phumacologist stmply uses 1t as an overcise m technieal
mgenuity 13 perhaps not relevant to the present discussion Ve
are no exception m that we too have developed a device of our
own for this purpose based on measurement of the thichness of
the paw A statistieal design for o proper evaluation of the results
has been publshed (Boxts and DE Vos 1965) T have so far come
across 18 materials which when mjected nto the subplantar area
of the rat hind paw will cuse local ocdema However the physt
ologreal or broch 1 mecl of these ocd 15 not umform
though some of them have features in common One way of charac
tenizing these ocdemas 13 to study therr time course patterns As
our method of measuring the rat foot swelling 1s partreularly
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that kiun hie peptides may be mvolved 1 anaphylaxis 1s ac-
cumulating, 1n addition to therr postulated role m a vanety of
pon anaphylactic inflammations  From the time course of the
oedema induced by cobra vepom and from investigations regarding
1ts responsiveness to antagomstie druge we tend to assume that
the smtial phase of this oedema 1s mediated through histamune
or seratonn, while 1ts delayed phase may be due to a mechamsm
that 13 possibly to llergic mf: tions In the
oedema cansed by PVP, neither anaphylactic, nor non anaphylactic
mfammatory medntors appesr to play & major role

The uncertanty ~ mherently sssociated with the depletion ap-
proach — as to whether the mediator stores are indeed completely
discharged, means that such experiments are seldom entirely con-
clusne We therefore undertool studies to examine the oedema
fluid of the swollen paw for the presence of some postulated mn-
flammatory mediators (Bowra and De Vos, 1965, 1966, 1967,
Bowra et al, 1967) The wnitant injected paw was severed at the
tiwe of manmum swelling the oedema flmd was collected by
pressure and d for the p of mediators The &
prineiples using the Magnus method on 1solated organs were
followed

The first experiments have already shown that, 1n oedema flards
eallected from serotonun, egg white, kaoln and carrageemn treated
paws, large amounts of a substance were present which unzmis-
takebly showed the charactensties of a kinin The oedema fluids

examimned 1n greater detail were those obtained after wmduction by
aerotomn, Raoln and PV P

‘The latter was interesting, as depletion studies suggested that
1t was not governed by amine mediators and therefore 1t was not
counteracted by ants allergie or anttinflammatorv dmtee Tha

tes sy 1 WHULH Oeaema was produced by serotomn or
ut not when PVP was the inducer (Table 3}

Researchers 1n the mflammatory field are at present divided 1nto
two main groups as regards therr views on the hanuins as mflamma-
tory or allergic mediators One £roup sees the kinins as playing
an unportant tole In these conditions, smce these peptides fulfil
the two main conditions whieh must be satisfied by a possible

J
kaoln 1y
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subject to depletion studies in our Inboratory Pretreatment of the
rats with the serotomn and histamine depleters polymyxin B er
compound 48/80 did not prevent the oedema, nor did reserpinization
These studies suggest that histamine, catecholamines or serotonin
do not play o major role m the PV ocdema (Bonta and DE Vos
1966)

We also investigated haolin oedema 1n depleted rats Neither
polymyun B, nor compound 48/80 trentment prevented ths
oedema to any cxtent, but there was a marked mhbition 1 re
serpinized ammals This may indicate that intact catecholaming
stores are needed for development of the ocd duced by
Laolin (Bonta and Dr Vos, 1966) Since howes er reserpinized rats
are sedated and the latter condition itself 18 hnown to counteract
the ocdema m the rat, we are not certamn whether peripheral
catecholimme stores are indeed 1mvolved n the haolin oedema
Guanethidine howover, wluch causes adrenergie nerve blochade
was also found to inhibit this swelling The question of the role of
catecholanmnes 1 inflammatory oedema probably deserves more
attention than 1t has lutherto recerved Sound postulations were
made to conncet the catecholamines with the plasma hinn system
(Rocita ' Siaa 1964, Sicuteri, 1067), the latter also beng
mvolved 1 kaolin ocdema

The carrageenin induced oedema does not develop n rats which
were depleted of bradyhminogen (Garcra Lenr ef ol , 1967) This
suggests & possible role of kimin m the carrageenin oedema which
shows some resemblance to the swelling induced by haohn Re
serpmization of the rats however does not affect the carrageenit
ocdema (Wintor 1966) No depletion studies have so far been
performed with oedemas produced by the snake venoms From
the time courso studies and nyestigations on depleted rats wo maj
see some definite correlation between the various ocdema types
and the physiological mediators which may be mvolved Serolomn
and kistamine considered as mediators of allergie conditions appear
to govern the rapidly developing swelling, except that caused by
PVP Theso two mediators do not scem to be mvolved m the
delayed type of ocdema where m turn catecholamines may play
a role Bradykimn itself causes a rapid oedems but depletion
experiments — at any rate with carrageenin swelling — seem to
indreate that 1t plays a role 1n the delayed oedema as well Lwvidence
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(D1 Rosa and SorrEwTINO 1068) Ewdence 1s thus accumulating
t show that huun 18 released m the rapid type of oedema (except
PVP) and also i the delayed oedema The two «tage oedemas
nduced by snake venoms have mot yeb beew stucied for imn
formation Serotomn may release istamine which 1 turn ean
activate protesses leading to inerewsed hanm forming activity
(Lrwis 1963) Carrageerun itself1s an activator of the hinm system
an eutro (Garcia Luste etal 1967 Dg Rosa and SorpENIING 1968)

swh Ist this has not 3et been shown for kaohn The latter however
secms to WoTh 1n some a8 yet plamed way via hol

stores Since catecholamuines are postulated as activators of pro

teases leading to mcreased hiun formation (Pocua B Smva 1964)

this may be one of the explanations for the elevated kimn actnty
n the haohn induced cedema As to the role of catecholamines in
inflammation opmons are dimded since SrECTOR 2nd WiLrovgns

(1963) advanced the suggestion that they may be endogenous
anti inflammatory substances However Rocna E Suna {(1964) and
Zwereacn (1961) believe that endogenous adrenaline may actually
have a pro inflammatory effect Our expenments seem to support
the latter view  As to human conditions in which ncreased hinwz
formation has beent demonstrated we would mention miTrame

bronehial asthma and ntestinal carcinoyd In one study there was
no mereased kimn activity shown in the synovial flmd of thenmatie
patients but they were taking entt imflammatory drugs (Lewis

1967} The latter may have infl d the results

33 DRUGS WHICK COUNTERACT RAT PAW OEDEMA AND THE
WAY THEY ACT

We turn now to the study of prototype drups whick snhibit the
oedema response of the rat paw (BoxTa 1960 BontA and Dz Vos
1980} We have tested such drugs over a wide range of doses but
st woul 1 be impracticable to present all these results n the Ppresent
™Ier Instead Table 4 hists their effects 1n a single representative
dose which caused a sgmificant mhubition m a1 Jeast one cedema
Tt 33 very easy to see from the table that cyproheptadine having
antt lstam ne and anti-serotomin properties anhibited the rapmd

ty7e of cedemns except that caused by PVP and that 1t had no
snffuence on the delayed swelling
\onsterod anty infi tory drugs and d h

did not
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Tanrr 3
Iumn activity in rat paw oedema fluds

1 olteme of oed ma flmd | Anin mn oc lema fnd

Ocdema inducer rlative relatnve
mlfeat \nereaso ng/ml nerase
Salino 0052 - 30 -
Serotamin 0317 [] 663 22
Iaolin 0248 48 760 25
rvp 0327 63 54 2

mediator  Firstly their pharmacologieal effects resemble those
which characterizo the acute inflammatory or allergic response and
secondly they are present in & high concentration at the diseased
site Lhe other group of mvestigators however deny or at any
rate strongly doubt that himns play any sigmficant rolo m the
mentioned conditions One of therr main arguments 1s that huuns
are ubiqutous substances, and their presence at the inflamed site
1s smmply due to the fact that plasma leahage, into the extravasculat
space, 1s sufficient to activate tho enzymes leading to mereased
lamin concentration (LEWIS, 1964) Our experiments do not support
the opmons of those denying the role of the I mns as mediators
If 1noreased hamn activity were o consequenco of plasma leakage
or a constantly associated phenomenon, 1t would have been found
to be lugh m PVP oedema as well Tho eaperiments on the con
trary, suggest that o lugh linmn concentration 18 associated only
with oedemas representing allergic or non allergie mflammatory
conditions The physico chemieal dynamies of the oedema produced
by PVD were thoroughly studied by WinNE (1964) who arnved
at the conclusion that a collord osmotic mmbalance is the mamn
factor in this oedema The present findings that no mediators are
mvolied m the PVP ocedema aro in agreement with Winnes
conclusion and 1mply that tho foot swellng caused by PVP 13 &
representative ammal model for the oedema mechanism listed
under (¢) m the mtroduction to this section Accordingly the PVT
mduced oedema 1s not 4 suitablo pharmacologieal model for m
flammatory disorders

Tnercased hinmn formation m the rat paw was found by others
m the so called “thermic oedema” (Rocia U Smyas 1964) and
kinin release has recently bLeen reported mn carrageemn oedem?
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methasone and non steroid ants inflammatory drugs were without
fi on the or governed swelling and on
the rapid, but non allergic cedema due to PVP The delayed foot
swellngs were however counteracted by both classes of anti-
rtheumatic drugs corticosteroids and non-sterods Practice hag
shown 1 our department and m numerous other laboratories
(WINTER, 1966) that without exception all known drugs of proven
i 1 rheumatic cond. can dose-dependently counter
ot the delayed types of rat foot swelling In thus sense, for acreening
new compounds this test offers the mummum nsh of overlooking
2 potential ant1 rheumatic drug The statementy 13 of eourse only
as vahd as any other statement based on empinicism
On the other hand the correlation hetween the responsiveness to
anti theumatic drugs of the delayed rat paw oedemas and of
rheumatoid polyarthritis 1s 60 close that one 18 apt to assume some
\l 1n the mect of the tw o condat: The hanin system
itself 1s unhhely to be the common factor, since this system 13 not

wueter Lieating therats with oedema intubiting drugs has any influ
enceon the elevation of ki activity in the oedema fiyds Twolunds
of swellings (scrotonn, haohn) and two antagowsts (evorohentadime

wuon ot eyprat dine to the rats resulted in a dose
related reduction of Linm actinity n the vedema fmd when sero
tomn was the subplantar irmtant, but not when Laokn was the
swelling inducer In the lattcr case the kamin concentration of the
fimd was reduced mn rats given phenylbutazone, which 1n turn
failed to prevent the elevation of kinin activity in oedema produced
by serotorun (Table 6) For a proper interpretation of the resolts
the following scheme of the kinin system will be of kelp
Several activating
possibilities
Apeatly asknown)
~ e

Tnactive proenzyme —— 2 Kallkren

k-
Inactive p Ks 1




206 I L BONTA

Tanie 4
Drug mhibition of different rat paw oedemas
£% £%
Ocdems mnducer  ~» o o o 5§ E g§
E 0 2 F :E § 3%
EE % % o:nof P}
5 7z v 5% ¢ L2
Dose mgfhg & & & & 88 & § &
omethacmo  po 5 [} 0 0 (+4+]++| +
nylbutazone po 100 0 0 0 0 0 f++|++] +
inn po 250 0 0 | ++{++] t
amecthasono sc 025 0 0 0 o |++] + |+
rohoptadine  po 1 F 4+ |+ 0 0 0
trrol disodium

tecinato v 300 + {++] + |++] + + +
ymine I 1p 500 ER SRR R + + + +

Marl ed hilition (approx 50 9, or moro)

Moderato inhibition (25-30 9, P < 003)

Inaignificant inhibition or none

Fropty not tested
counteract any of the rapid cedemas, but inhibited the slowly
developing ones Ogstriol disodium suceinate and vitammn P (rutin)
caused & non selective inhibition of all the types of swellmng studied
There 1s evidence from work 1n this laboratory and from others
that oestriol disodium sucemate decrease the vascular permeability
by acting directly either on the vessel wall itself or, more likely,
on the pervasculir ground substance Vitamin P 1s also o pefme
ability factor and 1ts mhibitory effect on swelling produced by
PVP s in agreement with the findings of others (Voory and MaBER
1961} Smee flmd leakage through the vessel wall 18 the final
common cvent mn all types of oedema 1rrespective of the under
lying mechamsm the non selective mbitor effect 1 understand
able if the two compounds act on tho vessel wall atself rather than
interfering with the itiating mechamsm of the swelling The fact
that cyproheptadine did counteract the rapidly developing swelling
corroborates the listamme or serotonin governed naturo of thes®
cedemas In turn the non responsiveness of tho rapid PVP swelling
and of the delayed swellings to this ant1 allergie drug 1s n harmony
with the conclusion that histamine or serotomn are unlihely to be
mvolved i these oedemas Finally 1t 1s evident that dexa
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ethasone and non aterad ant mflammatory drugs were without
q on the b or governed swelling and on
the rapd, but non allergsc cedema due to PVP The delayed foot
gwellings were however counterpeted by both classes of anti-
rheumatie drugs, corticosteroids and non-steroids  Practice has
shown i owr department and 1o other ! les
(WnzER, 1966) that without exception all known drugs of proven
effectiveness 1 r} ditions can dose d dently counter-
act the delayed types of rat foot swelling In this sense, for screening
new compounds this test offers the mnmmum nish of overlooking
& potential anti thenmatic drug The statement 1 of course only
as valid as any other statement based on empncsm
On the other hand the correlation between the responsiveness to
antt theumatie drugs of the delayed rat paw cedemas and of
rheumatoid polyarthnts 1s so close that one 1s apt to assume some
sumilanty in the mechamsm of the two conditions The hinin gystem
useff {3 unfikely to be the rommon factor, smee this system 18 not
only 1volved in the delayed cedema, but also in the rapid swelling,
wiich 18 resistant to any ant rheumatic agent We also investigated
whether treating the rats with oedema inhibiting drugs has any mflu-
enceon the elevation of kunin activity 1n the oedema flmds Twokunds
of swellings (serotonin, kaolin) and two antagonsts {cyproheptadine,
phenylbutazone) were studied, using the same principles for estimat
mg the kinn actividy 1n the oedema flwd as have been outhined
Ad t1on of cyproheptadine to the rats resulted m a dose-
related reduction of kimn activity 1n the oedema fimd when serp-
tomn wag the subplantar umtant, but not when Lachn was the
swelling inducer In the latter case the himn concentration of the
fard was reduced m rats given phenylbutazone, which m turn
failed to prevent the elevation of lumn activaty 1n oedema produced
by serotonin (Table 5) For & proper interpretation of the results
the following acheme of the kunn systers wall be of help
Several ectrvating
poasibilities
(partly unknown)
A I's

Insetivo proenzyme ] - "

‘o
Insctive p K I
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TaBLE §
Drug effects on lamin actinaty of rat paw oedema flud
Qcdoma mducer - Serotonn Kaolin
reduction pereent reduction pereent
Drug mgfhg Keun  Swelling Ewn  Swellng
Cyproheptadmese 02 45 70 [ 0
d 04 94 65 [} 0
Phenylbutazone po 60 0 10 47 33
d 200 0 0 88 80

There aro three crucial phases, where changes may oceur wlich
result 1 lugh kimn concentration Two of these phases o and e
lead to hamn formation and the third 1 olves iactivation Little
18 known about drug effects on hininase, but the question deserves
more attention than it has received Intherto As for the two acti
vating phases i the system, the himnogen-huun phase 1s hnown
to be one step, though sevoral enzymes from different sources
(serum, urine, glands) may have hallihrein activity Wo cannot
rule out the possibihity that i cyproheptadine- or phenylbutazone
treated rats the hallikrem was mnlbited This however 13 not very
likely, as nerther oyproheptadine, nor phenylbutazone were found
to have hallikremanhibiting effects wn vitro, though for these
studies the hallikremn used was of hog pancreas origmn (HONDIUS
BowpiNan, personal communication)

In our view the most likely explanation for tho effects of cypro
heptadine and phenylbutazone should be sought at a phase even
earler than hallihren There are seseral mdependent processes
mvolved 1n this phase and one can magme that cyproheptadine
and phenylbutazono may have mterfered with ndependent pro
cesses, both invols g hallikrein actrvation as & final factor Whether
thus type of action 15 vald for non sterord ant1 mflammatory drugs
other than phenylbutazone 18 entirely unknown Tor hydrocortisone
howerver, prevention of kimin formation was reported with human
leucocytes (CLive and Mrinmon, 1966) and in dexamethasone
treated rats the dopletion of serum hininogen was also counteracted
concomitantly with inlubition of the inflammatory paw oedema
(GREEF, 1966)

In a number of studies 1t has already been shown that phenyl-
butazone antagonizes certain actions of hiun As a rule the broncho-
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constricting effect (AARSEY, 1066), or haemodynsme effect {(VaR-
GAFIIG, 1966) evoked by bradykuun were used for this purpose
All these effects however concern the antagomsm of phenylbutazone
towards bradyhinm once 1t has been formed and thus should not
be confused with the fnding that under the conditions of the m-
flarmatory rat paw cedema, phenylbutazone treatment wn wivo
prevented the local increase of L formation It 19 certamnly
concewvable that as regards the chmeal anti theumatic effect of
pheny lbutazone exther both processes occur simultansously or that
the two are dental and lated to the ul causal effect
of thus drug The same apphes i the case of cyproheptadine but
n relation to allergic clincal conditions

34 Is THERE A NATURAL ANTI INFLAMMATORY MECHANISM?

1 wish to present here some scattered observations which seem
to mdicate the existence of a natural ant: inflammatory process,
our knowledge of which 1s far less than that of the drugs studied
The 1nvestigations which Jed to these observations started with
the study of a senies of metal contaming compounds, which exerted
profiousiced antt mflammatory effects, not only in the kaoln-
nduced tat paw oedema, but also for exsmple n the cotton ball
granuloma assay and the pouch granuloma test It was striking that
the majority of the compounds produced marked tissue irritation
at the subcutaniecus injection site, and those winch did not do so
were also devoud of the anty infl 'y effect In add 1t
appeared that edrenalectomy abolshed thewr antinflammatory
activity Some results obtaned with one of the compounds are
shownn Table 6 1 was felt that the tissue wrntation mught perhaps
hase stressed the rats to such an extent es to activate the Lypo-
physis adrenal axis to discharge end: cor ds, which
m turn may bave exerted the antianflammatory effect This
was not very hikely, as corticosterone — the mamn glucocorticord
produced by the rit adrenal — has a partcularly fecble anti-
wlammatory effect The possibility has however not yet been
ruled out Nevertheless we choce to follow another tram of thought
namely the assumption that local tissue rntation and Temote antl:

m‘f:\mmnlory effect may have been causally connected with each
other

Support for this hypothesis was found m the literature (Drpas-
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TanLr 6
Cu(OH),CuCOy cffect on haohn induced rat paw oedema

Ocdema ihibition

Rat Cu{OH)2CuCOs mgfhg pereent .
+ Intsct Subcutancons 10 25

ud 1d 20 47

d Oral 10 18

d d 20 10
Sham opor Subeutancous 10
Adrenslect d 10 12

*P<005

Marked imtation at injection rites
In orally treated rats stomach mucosa ntated

quark and GirrFrp, 1961, Ronmsov and Ronson, 1966) and ac
cordungly some experiments were started to proyve or disprove this
assumption

Local tissuc irritation was snduced by mtmpcntoncal mjection
of phenylquimone, which 1s known to produce abdomimal writhing
movements 1n rodents by causing acute inflammation m tho pert
toneal cavity When rats were intraperitoneally treated with
phenylquinone 30 min prior to subplantar injection of an ocdema
mmducer, there was marked mhibition of the swelling caused by
kaohn, while tho oedema nduced by serotonin or PVD was not
counteracted (Table 7) Tlus seems to indicate that the remote
oedemn nlubitory profile of tissue trritation was similar to thit
of corticosterowds and non sterordal ant1 mflammatory drugs It was
concesvable that tissue writation may have released some factor(s)
which, being discharged 1nto tho blood stream exerted at & remote
site an activity resulting in suppression of the mflammatory re

Tapre 7
Interference of peritoneal irntation with rat pas oedema
Pontoneal Rats showing Hind paw ocdema
writation writhing indueer mhibition
Phenylquinone 8/10 Kaoln 53 %
d 9/10 Serotorun o

1d 8/10 rve 0
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sponse We therefore attempted to transfer the postulated txlslsue
factor to other rats and examine its effect on the rat paw swelling
Tats recetved an mtraperitoneal mection of the irntant phenyl
qumone, the perstoneal exudate was collected lyophylized and
mjected wto recipient rats In another seres rat paw oedema was
induced by haoln the oedema fiud was collected Iyophylized and
1njected 1nto other rats In both series the haohn produced awelling
served 93 an nd for the antimfl y effect As seen
from Table 8 both the peritoneal exndate and the oedema fmd

TABLE 8
Ant1 mfammatory effect of mflammatory exudates
Donor ‘Exudate ¥ Recyprent
given to Adrenal Thymus
Sourcaof  Timmeof | Lo ooy | Pawoedema weight  wesght
exulsto collecting | "oy mhibition 5 0 e
Paw ccdems 2 ih 70 ‘ 220 o 0
mdueed by &b
Ranlio s % 3% +10°% 0
TPentonewn ? 30 1om. 90 849 o 0
wntated by "
phonquumbnug vl g 85%  + 99 o

* Lyophilized material equivalent to 8-10 donor rats

caused ordema andubition, these expeniments seem to mdicate the
possible existence of a natural ants

y matenal produced
ot srritated tiswue mites For the moment we know hittle about the
chemeal nature of this hypothetical factor, though the lack of
thymolysis and of adrenal atrophy may ndicate that 1t 13 not a
corticosteraid  Indeed DreasQualk (1961) who obtained smilar
effects with material collected from d pouch exudat

states that the anti inflammatory effect was greater when adrenal
cetomized rats were used as donors We have howes er no expers
mental data which would either eonfirm or challenge this finding
In & few subsequent expel we obt: data to the effect
that serum of irritant treated amamals also exerts an ant: inflamma-
tory effect in the rat paw fest, even the serum of normal animals
ad 50 though to a Jesser extent
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Tanrr 6
Cu(OH):CuCO0; effect on 1 aohin induced rat paw oedema

Oedema inhibition

Rat Cu(OH)}CuCO; ‘ mg/hg ’ percent

s+ Intact Subcutancous 10 25
1d 1d 20 47
d Oral 10 18
id ud 20 10

Sham oper Subeutaneous 10

Adrenalect d 10 12

*P <005

Marked rrntation at injection sites
In orally treated rats stomach mucosa irntated

quaLk and GIrerp, 1961, Ronivson and Ronson, 1966) and ac
cordingly some experiments were started to prove or disprovo this
assumption

Local tissue irritation was induced by intraperitoneal ijection
of phenylquimone, which 1s known to produce abdominal writhing
movements 1 1odents by causing acute inflammation m the per
toneal cavity When rats were intraperitoneally treated with
phenylquinone 30 nun prior to subplantar injection of an ocdema
mducer, there was marhed mhibition of the swelling caused by
kaohn, while the oedema mduced by serotomn or PVP was not
counteracted (Table 7) This seems to indicate that the remote
oedema inlibitory profile of tissue irntation was symular to that
of corticosterords and non sterordal ant1 inflammatory drugs It was
concelvablo that tissue irritation may have released some factor(s)
which, being discharged 1nto the blood stream exerted at a remote
sito an activity resulting in suppression of the inflammatory re

TanLe 7
Int of peritoneal with rat paw ocdema
Pentoneal Rats showing Hind paw oe lema
irntation writhing nducer mhibition
Phenylquinene 8/10 TLaolin 530,
d 9/10 Serotonin 0

W 8/10 rve °
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since this phenomenon was discovered st still leaves us with o
number of puzzling questions

ugeverthell;s a li—ozmr employment of this method 15 nok only
usefu) for rapid testng and tentative classification of new drugs
for potentral anti inflammatory, antt allergic and related actties,
but also offers mteresting possibilities for studymg the mode of
action of such drugs

4 HAEMORRHAGE

Permeability changes leadmg to haemorrhage through the vessel
wall are not frequently assoctated with rheumatoid disorders, they
are however not uncommen 1n a varety of allergic, anaphylactic
or related inftammatory conditions It was partly for thus reason,
and partly because cestriol-isodium succinate —~ having chmeal
valge as a vascular antt haemorrhagie drug - miubited the rat
paw oedemn that we became intereated in hew other antagonmsts
of the paw gwelling would wfluence haemorrhagie vescalar damage
An additional motivation for these studies was that cobra venom,
which induces the biphasic type of rat paw oedema, was used
eather m this laboratory to mduce these particular local hae-
morrhages which were based on vessel wall damage rather than
a coagulation defect and which were counteracted by oestrol
disodium guccinate (Bowra et al 1063, Boxta and De Vos, 1968)
41

A MODEL FOR THE BTUDY OF VASCULAR HAEMORRHAGE
-~

Wowa vu B sUiLdble target organ for such studies In w previous
piper (Boata et o  1965) the method was descmibed in detas),
but 831t 15 not a consentional method the prineiples followed wll,
Tor a proper understanding of the results, be deseribed brefly
In open chest preparations of anaesthetized dogs a 5 wm filter
paper disk soahed m diduted cobra venom solution 18 applied for

3 mun to the pul 'y surface A
techial oh

bed bleeding of non«
can thus be produced on the Jung dus to the
destructive changes evoked by the enake venom m the capillary

w‘all The large surface of the canine lung allows one to apply the
f;dm naja venom repeatedly on one preparation. The response 1s
lose related both with respect to onset and 1ntensity of the haemar-
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Antianflammatory effects were also reported with serum col
lected from rheumatic patients (Hionrow, 1063) Turther types
of ant1 inflammatory factor produced by irritated tissue may well
exist It would bo premature at present to draw far reaching con
clusions from these seattered obsert ations, but 1f confirmed in more
centres they may open new perspectives m ants inflimmatory
research They also offer o serious warning that when new com
pounds are tested for anti influnmatory activity, false positive
results may be obtained by artifacts due to the loeal tissue rrrtant
property of the compounds concerned Even oral admimstrition
does not safely exclude such artifacts, as an rrritated gastric muco +
may also produce this effect, as shown by us with thoe copper com
pound 1 the crythema test

To conclude this discussion of rat paw ocdema mhibition we

have tabulated our mmn results with this method

Corrolated clinteal

Dodema 1nducer imo Medintors Ant
ce! courao v olved ntagonists conditton
Serotonin
Histamtno Serotonin Antiscrotonin
Zompound 48/80 Raprd Histarmne  Antihistamune Allorgie discases
Egg white (3-1h) Kinin Direct vascular
Cobra yenom permeab 1n
early phase) hibitors
Glucocortico
steroids
Knolin Non steroid
Carrageenmn Catechol antiinflammat  Rhoumator 1 dieas
Cobra venom ammnos {?}  ory drugs
delayed phase) Slow Kinin Remoto tissuo
(4-6 h) wrnitation
Direet vascular
pormoab mn
hibitors
Polyviny1 Rap:id None Dircet vascular  Non inflammatory
oyrrolidone (1 h) permeab 1n and non allergic
PVP) hibitors ocdemns

We may m conclusion sy that despite the simpheity of the
rat paw oedema method and the long time wiich has clapsed
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From the fact that cestriol disod t ted one
type of vaseular haemorrhage but not another, we assumed that
\te vaseular action might be more speaific than orgwally beheved
We also considered that by finding the difference 1 the mode of
action of the two kinds of snake venoms, this might provide us
with some cluc as to the actual mechamsta m the effect of the anti-
haemorthagie steseid  Qur interest was particularly attracted
towards the mechamism by which the Naja naja venom damaged
the vessuls, smee 8t Jeast ope effect of ths venom {the defayed
phase of the rat paw oedewa) was also counteracted by antr
mflatamatory drugs These considerations ded us to start an -
vestigation as to which of the many components andfor enzyme
aetinities of the cobra venom accounted for its vaseular damaging
effect cansing haemorrhage

After discussing this question, the results of stucies on the
ability of a variety of anti inflammatory and other drugs to anta-
gomize cobra venona mnduced haemorrhages will be presented

12

A MECHANISM BY WHICH CODRs VEWOM CAUSES
VESSEL DAMAGE!)

To clinfy the haemorthagte mechanssm of the snake venoms
nvolved we took into ateount those parhicular actinites of these
substances, which mmght be conudered in first instance ag factors
hlely to cause vascular damage On the bass of the hterature
{(Jrrvez PorRas, 1068, May et al , 1866, Porats, 1953, Tv et al,
1967) we fook the following scheme as a starting pont

Propetty
" Venom source

)

Naja naja (hooded cobra) +
Noja nigricolhy
{=pitting cobra)
Agkwstrodon prsereorus N
{eastern pottonmonth snako)
Crotalus adamanteus
{damon 1 rattle enake)

Hyaluro

midage | ESterase

+ = present,
1} Beeults 4 fr
s precented from the pomt onwands have a relunthary
acter and & full acrount wth more details wil] be pu!?hshed elscwchh:r:

0 = gbwent 7 = nndata
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rhage 1 addition to a lacl of tachyphylaxis Tor antagomste
studics the drug 15 appled to the lung surface by means of the
filter paper dish techmque before the preparation 1s exposed to the
snake venom Anti haemorrhagie effect can thus be established and
we have mdeed worl ed out a statistical design for caleulating the
significance of the inhibition obtuned

Using this method wo found some four jears ago that oestriol
disodium succinate delayed the onset and diminished the intensite
of haemorrhages induced by cobra venom (Bosrs and De Vos
1966) Diidence was also presented that the obeeryed ant: haemor
rhagie activity was not duc to any influence on the blood co
agulation system but was related to a strengthening effect on the
vessel wall itself The conclusion regarding a vascular mechunism
n the haemostatic action of oestriol disodium suecinate was i
agreement with the results of others who argued that this com
pound strengthens the vessel wall by promoting the formation and
polymerization of the acid mucopolysaccharides m the persvaseulir
ground substancoe (Poriwopa and Bornguan 1962) Finally the
mterpretation that oestriol disodium sucemate mduces a Tigher
resistance of the vessel wall agamst damage was also m conformity
with the finding that this drug ibited all] mds of rat paw oedemas
rrespective of the underlying mechaniem It was expected that
the compound would also exert a vascular hacmostatic effect irre
speetinne of the agent used to ctuse capillary wall destruction
resulting in haemorrhage Nevertheless 1t was found {Cerquighm
personal communication) that n the hamster cheeh pouch oestriol
disodium sucanate definitely counteracted the bleedings caused
by cobra venom but failed to mlubit haemorrhages mduced by
the venom of dghstrodon piscitorus another poisonous snal e Tlus
unexpeeted result led us to remyestigate 1t using onr evmne Jung
surface method During this wmvestigation we corroborated the
inoffectiveness of ocstriol dicodium succinate towards bleedmg
caused by Aglistrodon prscirorus venom In addition we also ob
gerved that tho Intter venom mduced a haemorrhage wiich not
only differed m 1ts drug responsiveness but also 1n its macroscopic
appearance from that caused by Naja maje venom While cobrr
venom produces diffuse bleeding the Aglastrodon prscivorus venom
causes & haemorrhage having the appearanco of a petechial

bleeding
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TABLE §
Tinersorsnge off <t of snake venoras on lung surface
Venom 2 melml \ Inenbavion Haemorrhage
Aaya naja — Marled, diffuse
wd heparin Mone
Aays n griesiha — )Eurked ffuse
14 hepanm Nong
Aglastrodon macivorus — Marked, petechual
d hepana Marked petechial

It 15 clear that heparn trestment (=preupitation of & basie
pephide) of ether Naja naga or Naja mgricolhis venom entirely
abolished ther haemorrhagic action By contrast Aglistrodon
prsciorus venom retamed 1ts haemorrbagie effect after meubation
with hepartn A number of attempts to yestore the haemorrhagie
action of the hepann treated cobra venoms by re adding the pre

apitate to the supernatant have so {ar yelded mnconclusive results

Though we canaagt ruls out the possitnlity that the DLE tself i
the cobra yenoms 18 responsible for the vascular action, & more
lihely explanation 1s that the presence of DLY renders the phospho-
lipase or hyaluromdase of the venoms capable of damaging the
vessel wall Guth the haemotrhagie action of the Agkustrodon
terom this syater spparently does not play o vele and sts phospho

hipase slone 33 not sble to attach the vessels It 13 also unbkely
that the vaseular destructive effect of this venom can be explained
on the basis of 15 esterase actmty, singe trypsin and kallikremn
do rot seem to cause haemorrhage on the Jung surfaee Data mn 8
recent review indicate that the haemorshagie factor 1n some venoms
138 protein devoud of proteolytic activity but Aglistrodon prscrvorus
venowm was not mentioned (JnuIvez PorRas 1963) As the haemor-
thage action of the Aglustrodon venom 13 not dependent on
fator Whuch tan be preeipitated Yy an acd polymer, the formation
of mucapalysaecharides by oestriol disodimm suctinate 13 nob an

effective defence mechamsm for protecting the vesseld from the
destructive action of this venom
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The properties of the venoms a9 presented above might account
for vascular haemorrhage by the following mechamisms

1 Hyaluromdase by depolymernization of hyaluronic acd 1n the
surrounding ground substance of the vessels

2 ksterase by rideasing kammns, known to damage the vessels

3 Phospholipase by releasing Slow Reacting Substance (SRS) or
histanine through Iy solecithin or both As to SRS, oprmonsareas
yet divided as to whether it can increase capilitry permeabxhty

4. Duirect Lytic Factor (DLF) 18 a basic polypeptide, discovered
recently (JIMINEZ-PORRAS, 1968), 1t can be preapitated by
heparm and has no enzymatio activity Howeser, when added
to purificd phospholipase - which atself 1s unable to attach the
intact cell membrane -1t renders the enzy me capable of causing
cell Iysis Tor example, cobra venom can cause hagmolyais bub
heparin treated cobra venom can no longer do so since the DLF
n 1t 19 precyptated

In & first attempt to prove or exclude the ability of some posslble
factors to cause bleeding a number of substances were tested for
this activity on cammne pulmonary preparations The sensitity of
the preparations was in each case controlled by concomtantly
applied cobra venom or Aglistrodon piscitorns venom and without
exception all pulmonary preparations were very sensitive to the
haemorrhagic action of the two venoms The follounng matersals
were houcrer wnactine 1n causing haemorrhage when applied to the
lung surface hyaluromdase (testicular source) trypsin, kallikrem
(llog pancreas source), hmin (released from rat serum by added
kallikrein), Crotalus adamentens venom, compound 48/80, poly
myxin-B, histamine phospholipase-A (prepared from Crotalus
terrificus venom), punfied phospholipise {from Naja migricelhs
venom) Slow Reacting Substance (released from egg yolk by added
Naja mgricollis venom) It appeared that these negative results
ruled out any role of hyaluronidase, esterase and phospholipase 83
such m the action of the haemorrhagic snake venoms tested It
remained necessary to test the possible role of the Direct Lyt
Tactor To this end both cobra venom solutions and solutions of
Aglastrodon venom were ncubated with hepanin and centrifuged
The supernatant fluids were tested on the lung surface The results
obtamned from three dogs are summarnized 1n Table 9
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However sinee evidenes 13 accumulating for the existence of two
Kinds of histamine poot (May ef gl 1966), 318 coneervable that the
Jang tissue contans only the stable poal, this beng resistant to
compound 48/80, but accesaible to the cobra venom It appears
from the drug antagomsm profile (non steroid and steroid antt
wfammatory drugs mactive, antt ustamme active) that at least
one of the mech volved in the b gic ph
on the lung surfuce mnduced by cobra venom may be similar to
the rapid phase of the rat paw oedema

At the time of completing this manuserspt the studies of drog
antagomsm to the haemorrhagie action of Agkisfrodon piscuorus
venom have just been started, they will be the subject of another
paper

5 CLOSING REMARKS

Anty y drugs can t certain muerocireulatory
lesions, while leaving others unaffected Unfortunately we kmow
less about the mechanism of the lesions which they inhibit, than
about the lestons which they do pot coumnteract

It appears that the mam difficulty 1n today’s ant1 inflammatory
drug research lies m the fact that, although inmight has been ob
tamed into a number of the processes involsed, we de not know
which 1Fany of them 13 the final event, thus 1t 1s difficult to make

8 chotce as to which process should be the target Until this 15
known two ways are open to us

a The g of new d

P prep either at random
or on the baws of some theory As present hnowledge on
structure activity rel hips with ant: infl

y drugs
18 possibly less than in any other major branch of pharmacology
the chance of obtaming & useful ant: :nflammatory drug from
& vandom chemacal series nearly equals that of finding one

among compounds based on a sophisticated theoretical pro-
gramme

o

\Iaking & choice of one of the processes or enzyme systems
supposed to be of aguficince for mnflammation and developing
s aP)ecxﬁe mhibitor of this system A hugh element of chapce
% 8lsa present 1n such a system-directed approach, simpl

because of the still exatin, o ! ayeten

uncertainty as to which
should be our target ¢ ¥ ch system
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4.3. DRuGS WHICH INHIBIT THE HAEMORRHAGE INDUCED
BY COBRA VENOM

Presented below are the results of those experiments in which
anti-inflammatory and certain other drugs were tested for ther
ability to inhibit cobra venom-induced haemorrhages.

As ean be seen from Table 10, neither of the non-steroidal antr-
inflammatory compounds studied showed any effect, and sumlar
inactivity was found with tno glucocorticoids. Apparently the
mechanism involved in the hacmorrhagic vascular damage on the
lung surface is different from that in the delayed phase of rat paw
ocdema caused by cobra venom. The anti-hacmorrhagic effect of
topically applicd heparin is in agreement with its capacity to
abolish the haemorrhagic effect of cobra venom when mgubated
in vitro. It i3 possible, but by no means certain, that heparin may
have precipitated the DLF of cobra venom on the lung surface
as it did in the test tube Tho hacmorrhage inhibiting action of
the two anti-histamines was unexpected, as neither compound
48/80 nor polymyxin-B was able to produce bleeding of the lung
surface, apparently ruling out a possible role of histamine release

Tastr 10
Drug effect on Naja naja induced hacmorrhago

All drugs topcally applied beforo exposing lung surface to snahe venom
For each drng 8-10 obserations

Drug 10 mg/ml Haemorrhage

Ocstriol disodium suce .
Phenylbutazone
Aminopyrino
Hydroxyehloroquine sulphate
Caleium gluconato
Dexameothasone phosphatoe *
Hydrocortisono succinate
Dosgoxycorticosterone glucoside
Heparino

Phenergan .
Mepyramine maleate

coottt++++o

* 5 mgml
4 Haemorrhage marked
0 Haemorrhage strongly delayed and less intonsive
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Lxperimental rescarch on mflammation will however be equally
neeessary for both approaches, as only improved knowledge wil
help to find an optimal pharmacological model for sercemng
purposes and the unravelling of the ultimate process of mflimms
tion will provide vital gmdelmes i deterniuning the system with
which one may wish to interfere
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Experimental research on mflammation will howeser be equally
necessary for both approaches, as only improved hnonledge will
help to find an optimal pharmacologieal model for sercemng
purposes and the unrayelling of the ultimate process of inflamma
tion will provide sital gmdehines m determining the system with
which one may wish to interfere
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EFFECIS OF BRADYKININ AND ANTLINFLAMMATORY
AGENTS OX THE RESPONSE OF ISOLATED GUINEA-PIG
LUNGS TO HISTAMINE

BY

P N AARSEN

1 INTRODUCTION

In previous 1ts on vascular p of 1solated gumea-
pig lungs 1t was found that the preparation soon becams oedemataus
of bradykimn and hust were ad d alt ly (AArsEN,

1966} Since both substances mcrease vascular permeability,
formation 13 to be expected In these no 24
infivence of non sterord antt mflammatory agents could be demon-
strated either on the trctor or on the bronch trictor
responses to hustarmine and bradylinin These findings seemed to
t many other Greerr and Mooa (1964)

found that phenylbutazone and acetylsalieylic acid jnhibited the
vasoconstretor effect of both bradghinm and histamine 1n 1solated
gunea pig lungs, whereas the bronchoconstrictor effect of brady-
Linin was only decreased STane and YEST (1966) demonstrated
that slow mfusion of vamous non-steroid ants mBatmmatory agents
bolished the P of the 1solated rabbit pulmonacy
artery to hustamne as well as t0 bradykinm and & hydroxytryp-
tamine Haver, Luxne and Wasrzr (1906} uung ssolated blood-
perfused lung preparations of the dog found that Finh dnamn £

nhaeut

oedema
e

. aw arauyasin did not cavse & sigmficant broncho-
constrictor effect
An mportant cause of this d Y may be the d

of the lung vessels which may be determined by the composition
of the perfumon flwd and by the perfusion pressure
223
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was d to a Mared L ling the vanations in
amplitude of tracheal pressure As 13 shown Fig :,!te ca::;:a
1n the pulmonary artery was attached to » tube with 4| rccd ol
one arm was connected to the perfusion system, the secon n‘

served as an outlet for air and through the thn"d arm a th'm pol )(i
thene cannula was mtroduced to mject drugs The perfusion flu

leaves the preparation via the pulmonary semns The finger L)uml;
(31n Fig 1) was adjusted to give a perfusion rate of about 23 ml
per min In this set up the changes in perfusion pressure were
recorded mstead of changes in outflow The pressure 1n the perspex

K ebs & 37°C
eI mBACT, o FACy)

Fig 1

Diagram of the apparatus used for recording the tracheal pressure amphtude
and the pulmonary arteral pressre, modificd from BuaTTachmarya and
Drrauvors (1955} The tracheal cannuta ys attachesd 1o a tube with a sde

arm through which & polytheno cannula with & bore of 1 0 mm 13 pushed
At 1)) the system 15 filled with §3 2, oxygen and 5 %, carbon diosile at
Pressure of 5 em watce mamtaned by means of the overflow at (2) The
cannula in the pulmenary astery 1 attathed to & tube with three grms,
one of these arms 13 connected to the finger pump (3) The water manometer
(4} 13 used for calibration of the Marey tambour recording the perfusion

pressure i the pulmonary artery by opeming the stopeock (5)
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In previous experiments (AARSEN, 1966) the perfuston flud was
Krebs-Ringer solution to which 3 % dextran was added It wa
mmpossible to heep the perfusion pressure constant during the
experiment since the pressure had to b ereased temporarly m
order to overcome a persisting high vascular resistance after tle
addition of drugs

In the experiments to be discussed in the present paper, the
vessels of isolated gumen pig lungs were perfused with hrebs
Ringer solution without dextran at a constant rate of 23 ml per
min by means of a finger pump Thus 1t was possible to avord the
difficulty met with 1n the former techmique, in which the admis
tration of vasoconstrictor diugs sometimes led to an almost com
pleto occlusion of the vascular bed as o consequence of which the
flow beeame very low and the preparation was exposed for a long
period of time to the effect of hugh doses of the drugs Using the
new technique the drugs are rapidly washed out even f they ciuse
a considerable degree of vasoconstriction In this new <et up the
responses to lustamne, 5 hydroxytry ptamine and bradyhimn added
separately wero first myestigated Thereafter the effects of brady
kinm and anti mflammatory drugs on tho responses cherted by
lustamme were mvestigated

2 MATERIALS AND METHODS
21 ISOLATED GUINEA PIG LUNGS WITH VASCULAR PERFUSION

A modification of the method described by BHATTACHARYA and
Deraurors (1955) was used I'emale gumea mgs of 250 to 150 g
were anaesthetized with 50 mg of pentobarbitone per lg body
werght intraperstoneally After mtravenous admumstration of 500
IU heparm both the trachea and the pulmonary artery were
cannulated After removal of the Iungs together with tho trachen
the vessels were freed from blood by perfusion with Krebs Ringer
solution under low pressure The lungs wero then suspended m
mediately m the perspex cylnder by means of the cannulac (see
Tig 1) The tracheal cannula was attached to a tube w 1th a side
arm through which a polythene cannula with a boro of 10 mm
was pushed At 1 (Fig 1) the system was filled with 95 % owygen
and 5 % carbon dioxade at o pressure of 5 em water which was
momtamed by means of an overflow (2 m Iig 1) Tho main tube
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nas d to a Marey b r ding the vanations in
amplitude of tracheal pressure As 1a shown m Fig 1 the cannula
1n the pulmonary artery was attached to a tube with three arms
one arm was connected to the perfusion system, the second arm
erved as an outlet for air and through the third arm a thin poly -
{hepe cannula was mtroduced to nject drugs The perfusion flmd
leaves the preparation via the pulmonary veins The finger pump
(31 Fig 1) nas adjusted to gnve a perfusion rate of about 23 ml
per mm In this set-up the changes mn perfusion pressure were
recorded mstead of changes in outflow The pressure mn the perspex

Fig 1
Diagram of the apparatus nsed for recordmg the teacheal pressure amphivde
and the pulmonary artenal pressure, modified from BEATTACHARYA and
Drrauvors {1955) The tracheal cannula 13 attache
#rm through which & poly thene cannula wit
At (1) the system 19 filled with 95 ©,

d to 8 tube with a side
th & bore of 10 mm 13 pushed

o 0X)gen and 5 ©, carbon dioxide at
pressure of 5 cm water mawmtamed by means of the overflow at 2 Th:

cannula in the pulmonary artery 1s attached
to a tube wth th
(();x)e of ﬁ?:dse :l‘lns 13 connected to the finger pump (3) The water mﬁoiﬁ;
1 for calibration of the Marey tambour
recording the perfus:
pressure in the pulmonary artery by opening the stopcockp(es) o
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In presious expermments (AARSE™, 1966) the perfusion flud was
Krebs Ringer solution to winch 3 % dextrin was added It vas
impossible to heep the perfusion pressure constant during the
experiment since the pressure had to be mneresed temporarily m
order to overcome 4 persisting high viseular resistance after the
addition of drugs

In the experiments to bo discussed m the present paper the
vessels of solated guinea pig lungs were perfused with orebs
Runger solution without dextran at a constant rate of 23 ml per
min by means of a finger pump Thus 1t was possible to as oxd the
difficulty met with in the former techmque m which the admms
tration of vasoconstrictor drigs sometimes Jed to an almost com
plete occlusion of the vaseular bed as n conscquence of which the
flow beeame very low and the preparation was exposed for a long
persod of time to the effect of high doses of the drugs Using the
new techmque the drugs are rapidly washed out even if they cause
o considerable degree of yvsoconstriction In this new set up the
responses to histamune, 5 hydroxy try ptanune and brady hinin added
separately were first mvestigated Thereafter the effects of brad)
Janin and ant: inflammatory drugs on the responses chated by
histamine were v estigated

2 MATERIALS AND METHODS

21 ISOLATED GUINEA PIG LUNGS WITH VASCULAR PFRFUSION

A modification of the method descrsbed by BHATTACHARYA and
DerauNoIs (1955) was used Female gunea pigs of 250 to 450 B
were anaesthetized with 50 mg of pentobarbitone per kg body
weight ntraperitoneally After mtrivenous adminstration of 5%
IU heparin both the trachea and the pulmonary artery were
cannulated After removal of the lungs together with the trachen
the vessels were freed from blood by perfusion with Krebs Ringe?
solution under low pressure The lungs were then suspended 10
mediately 1n the perspex eylinder by means of the eannulae (s¢¢
Tig 1) The tracheal cannula was attached to o tube with & mde
arm through which a polythene cannula with a bore of 10 mm
was pushed At 1 (I'ig 1) the system was filled with 95 % oxyger
aud 5 % carbon dioxide at a pressure of 5 em water which was
maintaned by means of an overflow (21 Tig 1) The mam tnbe
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was d to a Marey taval ecording the vanations i
smphtude of tracheal pressure As 1 shown n Fig I the cannula
1 the pulmonass astery was attached to & tube with three arms

one arm was consiected to the perfusion system, the second arm
served as an outlet for air and through the third arm a thin poly-
thene cannula was mtroduced to inject drugs ‘Fhe perfusion flwd
leaves the preparation s1a the pulmonars vems 1he finger pump
3w Eig 1) was adjusted to gue a perfusion rate of about 23 ml
per mun In this set up the changes mn perfucion pressure were
recorded mstead of changes in ontflow The pressure 1n the perspex

K eby v T°C
ed it A i 0,

1

Diagrgm of Fig

an e ;\S;ﬁ;‘;ff'i::;;“' for reeording the tracheal pressure amplitude
ress,

TNOIS 11955) The tmchf‘gl cono modified from Buarraciarya and

arm through a 14 attached 1o & tube with a sid
A (0, the m“‘:’r’:’::ﬁ{;ﬂf)ymene cannula with a boro of 18 mm ,thme;
Preesure of § em wates 22 with 93 v, oxygen and 5 9, carbon diozide at &
cannuls w0 the pnhnm"'a"’“’m'ﬂu by means of the overflow at (2) The
O o thea arran 19 s o1, 18 @ttdched €0 & tube with theee rms
)35 w30 Tor cat boatr g 19 B8 D amn (3) The water manometer
[essure 1y the 1'- of the Vlarey tambour recording the perfusion
Pulmopary artery by opening the stopcoeh. (5)
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eylinder with a capreity of ahout 1420 ml was alternately made
positive and negative by means of a Starling respiration pump
which was adjusted to gne 13 strokes per mm of 100 m! Thee
changes i pressure caused fluctuations m the perfusion pressure
m the pulmonary arters between about £ em and —§ em HO
m most C\I’Cl"lln(}lltﬁ

22 VMAT:RIALS

‘The following substances were used sy nthetie brady himin (Sandoz
BRS 610) histamine acid phosphate 5 hydrovytry ptammne ereatt
mne sulphate 1he following analgisie antipyretic drugs with antt
mflammatory actrvaty were tested sodinm salieylate phenazone
anudopy tine sodium pheny lbutazone phenacetin and estriol sucet
nate 1) Only the doses of hustamme and of & hy droxy try ptamine
arp expressed in terms of the bise All doses of hustamme 5 hyvdrovy
try ptamme and of biadvl mn were adnunistered i 0 2 ml kreb
Ringer solution in 30 sec W hen the combmed ffeet of brady ki
and Instamne was imvestigated listamme was added immediately
after bradiv} inm Immniediately afterwards the eannula was flushed
with 0 I ml hrebs Ringer solution In all expermments the smooth
muscle stimulating diugs or combmations of these drugs were
mjccted mto the cannula n the pulmonars artery at mtervals of
10 nun IThe antt inflammatory agents werc added to the perfusion
flurd and the preparation was perfused with the anti inflammatory
agent for at least 20 min before the mjections with the stimulating
drugs were started agam Lhe ant1 mflammatory agents were tested
at coneenttattons of 20 pg per ml exeept for sodium sahicyte
whieh was given i coneentration of 40 ug per ml These concen
trations correspond appronimately to the therapeutic blood levels

3 RFSULTS

31 Il PITTCT O HISTAMINI BRADYRKININ AND
5 MY DRONYTRYI T AMINI

In seven isolated guinea pig lung preparations the effcets of two

doses of listamine (¢ and 2r) on the tricheal pressure amphtudt

and on the pulmonary artersal pressure were investigated after

1) Latnol succmato was hindly suppliel by Organon Oss
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repeated adminsstration The doses vaned according to the sens
tivity at the beginnng of each expenment four of these expert
ments z was 1 pg of histamne the others 05 pg A typreal
experiment 1s shown in Fig 2 The upper part of this Figure shows
the effects of 1 and 2 g of listaunme on the amplitude of the
tracheal pressure and on the pulmonary arterial pressure mn the
first and second dose cvele m the lower part the effects dunng
the fourth dose evele re shown In this expenment the effect of

Teal —-—

1oess € . .

]wm
14 3 ~ -
HO
Ep- ——
a—
N -
1o =
. [
g ° -

Isolated gu nea pig lur g preparation The effect of 1 and 7 4 g hustamune (H)

on the tracheal pressure amphtu le an1 on the palmonary arterial pressure

m the lst and “nd dose eycle {upper part) and i the 4th do<e cycle (lower
part)

hr tamine on both the amplitude of the tracheal pressure and on
the pulmonary arterial pressure mcreased after repeated admuny
tration this was true both for the magmtude of the effect a sd
for its duration Tt must be noted that i tius set up the perfu .
rate of the lung vessels 19 almost unaffected by an mf:ea .
vascular resistance so that an increase in the duration of an 5‘& “;
canmot be ascribed to a slower rate of removal of lnstae "
Furthermore 1n the third and fourth dose cycle the amphtu?t‘znzf
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the tracheal pressure did not return to its orygmal height within
10 min T'ig 3 shows a graphical presenttion of the mean effects
(£ SEM) of four experiments m which 1 and 2 g of hnstamne
were admunstered m four eveles An analysis of vnance of the
results 1s presented m Table 1 "flus Table shows that the effect
of lustamine on the amphitude of the tracheal pressure 15 dependent
on the dose, morcover there 15 o sigmificant mereise m the effect

Tracheal pressure Pulm art pressure
amplitude increase 1n
%decreaseO n4 cmH,0

& e

50 4 1| -5

12 12 12 12 pg O?Hslamme
1 2 3 4 Dose cycle
g 1%
Mean responses of tho 1solated gumea pig lungs to 1 and 2 pg of lnstamine
1n four suceossino cycles Tho bars mdicate + 1 81 M

TaBur 1
Analysis of vanancoe of the data plotted m Iig 3 showing the cffcets of histan
amphtude of tracheal pressure and on the pulmonary artenial pressure

une

Pulmonary arte!

‘ Tracheal pressure presaure
Source of Degrees | apoan ’ N Aean | r ,
variation froodom | square P I square [ [
;
Doses ( 1 1522512 | 7185 <0005 1928 272 J >
Cyeles 3 123700, 579  <000a | 1303 | 257 >
Tarallelsm 3 2008 | 1065 | >0025-<000 | 703 | 138 ] >
Lxperiments 3 566 58 & 265 \ >0 00 2978 | 588 | <
Lrror 21 213 36 | 1 06
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of histamine dunng the different eveles (n both easex £<.000%)
However, on the pulmonary arteri] pressure no sigmficant change
1n effect was found esther by creasing the dose or during the
different dose cyeles (in both cases P~003) This may be cansed
parthy by the wade variation in the effect on the pulmonary artenal
pressure withm the different experiments (P <0005}

In a sim lar w1y the cffects of 2 and 4 pg bradihimn on the
tracheal pressure and on the pulmonary arteral pressure were
investigated 1 five experiments The mean effects (= SCM) of
these experiments are plotted i Fig 4

Tracheal pressure Pulm art pressure

amp! tude nerease n
Zdecrease O ns cmHO L
100 10

[
24 24 24 24 pgof Bradykinin
1 2 3 4 Dosecycle
Fig 4
Miean responces of 1solated gunea pig lungs to 2 and 4 #g of bradykinin
in four successne cycles The bars indicate =1 SEM

Fig 4 shows that bradyhsmin has a marked effect on the pulmo-
nary arterial pressure at doses which hate a relatively small effect
on the tracheal pressure Fig 3 shows that histamine had a much
:o:;e pronounced effect on the trachesd pressure changes These

ndings are 1 accordance with those of Hate
Bt E LuspE and Waa-

Regarding the effects of brads hinm on the
pressure a significant difference betw ee
and bety een the cycles (P<001) was

pulmonary arterial
n the two doses (P<0 005)
found



230 PN ARSI

The effect of brady kimn on the amphitude of the tracheal pre sure
mereased sigmfieantly (<0 05) with successive admmistrations
Howaver, this effcet appeared to be mdependent of the doe
(P’>00%) After repeated admmistration of brady kimn the amph
tude of the tracheal pressure did not return to its normal height
This cffect was even morc pronounced with bradyl mm than with
histamine

Thesc experiments show that some of the effeets of both histamune
and bradykimn inercase with the number of successive admmt
trations, while eventually arreversible changes m the prepration
scem to tal e place Since these phenomena mav be aseribed to
progressive merease i vaseulir permeabihty, st was of mteret
to study the effeet of 5 hydrovytryptamme Although this latter
compound meteases vascular permeability 1 the rat it was shown
by Wnmirv (1962) to Le relatively meffective m the gumea pig

In five experiments three eveles of 2 and 4 #z of 5 hydroxnvinp
tamme were muestigated The mean effects (& S1VM) of these
experiments are plotted m Iig 5 Tlis figure shows that after
repeated admumstration the effect of 5 hndrovytry ptamme on the
tracheal pressure decreascd rather than mereased whereas the
effiet on the pulmonaiy arterial pressute showed httle change

Tracheal pressure Putm art pressure
ampl tude ncrease in
%decrease O emHO {4
100 10
ns
504 5
ol °
24 24 24pgof S HT
1 2 3 Dose cycle
Fig &

Mean responses of 1solate 1 guinea pig Ings th 2anld ) f5hy Iroxy tryp
tamine 1 three successive eyeles Tho bars inlcite £ 1 SEN
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This 15 1 sharp contrast to the results obtuned with histamine
and bradykimn In a number of expenments three different do<es
of 5 hydroxytryptamne were grien at random each dose being
given three times Fig 6 shows a representative experiment The
upper part of thos figure shows the effects of 2, 4 and & pg of
5 hvdroxvtrvptamine on the tracheal and on the pulmonary
artenal pressure in the first dose cycle, the responses obtaned n
the third dose cyvele are shown n the lower part \ companson
of the effects observed during the first dose evele with those of
the third cycle shows that the effect of 5 hydroxytry ptamine on

1™dose cycle K
Tracheal , It
pressure 1} :{3 4 -, ]
A LA ¢ '
Pulmart cmhp
pressure = . eerrr——— .
@ § r: LS ""i"’"ﬂ({/jq,r""‘ £ p
——" FRT
\ t2yg5 1T fayq5hr {epg s HT
39dose cycle !
%0 e it by
et ”2 1} v
- .
cmH.
1:£ !
HalAad - .
i I A R T S
| fugs tvos ur {apqs HiT tma

\ Fig 6
ung preparation Effects of 2 4 and §
#2 of 5 hydro:
trachesl pressiro amphitude and ooy

on the pulmona;
© 1st (upper part) and 1n the 3ed dose ¢ycle ﬂgwcl’ xmr:)y

Inolated guinea Mg
tryptamine on the
artenal pressure in {}
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the tracheal pressure was not inereased and that m the control
periods betwecn the admimistrations of 5 hydroxytry ptamme tle
amphtude of the tracheal pressure remamed unaffected

32  IHF FFEFCT OF A SUBIIMINAT DOSF OF BRADYRININ ON THE
RESLONSFS TO HISTAMINE

In previous expermments (Airses 1966) 1solted gunea pig lung
preparations very soon became ocdematous if bradvhimn and
tustamine were admimstered alternately Therefore the combmation
of bradyhimin and histamine was tested using the new method of
perfuston Prebminary experiments showed that combmations of
histamme and bradykimin i doses which were active by them
selves could not be mvestigated after one or two adminstrations
the airways became completely bloched by flud  Lherefore coml1
natons of a small effective dose of histamne with yarjous sub
[mmal doses of bradyhmin were muvestigated A dose of 70 ng
bradyl mn which was about a twenticth of the hmmal dose ef
fective on the tracheal and pulmonary arterml pressure still en
haneed the responses to istamine ginen mmmediately aftern ards
Tlus combination did not cause leahage of flnd mto the Urw s
cven after repeated admmistration In 15 expermments 005 and
10 pg of lustamune were added alone m a first dose cyele followed
by a sceond dose cyele m which half these amounts were added
preceded by~ dose of 50 ng of bradyl imn Sinee 1t was found 1n
previous experiments that the effect of histamme on the tracheal
pressure ncreased signifieantly after repeated adminstration 0o
and 10 xg of histamine were added n two cyveles without brady
ki 1 15 esperiments serving as controls The mean cffects
(£ SCV) of these two groups of experiments are summarzed m
Table 2 This table shows that in the first dose cvele the effects
of histamine on both the tracheal and pulmonary arterial pressure
were about equal for the control group and for the test group

After the subhminal dose of bradykmm was added the cffect of
Iustamine was increased n hoth cases A dose of 0 25 ug of nstamine
which m 1tself was mactise showed wn effect m combmation with
bradyhmmn The responses to 05 pg of histamine combmation
with bradykimn must be compared with the responscs to 045 ug
of histamine grven alone the second dose cycle of the controt
group Table 2 shows that the mean responses to 0 % ug of histamine
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m combmation with bradyhuun were almost twiee those to hista
mue given alone The analysis of varance of the results showed
significant differences (<0 003)

13 INUIUPNGE O ANTIINFI AMMATORY AGENTS O\ THF RE
SEONSES OF ISOLATFD CUINEA 1IG LUNGS TO HISTAMINE

The following antipyretic analgesies with anti inflammatory
netrvaty were ivestigated  sodium saliey late, armdopy rine phenyl
butazone and phenazone Inall experiments two doses of hustamne
(05 and 1 pug) werc mjected mto the lung vessels twice before
and twice 20 mimn aftcr the perfusion fluid was changed from normal
Krebs Ringer solution to Krebs Rmger solution contumng the
ant1inflammatory agent under test 1he concentrations of the anft
mflammatory agents wete 20 ug per ml exeept for sodium silievlate
which was given 1n a concentration of 40 pg per ml The doses of
histamine were given at intervals of 10 mm As was shownm Iig 3
the cffect of istamine tends to mercase with each dose cycle
Tng 7 shows the strong mhibitory effect of phemlbutazone and
amdopyvime on the decrease of the tracheal pressure amphtude
mduced by histamine Both compounds were about equally actie
Phennzone was possibly somewhat less effective wlile sodum
salieylate had a marl edls smaller effect This sequence of drug
activity roughly corresponds to then potency In suppressing <hit
erythema caused by ultra violet irradiation m gumea pigs (WINDLFR
et al 1958) The anti mflammatorsy agents s estigated seemed to
have no effect on the inercase i pulmonary arterial pressure
induced by Iistammne (see Tig 7) Ihe difference between the
re<ponses to histamine before and after the perfusion flud w8
changed was not sigmficant at the 5 %, level

34 INITUINCT OF ANTI INELAMMATOR\ A(PN1S OY THE RI®
SPONSFS OT THT ISOLATED GUINFA PIG 11NGS TO HISTAMINT

IN COMBINATION WITH BRADYKIMN
Sice 1t was found that the sensttivity to histamme as well 13
the histamme sensitizing activity  of bradyhmmn varied con
aderably in different lung preparations (sce SLM s mn Table 2)
1n each expermment two doses of histwtune alone (first dose cy cle)
were given followed by the addition of half these doses in combt
nation with a sublimmal dose of 50 ng of bradykinin (second dose
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Tracheal pressure Pulmart pressure
amplitude ncrease In .
adecrease O emHp adecrease emno L
" It A

Amidopynne

{—n:u

Na-Salicyl
l_gSﬂa eyl late

wroom w1 6 BT Bl B
i H 3

n
Phenazone
n-y

"t [th] 51 u IwM‘iﬂum
' 2 3 4 Dose cycte
Fg 7
Lr:‘f::::ce‘ ,]r anty inflammatory agents on the responses of the 1wofated
almuusl:fn.,‘\"’(m to histamine Two doses of histamine (0 5 and 1 pig) were
o h:\“\;e \:efm—e and twice after starting perfusion (ndicated by
oo oy ! !‘L‘ mger snh:non contamng the drug under test Amado
of hmamm’f’c“ b, (20 sg/ml) pred Iy inhibited the eflects
(20wl ot o tmcd eal pressure amplitude In this respect phenszone
ey xt sodium salicylate {40 yig/ml) were less effcctive The
1stamine on the pulmonary artenial preasure was not stgnificantl;

suppreased by these drugs v
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in combination with bradyhimin were almost twiee those to hista
mine gven alone IThe analssis of varance of the results shosel
signficant diffcrences (7 0 003)

T3 INITUENCT O ANTI INEIAMMATORY AGFNTS OV THE RE
SIONSIS OF ISOLATED GUINE A FIC TUAGS TO HISTAMINE

Ihe following antipyretie analgesies with anti inflimmatony
activity were imvestigated  sodium sahey late, amdopy rine pheny]
butazone and phenazone In all experments two doses of lustamine
(05 and 1 gu2) were mjected mto the Tung vessels twee before
and twice 20 min after the perfusion flnd was changed from normil
Trebs Ringer solution to Iirebs Ringer solution contuming the
ant: mflammatory aent under test ©he concentrations of the antt
wnflammatory agents were 20 g per m! exeept for sodium salieylate
which was given m a concentration of 40 ug per ml The doses of
histamine weee given at iteryals of 10 min As was shownin g 3
the effcet of histamine tends to merease with each dose evele
lig 7 shows the strong mmbitory «fTcet of phenylbutazono ani
anudopyime an the decrerse of the tracheal pressure amplitu fe
mdueed by histamime Both compounda were about equally active
Phenazone was possibly gomewhat less effectine while sodium
salieylate had a marl edly smaller effect Tlis sequence of drug
activity roughly corresponds to themr potency n suppressing shit
cry thema eaused by ultra violet irradiation m guimea prgs (WI\pLFR
¢t al 1958) 1he antr inflammatory aients myestigated scemed to
have no effect on the terease m pulmonary arterial pressure
mduced by histamine (see Tig 7) 1The difference between the
responses to histamine before and after the perfusion flud was
changed was not sigmificant at the 5, level

94  INFLUINCE OF ANTI INITAMMATORY AGDNTS ON THE RI-
SPONSIS OF THF ISOTATFD GUINIA PIC 1UNGS TO HISTAMINT

IN COMBINATION WITH BRADYKININ
Sinee 1t was found that the senuitivity to hitanune as well as
the lustamme senaitizing activity  of bradyvhiun vaned con
siderably n different lung preparations (see SLV s m Table 2)
1n each experiment two doses of histamine alone (first dose ey ele)
were given followed by the addition of half these doses combt
ation with a sublimmal dose of 50 ng of bradylinn (second dose
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cyele} After these prelimunary tests the lungs were perfused with
hrebs Ringer solution with or without the addition of the drug
under test Twenty minutes later the response to the combmation
of 50 ng bradyhiun with the highest dose of histamine was tested
agamn (third dose evele)

Fig 8 shows a typreal experiment In the control experiment
{upper section) the effect of 0 5 g histamine 1n combination with
bradyhmin on the tracheal pressure 15 strongly wnerersed in the
third dose eycle This response was almost completely suppressed
by amidopyrine (mddle section) and phens {butazone {low er <ection)
n concentrations of 20 ug per ml perfusion flurd Phenazone was
found to be less effective while sodium siliey late produced 1 shight
effect 1f any

Phenglbutazonc was also comparcd with phenacetin and estriol
both 1n a coneentration of 20 pg per ml Phenacetin was cho-en as

TABLF 3
1501 of the effeet of pheny Ibutazone with those of phenacetin and estriol on the responsc-
of 1solated guinea pagz lungs to histamine in combimation with brady kinin
secyde 05 and 10 p of histamine were ardded alone

ey e a e
agem 20 min after the perfuson with 20 sugfml of the drug under tes
was started

::;n Tesponses 10 05 pg of listamine with and without bradyhinm are compared Th

Prmses to the combined administrations in the second and the third dose evcle ar
expresss d as multiples of those to histamme alone in the first evele

Mean responses
(= SEM) t0 05 g
histamine
(1st dose cycle}

Relatr ¢ responses to 0 5 jrg histaming
+ 50 ng bradykimin
or

2ad dnse cycle 3rd dose cycle

Drug ——— —— = S =
« Increase  Decreass Decrease Decrea
in pulm mra  Inerease T, Inereaso T
art cheal  MPEM g mPUM o
pressure pressure art  ressure pressur
(em H0)  ampl (o) Presswe Ty pressure oo
= 25408 137136 1 2 2
g:f:;"’“‘“om 12407 20751905 2 ; s '1; 0 ; f:;
Penacein 14208 1534L78 12 | 43 14 31
08307 92331 50 | 52 50 48




T 1% dose eycie 0 dose ¢ cle 3 ddone cycle
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Tracheal
pressure

cmi,0)

2
Pulmart ;.E
pressure

tosuan ] aH 'nt fs0ngB 1=ar~gB L
+025p9H  sospugH cospgH 10
Amidopyrine

fosmgH  {ugm fsongB fsongB [snnga
*023gH +08)gH sospgH

i Phenylbutazone
-‘] “ E =

l

aar\qu

ospiqH b 50008
f o [P saspgH i

fsa x B
028 JH

aspcH

Iz 8
Isolated gaanen g lung preparations Upper seetion Contral experiment
comparison of the responses to 0 5 and 1 0 ug of listamine (H) n tho Ist doso
eyclo with thoso to 0 25 and 05 pg H added wnmedtely after 50 ng of
brady! inin (B) 1 the 2nd dose evelo 20 muin after changing the perfusion
fluid from one stoek of rebs Ringer solution to another stocl 06 g of
H with 50 ng of B was agam adminstered (3rd dbse evele) Noto tho strong
decrease m tho tracheal pressuro amphtudo m the ird cycle Noto als0
that the amplitudo does not return to normal Mid ile scetion Inlubitory
cffoct of amidopyrine, 20 sz per ml added to the perfusion flud botween the
9nd and 3rd cycle on the resp to H in 1on with B Lower
section Inhibitory effeet of phenylbutazone 20 g per ml added to the
perfusion flmd between tho 2nd and 3rd cycle on tho responses to H m
combination with B
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amphtude to normal values 1n the control periods of the third or
fourth dose cycles This 1dea scems to be supported by the following
findings After repented admimstration of § hydroxy tryptamine the
effect on the tracheal pressure amphtude decreased instead of n
creasng Furthermore the amplitude remasned unchanged in the
intervals between the doses These effects which are at varance
with those of histamime and bradykinin correspond well with the
small effect of 5 hydroxytrvptamine on the vaseular permeability
m gunea prgs (WILHELM 1962)

4 dose of bradyhimn which was about twenty times smaller
than the hminal dose effective on the tracheal and the pulmonary
arterial pressure enbanced sigmfieantly both the decrease i the
tracheal pressure amplitude and the ncrease in the pulmonary
artenial pressure induced by histamine This effect of low-doves of
bradyhimin may be explamed by assuming that bradskimn
ereases the vascular permeability for histamine WiILHELM (1962)
showed that especially synthetic bradykinin icreases vascular
Permeability at very low

Corran and Vasvo (1964) distingmshed four types of patho
logical vascular leakage One of them 13 the histamine type
which would be induced by histamune 5 hydroxytryptamime and
bradykinin  These agents eliit the early transient type of m
flammation reaction The essential morphological features of this
type of vascular leahage are now well known Corra™ and Maino
(1964) found that the leaking yessels were predommantly venules
and that the cellular mechamsm was a partial disconnection of the
endothelial cells along their junctions This means that pores open
betneen the cells while the basement membrane remams intact
Tesisting the passage of plasma protems but not that of iud The
permeability for fld and for plasma protems are supposedly two
different mechanisms (W INTER 1966) The vascular leakage starts

diately upon local of the mediator e g histamine

and Yasts for a short pertod 1n the order of 30 mm {CoTraY and
Mano 1964) The effects on the tracheal pressure amphtude
observed m our expermments i which histamine and brads kinm
:gg::lo;igzastue;lclys can 1be explamed by assuming a cumulative
s o mm; :l‘;e ad mlmztrttmns on the vascular permeability
eressing amountse permeability may enable the passage of m
of the drugs mto the mnterstitzal imd This could
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an agent with a small anti mflammatory actinity and e triol asa
representatine of the oterord antt mlammators arent  which
supposedly fuil to mhibit the mmediate short term e jone to
mjury such as crvthema and oedema m the gumen e (WHITe
HOUSE  19%3) "The results of thee experiments are summanzed
m lable 3 "thas Iable <hows that phonylbutazone mhilnted almo t
complctely both the deerease i tracheal prossure amphtude and
the mercase in pulmonary arterial pressure mduced by the combined
admmnstration of histanine and bradsy ] i m the third do ¢ evcle
Phenacetin had a much smaller «ffect and estriol showed no effect
at ail

4 DISCUSSION

In the present experiments histamme and brady] mm ap) ewrel
to have two common effiets on the amplhtude of the trachel
pressute In the fiest place both substances caused the amy litule
to decrease  Lhe magmtude of this response as well as it duration
mercased with suceessive adnmumstrations at 10 mmn mtery !l
Secondly the amphtude of the tracheal pressure did not return to
1ts normal value after repeated admimustration 1his Iatter phenome
non was more pronounced for brady!iun than for hu tamme

Whetcas histamine had a very pronounced effect on the trachesl
pressure changes and a less pronounced efftet on the pulmoniny
arterial pressure bradal i m the doses used had a sm Al effiet
on the tracheal pressure changes and a more pmnoun(‘od effect
on the pulmonary arterial pressure Lhe effect of bradyvkanm on
the artenal pressure mereased with the do e cyele whereas tle
effcet of Instamne on the artenal pressure did not change «agmifi
cantly duiing the 4 dose cycles

It was found that alternation of histamme and adylmm m
doses which were active by themsclves soon eaused a blocl age of
the mrway e by the acoumulation of fluid Histamme and Csp(‘m'\“)
synthetic bradyl mn are Iughly potent agents n ncresmg the
vascular permetbility . gumea rgs (Wrutiw 1062) Tlus m
creased vascular purmeability accompumed by an accumulation
of flurd m the mterstitial spaces could explam the merease m effeet
on the tracheal pressure with successive admumstrations of cither
lustamme or bradylimn as well as the incomplete return of the
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In conclusion 1t should be emphasized that the desenbed effect
of the ant mflammatory agents may be considered as relatirely
unspecific effect on the vascalar endothelum
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SUMMARY

Inwalsted guinen pig lungs with vascular perfuson, hustamine, bradylann
snd 5 hydroxytryptamine caused & decresse m the traches) pressure amph
tude and an merease 1 the pulmonary artenal pressure Wheress histarnine
had & very pronounced effect on the trachesl pressure changes and a less
pronounced effect on the pulmonary artena) pressure, bradykmm had only
a small effect on the trachenl pressure changes and s more pronounced
effect an the pulmonary artenal pressure

On repeated of and bradyk the cffect on
the tracheal pressure amplitude mereased and furthermare, the smplituds
did nat retam 10 its normsl value These phenomena were sseribed to
wereased vascular permeability This 1dea seems 10 be supported by the
findings that 1 the phenomena were not found after successive sdouny
strations of 5 hy yLeyy 2 8 dose of bradyk
sguificantly increased both the deerease i the tracheal pressure amphituds
and the increase 1n the pulmonary arteral pressure induced by histamune

The non sterowd ant1 1fl 'y agents phenyl dop,
phenazone and sodiam saticylate mhibited to a varymg extent the decrease
miraches! demduced by h orbyh preceded
by & sublimmal dose of bradykumn In ths last case the merease in pulmonary
artenal pressure was also mbubited Phenacetn had a shght effect, whereas
ethal & sterod anty inflammatory agent, had no effect at all

Tt 23 concluded that the deseribed effect of the non stered ant1 infarmma

1y agents may be consilered as a relatively unspeaific effect on the vascular
endothelium
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result mn a stronger contraction of the bronchial smooth museles
As a matter of course the amount of interstitial flind would also
mercase  thus decreasing the compliance of the lungs Smnce the
sinusondal changes m tracheal pressure are the result of the sinus
oidal pressure changes produced outside the lung the amj htude
of the pressure changes in the trachea depend on both the awrway
resistance and the lung compliance Ihe compliance will decrease
a4 a result of an increase i the amount of interstitial flmd This
mncrease may be the explanation for the incomplete recovery of
the amplitude after repeated adennistration of erither histamme or
brady hemn

In the present set up the non sterotd ant1 inflimmatory agents
phenylbutazone amidopyrme phenazone and sodwm salicylate
ihibited to varving degrees the decrease in tracheal pressure
amplitude mduced by histamme or by lustamine preceded by 2
sublimmal dose of bradyhimn

Phenacetin had a shght effcet whereas estriol 2 steroid antt
mflammatory a_ent had no effect at all Some parallelsm was
found Letween the inhibitory activities of the non steroid antt
mflimmatory agents and their potencies for suppressing shin ery
thema caused by ultra violet srradirtion m guinea pigs (W INDLER
¢t al 1958) These findings may also support the assumption that
the mctease n effeet after successive admimstrations 1s due to an
mereased vascular permeability

It 15 noteworthy that the increase in pulmonarsy artertal pressure
induced by Iustamne m combmation wath bradshinm was also
mhibited by the non steroid anti inflimmatory agents v estigated
(Lable 3) However a simlar effect caused by giving 2 third and
fourth dose of histamme alone did not scem to be affected by these
agents (I, 7)

In previous experiments (AARSEN 1966) no effect of the non
steroid ant1 mflammatory agents on the responses to histamime or
brady himn could be demonstrated The explanation may be that
m these experiments the lung vessels were perfused at 2 slower
rate and that the dose of both histamimne and bradyhinin were
Ingher [his caused persistent occlusion of the vessels which
could only be overcome by temporanily ncreasing the perfusion

pressure This procedure might concervably have ciused wrreverstble

damage to the vascular walls
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In concluston 1t should be emphasized that the desenibed effect
of the anti wflarymatory sgents may be considesed as & relatively
unspeafic effect on the vascular endothelinm
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SUMMARY

Tn 1solated gmnea p g lungs with vascular perfus on histamme bradykimn
and § hydroxytryptammne caused a decrease 1n the tracheal pressurd amph
tude and an merease in the pulmonary artenal pressure Whereas histanae
had & very pronounced effect on the tracheal presture changes and & leay
pronounced effect on the pulmonary artensl pressure bradykinm had only
a small effect on the trachesl pressure changes and a more pronvunced
effect on the pulmonary ertertal pressure

On repeated oa of and the effect on
the tracheal pressure amplitude increased and furthermore the smpl tude
44 not return to ts normal value These phenomena were aseribed to
wmereased vascular permeabilisy This 1des seems to be supported by the
findings that 1 ihe phenomena were not found after success ve admm
stratons of 5 hy ey p! 2 = dose of bradylk
& gruficantly wereased both the decrease 1 the tracheal pressure awphtods
and the increase i the pulmonary artenal pressure wmndu

ced by histamms

“The non stero & ant) infl y agents ph .
phenazone and sod um sshicylate inhib ted to & varymg extent the decreass
intracheal ! tude mduced by h rby preceded
by a sublimingl dose of bradylunm In this last case the werease s pulmonary
argenal pream To wos - A
estriol ¢

Jrse
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endothel,
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result 1 a stronger contraction of the bronelial smooth muscles
As n matter of course the amount of mterstitial flud would al o
mercase thus decreasing the comphance of the lungs Since the
siusodal changes in tracheal pressure are the result of the smus
oudal pressurc changes produced outside the lung the amplitude
of the pressure changes m the teachea depend on both the mrway
rosstanec and the lung comphance [he compliance will deercase
as o result of an ierease m the amount of mterstitial flud This
wctease may be the explanation for the mcomplete recovery of
the amphtudc after repeatcd admumstration of Gthet histamume or
bradylainn

In the present sct up the non steroad antr inflammatory agents
phons Ibtazone, amudopyrne  phenazone and sodmm sahcylate
mlubited to varymg degrees the deercase m tracheal pressure
amplitude induced by histamme or by histamme preceded by a
sublmmnal dose of brady hnun

Thenacetin had a slight effcet wheteas estitol o sterod antt
mflnmmatory agent had no effiet at all Some parallcinm was
found between the mlubitory activities of the non steraid ant
mflammatory agents and their potencies for suppressing shue ery
thema caused by ultra violet srradintion m gumea prts (WDVDIER
et al, 1955) 1lhese findings may also support the assumption that
the mciease 1 «ffeet after suceessive admimstrations 1s due to an
ercased vasenlar permeability

It 19 noteworthy that the mnerease in puimonaty arterial presstree
induced by Justanune m- combination with biadyun was alo
mbubited by the non steroid antr mflammatory agents mv estigated
(lablc 3) Howeser a smumlar cffect causcd by giving a thrd and
fourth dosc of Instamine alone did not seem to be affceted by these
agents (g 7)

In previous experiments (AwrsiN 1906) no «flcet of the non
stetoud ant1 mflammatory aents on the tesponses to listammne or
Iinady hin could bo demonstrated lhe explanation may be that
1 these experiments the lung vessels ware perfused at a sfower
1ate and that the dose of both histamme and bradyhin were
lugher Ihis coused persistent ocelusion of the vessels which
could only be overcome by temporanly mercasing the perfuston
pressure 1lns procedure nught concenvably hayve ewused ares crsible
dunage to the vascular walls
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DESENSITIZATION OF THE END PLATE MEMBRANE
FOLLOWING CHOLINESTERASE INHIBITION,
AN ADJUSTMENT TO A NEW WORRING SITUATION

By

E MEETER

1 regard 1t as a great honour to have been asked to contribute
to thus series of lectures given to commemorate the founding of the
first chawr 1n pharmacology 1n this country, sixty years ago It
forced me to look back on my work of the past 15 years in order
to select a subject of sufficient general interest I decided upon a
contribution dealing with the adjustments oceurring mn the post-
synaptic membrane of the motor end plate when 1t 1s subjected to
vanations in the concentration of depolanzang agents mats ity

The reason for mvestigating this subject 18 1ts usefulness in the

d ding of the h of action of antichohnesterase
compounds a subject of importance 1 our laboratory Recently
Dr Wolthws and [ (MERTER and WorTuus, 1968) have discussed
the processes which play a part n the s

t

pontaneous recovery of
respiration and 1 mtherataftery 2
with vanons hol. S, Teco

Tuead s + hans very may be
P by three 1 Teactiva~
tion of

“old enzyme, when the inhibitor 15 relatively loosely
bound 2 sypthems of new enzyme, a slow process which plays
Wie or o part 1 Tevovery durmg Yne first 12 h, and 3 “adapta
tion” o process Which can be demonstrated 1n the m} onenra}

junetion of the rat when 1t has been poisoned with firmly bound,
inhibitor ike DFP Thus adaptation will be the main sub]ezt oof the
present contnbution
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1odide) Before, and at regular intervals after tho injection the
nenromuseular transmission was tested by stimulating the saatic
perve with trams of pulses of 100 psce ot frequencies of 25 50,
100 and 200fsec each tran lasting 3 sec The contractions of the
gastroenemuus soleus muscles were recorded Between the tests the
nerve was stimulated with 1 pulse per 10 sec thronghout the
expenment 1t appeared that shortly after the $34 mjection the
muscles were unable to produce the normal tetame contractions,
snstead they showed little more than a single twitch for each tramn
of stimuli In the course of the subsequent hours the abihty to
sustamn a tetame contraction partly returned, at least at the lower
frequencies A second njection of the same dose of §54 then
produced little, 1f any effect on the response of the muscles whaich
ghows that the partial recorery had not been due to an increasing
labihty of fi 1 chot but to some kind of
adaptation of the nevromuscular junction to the conditions created
by the blocked enzyme
Fig 1 also shows that about 3 h after the first 854 injection no

further mp of the t took place, app 1y
the adaptation had come to an end Sumilat results were obtained
n p ty published DFP-e (MeETER and WorTiots,
1968)

THE AMTICHOLINFSTERASE POISONED,
ISOLATED RAT DIAPHRAGM

One way to mvestigate ths hmited, but for the purpeses of
therapy rather 1moportant recovery mechamsim, 19 to study 1s0lated
1t nerve muscle preparations n a situation comparable to that
of the rat muscles 1n sifu, 1e vnder a continuous regime of indirect
stimult Some years ago (MEETER, 1958) 1t was found that durng
continuous mdirect stimulation of the 1solated rat phrensc perve~
diaphragm preparation DFP admimstration in the bath mtally
caused a depolatization of the end plate region This depolarzation
reached & maamum after an interval depending on the dose of
DFP (1 h with 0 33 mgfl and § b after 0 66 mgfl), following wiuch
the depolanzation slowly subsided

More recently, this investigation was taken, u;
stady the reason for the waning of the dcpolﬁt;ia!:’;nm;x:d:}: -
expeniments the depalanization of the end plate regonwas measu::;
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THL INTACT, ANTICHOLINESTERASE
POISONED RAT
In Fig 1 the results are shown of an experiment m which an
anaesthetized (barbital 215 mgfhg, 1p), atropimzed (50 mgfkg
1p) artifienlly ventilated rat was mjected with a lethal dose
(01 mg/hg, 1v) of the meversble cholinesterase mhibitor §54
{cyclopenty! S 2 trimethyl ammontoethy] methy iphosphonothioate

UYLl

0 1% injecton

8
g

ok |

1%
5% 2™ njecten
2% L L ‘ ‘ S% h (k
Fig 1
Traces st g tetanic of the gastr solous muscles

1n & rat, evoked by stimulating the smiatic nerve with 3 seo trams of pulses

ab 25 50, 100 and 200/sec © = control responses At 0 an1v mjection of

01 mg/kg of the iroverstble cholinesteraso mhibitor S54 The figures on

the left of oach group of traces denote the time 1n hours after the injection
At 5} h a second equal injectron of 854 was given
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¢ and at regular intervals after the injection the
transmssion was tested by sumulating the soatic
s of pulses of 100 psec at frequenctes of 25, 50,
¢ each tram lasting 3 scc The contractions of the
«oleus muscles were recorded Between the tests the
imulated with 1 pulse per 10 sec throughout the
U appeared that shortly after the 834 wnjection the
urtable to produce the normal tetamic contractions,
<honed little more than a sngle twitch for each tram
In the course of the subsequent hours the sbility to
tanie contraction partly returned, at least at the lower
A second njection of the same dose of $51 then
ittle, 1f any effect on the response of the muscles which
the partial recovery had not been due to an mncreasing
* v of functonal cholinesterase, but to some hind of
n of the neuromuscular junction to the conditions created
focked enzyme
lso shows that about 3 h after the first 54 injection no
improvement of the transmission took place, apparently
ptation had come to an end Similar results were obtamed
tously published DFP-experiments (MEETER and WoLTHUIS,

THE ANTICHOLINESTERASE POISONED,
ISOLATED RAT DIAPHRAGM

¢ way to investigate this hmited but for the purposes of
*py rather important recovery mechamsm, 18 to study ssolated
erve muscle preparations m a situation comparable to that
the rat museles 1n sitn 16 under a continuous regume of indirect
™l Some years ago (MEETER, 1938) 1t was found that during
“tinuous mdirect stimulation of the 1solated rat phreme nerve
;I::agm P DFP ad ration in the bath mtially
. e; depolanization of the end plate region This depolarization
P ; macmum after an mterval depending on the dose of
o g ‘mth 033 mg/l and 4 h after 0 66 mgfl), following which
. ‘polanization slowly subsided
“ud‘;mﬂl;emnﬂy thig investigation was taken up again 1n order to
- ® reason for the waning of the depolinzation In these
‘Periments the depolanzation of the end plateregion was meastired
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THE INTACT, ANTICHGLINESTERASE
POISONED RAT

InTig 1 the results are shown of an eperiment n which an
anaesthetized (barbatal 216 mghg 1p) atropiuzed {50 mgfhg
tp ) artifiendly ventidatcd rat was wgected with a lethal dos,
(01 mgfhg, 1<) of the ureversible cholmesterase mhibior Sof
(cyclopenty! S-2 trumethy ] ammontocthy ! methy Iphosphonothiote

0 1% injecton

e

b

s
:

1%

5

o
51 2" mection

st.LUU_

g 1
Traces showing tetame contractions of tho gastrocnemus soleus muscles
m o rat, evohed by stumulating the sciatic nerve wath 3 see trmns of pulses
at 25, 60, 100 and 200/soc C == control roapanses At 0 auy 1+ njection of
0 1 mgfhg of the blo et t had 554 Tho figures on
the left of cach group of traces denoto the tmmo in hours afier the injection
At 5}h o second equal njection of S84 was given

3

24




DESENSITIZATION OF THE FND PLATE MEMBRANE 245

1odide) Before and at regular intervals after the mection the
seuromuscnlar transmission was tested by stimulating the seiatic
perve with tramns of pulses of 100 psec at frequencies of 25, 50,
100 and 200fsec each tramn lasting 3 sec The contractions of the
gastrocnernius solens muscles were recorded Between the tests the
nerve was stmulated with 1 pulse per 10 see throughout the
expennment It appeared that shortly after the Soi imjection the
muscles were unable to produce the normal tetamie contractions,
instead they showed hittle more than a single twitch for each tran
of stimuh In the course of the subsequent hours the abiity to
sustamn a tetamie contraction partly returned at least at the lower
frequencies A second mjection of the same dose of §5¢ then
produced little if any effect on the response of the muscles which
shows that the partial recovery had not been due to an increasing
avallabiity of functional chobmesterase but to some kind of
adaptation of the neuromuscular junction to the conditions created
by the blocked enzyme

Fig 1 also shows that about 3 h after the first §54 injection no
further mmpr of the took place apparently
the adaptation had come to an end Similar results were obiamed
llr; previously published DFP-experiments (MEETER and WOLTHUIS

68)

THE ANTICHOLINESTERASE POISONED,
ISOLATED RAT DIAPHRAGM

One way to investigate this imuted but for the purposes of
therapy rather important recovery mechamsm 1s to study 1solated
rat nerve muscle prep ma e ble to that
of the rat muscles tn sz 1¢ under a continnous regime of 1ndirect
stimub Some years ago (MEETER 1958) 1t was found that during
:Onhlnuuus mndirect stimulation of the 1solated rat phrenic nerve
o iul;eprl DFP m the bath mtially

polarization of the end plate region This depolanzation
reached a maximum after an wmterval depending on the dose of
DFP (1 h with 0 33 mgfl and } h after 0 66 mgfl) following which
the depolarization slowly subsided i

More recently this Investigation was taken up agam 1 order to
study the reason for the wanmng of the depolanz:tmn In these
expeniments the depolarization of the end plate region was measured
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THE INTACT, ANTICHOLINESTERASE
POISONLD RAT

In Tig 1 the results are shown of an experiment m which an
anacsthetized (barbatal 215 mgfhg, 1p), atropimzed (50 mgfhg
1p) artifically ventilated rat was injected with a lethal dose
(01 mg/kg, 1v) of the ineversble chohinesterase inlibitor 854
(cyclopenty]l § 2 trimethy] ammomioethy ] methy Iphosphonothioate

/U UT k]

0 1% njecton
Y ‘ ‘ JVz_L LL_L
1 L l 4 _,LJLJ\_L

4%,

1%_L__LL——L
2 Ll ‘ I H
2% L L ]

Fig

3

5% 2" mecton

5% h L ’

1

Traces showing tctame contractions of the gastrocnermius goleus muscles
1n & rat, ovol ed by stimulating the saatic nerve with 3 sce trans of pulses
at 25, 60 100 and 200/soo C = control responses At 0 an 1v injection of
01 mg/hg of tho ir ble cholinest bk S64 The figures on

the left of cach group of traces denoto the timo in hours after the mnjection
At 5} h a socond, equal injection of §54 was given
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DFP, the potential measured at the end plates 1s affected very litle
by indirect stumulation Soon after the addition of DFP {final
contentration 6 6 wgfl) the records obtamed durng rest begin to
indicate & depolarzation which reaches a maximum of 156 £ 010
mV m 8 to 12 mm (12 experiments) and then glowly wanes with
a half-decay tume of 15 to 20 mn The depolanzation found at the
end of & penod of smalation was always higher than after the
corresponding resting period, the maximurm reached beng 310 &
016 mV As mentioned before, m these expeniments the potential
difference between the top end of the muscle and the end plate
region wos measured In an ideally dissected muscle strip this
potential difference should be zero during rest However, 1n practice
demareation potentials of damaged fibres produce a potential
difference winch has nothing te do with the events occurning at the
end plates Usually these d potentials slowly d
m the course of the experiment The rate of this decrease cannot
be determined after the addition of a drug with an awrreversible
action on the end plates lihe DFP Therefore, the longer the time
after DFP had been added, the more uncertam the meaning of the
absolute potentials measured became For this reason most atten-
tion was pawd to the * difference potentrals” obtamed by subtracting
the potentsal after rest from that found follawing & period of nerve
stumulation  These difference potentials can be regarded as the
contribution to the depolanzation made by the mndirect simulation
of the muscle

Duning the peniod in whuch the depolanzation decreased in thess
experiments the preparations were trested with a test-dose of
acetylcholine chlonde {ACh) three times each time for 3 mn, 1€ the
shortest possible time which allowed s measurement of & potential
to be made This procedure, performed with ACh at 2 final con-
centration of 2 8 u molefl st 28 58 and 108 mun after the addition
of the DFP to thebath provided us with information about the ACh
senstivity of the postsynaptic membrane d\lnng the course of the
events The resulting test responses 1¢ the extra depolanizations
due to the added ACh, were 150 2 005, 682 + ¢ 16 and 057 &
000 mV respectively -

In Fig 3 the ges of the duff tential
periments have been plotted aganst the tune after DEP faommm;;:
tion From avates of 125 & 012 mV, 12} mm after DFP addition,
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with the method described by T'arr (1950), which was also used i
the carher experiments (MEETER, 1058) A strip of muscle with
the nerve attached was placed vertically m & bath filled with
oxygenated Krebs Ringer solution When the potentials on the
surface of the musclo had to be measured, the flud was allowed to
run out of the bath Its memsens then served as an electrode which
sweeped along the length of the diaphragm strap The other electrade
was placed at the top end of the muscle The potential at the
end plate region, about half way along the muscle, was noted The
procedure was to stimulate the nerve for 2 5 mm with 1 stimulus
per 2 seo with supramaximal pulses of 0 1 msec, and subsequently to
allow 1t to rest for 25 min At the end of each 2 5 minute penod
the potential at the end-plate region was measured

An example of the results obtaned, given in Fig 2, shows that
i the control period, 1¢ before treatment of the muscle with

115 1o 065
o
/
9
° \ .

o] 8O\,

o\ .

3 o~

N °

-
~. N .

N \._.\l o—a\°‘°‘o \ o
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.- —
ey L

OFP
: - T

h

Fig 2
Potontials found at the ond plate region of a strip of rat diaphragm The
line O~—O0 shows the potentials found after 2 & mm of indirect stimulation
the line e—se ref tho p ls ob d 1n the same muscle, each
timo after 2 5 min of rest The hatched rectangles indicate tho periods that
the muscles were given o test dose of ACh (2 8 £M) in tho bath The figures
on top present the amplitudes 1n mV of thoe oxtra depolarizations ovoked

by theso test doscs.
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the end plate membrane to this substance Probably the desenwutiza-
tion observed in the present expeniments was also cansed by ACh
bemng present m abnormally hugh concentration i the vicmty of
the end plate due to the chohnesterase imhibition 1f this explanation
1s correct, 1t should be possible to reduce the rapidity of the decrease
of the difference potential by allowing the preporation a switable
period of rest In a sertes of 9 expenments which were essentnily
performed 1n the same way as the previous ones, § preparations
were allowed a perod of rest lasting from 28 to 78 mun after the
addition of DFP (final concentration 33 mgfl), whereas the re-
mamning 4 preparations were indirectly stimulated as usual, without
a prolonged interruption No ACh test doses were given ‘The
5 expenimental muscles which underwent the period of rest, and the
4 control ones responded 1n a reasonably similar way to the DFP

therr difference potentials, found at the earliest possible moment
after DFP adoumistrotion when these potentials could relably be
deternuned (after 174 min) were 1 45-2 00 mV (average 1 00) and
128-220 mV (average 165), respectively In contrast to this
similanty, the first dufference potentials noted following the penod
of rest in the 5 experimental muscles were about twice as hgh as
the corresponding values recorded for the 4 control preparationy

073-1 46 mV (average 1 16) agamnst 0 28-0 65 mV {average 0 48),

& significant difference according to the Wilcoxon ‘Mann Whitney
rank sum test (py< 0 05)

THE UNPOISONED, I1SOLATED RAT DIAPHRAGM

In order to pare the rate of d 1on of the end plates
m the 1solated rat diaphragm with that found m the museles of the
intact rat experiments were carned out in which known ¢oncentra
tions of ACh were mamtained i the bath for pertads lasting many
hours At regular mtervals ACh test doses were apphied 1 addition
to the ly present ta determine the sensiti-
vity of the postsynaptic membrane These test doses were present
m the bath for 6 mmn only The muscles were not, treated with
DFP 1n order to avoid the “spontaneons” depolarization which 1s
seen after DFP administration, even m the resting muscle Since
the cholinesterase 1 these ruseles was not ishibite:
concentration of ACh {056 mM) was needed tha

d & much higher
01 the previous
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Fig 3
Dufferenco potentinls (o) plotted agamnst the tume after DFP imjection
averages from 7 experiments On tho same abscissa the responses to ACh
teat doses (0) are plotted Tho vertical bars represent 2 x SE of mean
Ordmate for the difference potentrals mdicated by J mV

the difference potential decreased to 022 £ 006 mV in 80 mun
In the same figure the amphtudes of the responses to the test
doses of ACh have been plotted The scale on the ordinate used for
pl g these test resy was chosen 1 such a Way that the
value of the secoud response fell on the graph representing the
difference potentials It 1s clear that if this 1s done the values
for the first and the third responses fit remarhably well on that
same graph This indicates that the rapidity of the decrease of
the sensitinity of the end plate mewmbrane for ACh 1s almost
exactly the same as that of the decrease of the difference potentirls
It 1s therefore very hihely that the decreasmg ACh sensitimity 18
the cause of the decreasing depolarization

Same years ago TupsLEFs (19550 and b} and harz and THESLEFF

(1957} showed that the contmuous p of ACh d t1zes
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the end plate membrane to this substance Probably the desensitiza
{10n observed 1n the present experunents was also eansed by ACh
Heang present m abnormally hugh concentration 1 the viemty of
the ord plate due to the cholmesterase whibition 1f this explanation
13 correct, 1t should be possible to reduce the rapidity of the decrease
of the difference potential by allowing the preparation a smtable
period of rest In a series of 9 experiments, which were essentially
performed 1 the same way a3 the previous ones, 5 preparations
sere allowed a period of rest lasting from 28 to 78 mm after the
addition of DFP (final concentration 3 3 mgfl), whereas the re-
mamng $ preparations were mdirectly stimulated ag usual without
4 prolonged mterruption No ACh test-doses were gnen The
5 experimental muscles which underwent the period of rest, and the
4 control ones responded m a reasonably sumlr way to the DFP
thewr difference potentials found at the earliest possible moment
after DFP admunstration when these potentils could rehably be
determined (after 17} min), were 1 45-2 00 mV {average 1 90) and
128-220 mV (average 165), respectively In contrast to this
suadanty the first il ¥ noted foltomng the persod
of test n the & expenmental muscles were about twrce as high &s
the corresponding values recorded for the 4 control preparations
073~1 45 mV (average 1 16) against 0 28~0 65 mV (average 0 48),

& gigmificant difference accordinyg to the Wileaxon, Vann Whitney
ranh sum test (p, <0 05)

THE UNPOISONED, ISOLATED RAT DIAPHRAGM

In order to compare the rate of 4 tizatioy of the end plates
In the isolated rat diaphragm wath that found m the muscles of the
mtact rat expertments were carried out m which known concentra
tions of ACh were mamtained in the bath*for periods lasting many
bours At regular intervels ACh test-doses were applied 1 additson
to the contimuously present concentration to determme the sensitl-
vity of the post 4 N Thace tectdaser were prewent
mn the bath for 6 mun snly The muscles were hot treated with
DFP, 1 order to avord the “spontanegus” depolanzation which 1
seen after DFP admmustration, even mn the resting muscle Swnce
the tholinesternse 1n these muscles was not wthinted a much hgher
concentration of ACh (0 66 A} was needed than i the previous




o9
250 E MEETER

n -] a D el D, o n
T
‘

Fg 4
Potentials measured at the end plate region From time 0 onwards the
bath contained & certam concentration of ACh 0 22 mM 1n A and 112 mM

m B, indicated by tho cl d at tho bottom At regular nters als

test doses of ACh {056 mM) wero gnen indicated by small rectangles

‘The figures on top ind the htudes of tho resp to the test doses
mn mvV

experiments, to cvoho a switabfe test response The preparations
wero not stimulated electrically

Tig 4 shows two examples of the results obtmned After a few
control responses to ACh had been obtained (only the final one1s
shown m the figure), the continuous ACh treatment was started
Immediately a dopolarization of the end plate region ocourred
which then gradually subsided The responses to the test doses
showed that the sensitivity slowly decreased When 4 or 5 h later,
the ACh exposure was stopped the sensitivity rapdly returned to
the control value In these experiments 1t was found that the
absolute value of the control test response obtmned beforo the
start of the prolonged ACh exposure was lughly reproducble from
muscle to muscle The average from 9 experiments was 185 &
008 mV Likewise, the test responses recorded at the end of the
experiment, swhen the preparation had been m the bath for 6 to
8 b, and had fully recovered from the prolonged exposure to ACh,



DESENSITIZATION OF THE END PLATE MEMBRANE 251

were Tematkably smmifar to those at the start 189 £ 009 mV
1 the same experiments

‘The amount of reduction of the test response which #as ultimately
caused by the continmous presence of ACh 1s shown i Fig 5,
plotted agawst the ACh concentration uwsed The reduction 1s
expressed as a percentage of the aierage values of the controls
taken before and after the ACh treatment It appears that the
relationship between the percentage reduction and the log ACh
concentration 18 linear over the major part of the concentration
tange However, at the Jower concentrations this Lineanty s lost,
and 1t seems that a threshold concentration has to be reached
before the mechamsm of desefsitization comes imnto operation
Also shown 1 Fig 5 19 the time which elapsed from the start of
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the ACh treatment to the (approxtmate) moment after which no
further reduction of the test responses was scen It appeared that
wrespective of tho ACh concentration used the desensitization
process alway s took about 3 h In contrast to this slow development
of the desensitization 1s the much higher rate with whch the
original sensrtivity was restored when the preparation was returned
to \Ch frec medium Although the aceuracy of the observations
made on this point 1s rather Jimited 1t became elear that the origmal
sensitivaty was restored within 13 h at the most

In previous unpublished experiments 1t was found that if one
rat diaphragm strip 1s tested with different doses of ACh the
evol ed mitial depolarization 1s lmearly related to the ACh con
centration In Iig 6 the amtial depolarizations observed i the
experments of Tig 5 are plotted agamst the applied ACh con
centration Not only the mitial depolarizations produced by the

mv
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H
0 T
02 e 06 o8 10 mM
acetylchol ne concentration
Tig 6
Relations! p b ACh and mmtial deg n the

expermments of Thg 5 A straglt lneis drawn tlro gt the average of the
control test responses (+) and tle ongin
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prolonged ACh treatment, but also the control test responses were
plotted As mentioned above, these control test responses were
very mumfar for all muscles, therefore only thewr average 1s re-
presented m Fig 6 A straight hine drawn though this pomnt and the
origin shows o reasonably good fit with the other pomnts m the
graph, mdicating that the expected lirear relationshup Letween
ACh concentration and 1tizl depolarzation slso existed 1n these
expenments With the aid of this line in Fig 6, 1t 13 possible to
“teanslate’ the log ACh concentration on the abscissa of the graph
m Fig 5nto log 1mbial depolarization This, m turn proves that
over the major part of the range the desensitization 13 lmearly
related to the logamthm of the amplitude of the yutial depolart-
zation

THE EFFECT OF CALCIUM
ON THE DESENSITIZATION

Recently Manthey (see NASTUR, 1966) has studsed the effects
of the 1ome composition of the perfusion medium on the desensitiza-
tion process 1n the frog muscle He measured the membrane
resistance and the depolanization at the myoneural junction and
determined the effect of perfusion of the muscle with carbamyl
choline for pertods of 6 to 8 min It was observed {hat = reductson
of the caleiom content of the medium from 1 8 mM to zero, marhedly
d d the rate of d 1on, Whereas 1n 10 mM Ca medium
the process was accelerated This desensihization was also found
to be dependent on the sodium concentration veduction of the
Na content from 120 to 28 m) defimtely increased the normal
rate (at 1 8 mM Caj but had httle effect on the already necelerated
desensitization wm the presence of 10 M caleum

A preliminary investigation of the effect of calem on the rate
of d ton 1 the rat diph wag carnied ouy With the
aud of the Fatt method we recorded the depolarizatian of the end-
plate region caused by exposure of the muscle to an AChK con
centration of 056 mM for 15 or 60 min In ¢ experiments com-
panisons were made between the rates of desensitization 1n Krebs-
Runger solutions contawng either zero, 25 (normal value} or
50 mM Ca No dramatic dufferences were observed but, 1n contrast
to the frog muscle, the rat end plate 1ncreased sts rapdity of
desensitization 1n Ca free medum and decreased jt, shghtly n the
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presence of the doubled calelum concentration EDTA was not
used 1n the Ca free solution A further merease 1n caleum content
1 the normally used bicarbonate buffered Krebs Ringer solution
15 not feasible beeause above 6 mM a turbidity develops as a result
of caleium carbonate formation

DISCUSSION

The present expermments have confirmed the findings of MEETER
and Worrnuis (1968) that 1n the rat poisoned with an antichol
nesterase mhibitor, the transmssion mn the motor end plate partly
recovers in the presence of an undimmshed mhibition of the
enzyme Tlis process progressed up to a hmut which was reached
about 3 h after the admumstration of the anticholnesterase The
nvestigations in the 1solated phrenic nerve diaphragm preparation
confirmed earlier findings (MEETER, 1958) that in the anticholineste
rase treated, mdirectly stimulated muscle imtially a depolarization
ensued, which subsequently waned In the experiments on this
pont, described here, the depolarization was also measured after
a period of rest By subtracting these “resting depolanzatxons'
from the depolarzations found after stimulation, “cfference
potentials” were obtamed which to some extent represent the
contribution of the mdirect stimulation to the end plato depolanza
tion The difference potentials also decreased during the course
of an experiment Moreover the ACh sensmitivity of the post
synaptic membrane 1n these muscles was found to go down at the
same rate as the difference potentials In simlar experiments &
sigmficantly smaller decrease of the difference potential was
observed when the muscles were allowed a 50 min period without
indirect stimulation

These results obtamned mn the 1solated active, DFP treated
muscles suggest that the decrease of the depolarization of the
end plate region 1s caused by a decrease of the sensitivity of the
postsynaptic membrane to ACh Morcover, the rate of this decrease
15 slowed 1if the activity of the muscle 1s mterrupted which suggests
that the amount of ACh present i the vieuty of the end plates
determines the rapdity of this process This was tested 1 un
pomsoned muscles exposed to various ACh concentrations for a
number of hours It was indeed found, that the rate of desensttl
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zation depends on the ACh concentration However, the time
peeded to reach the end pomnt was remarhably independent of the
amount of ACh present, always bemng about 3 h This may indieate
a simulanty to the adaptation process observed in the intact
posoned rat which also reached its end pomtn approximately 3 h

As discussed by TresLef and QuastEL (1965) the loss of the
ability of the enticholinesterase poisoned muscle to sustain @
tetame contraction 1s believed to be caused by rapid desensitization
of the end plate membrave due to the large amounts of ACh
present after the arnval of the first nerve volleys This contention
19 mamly based on the extremely rapid desensitization observed
by Karz and TrESLEFF (1957) after 10ntophoretic application of
ACh These authors observed that the end plates desensitized wn &
few seconds, with a rate depending on the imtial depolanzation
It should be kept m mind that the imtial depolanzation does not
only depend on the amount of ACh released by the nerve endings
but also on the pre-exssting semsitivity Consequently, a Iowered
base e senmitinty will cause a lower rate of desenmitization
resulting m a better gustamed tetame response KTz and TRESLEFY
(1857) wondered whether the fast desensitization seen m ionto-
phorews experiments and the slow desensiization observed after
bath appheation of ACh (FarT, 1950, TrEstEFF 19553 and b)
are actually one process with & fast start and s slow “4a1}” Although
the present exp nts produced no further infc 10n on this
point they show that 1n the rat the “end of the tan™ occurs i
about 3 h

If1t 18 true that the adaptation in the posoned ammal 15 due to
the d of the postsynaptic to ACh, other
means of desensitizing the membrane should also smprove trans
mssion In fact Wills and co workers (ses Wazrs, 1963} bave
studied the effectiveness of a great many competitive antagomsts
to ACh 1 restoring 1 the i
ammal They obtammed posttaive results 1n many cases iiecenﬂy
Ruye and hoaviszax (1968) mvestigated the effect of curare like

e e-

Vot Vhaeata Faa o om Cu

wire sunumstered  phew results show that the do.
produces this curative effect 13 very hmted. Thys m:;:ﬁ:{i;&‘;:
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for the sensitity of the already desensitized postsynaptic mem
brane 1s easily lowered too far

Karczyan, Konersu and Sorpa (1968) huwve just published
results which demonstrate a restoratie effect of methoxyambeno
mum and d-TC on the tetanic response of the mdirectly simulated,
DFP or TEPP treated frog sartorius muscle They ascribe this
effect to an cnzy me reactivating actron of theso drugs, because the
benefieial effect remamed even after prolonged washing of the
preparations, that 1s, when no moere methoxyambenomum or
d~TC could be present However, the crucial test, whether a
renewed exposure to enzyme inhibitor agam produces the expected
Joss of tetanic response, was not done So far 1t appears more hkely
that what the authors have seen was the result of an mereased
desensitization of the end-plate membrane
[._'_It mght be argued that, since cholinesterase reactiyating oximes
are available for the treatment of anticholinesterase poisoning,
end-plate desensitizing drugs are of no practical importance
However, a number of compounds are hnown to produce an
oxme reastant inlibition (sce Mrerer and Worrnus, 1968)
In the case of a poisonmg with such an mhibitor even o small
improvement of neuromuscular transmussion would be he]pflﬂ.
Beeause of thewr lmited useful doso range, the competitive ACh
antagonists eannot be safely applied, as oven a shght overdose would
aggravate the paralysis What 1s needed 1s o method of nereasing
the rate of development of the desensitization without interfering
with the end-point That such a thing mght be feasible s snggested
by the fow reports which describe rate changes JENKINSON,
StameNovié and WmrTakrr (1968) present indirect evidence
mdreating that noradrenalime reduces the rate of desensitization
of the frog end-plate n the presence of ACh Moreover, they mention
preliminary, unpublshed results of Stamenovic showing a reduction
of the rate by both adrenaline and noradrenshne Although these
rate changes are not in the right direction for useful therapy,
they may indicate that the rate can be changed The observations
of Manthey (see NasTUR, 1966) concerming the rate mcrensiif
effect of a Jugh caleium level i the medium also stresses this point
Unfortunately the relatively small change m Cat+ lovel which
would be feastble n an mtact ammal probably has hitle effect

A pomnt of fundamental interest 15 the observation made mn the
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present expeniments that, although the end pomt reached by the
desensitization 18 linearly related to the log ACh concentration
and to the log utial depolarization, below a certam level this 13
o longer true A threshold concentration of ACh seems to be
needed Thus result 1s 1 agreement with the findings of Grssex
and Nastox (1966} m the frog sartorius muscle They observed that
carbamy Icholine at,a concentration of 0 11 m3 produced & sustained
depolarization for 2 h, whereas ligher concentrations {027 md
and more) gave an mmtial depolanzation followed by a repolariza-
tion Tt looks as if there 13 a range of (low) concentrations of de-
polanzng compounds shich cause no desenwitization
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SUMMARY

A survey 15 gaven of the work done m this laboratory concernmg spon
tancous changes i the postsynaptic mernbrane of the rat end plate after
poisonung with an ! agent Partial recovery
of the ability to sustamn a tetame contraction was observed i the mdirectly
stumulated muscles of the smtaet tot poroned with an irreversible chohneste-
rase whibitor This process of ‘adaptation reached sn end pownt after
sbout 3 h The wolated mdwectly \ phreme nerve diaph
preparation (pudp) poscned with DFP, showed a depolanzation of the
end plate ares which slowly subsided Parallel with this decreaso of do
polarization the sensitwvity of the end plate membrane to scetylchokae,
ACh deeressed Thas decrense was slowed when the indirect Sfunu]ghg;‘
was stopped by 50 mn In the 1solated unstunulated, unpowsoned pnd;
the sensitivity of tho end plate membrane decreased 1 the presence o[IAChP
The end pont of this desensitization waa Teached 1n about 3 b These Tesults
suggest that the adaptation of the neuromuscular junction w the tact
possoned rat 13 caused by the desenmtization of 19 end plates due tm th,
large amount of ACh present in thewr wemity The wltunate d. t; tion
ruached 1 the unpossoned podp waa found to bo lnearly slsee oo o "
ACh concentration between 007 and 1 1 m\, us well gy to th, lo v
erg}‘;nza\.\m cuosed by the ACh Below 007 m3f mguhnh; :,g,,;m ;':;

ch may suggest
w! Y Euggest that et small mitial depolanzations no desenstoation
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CHOLINO SENSITIVE SIDES OF NERVE- AND
MUSCLE MEMBRANE

Y

A DEN HERTOG avp W LAMMERS

Dr \leeter's paper 13 concerned with the sensitinty of acetyl-
chobine receptors in the end plate region Durng recent years we
have been interested 1n the occurrence of such cholino sensitive
sites outside thus end plate region It 15 a well known fact that
after denervation of striated museles such receptors “appear” along
the whole muscle fibre It seems a strange phenomenon that these
Teceptors are mon-existent in normal muscles, whereas after de-
nervation, acetyicholine sensitisity appears as a new property It
15 hnown that such acetylcholine receptors are present m mam-
tashian € fibres It sppesred from experments by Ammerr snd
Rrreme (1960, 1961) and recent experiments by pex Herroo and
Rrrome (1968) that just as in the end plate, acetylcholine mnduces
depolarization of these C fibres which 15 cansed mainly by an
Increase m the sodium permeatility of the membrane Tubocurarine
{TC) 18 & blocking agent for these receptors They have no function
whatever in the conduction of the action potential along the nerve
fibreg

Because of these facts, 1t seemed worthwhile to look for such
cholino-sensitive receptors on the striated muscle membrane outside
the end plate region In our expenments a techmque was used
in which a micro-electrode was placed n the muscle fibres of the
tibiahis anterior muscle of the cat This micro-electrode was used
a3 2 stunulating and recording electrode {pEY Hertoo, 1966) This
makes 1t possible to regster electneal phenomena 1n normal musele
% tiro (DEN Hrrtoo, LAMMERS, vaN DER MosT vaN SPx and
Ras, 1966)

Succinyicholine (S Ch) wes used as a cholinergic substance

259
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beeause 1t causes long lasting depolarzation 1n contrast to acetyl
choline T'rom our experiments 1t appeared that S Ch m a totally
paralyzing dose induces a depolarization of the muscle membrane
and 1t will be shown that this effect 1s not restricted to a par
ticular part of the fibre This was already mdieated by Paron and
Zanis (1049) but 1t was assumed that the pomt of attack of
8 Ch was m the end plate and that the resulting depolarization
subsequently spread along the muscle fibre The time course of
this phenomenon mught show whether this explanation 13 true for
the depolarization we saw Howover we were not able to metsure
the depolarization immed:ately after mjecting of § Ch beeause
of the subsequent fibrillations these fibrillations will breal the
miero electrodes Ve tried to overcome this difficulty by placing
two mucro electrodes 1n one fibre and measuring the time course
of the depolanization in tlus manner This 1s a rather complicated
method with a high percentage of failures in these i 1o
experiments But in the positive trials we observed that the
depolarizations recorded through both electrodes were always
simultancous Additional proof that the cholmo sensitivity 18 not
located 1 the end plate was given by the following experiments
Two electrically 1solated parts of the muscle fibres were created
by heating tho musclo locally In the proximal part of the fibres
an indireet action potential could be ehated 1n about 95 % of the
fibres wherens tlis ndirect action potential occurred 1 only
about 6 % of the fibres on the other sde of the gap Because of
this and because double mnervation of mammahan strinted musclo
fibres 1s rare wo assumo thet an end plate free part of the musclo
fibro had been created I'rom our experiments 1t appearcd that
on both sides of such an artifieial gap § Ch 1nduces a depolarization
which 1s of tho same magmtude and which follows the same
timeo course

This action of 8 Ch can not be blocked by 2 dose of TC that
just paralyzes the muscle completely for mdirect stimulation
However 1f o higher dose of TC 1s used (2 mg/hg) this depolar
1zing action of § Ch 1snlubited In theso 1nstances the normal
propagation of the action potental was not affected this was
measured by msertion of two clectrodes as much as 10 mm apart

into the same fibre
Thus 1t ean be concluded that § Ch mutiates o depolarization
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along the whole musele fibre and that thus depolarization does not
onginate at the end plate We therefore must assume (succinyl)
choline sensitive ®tes outsde the end plate region which can be
blocked by TC Thus agrees with the results of Brows, Pato~ and
Ve Duas (1049}, Jarcuo, Evzaoumes, Tarpor and Liian
TaL gr (1950), JEWELL and Zans (1934) and PorTers, PEREZ,
STEWARY, LucHELLT and STRAJMAN (1964a, b), all of whose ex-
pertments yndicated the existence of cholino sensitive sites along
the whole muscle fibre membrane This suggestion 1s also supported
by the results of studies with labelled depalanzing drugs, published
by TarLor, CrEESE, NEDERGASRD and Casg (1065), and by Waser
(1960) ‘Thus TaYLOR ct af , found m their experiments with labelled
decamethomuum that, although the peak uptake of radioactivity
was focated at the nerve ending, there was a defimte uptake in the
rezion outstde the end plate The uptake of carbachol was uniform
along the muscle membrane Both the uptake of decamethonium
and of earbachal were dimirushied by TC Such a cholino sensitivity
along the fibre membrane as found m our mammalian fibres, was
not {or barely} detectable outside the end plate region in the frog
fartorius muscle (Katz and MrLent, 1961, MiLeot, 1960, Ocns,
1966) This dafference might be due to the difference 1 muscle
temy (37 °C m our ts and about 20 °C i the frog
musele} to the fact that our experments were m 1210 whereas
those of the frog were 1 11tro or to differences 1n the concentration
of the drug added Furthermore PoORTELA f ol (19643, b) have
argued that cholino sensitive receptors do indeed exist along the
whole muscle fibre but that under tn euro curcumstances the

romandn

Vg pu o VILGy 10A0USh our respMts seem to mdicate
the presence of chobno sensitive mites along the muscle membrane
this does not mean that acetylcholine has a physiclogieal role m
the conduction of the action potential s assumed I’:y PorteLa
et al (19642, b) Indecd the reverse srems ta be wggested wmee
we were able to block the sensitinity of the receptors to § Ch
by TC without affecting conduction of the directly ehieited action

potentials In this respect therefore, the membran
musele fibres resemble those of G ﬁl’)m @ of sheletal
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STUDIES ON THE MECHANISM OF INDUCED CHANGES IN
THE POTASSIUM BALANCE OF THE HEART?Y)

BY

E D GERLINGS axp J P GILMORE?)

1 INTRODUCTION

Since the expenments of RINGER 1n 1883 1t has been well es-
tablished that changes 1n the ntracellular content andfor distn-
bution of certain sons play an mmportant role m modulating myo-
cardial hty While derable emph has been given
recently to the calemm 1om, the studies of both Haspuw (1933)
and $ar~0FF and associates (1963) have shown that under a vanety
of exp 1 cond changes 1n my dia) perf are

The former has

associated with changes 1 net potassium balance
demonstrated in the frog heart that the increase 1n contractibity
d with heart rate s 1 with proportional
d m my dral p (RINGER, 1883) SaPnoFF ¢! al
(1963} have shown that the increase i myocardial contractibty
mduced by changing afterload 13 associated with a net loss of
myocardial potassium However the specific mechamsm whereby
these changes 1n myocardial potassum balance are induced has
not been elucidated SarNOFF and (1963) have d
that the changes 1n myocardial potassium balance induced by both
frequency change and mcreasing aortic pressure are causally
related to the assocated ncrease m myocardial oxygen con-
sumption However, Haspu (1953) suggested that the loss of
d with tachycardin was the result of the de-
Crease in the mterstimulus interval The experiments to be described
—

') Supported by US Public Health Service grant HE - 10616 02
the Natwonal Heart Institnte o2 from

") Recipient of Reararch Career Development Award 1 K3 HE 36, 005
from the National Instututea of Health
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wero undertahen to define more clearly the relationships between
myocirdial performance, myocardial oxygen consumption and
myocnrdial potasstum balance

2 METHODS

Mongrel dogs of varymg weights and of both sexes anesthetized
with mtravenously admuustered pentobarbital sodim (25-30
mg/fkg), were used mn all the expersments The preparation was an
wolated blood perfused dog heart sumilar to that desersbed prev:
ausly (GILMORE, GrRuNGs and MiLier, 1968] While muntamed
on positive pressure ventilation, & transverse thoracotomy was
done and the heart 1solated by ligating the mferior and superior
venn cavae, azygos vem, lung roots, brachiocephalic artery, left
subclavian artery and aortic arch ymmediately below the left
subclavian artery The latter was then cannulated and connected
to cither the femoral or earotid artenes of an intact anesthetized
dog (pentobarbital sodmim 256-30 mg/l.g) thereby providing coronery
artery mnflow Total coronary outflow (less left Thebesian) was
diverted from the ght ventricle through a low resistance rotametes
and thence to a reservoir connected to the jugular vans of the
suppart dog which breathed ambient arr Left veatricular Thebesian
drunage was obtaned through a catheter mserted through the
apical dimple Heart rate was mamtamed constant or varied by
stunulation through eclectrodes sewn either to the right atrum
alono or to both the right atrium and right vengricle Left ventr:
cular performance was momtored using either an intrayentricular
balloon or a stram gauge arch applied to the Jefy ventricular wall
The balloon was attached to a Y shaped cannuly and mserted
through the apical dimple Onc arm of the Y served to record
mtraventricular pressure and the other arm was used for filing
the balloon with saline The strmn gauge arch was sct to approt
mately 130 % of the resting fibre length Coronary arterial venous
oxygen difference was momtored contmuously using a Guyton
Oxygen Analyzer 1) which was calibrated intracypenmentally by
manometric analysis Myocardial oxygen consumption was ciled
lated as the product of total coronary venous ontflow {obtamned

A

1} Qxford t Company, Jackson p
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by timed collection) and coronary artenal venous oxygen cfference
In earlier experiments coronary arterial and venous plasma potas
st concentrations were determmed on samples obtamned by timed
collection and subsequently analyzed on a Technicon Autoanalyzer
In later experiments blood potassium concentration was monstored
contmuously using on line automated flame photumetry (GERLINGS
and GuMoRE 1968} This technique can ciscern changes as small
as 002 meq/! of whole blood potassum Changes 1n mjyocardial
potasstum balance were ealculated as the product of erther coronary
arterial verious plasma potassium difference determined by plam
metry and total coronary plasma flow or the produet of the
coronary arterial s enous blool potassium difference determined by
platumetry and total coronary blood flow The recordings obtained
from the Autoanalyzer were digitalized by means of an Osear
Model J strip chart recorderl) and the numbers subsequently
keyed mto a remote terminal of a Burroughs Boa00 digital com
puter A spectally designed program provided conversion of the
output 1n meqfl The program made a compensation for drft
the system assuming the dnft was limear with time In the case
of timed collections of artenial and venous blood the mavimum
recorded values of the 30 second samples were taken The con
tinuous recording was digitalized at one measurement per 10 sec
This provided a sem: continuous graph since the analyzing and
recording systerns have a time constant of 1o sec The computer
Program provided output of the values 1n meq/l on a hine printer
and card punch and & graph of the h+ levels m plasma or blood
with respect to time was made on a Calcomp incremental plotter

Intrarentnicular tension was changed by the addition or with
drawal of salme from the intraventricular balloon Coupled pacing
was done by simultaneous atrial and ventricular stimulation with
pairel stimult obtamned from a Grass S 4 or S 8 stimulator All
drug injections were made directly Into the coronary wnflow hoe
Under the conditions of the experuments to be desertbed an m
crease in contractility 1s defined as an 1ncrease 1n the extent andfor
Tate of pressure or tension development mdependent of a change
in 1nstal pressure or tension Al pressures were measured using,
Statham or Sanborn transducers The first denivative of pressure

) Benson and Lehner Corporation Los Angeles
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or tcnsion was obtamed using an R C differentiating eirewmt Al
traeings were displayed on a Sanborn multichannel recorder

3 RESULTS

Sarnotr ef al (1963) suggested that the loss of potassum as
rociated with the adaptation of the heart to an merese i aortic
pressuze 1s the result of the concomitant merease m left ventrieulr
developed tension As a tesult of the mercase i deseloped tension,
myocardinl potassium 1~ decreased leading to an merease m con
tractiity  To test tlus hypothicsis, experiments were earried out
m which developed tension was mercased by an mtervention
generally Dedicved not to change myocudml contractility, 1e,
mereasmg preload (GievorL and Girrimas, 1965) This was ac
comphishcd by adding salme to an mtraventricular balloon The
liemody namie consequences of such an ntervention are shown
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Tho response of the left ventriclo to an mercuso an chastolic volume
LVP = left tcntricular pressurc  CPP — coronary  perfusion  pressuro,
TCI = total coronary blood flow D//DI  the first dernativo of left
ventricular pressure At the time indicated by the vertieal arrow 10 mi
of saline was added to the mntraventricular batloon Hiart rate constant
throughout Seo text for further deseniption of figurc  Figure reprinted by
courtesy of the Rochefelllr Unneraty Press (1968}
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¥ig 1 (Gruore and Grrines 1968) At the tune indicated by
the yertieabarros 10 mL of saline nas added to the intrasentricular
tallogn Left ventrienlar dinstohie and systolic pressure mereased
\esagrate] with these changes was 2 small merease 1 coronary
}ood flow and a substantial increase in max dpfdt After the imtial
nse left ventricular diastolic pressure dechined by approximately
4 mm Hg conconutantly left ventricular deseloped pressure
ereased by approximately 10 mm Hg Al o while left ventricular
developed pressure was mereasn, and left ventreulr diastelie
rressyre decrersing  there occurred a si-tuficant mercase 1n the
first dernvative of left ventneular pressure Therefore, ths type of
experiment ndicates that an nerease In ventricular developed
tenston cant be assocrited with an mcrease in Jeft ventricular
drstolic eomphance (Gruyorr Grrinved apd Mizirr 1968) Be
cause of the sustuned inere1se 1n left ventricular diastolic pressure
wn tha experunent 1t 13 not posstble to draw any conclusions con
cernut, th e extent to which preload might hayve modified myocardial
AY B c
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or tension was obtancd usmg an R ¢ differentintimg cwremt Al
fraemygs wae displaved on a Sanborn muttichannel reenrder

3 RISULTS

Samnor et al (1963) suggested that the loss of potassium as
soeiated with the adaptation of the heart to an nereise m nottie
pressute 13 the vesult of the concomitant merese in left ventricular
developed tenston A< yesult of the mercnse m des daped tenston
myvoerwrdial potassim 1y decierscd ladmg to an mereas, m eon
tractility To fest this hvpothess expenmients ware earried out
m whieh devdoped tanwion was anereased by an mtervention
generally behicved not to chanae myvoeardial contactility te
mercasmg praoad (Grrvort and Grrrrsas 1965)  [lus was ac
complished by adding <alinge to an wmtraventricular balloon The
hemodynamie consequencee of such an tervention are shown m
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Lhe wespou  of the It ventricdde to an meren i diastoli volume
LVPE = loft « ntriculw prossune PP o nary porfison pre »ir¢
1¢1 = total cor nuy thod flow D7 /DT the tirst dornatin toteft
opttie 1ot prissure At tlo tun i heated by the sortient arrew 10 m!
of saline was aldel to thc nteaventriealir tally no Heart rato ¢onstant
throughout Sco text for further d serp tion «f £y e Lipur reprinted by
courtesy of tho Roel ¢f Iler University Iress (196%)
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ThEsAl

PLASAA XY

01 2 3 & 5 & 7 8 9
TIRE ¢

Fig 3

‘The nfluence of increasing {first 1ertical arrow) and subseguently decreaning
twevond ertieal arrow! mtraxentricular yolume on coronary arteral and
senous plasma potassium concentration LVDE = left ventrieular diastolic
pressure Remaiung abbreviationd are same as in ¥ags 3 and 2 Sohd
Ui coronary venons plasma potassum concentration sod broken
lite = coronary artery plasma potassum contentratiun The shaded ;rEa
nilicates the change 1n coronary venous g

tothe intervention Figure reprinted by permission from Cuceulation Research

22, 169 (1968)

H R imm) 172 172
V devel P mm Hp) 70 172
C P (mm Hg o0 €5
C F (mljmw 66 70
dpjdt {mm Hgjeee) 1100 1500
LYDF (om Hy) 28 62
artensl « @
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contractiity However, that changing preload ean change mvo
cardinl contractiity 1s demanstrated by the tipe of experiment
shown i I'ig 2 (Giryorr and Grrrres 1968) Panel A 1s the
control tracmg, panel B was obtaumned 60 sec after increasing the
volume of the mtraventricular balloon with 14 m! of saline At
this time diastolic pressure had returned to the pre mflation level
as a result of the previously disens ed change i yentrcular come
phance 100 scc after panel B, panel C was obtamed Between
panels B and C, left ventricular descloped pressure and max dpfdt
mereased with no apparent change 1 left ventrienlar dirstolie
pressure In this experiment coronary perfusion pressure wis al
lowed to dechine between panels \ and B and B and C m order
to mamtan coronary blood flow cssentialls constant Since as a
result of the merease mn developed tension produced by wnereasing
ntraventricular v olume both the extent and rate of left ventricular
pressure mcreased dependently of a change m end diwtolie
pressure, 1t can be concluded that an incrcase m the preload of
the heart can be associated with an wcrease i myoeardial con
tractility Ihus heterometric autoregulation ean ehert homeometric
autoregulation

It was of interest to determme to what extent the changes m
performance mduced by changmg preload are associated with
changes i net myocardil potasstum balance \n example of sueh
an experiment 1s shown in Fig 3 (GiLyort and Grrrres 1965)
At the time mndicated by the first vertical atron the volume of
the mtraventrieufar halloon was wecteased by the addition of
salme As & result left ventricular developed pressure mereased
from 70 to 123 mm Hg winle max dp/dt increased from 1100 mm
Hg/scc to 1500 mm Hgjeec These hemodynamie changes were
assoctated wath a substantial elevation of coronary 1enous plasmt
potassmum coneentration Smce coronary flow mcreased from 66
to 70 mlijmmn the changes i coronary venous plasma R+ coneen
tration represent a net loss of myoeardial potassim At the tune
mdieated by the second vertical arrow the volume which had been
prcnous]y added to the balloon was withdrawn Subsequently
coronary yenous plisma potassium concentration returned to ap
proumately the control level Another expermment of this type
1s shown mn Iig 4 (Giumore and GERLInGs 1968) At the time
sndicated by the first vertical arrow approaimately 13 ml was
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alded to the ntraventricular balloon sub equently 2 substantial
elevation of coronary venous 1lasma potassium concentration oc
curred At the time indicated by the second vertical arrow an
additional 7 ml of flmd was added the potassmum concentration
of coronary \enous plasma mereased further Smce coronary flow
mereased duting balloon inflation the<e changes 1n coronars venous
plasma potassium concentration represent net changes in myo
cardial potassium balance At the time mdicated by the third
vertietl arrow the saline was withdrawn from the balloon Coronary
venous plasma potassium concentration then returned close to the
premflation value Of mterest in this experrment are the changes
n myocardial oxygen consumption With each merease m balloon
volume there oceurred not only an Increase m coronary yenous
plrsma potassium concentration but also an ncrease in myocardial
ovigen consumption These experiments demonstrate that when
the tension developed by the ventricle 15 mnereased an increase in
cantractility can accur This mereace in contractility 13 assocrated
with a net loss of myocardial potassrum and nerease in myocardial
oxvgen eonsumption These of servations ra1 e the guestion as to
what extent these associated phenomena are causally related
Hovever whether the lows of potassiim assoeiated with an n
creased develop ed tenston 1s related to the change in tension or to
the assomated change m ovigen consumption cannot he dectded

from the available information
Attention was next directed towards stud es designed to de
termune 1f the change m mvocardial potassium }alance induced by
a heart rate were due primarily to the associated changes in myo
carhal oxsgen consumption or to the associated change 1n the
interstinulus nterval Fig 5 shows the influence of changing heart
rate on mvocardial potassium balance (GruMore and GepLinGs
1979) The upper tracing represents coronarv artersal blood pot
asium concentration and the lower tracing coronars venous blgod,
potassium concentration At the time indicated by the first vertical
arrow heart rate was increased from 100 to 200 per minute At
the secon 1 vertical arrow heart rate returned to 100 per minute
Wiith the onset of tachyeardia a transent elevation of coronary
venous 1lood potassium concentration occurred w1th cessation of
e ramntn o e e e eonecatrtin de
ehange in coronary artery blood
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Influence of a step wise nercase m left vantricular diastolie volume on
mvocardinl potassiam balanet A V. Q2 diffirinee ~ coronary arterial
vanous oxyveen diffirence, MV 0O myocardhal onygen consumption
remannuny abbroviations as an provious figurcs 1he figures m the first
column represent tho contrals  those n the s ecnd eolumn aro tho values
abtamcd aftcr 13 ml of flurd was added to the ballosn The figures mn the
third column rpresent the valies obtamed aftee an additimal 7 ml of
flmd was added [1e fourth column shows the new steady statc values
after the 20 ml of flurd was withdrawn  Figure reprinted by pormission from

Circalation Rescarch 2270 (1908)
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potassium concentration was observed Fig 6 shows the mfluence
of changing heart rate on coronary venous blood potassium and
sodinre concentration (GIL3ORE and GERLINGS, 1969) At the time
indicated by the first vertical arrow, heart rate was increased from
106 to 149 per minute At the second vertical arrow heart rate was
decreaced to control levels The usual transient changes in coronary
venous blood potassium concentration occurred, however there
was no discernible change 1n coronary venous sodium concentration
These changes 1n coronary venous blood potassium concentration
were usually assovated with directional changes in coronary venous
outflow so that these changes 1n concentration reflect net losses and
gatns of potassium by the heart Also, when heart rate was inereased
myocardial o¥igen consumption invariably increased With the
decrease 1 heart rate mvocardmal oxvgen consumption returned
to or towards the control levels Thus, we alway s found a correlation
between oxygen consumption and potassium balance when heart
rate was altered In order to obtamn information concernmg the

I In MITES
g 7
The wfluence of parred stimulation on coronary venous blood. pot
toncemrEtion A% the vant mn Ywated by the first vertieal arrow \ilumm
was imtinted at an mterstimnlus interval of 130 mses and n“t&zh pacing
sertical arrow parred pacing stoppod  Coronary artery. blood ets!:coml
concentration remaned essentislly constant hroughons the eeer
For further description of fgure gee texy Fi ® esperiment

gure reprinted
from the I Applied Physiol 25, Jls—a{’a (wsgl)’y permission
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Fig &
The nflucnee of increasing heart rate on corenary artenal (upper tracing}
and coronary venous (lower tracing) blood potassium concentration At the
timo dicated by the first vertieal arrow heart rate was ereased from
100 to 200 beats per minutc and at the time indieated by the secon 1vertical
arrow heart rato was returncd to 100 beats per minuto See text for further
diveussion of figure

[ 1% 60
43 1’ 12620
(R 125 80
423 125 99
x* m*
oL NS 125 00 pggn.
407 124 60
399 e
19 ] 12180
383 T T T T v T v 123 40
1 H 3 ' 5 [ 1 [}
TINE IN MIMITES
g 6
The influenco of inereasing henrt rate on coronary \enous blood potassim
and sodium concentration The solid Iine represents coronary \enot blood
concen

potassium and the brohen Imo represents coronary \enous sodium
tration At tho time indicated by the first vertical arrow heart rato was
increased from 106 to 149 beats per munute and deereased to 106 beats per
minute at tho timo indicated by the sccond vertieal arrow For further
deseription of figure seo toxt
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Fig 8
The influence of doubling the number of depolanzatians and then donbling
the number of enntractions while mamtaming the nambe r of depolanzations
constant on coronary venous blaod potassitm concentration The upper
tracing represcnts coronary senous blood potassum concentration, the
Diwer tracing caronary arterial biood potassiom eoncentration At the time
M Neate) by the first vertical arrow parred pacing was initiated at the time
mlieated by the econd sertical arrow paind pacing was stopped while
amultarcoinly dombhng beary rate At the timo indicated by the third
vertical arr v heart rate was deereaw 1 Far uether deseription of figure
see text

n myocardial oxygen consumption (1 47 mlfmin} Coronary +enous
potassium concentration deereased transiently and then returned
to escentially the level which obtamed before heart rate was
changed It 14 to be emphasized that when stimulation was changed
from parred stimulation to double heart rate oxygen consumption
dechined by 26 ml/min but no potassium change oceurred How.
eier when hewrt rate was subsequently decreased from 200 tq
100 per minute there was o smaller decrease in oxygen consumption
(147 sl but o substantial transient net gam of myocardial
potrguum Therefore these observations demonsteate that the loss
of potrssiam observed with snerersing heart rate and parred stimu

Ttion 18 related not to the 1ssociated changes i my ocardial ovsgen
tonsumption but vather to the decrense n the nteryal between
stimub

Mthough the experiments precented above demonstrate that the
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relation between myoeardinl ovy gen consumption and mterstimulus
mterial experiments were earried out employ ing paired stimulation
of the heart A typreal expertment showing coronary 1enous blood
Potassium concentration changes 1s shown in Tig 7 (GERLINGS and
Giuyony 1968) At the time indicated by the first vertieal arrow
coupled pacing was mstituted at an interstimulus interval of 180 m
sec 1t 4 heart rate of 112 per mmute At the time indicated by the
second vertieal artow pared stimulation was stopped With the
onset of pared stimulation coronary venous blood potassium
concentration nereased transiently the opposite was observed
when pared stimulation was stopped During paired stimulation
coronary blood flow mereased from 39 to 81 ml/min and my oeardial
ovigen consumption nereased fiom 10 0 to 13 4 ml/mm Although
this experniment demonstiates that the increase i mjyocardial
contractility caused by paired stimulation 1s assocrated with a net
loss of myoeardial potissium this type of experiment does not
provide information as to whether the loss of potassium 15 due to
the change m the mterstimulus mtery 2 or to the associited change
m myocardial ox3 gen consumption However these two possibilities
were distingmished by the tvpe of eperiment shown m Fig 8
(GiLyort and Geruines  1969) The upper tiacing represents
coronry venous blood potassium coneentration and the lower
tracing coronary arterial blood potasstum coneentration In this
expernment coronary blood flow was muntained relatively constant
by ltering the resistance of the coronary inflow line At the tune
indicated by the first vertical arrow coupled pacing was imtiated
Tlits was assocrated with the usual transient net loss of potassium
as mdicated by the elevation of coronary venous blood potassium
concentration Coronary blood flow did not change sigmficantly
while the A V oxvgen difference increased from 8 8 to 16 1 thereby
mereasmg myocardial oxygen consumption from 5 7 to 9 66 mi/min
At the time indicated by the second vertical arrow coupled pacing
was stopped while stmultaneously doubling heart rate from 100 to
200 per minute As a result a shght decrease m coronary blood
flow and A V osygen difference occurred so that myocardial oxygen
consumption declined by 2 6 ml/min However hitle or no change
1n coronary venous potassium was observed Heart rate was de
creased from 200 to 100 per minute at the time mdicated by the
tlurd vertical arron This was assocrated with a further decrease
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THE 1% MINUTES
Fiz 8
The mfluence of donblng the number of depolarizations snd then doubling
the number of contract: s while mantaning the number of depolarizations
constant on coronary venows blod potessum eoncentratwn The upper
tracing represents eoronary venous hlond potasswym concentration, the
lower racing eoronary arterial blood potassium coneentration At the time
m hieated by the first Vertieal arrow parred pacing wad imtiated, at the time
nieatel by the aecond vertical arrow pawred pacing was stopped while
«m ltsneoudy dotbling heart rate At the tie midieated by the thard
sertical arrow heart fate was decreased  For fitether doscmption of figwre
see tost

m my ocardial oxvgen consumption (1 47 mlfmin) Coronary venons

t 1on decreased Iy and then returned
evel which obtamned before heart rate was
changed 1t 13 to be emphavized that when stimulation was changed
from paired stimulation to double heart rate, oxygen consumption
dechned by 26 ml/mm Lut po potassinm change occurred How-
ever when heart rate was subsequently decreased from 200 to
100 per mmute there was a smaller decrease in oxygen consumption
{147 mljmin) but p substantinl transient net gam of myocardial
potrssum Therefore these observations demonstrate that the loss
of potassium observed with inereasing heart rate and paired stimu-
Yo s related not to the assocrated changes n myocardual oxygen
eomamption but rather to the deerease 1n the ntersal betseen
st

¥
to esentially the |

\lthough the experiments presented abose demonstrate that the
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loss of myocardinl potassium associated with changing heart rats
and coupled pacing is not due to the associated increase m ovigen
consumption, they do not preclude the possibility that oxygen
availability may contribute to changes in myocardial potassium
balance when heart rate is increased. In order to iny estigate this
possibility tho type of experiment shown in Fig 9 was earried out

x*
HEO/L 362

+
HEO/L LR

ae b T I 1 T T y—’-"J
) 1 2 3 § s § ? £
TIME IN MINUTES
Ing 9
Tho mfluenco of inereasing heart rata on coronary 1enous Llood potassiam
concentration beforo (upper pancl) and after (lower panel) coronary blood
flow reduction Tho first vertieal arraw in cach panel indicates the time at
which heart rato was mereased, the second vertienl arrow in cach panel
ndicates tho time at which henrt rate was subscquontly deereased Seo text
for farther desemption of figure
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5
3

(Genurnes Mizizr and Giumome 1960) Bath tracings represent
coronary venous blood potassium concentration The experiment
shown tm the upper panel was done at normal coronary blood flow
that m the lower panel was done following coronary artery inflow
constriction At the first vertieal arrow in the upper panel heart
rate was mereased from 124 to 240 beats per minute The usual
fransient merease m coronary venous blood potassum concen
tration occurred Coronary blood flow changed httle (113 to 111
ml/min) while myocardial oxygen consumption mcreased from 8 8
01° ¢ mljmin At the second arrow heart rate was decreased from
40 to 121 beats per mmute Agam the usual transient decrease n
corenary venous blood potassium concentration occurred Shortly
after obtamng the tracing shown mn the upper panel of Fig 9
caronary blood flow was reduced to 3o mljmin Heart rate was then
increased from 128 to 210 beats per mmute The results are shown
m the lower panel of Fag 8 With the ymtation of tachyeardia
coronary venous blood potassium concentration wncreased how
ever n contrast to the experiment shown In the upper panel of
¥ig 9 the icrease m coronary venous blood potassium concen
tration was mamtamned throughout the pertod of tachycardia In
this expeniment coronary flow changed ittle (3o to 33 ml/min) and
myocardial oxygen consumption rose only from 5 8 to 6 2 mlfmin
This experiment 1n conjunction with those above demonstrates
that although the changes i myocardial potassium balance induced
b3 heart rate are not the result of the associated changes 1n myo
cardial ovygen ption they do d rate that the extent
of the k changes mduced by heart rate are modified by the
oxivgen availlability of mjyocardial tissue

The possible contribution of the changes 1n myocardial potassism
Falance induced by various inters entions to the associated changes
m myoeardial perf has been d dn detanl by San~orr
and associates (1960) and ourseles (GILMORE and GEPLINGS 1968
Guaore 1088 1In general 1t has been shown that with hemo
dynamic interyentions which increase contractiUity 1e ipereased
developed tension tachycartia and coupled pacing there 13 always
an associated loss of myocardial potassium  Also with drugs such
a3 Acetylatro; hanttndin the 1nerease n contractihty induced 18
associated with a net loss of myoecardial potassium (GILMORE and
(ERLINGS 1978) T order to mnvestigate this relationship further
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followed by fibullation of the heart The admuustration of non
actin was always assoeiated with a substantial mnerease n myo
cardial oxygen consumption

Attention was next directed towards determining the extent to
which these hemodynamice changes and changes 1 oxygen con
sumption were related to changes in myocardial potassium balinee
An example of one such experiment 1s shown m Fig 11 (GryoRe
Girunes and Mirer, 1069) ‘Lus figure shows coronary venous
blood potasstum concentration At the time indicated by the
vertieal arrow, 40 g of nonactin were mjected mto the coronary
artery anflow hine This wag associated with a substantial elevation
of coronary venous blood potassium concentration Following the
mjection of the drug coroniry blood flow increased from 56 to
190 ml/mmn and mjyocardial oxvgen consumption from 72 to
2 mlfmn The net loss of potassium m this c\periment ¥as
900 microequivalents Thus, with nonactm there occurs a sub
stantinl lass of myocardial potassium and an increase in my ocardal
ovygen consumption, however 1ts adminntration ts usually 85
sociated with the depression of myocardial contracttlity

SUMMARY AND CONCLUSIONS

The following conclusions woulkl appear to bo permussible from tto
expeniments presented
A Tho extent to which tension 13 doveloped by the myocardunm appesrs
to Lo a determinant of its potassium balance In turn becauso of the
associated alteration m myocardial potasstum balance changing mo
cardial doveloped tension may alter myocardial contrachility
B The ct n my hial p balance induced by altering the
frequency of contraction are the result of the change in the interstimults
interval rather than tho associated change 1n mjocardial oxygen €on
sumption The interstimulus mnteryal mechanism also appears to be that
which influcneces potassium balance during pared stimulation
C Nonactin which 13 known to alter the f y of cell
to potassium conststently produces a net loss of myocardial potassiim
and an assocrated depression of myocardial contractility

branes
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a smaller contraction This shortened mterval not only gives nse
to a small beat directly following that short interval but also
to a number of enlarged contractions afterwards This phenomenon
1sknownas postestrasystolic potentiation (Horrvav ebal 1906
MELLFR ¢f al  19G2) The effect of one wnterposed longer interval
18 just the opposite It enhances the first contraction { rest con
traction ) (Rosin and Laranr 1953) but the beats coming there
after are somewhat smaller than the controls { depotentiation )
(harz 1967)

With these rather simple examples 1t may become clear that 1
the mntact organtsm m which two RR mterals are seldom identeal
the influence of the intersal contractility relationship on the over
all mechareal activity of the heart becomes rather complicated
Ths holds for stanee especially for the contractions of tho heart
m patients with atrial fibrillatton It was found that the RE
ntervals of patients with atrial fibrillation are rindomly distrt
buted (MrwLEn ef al  106%) When we Inew this the effect of
random rhythms on the contractile behaviour of 1solated perfused
rat hearts was studicd By means of crosscorrelation techniq tes
1t was found that there was also a close relationship between the
RR nterval(s) and the height of the contraction(s) during random
beating (MELLLR ef al 1968) These and other studies (ARUTA
and Bravrny 1908 Mruree and Durrer 1965) demonstrate
that o direct nfluence of rate and rhythm on the contractile
behaviour of the heart may mndeed play an important role n the
regulation of the circulation During every day activities the hert
constantly changes its rate and rhythm and thus its RR nterals
For example during exertion the heart rate mncreases This merese
n rate enables the heart to expel more blood 1n a shorter time
Substantial evidence has been presented that the crleium on via
the excitation contraction couphng (NIEUWENDIIE 1966 ZIMMER
MaN 1966 NIEUWENDLIK ¢f el 1967) translates the duration of
the BR mterval in a more or less forceful contraction

From the hist of 9 factors I have focused attention only on factor
8 which via intermediate mechamsms mfluences the mechament
sctivity of the heart At the same time 1t should be realized that
although the factors are listed separately they all fluence each
other and may even act via each other T'or mstance the positive
\motropie action of an merease n heart rate may be oxpressed by
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a shuft from one 5o called Starling curve to another (SARNOFF,
1925) and the effect of a rise 1 temperature seems to make use
of an merease 1n heart rate (Knowrrow and Staring, 1912)

Once more 1t should be stated that the esaluation of any pharma
cological intervention on the contractile behaviour of the heart
13 only allovable 1f the mtervention took place during a fixed and
contralled heart rate

The boundary between knowledge and ignorance of myocardinl
contractile behaviour has reached the subeellular level (Soxwen
puck 1968) In our country academic pharmacology 18 60 years
old Maybe m the coming decades the iron curtain of our ignorance
will be removed from the molecular site where most probably,
the contractile Torce of the myocardial cell 13 regulated The role
of the heart 1n the regulation of the eirculation may then be com-
pletely understood

REFERENCES Y

ANrpe G voN On tho part playe | by the suprayenal3 in the normal vascular
reactions of the body J Thymol 4> 307 {1912)
Bursgs § N and Kocu Weser J Physical factors in the
action of drugs on d Th
(19631

Bowprrer H P Uber die Engenthumbich der R welghe
die Mushtifasern des Herzens zewgen Ark 8d Phymol zu Lempmg
6 139 (1871

Crox M and E Cvox Uber d e Innervation des Herzens vom Rucken
marke aus Arch J Anat u Physol 389 (1867)

Durerer D Expenimenteel onderzoeh naar het verloop van het actriatie
proces 10 de hattspier  Acaderwich Proefsehnft  Amsterdam (1957)

Evars C L and § Ouawa The effect of adrenalin on the gaseons meta
ohsm of the wolated mammalian heart J Physiol 47, 445 {1814

Fraxg O Zur Dynamik des Herzmuskels Zestschnft J Biolome 3
370 (1892} N

Geryvos E D Donviocel van de 8 itonome zenuwen op de mechanischy
1965 5

florrsay B F E BrvorrraniE P Sveriree Posts:
t ation of contraction in cardsac musels Am J Phy;:ﬁ’:; o;‘; “m;:;

snalys:s of the
Rev 15, 531

) Theso references are onlv a few fron the v

85% &mOURnt Wnitten on thy
topre Special attention has been pmid to classical -
some e pai ‘cal papers and Duteh papers



286 F L MEULER

Karz, L N, Pereonal communication (1967)

Kavaurn, F, In Factors influencing myocardal contractihty Ed R D
Tanz, I' Kavaler and J Roberts, Acaderme Press, New York and
London (1967)

Krowrrow, I' P and I' H Starue, The influence of vanations
temperature and blood pressure on the performance of the 1solated
mammalian heart J Physiol 44, 208 (1912)

Knuta, V, Sur I'actinaté rhy thmique du musele eardiaque I vanations do
I réponse méeamque en fonction du rythme Arch Uit Physiol 45,
332 (1937)

and P Bravrwy, Possible mechanisms mvolved m potentiation
phenomena 1n pared pulse stimulation of the heart Ed P F Crano
field and B F Hoffman, The Rockefiller Unnersity Press New York
(1963)

Lasarwponrr, O, Unter gen am fberlebenden Suugeties herzen
Pllugers Arch ges Physiol 61, 219 (1895)

Lot w1, O, Uber dic Bezichungen zwischen Herzmittel und phy sioogischer
Kationenwirhung Pflugers Arch ges Physiol 189, 87 (1921)

Mewre, F L, Over de mechamsche activiteit van het gewoleerde, 3 olgens

fe, rattehart Acad h Proofschnft, Amster

Lang AT do
dam (1980)

, F van DEN Boaairp, L H AN per Twesn and D DURRER
Postextrasyatolic potentiation in the 1solated rat heart Am J Physiol
202, 631 (1962)

and D Durrrr Physiological and cltmieal aspects of paired stimula
tion Bulletin NY Ae of Medicino 41, 575 (1965)

,J Strachet F J L van Carrireand J ¢ pu Prrroy, Computer
nnalyss of the RR nterval contractihty relationship durmg random
stimulation of tho isolated heart Circulation Res 22, 695 (1968}

NizoweNpth, I S, Do invlocd van calewnm op de mechamsche activitett
Acad h Pr hrft, Amsterdam

van het do t

{1966}

,F L Mewrrr and D Durrer Tho influence of pawed stimulation

on the clectromechanteal dissociation during low calesum perfusion of
1solated rat hearts Cardiavascular Res 1, 308 {1967)

RvGER § , A further contribution regarcing the influenco of the constituonts
of the blood on the contraction of the heart J Physiol 4, 29 (1883)

Rosiy, H and A Danam, Post sthmulation potentiation of contractility
in tho 1folated aurcle of the rabbit Am J Physiol 180 75 (1955)

SarNorr, S T, Myocardial contractihity as deseribed by ventricular function
curves, observation on Starling s law of tho heart Physiol Rov 35,
107 (1956)

Srarune, E H, The hnacro lecturo on the law of the heart Longmans
Green and Co, London (1918)

SonnENBLIOE, T H, Correlation of myocardial ultra structure and function
Circulation 38, 29 (1968)




TOE ROLE OF THE HEART IN THE REGULATION OF THE CIRCULATION 287

Wepzr, E H, Annali umiversali di medicina 116, 225 (1845)
WepsTER's Umversity Dictionary, The World Publishers Company, Ine ,
Washimgton DC (1966)
A N E,Sab P en
de ‘G dox” by het d h
Acad P Amsterdam (1966)







Acta Physiol Pharmarol Neerl 15 (1969) 289~328, © North Holland Publishing Co
Not to be reproduced by photopnzt 61 THIEORlR wibous wrten peconssion from the publisher

1

3

Department of Physwlogy, Unaversdty of Leyden

THE TRANSFER FUNCTION OF FROG
MYONEURAL JUNCTIONS

1 THE INFLUEXCES OF FATIGUE FACILITATION, AND
DEPRESSION UPON IMPULSE TRANSMISSION IN VITRO

»Y

A. ¢ BOBBERT

CONTENTS

INTRODUCTION, PLAN OF INVESTIGATION
2 MATERIALS AND METHODS

21
22
23
24

Baue pracedures
Stmulation
Recording
Bequence of events

RESULTS OF STIMULATION WITH SUPRAMAXIMAL PULS]

31

Changes i the during low freq 1
311 MMechanograms dunng direct and mdirect stimulation
312 Electromyograms daring indirect, gtumnlation
313 Responsefstimulus ratio of muscle fibtes durng m
drrect stimulation
“Time course of the facilitatory after-efect of & single
pulse

Tune course of tontraction summation dusing direct,
stimulation

314

315

Changes i responses dus to ageing of tn vitro preparationy
321 Changes 1n mechanograms due o agemg

322 Changes 1n electromyograms dus to agemg

323 Changes m electroneurograms

PULSES

RESULTS OF INDIRECT STIMULATION WITH SUBMAXIVAL

41

42

Fxistence of motor units with conditioned d ‘press:
epression
responsefstimulus ratio of the

Timo course of the deprosavs after-efi
T cousn of reffect of & mngle puilse

5qG

290

290
200
291
291
291

202
202
298

298
302

308
308
308
310
313



200 A. C. BOBBERY

5. DISCUSSION . . . . . . i vttt ier e M
SUMMARY. . . .. i ittt e 325
REFERENCES . . . . . . .. .. i iiinennranns 32

1. INTRODUCTION, PLAN OF INVESTIGATION

In the familiar classroom experiment where ‘'contraction sum-
muation” is studied with indirect stimulation of the frog's sciatic-
gastrocnemius preparation it may be observed that there are wide
differences in behaviour between preparations, though in all eases
single stimulus pulses are supramaximal, the two pulscs of the
double stimuli are equal to the single pulses, and the pulse interval
in the two-pulse stimuli is the same in all cases. For a given pulse
interval the ratio of the height of the contraction clicited by 3
twin pulse and that caused by a single pulse varies widely between
preparations.

This difference cannot readily be explained on the basis of what
is known about contraction summation in the ease of direct stimu-
Intion. Since, in addition to this, it appeared that the behaviour
of the preparation depends in part on its history, i.. on the n\fmbef
of stimuli applied to the nerve before the “summation” experiment
proper, it seemed uscful to study this matter further.

2. MATERIALS AND METHODS

2.1, BASIC PROCEDURES
he sciatic nerve

In all experiments the preparations consisted of ¢
R. Esculenta of

and gastrocnemius musclo of Rana Temporaria or
either sex and of approximately the same size. They were .usxmll}:
examined ¢n vitro in & bath of Nastuk-solution or purn{ﬁnao\l; only
in a fow cases tho proparation was left in sity, in degerebrate
animals in which the nerve was sectioned and freed from the sﬂ;‘
rounding tissues without causing appreciable blood loss of oh'
struction of tho circulation through the muscle, after Wl’llCh the
cireulation through the other museles was tied off and their molot
nerves were sectioned. ich

Only fresh preparations were used in the experiments, Wh‘;
were performed, in all seasons, in a shielded room in Whlc“u']t:
temperature was kept at 18-21° C. It appearcd that the res
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were not appreciably nfinenced by the season or by the ammal’s
sex

22 Stmeh were apphed to the nerve by means of platmum
electrodes, or directly to the muscle by means of steel electrodes
clipped on to the tendo calcanet and to the femur The pulses were
delivered by 5 square wave generator tnggered by & multiple time-
delay generator prowding trnggers at the rate of 1 per 10 sce
Any of these single pulses could be replaced by a double pulse
with an adjustable 1aterval between the members of the twin or
by 8 train of 3 to 5 pulses with preset intervals

23  Recording was done by mechanical and electrical means
Mechameal records were obtasned with s conventional 1sctame
Jever, writing on & long-extension kymograph Electrical records
were obtamned erther from a macto electrode placed close to the
belly of the muscle or plereing its tendon and prowding the overall-
electromyogram, or from a steel micro-electrode, with a bare tip
length of 3~15 ym, which signalled action potentials, and some-
times endplate potentials, n single muscle fibres From both types
of electrode the potential changes were led off agamst an earthed
electrode and fed mto the mput stage of a Tektromx pre awmplifier
type 122, mod 161 The output of thus pre amplfier, the gain of
which was set at 1000x while the varable low pass filter was
set at an R-C time of 2 msec, was connected with the mput of &
Tektronx 6024 oseilloscope, from the screen of which mngle shot
photographs were taken at preset intervals Besides this, the re

sponses were made avdible by means of an audio amphfier and a
loudspeaker

24 Sequence of events dunng s typieal expenment Pulses of
1 msec d were used throngh In most exp they
were of supramaximal intensity Prior to the expertment proper,

E Tasec test pulses of stepwise increasing voltage wers appled to
" the ™

voltage, the number of these
teat, pulses mever exveededl soven In the expeniments themselves,

stimulus strength was at least 115 pet of the just maxmnal pulse

intensity, a stimulns was applied every ten gecoud:
&1 stimul d of single e o o

1
pulses, every sixth
stimulus was either o 25 msec twim or s tram of 3 to 5 eqnarlypulses
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1. INTRODUCTION, PLAN OF INVESTIGATION

In the familiar classroom experiment where “contraction sum-
mation” is studied with indirect stimulation of the frog’s sciatic-
gastrocnemius preparation it may be observed that there are wide
differences in behaviour between preparations, though in all eases
single stimulus pulses are supramaximal, the two pulses of the
double stimuli are equal to the single pulses, and the pulse interval
in the two-pulse stimuli is the same in all cases. For a given pulse
interval the ratio of the height of the contraction elicited by &
twin pulse and that caused by a single pulse varies widely between
preparations.

This difference cannot readily be explained on the basis of what
is known about contraction summation in the case of direct stimu-
lation. Since, in addition to this, it appeared that the behaviour
of the preparation depends in part on its history, i.e. on the number
of stimuli applied to the nerve before the “summation” experiment
proper, it seemed useful to study this matter further.

2. MATERTALS AND METHODS

2.1. BASIC PROCEDURES

In all experiments the preparations consisted of the sciatic nerve
and gastrocnomius muscle of Rana Temporaria or R. Esculenta of
cither sex and of approximately the same size. They were usually
examined in vitro in a bath of Nastuk-solution or paraffin-oil; only
in o few cases the proparation was left in situ, in decerebrate
animals in which the nerve was sectioned and freed from the sur-
rounding tissues without causing appreciable blood loss or ob-
struction of the circulation through the muscle, after which the
circulation through the other muscles was tied off and their motor
nerves were sectioned,

Only fresh preparations were used in the experiments, which
were performed, in all seasons, in & shielded room in which the
temperature was kept at 18-21° C. It appearcd that the results
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P of 4 muscles to directly
apphed supramaximal single pulses (O} and 25 msee twins ()

msec toin 13 nearly twice as large as that ehiaited by apphication
of u single pulse Durmg the next 18 mm in the muscles of the
one frog, and for 30 mm m those of the other, the rontractions
evoked by single pulses mcerease markedly in amplitude while those
clisted by twin pulses dimimsh shightly After that, both decrease
aceording to neanly parallel curves It further appears that, while
tra frog ifferences in the f2me course of M G amphtnde changes
are shght, there are matked inter-frog differences

To reduce the effect of inter-frog differences the mechanograms
of 4 directly stimplated muscles were averaged The results are
shown 10 the upper part of Fig 2 (left), together with those ob-
tawmed m the same way from the preparations m which the muscles
were stimulated indirectly (ight} In the lower part of this figure
the changes i resting length of the muscles are plotted st the
same scale It appears that the resting length mcreases rapidly
during the first 30-50 mmn of stimulation

If 1 Fig 2, the curves for the changes in the mechanscal re-
#ponso to single pulses for direct (left) and for indirect stimulation
(nght) are compared, 1t becomes evident that in the latter case
the imitia) increase of the responses to mngle pulses (staircase effect,

T
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f The electrical responses to these double pulses or pulse tramns
were photographed at preset intervals In these records the Tesponse
due to the first pulse obviously corresponds with the response to
a single pulse appled at that moment The amphtudes of the
clectrical responses to the stimul: were read off in millivolts, those
of the mechanical responses to a twin pulse or a pulse tran and to
the immeduately preceding single pulse were eapressed in arbitrary
umts Unless indicated otherwise the pulse mterval of the twms
was 25 msee

In order to test reproducibihity an experiment of a given type
was performed on at least 4 preparations To obtan data suitable
for comparing the results of different types of experiment the
response amphtudes of 4 preparations were averaged and repre
sented 1n this way, unless otherwise indicated

3 RLESULTS OF STIMULATION WITH SUPR A-
MAXIMAL PULSLS

31 CHANGLS IN THE RESPONSES DURING LOW FRLQUENOCY STIMU
LATION
311 Mechanograms during direct and indirect stimulation

Experiments with direct stimulation were made on 4 muscles
taken from two decerebrate frogs 30 min after an mtra abdominal
mjection of 80-100 mg Flaxédil

The experiments were made according to the standard scheme
for stimulation 1n which a double pulse of 25 msce nterval re
placed every smxth smgle pulse during stimulation at the rate of
1/10 sec Because the stimulus artifacts which result from the
fugh voltage pulses needed for direct stimulation of all muscle
fibres largely obscured the electromyograms (CMGs) only the
mechanograms (MG s) could bo used In another ¢ proparations
stimult were applied indirectly nccording to the same scheme In
these experiments the amplitude of the artifacts was small com
pared to that of the electrical responses of the muscles so that
both the mechanical and the electrical records could be used

Tig 1 shows for each of the 4 directly stimulated muscles how
the mechanical responges to single pulses and to twimns change in
the course of 1 per 10 sec stimulation during 120 min

At the start of stumulation the shortening 1n response to a 26
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Fig }
Changea m ampl tude of the mechanical responses of 4 muscles to directly
sppl ed supramaximal eingle pulses (O) end 25 msec twins (@)

msec twin 1s nearly twice as large as that eliaated by application
of a single pulse During the next 18 mm i the muscles of the
one frog and for 30 min 1 those of the other the contractions
evoked by mingle pulses ncrease markedly m amphtude while those
eliated by twm pulwes dimmish shightly After that both decrease
according to nearly parallel curves It further appears that while
ntra frog differences mn the time course of M G amphitude changes
are slight there are marked mter frog differences

To reduce the effect of inter frog differences the mechanograms
of 4 directly stimulated muscles were averaged The results are
shown mn the upper part of Fig 2 (left) together with those ob
tained 1n the same way from the preparations m which the muscles
were stimulated indirectly (nght) In the lower part of this figure
the changes in resting length of the muscles are plotted at the
same scale It appears that tho resting length increases rapudly
during the first 30-50 min of stimulation

If i Fig 2 the curves for the changes i the mechamical re
8ponse to & ngle pulses for direct (left) and for indirect stimulation
(nght) are compared 1t becomes evident that in the latter case
the imitial increase of the responses to amgle pulses (staircase effect
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F The electrical responses to these double pulses or pulse tramns
were photographed at presct intervals In these records the response
duc to the first pulse obviously corresponds with the response to
a single pulse applied at that moment The amphtudes of the
cleetrical responses to the stimult were read off m milhvolts, those
of the mechanical responses to a twin pulse or a pulse train and to
the immedately preceding single pulse were expressed 1n arbitrary
units Unless indicated otherwise, the pulse mterval of the twins
was 25 msec

In order to test reproducibility an expenment of a given type
was performed on at least 4 preparations To obtain data smtable
for comparing the results of different types of expemment the
response amphtudes of 4 preparations were averaged and repre
sented n this way, unless otherwise indicated

3 RESULTS OF STIMULATION WITH SUPRA-
MAXIMAL PULSES

31 CHAMGES IN THE RCSPONSES DURING LOY FREQUENCY STIMU
LATION

311 Mechanograms during direct and wndirect stimulation

Dxperments with direct stimulation were made on 4 muscles
taken from two decerebrate frogs 30 min after an mtra abdommal
mjection of 80-100 mg Flaxédil

The cxpenments were made according to the standard scheme
for stimulation, 1n which a double pulse of 25 msee mterval re
placed every sixth single pulse during stimulation at the rate of
1/10 sec Because the stimulus artifacts which result from the
high voltage pulses needed for dircet stimulation of all muscle
fibres, largely obscured the electromyograms (DMGs) only the
mechanograms (MG’s) could be used In another 4 preparations
stimult were apphed ndirectly according to the same scheme In
these experiments the amphtude of the artifacts was small com
pared to that of the electrical responses of the muscles so that
both the mechameal and the electrical records could be used

Tig 1 shows, for each of the 4 direetly stimulated muscles how
the mechancal responses to single pulses and to twins change n
the course of 1 per 10 sec stimulation durmg 120 mmn

At the start of stimulation the shortening n response to a 25
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This 18 more clearly apparent from Tag 3 an which the ratio
between the degrees of shortemng due to double and to eingle
pulses has been plotted against ¢the number of preceding stumul,
for both types of activation In both cases the ratio 18 the same
at the onset of stumulation, 1t then shows a transient deerease
which 15 more marked and lasts longer in the case of direct stimu-

g 3
S:x:: preparations ssm Fig 2 Changes in the ratic between the amphitudes
of the mechamesl responses to double and to mngle pulses in the course
of direct (m) and indirect (O) stimulation.

lation, the ratio then increases slowly durng direct stimulation

and steeply in the case of indirect activation This marked increase

of the ratio dunng indirect stvanlation indicates that the behaviour

of prepatations activated m this way 1s indeed largely dependent

on Fthe nuwber of previously applied stimuli (¢f section 1)

“hmm Fl‘xg 3 1t becomes evident that the wade scattermg of this
0 1n classroom expenments 18 due $o at least 3 phenomena, vz

=~ the stasccase phenemencn that W present TESPOTRS.

to single pulses and neatly absent x: those u‘:\ 2;‘::&:0 doubl
pulsc;‘, and which Jowers the ratio durng the stan—cus:
rte;:; - {\s 1t ts present both with mndwect and with direct
Py ation 1t must be due to & property of the muscle
Tes It was earlier observed dunng n ertro expenments
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Fig 2
Changes i resting length (@) and in o Ltude of the h
responses to single (O} and to 25 msce double pulses (@) i the coursa of
direct (left) and indirect (right) stimulation

1

“Treppo”) 1s less pronounced than in the case of direct strmulation,
and that 1t lasts for a much shorter period

In thoe case of direct stimulation, during the staiwrcase period,
the contractile response increases with increase of resting length,
wlich sugpests that the staircase phenomenon results from the
elongation of the muscle fibres, 1n accordance with Starling’s Law
In the tndirectly stimulated muscles, however, the staircase pertod
18 much shorter than that in which the resting length of the muscle
fibres ncreases Tlus suggests thet dunng sctivetion by way of
the nerve another factor comes into play which shortens the star
case period

After the staircase period the amphtude of the contractions due
to single pulses dechines in o farly simlar way for both types of
activation If, on the other hand, the mechamecal responses to
double pulses are compared for the two types of activation, it
appears that, after an imbal period of some 35 min 1n which these
responses are nearly identical, the amplitude of the contractions
due to mdirectly applied double pulses dechnes at a much slower
pace than m the case of dircct stimulation
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Changes s snerage araplitudes of tha mechameal (left) and
responses to ndurectly apphed smgle pulses {O) and 25 msee twins (@)

the amplitades of the mech 1 resp to double and to sngle
pulses bregma 1ts raprd rase 1n the case of mdirect stumatation (Fig 3)

Because thest are extracellular records picked up for from the
aeurouscular Junctions the contmbution of the endplate pa
tentials to these respanses must be neghgble (DT, CAsTILLO and
R4tz 1996) and these response changes must therefore reflect
ckanges m the overail resp of the electrical table region

of the mouscle hibre membranes Theoretieally surh thanges might
result from

- desynchrenszation of the actson potentials of ndividual
muscle fibres,

~ & 1n awphtude of these potentuls,

- decrease 1o the number of muscle fibres responding to the
stumulns with a propagated spike This mught be due to 5
deerease wn the response/stimulus rat1o of musele fibres, ¢ e
that for a gmven fibre there 13 2 decrease of the probabibity
that 1t fires upon the arnval of an impulse at 1ts unction
1 tu1s 13 really the case then the small difference betwern
the respenses to the first and second pulses at the onset
of simulstion and the large merease of this difference Jater
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on muscles of rats (PAur, 1961), frogs (Masuna et al 1062)
and toads (ALyunrt and Borrrro, 1968), and has been at
tributed to an accumulation of potasstum 1ons in the mter-
stitial spaces and to a strengthening of the cxaitation
contraction couphng, both supposed to result from repetted
actiation during anoxia While the possible occurrence of
such changes cannot bo demed, 1t scems more probable that
the starrense effect results from changes 1 the resting length
of tho muscle fibres, especially because 3t even appears 1n
agemng preparations wlich are nof repetitively stimulated
(ef 321, Ig 11)

the rather shight, and gradual incrense of the ratio which
occurs n the case of direct stimulation after thoe starrcaso
period It 38 hughly probablo that this results largely or
wholly from the mertin of tho recording system which
cxaggerates tho differences in contraction height

the very steep ncrease of the ratio between the degrees
of shortening that occurs, 1n the caso of indirect stimulation,
after the starease pertod This phenomenon must be related
to sy naptic andfor presynaptic processes a conclusion which
19 strongly supported by the behaviour of the electrical
responses to the 26 msee doublo pulses during indirect

stimulation (312)

312  Llectromyograms during wndirect stimulation

Tho clectrical overall responses of the muscles to the firat and
to tho second pulses of 26 mseo twins m the casc of supramaximal
indireet stimulation, aro plotted agamnst the number of stimul ad
mimstered 1n Tig 4 {nght) together with the mechamecal responsecs
to single and to double pulses (left ¢f Tig 2) It appears from
thus figure that the amplitudo of the clectrical responses to both
pulses of o 26 mace twin dunmnshes when tho number of applied
stimuli ereases and, further, that the amphtude of the responso
to the sccond pulso 18 larger than that evohed by the first from
the start of stemulation although both pulses are supramaximal and
muat cach mitiato an impulse tn every fibro of tho nerve It further
appears that the ratio between the amplitudes of the cleetrieal
responses to the sccond and to the firat pulses mcreases marhedly
after the staircaso period, s ¢ at the time when the ratio between
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the amplitudes of the mech { resp to double and to smgle
pulees begna it raprd nse 1n the case of indirect shimulation (Fig 3)

Because these are extracellular records pucked up far from the
neyromusculay junctions, the contmbution of the endplate po
tentials to these responses must be neghgible (beL Castirio and
Karz 1856) and these response changes must therefore reflect
chaniges 1n the overall response of the electneally exeitable region

of the musclo fibre membranes Theoretically such changes mght
result from

~ desynchromzation of the action potentwls of ndinidual
musele fibses,

~ decrease m amphtude of these potentials,

~ decrease m the number of muscle fibres responding to the
stenelus with a propagated spike This might be due to a
decrease 1 the response/stimulus ratio of muscle fibres, ¢ e
that for a given fibre there 1% a decreese of the probability
that 1t fires upon the amval of an mpulse at 1ts Junction
If this 1s really the case, then the small difference between
the respouses to the first and second pulses at the onset,
of stimulation and the large wncrease of this dufference Jater
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on might be explamed by assuming that the first pulse of
cach twin has o facihtating effect on the response of the
musclo fibres to the second, ve that for the second pulse
the responsefstimulus ratio 1s enhanced The correctness of
the two assumptions invoked was eonfirmed when records
were mado of the action potentwls of individual musele
fibres during similar experiments

313 The responsefstimulus ratio for the case of individual muscle
fibres was determined in preparations indirectly stimulated ac
cording to the standard scheme (2 4)

After the muscle had been fixed in a tautly stretched condition, 1n order
to mummize movements of its fibres & micro electrode was placed with its
tip on tho muscle surface where 1t preked up tho action potentials from a
singlo musele fibre The stat of the ding was checked auditively
as well as visuslly

Although umts were frequently lost during prolonged stimu
lation, records of long duration were obtaned from a few For
these the responsefstimulus ratio was determined every mmnute by
counting the total number of spikes elicited by the five single
pulses and by the first pulse of the twin applied every mnute,
and dimiding this number by 6

In Fig 5 the ratio has been plotted aganst time and aganst
the number of preceding stimul, for 3 muscle fibres If theso 3
fibres may be considered as a more or less representative sample
from the whole population, 1t can be stated that at the onset of
stimulation the response/stimulus ratio 15 mdeed lower than 11
for part of the neuromuscular junctions and that 1t decreases
raprdly during indirect stimulation

During extracellular recording from single muscle fibres 1t was repeatedly
observed that the amplitude of the action p 1s d d hat
bofore the spike resp disapr d complotely The largest decrease
ohserved amounted to only 20 pet of the imtial sprke amplitude, 1n agreoment
with observations by MasmmMA ef o (1962) and OREAND (1963)

Trom the behaviour of the responsefstimulus ratio of the fibres
shown i Fig 6 1t may be concluded that at the onset of stimu-
lation i tero not every muscle fibre always responds to a supra-
maximal single pulse apphed to the nerve with the finng of an
action potentisl During continued 1 per 10 sec stumulation the
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Fig 5
Response/stimulus vatio of 3 muscle fibres (A O, B @ s0d C 9} Auring
1 per 10 sec surnalanon of the moter nerve

number of responding fibrea decreases rapidly with the result that
after prolonged stunulation the finng level s attamed 1 a few
muscle fibres only, while the majonty have dropped out (compare
the umts A and Cn Fig 5) So the first assumption, according
to which the dechne i the electrical responses to mingle pulses
(Fig 4) results manly from 2 prog d of the [
stimulus rati0 of the muscly ﬁbms, proved to be correct, while the

decresse 1 amplitude of the Action potentials serves as & con-
toihutg cause

The expenments just descrbed do not allow of & conclusion as
w0 the posible contnb <&

Tt wea further abserved that the response/stunulus ratio of musclo Sbres,
altet having been reduced $0 zer0 by profonged stmulation eis the nerve,
wam Tt mcreased after p of the This
is ngnemem with an earlier ubservation scoonditg o whick thera 18 o
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appreciablo recovery of the overall responses n the oxperiments referred
to mn section 312

In these singlo umt experiments the sccond assumption proved
to be valid too because 1t was repeatedly obsersed that, if o muscle
fibre fires 1n response to the first pulse of a 25 msee twin 1t nearly
always fires agamn in response to the second, and further that, if
the synaptic transmission ratio i the case of single pulses has
been strongly reduced by prolonged stimulation, 1t 13 often scen
that the fibre fires mn response to the sccond pulses of the twins
although 1t fails to respond to the first ones An example 15 given
mn I'g 6, 1n which each record shows the superimposed responses
of a muscle fibre to the 10 double pulses apphed during 10 con
secutive minutes At the start this fibre responded with a spike
to 8 out of 10 single pulses (Figs 6a and 6b) while 1t fired a1 1
fashion 1n response to the second pulses of 10 twins (Fig 6b)

™1 Toouv -1 _V" SOV [I [
T e Smiec
| - . I |
Gy ] |
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Dlectrical responses of a single musclo fibre to mdirect stimulation Each
s 10 superimposed records of the responso to & angle pulse

picturo show:
{n) or to a 25 msce twin (b g) For & better recording of tho LPP s tho records
n e g wore mado at twico the emphfication used m a d
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Later 1t Tesponded only to 3 of the 10 first pulses, while 1t stull
fired 1 1 1n response to the second pulses (Fig 6¢) Still later the
spike responses 1o the first pulses disappeared pletely although
responses to the second pulses occurred every time (Fig 6d, e,
and f), until finally these too disappeared (Fig 6g) In ths case
the electrode happened to be stuated m the viemity of the motor
endplate with the result that, if & given pulse did not mve rise
to a spike, there appeared an endpl I which was not
distorted by an action potential

From Fig 6g, 1n which the EPP s followng the first and second
‘pulses of the twins are to be seen, it appears that the EPP’s eheited
by the second pulses are larger than those evoked by the con
ditioning frst pulses This 13 more evident m the upper record of
Fig 7, which was obtamed from another musele fibre and where

1 [oo,,v
WOmsec.

Il

+
i

Y1 TRV

g 7
Sup«;nmgosfed:ecards of the electrical responses of a muscle fibra {upper
part) and of the whale muscle {lower part) to 10 indirectly applied 30 msse
twin pulses

the EPP
n“et clem]sy ,duu to the second pulses of the (30 msec) twins stand

while those due to the first pulses are 50 s
mall as to
lr): r;lr:wued ‘m the accompanying action potentials 1t may there
e concluded that the first pulse of & twin has a conditioning

action reflected b
e R 3 the accurrence of a larger EPP and 5, markedly

fstimulus ratio, which lasts for af
, t least 30
d‘éi::aus(; these marked after effects appear to have a time :Jltsx::e
P nr:g rom that of unfacilitated EPP's 1 twitch fibres of the
TOOm temperatures (FatT and Karz, 1951), 1t would be
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interesting to hnow their full time course But 1t 15 obvious before
hand that the magmtude and duration of such o conditioning
effect, as mensured by the merease of the response/stimulus ratio
for the second pulses of twins, will be influenced by the degree
to which the response/strmulus ratio for the first pulses was lon ered
by the precedmg stimul

814 Tume course of the facilitatory afler-effect of a single pulse

The time course of the facilitatory effect of & single pulse on
the transmussion ratio for a closely following test pulse was de
termined mn experiments i which the mterval between the pulses
of the twins was varied Apart from this, stimulation followed the
standard pattern The mnterval between the members of & twin
was changed every minute according to a scheme in which a series
of intervals was presented first 1n the order from the longest value
to the shortest and then mn the reverse sequence In this way o
double pulse with a given interval was appled twice during each
series and the results of these :n duplo messurements were averaged
in order to mmmize the systematic errors ansing from changes
in the preparations m the course of stimulation m mfro In each
experiment the standard series of twin pulses with varying interval
was applied thrice, during successive periods of about 35 mm
Experiments were made both with mdirectly and directly apphed
pulses of supramaxtmal strength From 4 preparations the electro
myograms and the contractions were recorded during indirect
stimulation The results are represented 1 Figs 8 and 10

Trom Fig 8 it appears that the ratio between the amphtudes
of the EMG's followmg the second and first pulses of a twin depends,
for & given interval, on the number of preceding pulses At the
start of the experiments the second EMG 13 somewhat smaller
than the first over nearly the whole range of mntervals, except
those between 8 and 50 msec (graph A) Later the ratio mcreases
rapidly, as 18 apparent from a companson of graphs B and A,
and the EMG following the second pulse becomes the larger one
for the whole range of intervals from 5 to at least 175 msec (graph
B) After application of some 450 pulses the ratio does not change
sigmificantly any more (compare graphs C and B) although the
EMG amplitudes continue to decrease for both pulses It fu.rthc:r
appears that the ratio between the amplitudes of the two EMG's
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0

Fig 8
Tndirect gtimulation Ratio hetween the averags amplitudes of the electrcal
pesponses to the second and to the first pulses of supramaxirual twing plotted
sgemst the interval between the members of the ywina For the meanming
of A B, and C seo tert.

depends strongly on the interval between the pulses of & twn,
st has & peak velue 1 escess of 100 pet ot an interval of some
17 msec after the conditiomng pulse, which 1s followed, a the
earfier part of the stmulation pentod, by a temporary decrease
below 100 pet (graph A} In the case of continued stimulation this
decrease 13 absent and there 13 only a phase of faclitation which
decays gradually from 1ts peah value until 1t ends after some
300 msee (graphs B and C)

From single unst records (Fig 6)1t appeared that such a difference
between the amplitudes of the two EMG's due to & twin pulse
vetults from the fact that i fumerous musels fibres the responsef
stumulus ratio for the second pulse 19 rased above that for the
Brst This conclusion 18 further supported by the observation that
the mae 1 responsefstimulus ratie of many muscle fibves has a
time course sinular to that of the EMG An example of this s
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Responsefstimulus ratio of & muscle fibre for the second pulses of twms
plotted aganst tho interval bet the twn b for 3

pertods of indireet stimulation marhed 1 2 and 3§ respectively

presented i Ttg 9 1n which for & single muscle fibre the relation
18 shown between 1ts response/stimulus ratio for the second pulses
of twins and the interval between these and the conditionmng first
pulses The curves 1-3 were obtained m successive periods of
stimulation according to the standard pattern

This fibro fired 1n response to the first pulses of tle twins only during
tho period in which the data presented in curve 1 were collected

Trom I'ig 9 1t 1s evident that a conditioning puise has an after
effect capable of raismg the transfer ratio for a second pulse over
a period of more than 150 msec (curse 1) and further that for
this fibre the conditioning effect has a peak value after some
5-20 msce These observations together with stmilar ones on the
10 vifro behaviour of other umts oxplain why the difference between
the responses of a merve muscle preparation to the second and
first pulses of twins follows a similar time course (Iig 8)

Tlus timo course of the facilitatory offect of an 1mpulse resulting
from a conditioning stimulus on the response/stumulus ratio 18
closely sumilar to that of faciitation (primary potentistion) as
measured by the increase in amplitude of the EPP after a con
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dionng stmulus (FENo, 1940, 1941, LoxoBERG and QUILISH,
1953s, b, DL Casticro and KaTz 1954c, Husarp, 1963, Hus
8ARD and ScmwpT, 1963, Trres, 1965, Katz and Mrep1, 1966,
1968, MarxarT and MarTrw, 1967, Ramasmiorr, 1968)

For the exp with wndrrect lation {(in which the ratio
between the EMG amphtudes changes according to the curves of
Fig 8) the changes m the ratio between the mechanical response
to a double pulse with a given mnterval and that to the immedsately
preceding single pulse are plotted aganst the mtervals n Fig 10,
together mith ble results obtaned with direct lat:
of another 4 muscles The curves for the ratio of the mechanogram
amplitudes during mdirect stimulation are similar to those for the
EMG amphtudes save that here the response to double puises 13
larger than that to mingle pulses for the whole range of mtervals
from 2 up to over 200 msec (compare the curves A i Figs 10
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Ratio between th deaofthe

£0 twina and to mingle pulacs nlr 1 response
glo I
of twins, for g uyl’(“.";’::;:od against tho mterval between the members

diro Oct; Curves
o Iy () applied stimul:
were obtained in periods eorablo with thmpmeau:t Fig 8 . n




304 A © BOBBIRT

o e -
lli"— ~ \\ \

\
resy/stmrato \

sno \
hN
\
\\ Interves {m sec) \
\\ »
Y
22
8 \;___\\:L
oo 2 1 M 1 —
[ 50 100 150
Fig 9

Responsofstimul 15 ratio of a musclo fibro for the sccond pulses of twins
plotte 1 agamst tho mnterval between the twin members for 3 successive

peniods of indireet stinulation marked 1 2 and 3 respectively

presented n Tig 9 1 which for a single muscle fibre the relation
13 shown betw cen 1ts response/stimulus ratio for the second pulses
of twins and the mterval between these and the conditioming first
pulses The curves 1-3 were obtained wn successive pertods of
stimulation according to the standard pattern

This fibre fired 1n response to the first pulses of the twins only durng
the period in which tho data pr sented in curve 1 were eollected

From Ig 91t 18 evident that o condittoning pulse has an after
effect capable of raising the transfer ratio for a second pulse over
& pertod of more than 150 msce (curve 1) and further that for
this fibre the conditioning effect has & peak value after some
5-20 msec These obscrvations together with similar ones on the
an witro behaviour of other umts oxplain why the differenco between
the responses of a nerve muscle preparation to the second and
first pulses of twins follows a simlar time course (Fig 8)

Tlus time course of the facilitatory effect of an 1mpulse resulting
from & conditioning stimulus, on the response/stimulus ratio 18
closely similar to that of facitation (primary potentiation) as
measured by the increase mm amplitude of the LPP after a con
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nterval for contraction summation remains at some 50-60 msec
13 now possible to explam the daffe es between preparations,
observed dunng classroom experiments in which contraction
summation 1s studied with mdreet stimulation of frog muscles (1)
These differences clearly anse from the previous hstory of the
prepatations, 1 ¢ from the number of pulses apphied and from the
passage of time By far the most 1mportant factor seems to be
the change in respansefstimulus ratio of indindual musele fbres
(312,313) If only a few stunul have previonsly been apphed,
the response lus ratio for sug ximal single pulses 1s 1 1
for the majomty of fibres and the second pulse of a twin, with the
same voltage as the first, cannot “recrust” more than a few muscle
fibres 1 additson to those which already responded to the first
pulse As a result, the difference between the contractions due to
double and to sngle pulses 18 then mainly caused by “pure” con~
traction summation {¢f Figs 1-3 and 10) But, dunng repeated
stimulation there occurs for all muscle fbres a progressive lowering
of the responsefstimulus ratio for smgle pulses and, thus, aleo for
the first pulses of 25 msec twins (Figs § and 6), whale for the second
pulses of such twins the responsefstimulus ratio 18 heightened m
numerous fibres by the faclitating after effect of the first ones
(Fige 6 and 9) Thus conditionung effect of a pulse depends npon
2 gynaphic or pre synaptic phenomenon which follows the tune
course depicted 1 Figs 8 and 9 and causes, after the application
of some 100 pulses 1a the nerve an mereasng divergence between
the electromyograms following the second and first pulses of 25
x(x;see twins (Fig 4) and between the vorresponding mechanograms
g 3)
) Thus, 1t may be concluded that dunng stimulation va the nerve
“contraction summation” stems largely from a post-symaptic phe-
nomenon in “fresh’ preparations to which only a few pulses have
been applied but that, after repetitave stimulation, the difference
between the mechanical responses depends upon both contraction
snd The b of recruitment sp
parently ncreases strongly i the course of prolonged sn wiro
expenments with & very low rate of stumulus repehimn
hThc re:ul!s o; t};le above Iy raise
the question whether b
and Zlectncal responsm! }il: &iascg:ied:: ":;‘::: luf e nechameal
lang lasting expeni-

bed
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and 8) Agam, the ratio has o maximum that ncreases 1 value
durmg continued stimulation, but for this ratio the time course
changes during stimulation beeauso the maximum shifts from an
imtial interval value of some 40 msec to one of about 7 msec
(compare the graphs A to C of I'g 10)

This unexpeeted change m the time course of the MG ratio
during contmued tndirect stimulation led us to repeat these ex
perments, but now with direct stimulation

315  Tune course of summation of contractions during direct shmu-
lation

This has already been plotted Fig 10, together with that
for mdirect stimulation The results shown n graphs A C wero
obtaned i corresponding periods for both types of stunulation
Trom g 10 1t appears that, for twin pulses with a given interval,
the change i the MG ratio during direct stimulation 1s far less
than that duning stimulation 11a the nerve It further appears that
mn the ease of direet stimulation the differences between the me
chanieal responses to double and to single pulses are neghgible
for twins with ntervals of 200 msee and more, but that, upon
shortening of the interval, they increase towards a maximum at
an interval between 50 and 60 msee, which shows, mn the course
of repetitive stimulation, no tendency to shift towards shorter
mteryals

This might have been predicted because, with direct stimulation, any
difference between the responses to a twin and to o singlo pulse can anso
only from pure contraction summation Therefore 1t must follow the time
courso of a sngle twitch which indecd lasts for some 150-200 msec and
has ats peak at about 55 msec

These results mdicate that mn the caso of tndirect stumulation
the shuft of the maximum must anse from a synaptic or pre
synaptic phenomenon, which clearly plays a rdle from the onset
of stimulation because, already then, the ratio 13 maximal at an
mterval that 1s 156 msec shorter than the optimal interval for
contraction summation During continued application of indirect
stimuli the maximum for the amphtude ratio of the contractile
rosponses shifts towards the same mterval of some 7-10 msec
where the ratio between the amphtudes of the clectrical responses
has 1ts peah value (compare Figs 10 and 8), wlile the optimum
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together with the similarly expressed changes that occurred durning
durect, stimulation at the rate of 1 per 10 sec (311) From the
agemg experments 1t appears that, after the staircase pertod
which 1, sgam, more marked for the response to single palses
than for that to twins, the h 1 resp to both d
aceordmg to nearly the ssme eurve After 120 min of deterioration
the mechanical responses to single pulses and to 25 msec twing
are gull at about 70 pet of thete watial values while in the stimu
1ation expenments, after the same period, they are down to 10 pet
for s1ngle pulees and to 22 pet for twing This difference 13 obwously
due to the difference m the number of applied stimuh This post-
synaptic fatigue mught be caused by

- & decrease 1n electrical exaitability of the muscle fibre mem-
branes due to hyperpolarization This 18 highly amprobable,
quite apart from the observation that the action potentials
decregse m amplitude (313)

4As {o this the reports m the Iterature are conflucting some
stating that the electrical excitabihity decresses markedly (Grrarp
and JENERICK, 1953, Pavl, 1961) whils according to others it does
nat change appreciably (Rusaron 1933, Brooxs and Teres 1962)

1

a weakenung of the excitation contraction couphng due to
an mcreasing shortage of the energy needed for the removal
of freed calerum jons from the sarcoplasmatic retrenlum and
for re-storing them at the mmude of the muscle fibre mem-
branes
~ a decrease in the contractihty of the actin myosn filaments,
due to an increasing shortage of the energy needed for con-
traction and to the accumulation of metabolites duning
angerobic contractions (pxy Pozo, 1942}

Fig 12 shows the normalized changes 1 the mechanical responses
10 sndirectly apphed mingle pulses {left) and twins {nght) dorng
agemg and i the conrse of the earher expertments with mndrect
stimulation at the rate of 1 per 108ec (311) In the ageing prepa
rations there 13, dunng the first 120 mm, no difference ib:etween

the d of the h
2 to test stumull e
:ndxrecﬂy (Fig 12) or dureetly (Fig 11) Afferwards +he AN fd

b a
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ments anse from changes due to the increase tn number of the
stimult apphed or to a deterioration of the preparations with time
Probably, they result from both factors and 1t would be useful
therefore, to know the relative magmitudes of the contributions
from “fatiguo” and from “agemng” of the preparations to the
aforementioned results For this reason the mfluence of ageing was
studied scparately

32 CHIANGES I\ RESFONSES DUE TO AGEING OF i tifro PREPA
RATIONS

The mfluence of agemng of preparations on their responses to
stimulation according to the standard pattern (2 4 ) was s estigated
1 experiments lasting for 4 h (s ¢ twice the duration of the previous
experiments), while stimulation was restricted to test stimuh ap
plied at ntervals of 30 min These test stimul, applied durectly
to 4 muscles and indirectly to another 4, consisted of a supra
maximal smgle pulse followed after 10 sce by a 25 mseo double
pulse of equal voltage The results of these experiments are ex
pressed in Figs 11-13 as the ratio between the actual amphtude
of a response and 1its mmtial value

321 Changes sn mechanograms due lo ageing

In Fig 11 tho normahzed changes m amphtude of the mechano
grams 1n response to directly applied single pulses (left) and 25
msee twins (right) during agemng of the preparations are given

e W ® w0 O & o w0 20
Fg 1

Normalized changes 1n the average amphtude of the
to directly applied smgle pulses (loft) and 25 msee twins {right) cau
1 per 10 sec stimulation (A) and by ageng {4)

P
sed by
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Fig 13
Normahzed changes 1n the average amphtuds of the electncal responses
to the first (left) and to the second (night) pulses of mdurectly applied twins,
in the course of 1 per 10 sec stimulation (A) and as a result of ageng of the
preparations (A}

according to the same curve, there 13 a rapid dissoctation between
the curves for the second and first pulses of the twins Ths dis-
sociation was mentroned before (312 ) and was found to depend
on & condstioning effect of the first pulse npon the response/stimulus
ratto for the second (314 ), a factitation wheh follows the time
course shown m Fig 9 From Fig 14, m which the ratio between

o

Fig 14
Ratio between the average amplitudes of the
seconand to the first pulses of indirectly
Teeparatwons {1)) and for muscles

eleetnical responses to the
apphed 25 msec twing for agewg
stmulated at 1 per 10 sec (=)
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Fig 12
The same as in Fig 11, but now for indirect stimulation

between the decrease in amphtude of the mechanical responses
during stimulation and that caused by ageing alone represents the
fatigue due to the repetstively apphed stimuli If this fatigue 19
compared with that during dircct stimulation (Tig 11), 1t appears
that the declme of the mechanical responses to indirectly applied
single pulses, though largely due to postsynaptic changes, also
has a synaptic or presynaptic component This suggestion 1s strongly
supported by the conclusions that can be drawn from the stmul
taneously occurring changes mn amphitude of the electromyograms
(322)

322 Changes in electromyograms due lo ageing

Tig 13 pictures the normahzed changes in ampltude of the
LMG’s following the first (left) and second pulses (right) of m
directly apphed 25 msec twins of supramaximal voltage both for
the ageing preparations and for the previously described (312)
expertments with 1 per 10 sec stimulation It 1s obvious that in
the ageing experiments after a period m which the electrical re
sponses to the first and second pulses of a twin are shightly n
creased, both amplitudes dimimsh according to the same curve
If this curve 18 compared with that of the effect of ageing on the
mechamieal responses (Fig 12) 1t appears that the rate of declne
of the electrical responses hardly exceeds that of the contraction
amphtudes Fig 13 further shows that during 1 per 10 sec stimu
Jation the electrical responses decrease far more rapdly than during
ageing alone, but 1t also appears that these responses do not decline
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On the other hand, 1t was concluded from the expenments with
sepetitive indirect stupulation, (3 1) that the decrease m the me
chameal snd electnral responses results partly from a svnaptic
change which mcreases with the number of applied stumuls Reports
on the becurrente of 5 decrease 1n acetyicholine szosbivity of the
subsynaptic \ 1 sumlar cir are Yughly con
fhicting (Karz and TersLEYF, 1057, Krvsevic and MiLeDI, 19582 b,
1050 Tarsuerr, 1950, O1svxa ¢ ol, 1962) It seems probable
therefoce, {thay the B of the fahgue which oceurs
1n frog muscles durnng indirect. stumulation tn wiro 1s largely due
to a progresuve declne 1 quantum content of the EFP s Tins
too hes p 1y been ot d at the 1!
of frogs (pEL Castiiro and Karz, 1954c, O1sUBA ¢ al, 1062)
and toads (FENG, 1941), and at the motor endplates of vanous
wammals, wclading wan (Loxy and Norrwm, 1053, THESLEFF,
1959, STRAUGHAN, 1960, hRwEVIS and MrrcrELL 1961, BrooRs
and Tares, 1962, OTsuxa el al , 1962, HussARD, 1963, BeaNT et ol ,
1964, E1movisT and Quasten 1965, Tries, 1965)

A sumilar decrease m the pumber of transmitter quanta released per
impulse sppears, durmg gtunulation 8t higher frequencies ab the endings
of 1a afferent fibres of the cat {Evanso®, 1856, LLoyD snd Witsow, 1951,
Corrs and Ecczes 1360), m the preganglonic filres of cats {(Perey, 1953,
Brexs and Maclvrosw 1957, 1861, MacINtoss 1959) and toads (Nysmn

et al., 19871 snd at the sdrenerpe endmgs of fbres mmervaimg the cat s
spleen (BrowN ¢ ol , 1961 Davies, 1963)

The dechine tn namber of the quanta released per mmpulse at
frog motor endings might resnlt from & gradual decrease amph
tude of the presynsptic action Totentials {Hursarn, 1983, Hus
BARD and Loyvng 1966, Manvmasm snd Watenr, 1967) Tt may
also be that the d of the to wdirectly applied
polses present both 1 the agemg expeniments and danitg stupn
fation (Figs 12 and 13), 19 cansed to a larger of lesser degree,
l::da dtecmas‘e of the electrical exmitability of the nmerve fibres [r;

er to evaluate the possible contribut presyna;
changes to the m\t&?ﬁ the ot pe

present mvesagation record:
made from nerves themselves B inEs ere

323 Changes wn electroneurograms

Big 158 shows, for ¢ agemg nerves, the normalized changes which
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the IMG’s due to the second and first pulses 1s plotted for the
agemg experiments and for those with 1 per 10 sec stunulation,
1t may be concluded that a stmilar mcreaso of the responsefstimulus
ratio for the second pulses does not occur during the fist 3 h of
ageing alono, altkough 1 this case too there 18 a marked decrease n
amplitude of both EM@s

Now 1t 13 obvious that, sn expersments with indirect stimulation,
the responsefstimulus ratio for the second pulses can only be
raised above that for the first pulses if for the latter 1t 15 lower
than 1 1, and further, that the facilitating effect of tho first pulse
will become more evident if there 13 an merease 1n number of the
Junctions at which the transmission ratio for singlo impulses 13
less than 11 Because this was evidently tho case durmng the
stimulation experiments (Figs 4, 13 and 14) 1t may be concluded
that in theso experuments the fatigue has, mdeced, a fairly large
synaptic or presynaptic component

Tt 15 highly probable that this component 19 synaptic because 1t 13 m
conceivablo that mn numerous termunal endings thero occurs o grodually
mereasing block of the d for single impulses while conduction 13
unimpaired for 1mpulses that arnse 25 mseo later at tho same termunals
Moreovcr, it has been established that, m 1solated nerve musclo preparations
of frogs and rats, blocking of the impulss conduction within the termmals
occurs only at much higher rates of stunulation {KrxJEvIé and MLzDI,
1968s, b, 1959, KnNJEvIS and Mrrenerr, 1961) So the only explanation
which remains for the diffe b the t ratios for the two
impulses evoked by a twin pulse must be that impulses due to the second
pulso release more acotylcholine quants than those due to the first, 1¢
that the quantum content of the second endplato potential 15 larger than that
of the first As to this conclusion, abundant supporting evidence may be
dersved from papers on neuromuscular transmussion m frogs (SCHAEFER
and Haxss, 1030, LuNpeERg and Quitisty, 19563b, DEL Oastizro and Katz,
1054, WARABAYASHL and Twasaxr, 1062, KAarz, 1062, Karz and Mu.EDL
1066, MaLrART and MarTry, 1067, Dopce and Ramammory, 1087, Karz
and MrLEDI, 1068, MArLART and Marrrv, 1088), in toads (Feno, 1941)
and m various mammals, meluding man (Liey and Nowrn, 1953, Litey,
10560, b, Hunparp, 1963, Txims, 1065) A sumilar “primary™ or “ecarly '
potentiation was observed in cats at the endings of Ia afforent fibres (Bes
wior end Evansox, 1954 Lyrovn, 1957a, b, Curtis and EccrEs, 1980)
of fibres mn the pyrarmdal tract (LANDGREN ef al , 1982) and of those m the
perfarant path of the dentato area of the hippocampal gyrus (Louo 1968)
Tt 19 further presont at the termina! endings of adrenergic postsynaptic
fibres 1n gunea pigs (BURNsTOCK end Horsa¥, 1961} and cats {BrowN
ot gl , 1963, Kmregar and Miso, 1967)
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during repett
stimull, which occur in the ageing expenments and

fave low frequency stimulation (Figs 2, 47, 12 and 13}, are not
due to changes 1n the presynaptic wflow but that they result
paxtly from fatigue of the musele fibres (Figs 1,2 and 11y and Tor
the other part from & decrease m the number of transmitter quania
released per mupulse

This decrease of transmittet butpny may result from & progressive Qecline
1n the amounts of readily svalable acetylehohne stoted m the termunsl
endings (SrravGEAN, 1960, OTsuga ¢f ol , 1982, Brooxs and Tmes 1962,
FigBRaRD, 1963 Bramelal , 1964, ExMqvisr and QoasTer, 1965, TRESLEYT,
1967, Donge and Ragaymyore, 1967)

Now that 1t has been established that repetitive indirect stipn-
fation of wolated frog muscles with supramaximal pulses results
1 a fowering of the response/stimnles ratio at neuro-
musevlar junctions 1t may be asked whether this oceurs to the
same degree gt the endings of afl motor fbres and whether the
ratio for the second pulse of 4 twin 1s rased at all junetions by
the condiftorung effect (313, 314) of the first palse

Tius was investigated 1n experiments 1o which the muscles were
stimufated mdireetly wnith pulses of varymng strengih

4 RESULYS OF INDIRECT STIMULAYION WIYTH
PULSES OF VARYING VOLTAGE
41 Evipence vowr TER EXISTENCE OF MOTOR UNIYS IN WHICH 4

CG¥DITIONING POLSE IS FOLLOWED BY DEPRESSION OF THE
RESPONSE/STIMULUS RATIO

Four preparations wese subjected t0 three geries of ndirect
stimull given according to the ugwal pattern of 5 sngle pulses
end one 25 msee twin evers mmnic

In each of the senes, the voltage range from supramaximal to
subliminal was covered 1n 20 steps at one miute mtervsls The
firs series was given when the crenlshion wag st mtact, the
sccand and thyrd were started at 40 and at 80 mip afy ter interruption
of Ahe Yiood Now, revpectively In the penods between these runs,
supramaximal stimuh were appled n order to fatigue the t:repa’
Tehons

Berause the results of the four eXpenments were very sumslar,
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oceur in the amplitude of the electroneurogram m response to equal
submaximal test pulses applied every 30 mmn In Fig 15b the
corresponding changes are given for another 4 nerves wlhich were
repetitively eveited wath supramaximal smgle and double pulses,
according to the standard pattern for stumulation (2 4)

AAAAA

o8
A A A A A A A

ENG et inpet

of infbal volse

time (mn)

a 60 j8) 0o 20 0 €@ = 180 20

Fig 16a Fig 15b

The same 1n response to supra

maximal stimulation at the rate of
1 per 10 sec

Normahzed averaged amplitudes

of tho electronourograms 1n re

sponse to submaximol testpulses
dohivered overy 30 min

From the latter experiments 1t appears that during repetitivo
stimulation of all nerve fibres there 13 no change i the amplitude
of the ENG Tlus strongly suggests that in the course of the previ
ously described experiments with nerve muscle preparations there
wag nerther a decline i the amplitude of the action potentials of
individual nerve fibres, nor a dechine tn the number of fibres con
ducting an impulse 1n response to cach pulse

Tig 154 shows that for agemng nerves which are not subjected
to repetitive stimuh, the amphtude of tho ENG 1n response
to submaximal test pulses shows a steady increase As this
cannot be due to an nerease m the amplitude of the action
potentials (Fig 15b) 1t must be caused by a gradual mcrense
m tho number of fibres conducting an mmpulso, 1 e there 13
an tncrease 1 clectrical exeitabiity of the nerve fibres during
wn vitro experiments

Therefore, 1t may bo concluded that the decreases n amphitude
of the mechamcal and electrical responses to ndirectly appled
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response to an equal pulse applied 25 msee later It appears that
the amplitude of the EMG due to mnple pulses varies with pulse
astrength according to an 8 shaped curve ‘When the blood supply
to the muscle 1s still ntact (graph I} this curve closely resembles
that for the amphtude of the electrical responses of the nerve (not
ghown}

Bt while after blocking of the cweulation the electrical re
sponses of the nerve to pulses of submaximal voltage increase and
those due to supramaximsl pulses remain the same (323,Fg 15),
1t follows from a companson of the curves I-TIX of Tig 18 that
such does not hold for the electneal responses of the muscle, the
EMG amphtudes in response to the weahest pulses increase slightly
while those due to pulses of all higher intensities dimimish strongly
The latter 15 obviously due to fatigue and ageing of the preparations
(312,322,Flg 13) Onthe other hand, the mereases in amphinde
of the E3{G & 1 response to lminal and just suprsliminal pulses
must be caused by the progressive nse in electrical exeitability of
the nerve fibres 1n the course of such tn tifro expeniments of long
duration {323, Fig 15a)

Becauge of this thange 1n #xe tah1 fy AFsha ov
from the changes m » .
whether the motdr u - .
of Jarge dusmeters s1o vyuany susceptible to fatigue and to detemoration

with the passage of time &e thoss which hate small-dameter axons and
are evidently very susceptible

From & companson of the graphs I-III of Fig 16 1t follows
that the ratio between the amphtudes of the second and first EMG
due ta 5 25 msee twin pulse 1ncreases in the course of an eXpenment
for any voltags of the twins Now, this was to be expected hecanse
1t was concluded from the earlier expenments on wndirect stima
lation with supramsxims) pulses that su wniro, there 15 & gradoal
decrease 1 the vesponsefstimulus ratio for single pulses (313
Figs 5 and 6) which fot the second pulse of & 25 msec twin. \g’
portly compensated by the facilitating after-effect of the first. pu’]se
313,314, Figs 6-8), 2 faclitation which Persists for several
(:mhsl of & second However, an unexpected fact 13 that during
stimalation i sy the ratio betwee: o
3G due to the 25 maee tmns 3 o Hhen o O e b

W03 13 Jess than 1 1 over a narrow
range of simulus intensines ‘This means that the popuhho:oof
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only thoso obtained with one of the preparations are given m
Ing 16

In theso cxperiments the cont were not ded a9 1t had become
evident {311) that, as a criterion for tho number of musclo fibres which
firo and contract in response to the nerve impulses, the amplitude of the
EMG 18 far supenor to the degreo of shortening

Tig 16 shows the way mn which the amplitude of the EMG duo
to n single pulse depends on pulse strength, together with the
ratio between the amphtudes of the LMG's 1n response to the
second and first pulses of 25 msce twins, which serves as an index
for the conditioning effect of a pulso of given strength upon the

EMG ompi(mv}} EMG,
ENGZ x100

stim voit (mV)

Fig 16
phitude of the el 1 resp of & muscle to indirectly

Flots of tho
applied single pulses and of the ratio between 1ts responses to tho socond

and to the first pulses of 25 msoc twins agawnst stumulus strength The curves

wore denved from data obtamned while tho blood supply was mtact (I}

and in periods starting at 40 (IT) and 80 {IIT) mn after :nterruption of the
cwrculation
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that durng stimulation of the nerve with supramaximal pulses,
1 when each nerve fibre fires 1n respanse to every pulse, the ratio
between the overall EMG's shows en estly phase of fachtation

EMG2 ya0

Interval imsec)
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Fig 17

Ratio betweert the average amplitudes of th
Ratir o eloetricsl responses of 4
-;:auut';::‘:d l:rnvd 12 the first pulses of induireetly applied twins, mluo.c?:;
e nterval between the members of the twins The data o}P
b ::;l durng stimulation with supramasimal pulses, mo;un;a‘:
¢tk d i s of lower yoltngos which, i th caso of gl pulscs,

potsea with amphtudes of about 80, 43, and 15 ke

of that of the response to supramaxima} pnlsas,pﬂ‘ s
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motor nerve fibres with intermediate thresholds must contan a
farrly hugh proportion of fibres belonging to motor unsts for which
the response/stimulus ratio for a given pulse 15 lowered by a con-
ditioning pulse applied 25 msce before

It may even bo that in such units the depressive after-effect of a con
ditioning pulse 13 1n reality more pronounced than 1s apparent from Fig 16
becauso 1n the expeniments m question theso units wero actnated together
with other ones that have nerve fibres with lower thresholds and in which
tho firet pulso of a 25 msec twin has & facithtatory after offect

In I'tg 16 1t 13 not only scen that, if stimulation 1s continued
after mterruption of the circulation, there 1s an mcrease of the
MG amphtude ratio but 1t further appears that after a short
time there remains no appreciable difference between the ratio for
pulses 1n this voltage range and that for pulses of other intenstties
(compare graphs IT and III of Fig 16 with graph I) It follows
that the umits with conditioned depression are subject to fatigue
Just like the other ones

Because 1 the literature on neuromuscular transmission mn frogs
there 1s no indication as to the existence of motor umts with con
ditioned depression of impulso transmission ther presence was
further verified and the time course of the depression was established
in experiments described below

42 TIME COURSE OF THE DEPRESSIVE AFTER EFFECT OF A SINGLE
CONDITIONING FPULSE

The time course of the depressive after effect of a single con
ditioning pulse on these motor umts could be determined approx:
mately 1n preparations where the blood supply to tho muscles was
left intact throughout the experiment Stimulation followed the
usual scheme, but now the nterval between the pulses of a tvmn
was changed every mmute first from the longest duration to the
shortest and then n the reverse scquence This was done with
supramaximal pulses and with three other intensihies at which
single pulses evoked EMG s having some 60, 45 and 15 pet of the
maximal amplitude (coraparable with those marhed by the arrows
n Tig 16 1)

The data obtamned mn four experiments were averaged, the ratio
between the amphtudes of the LMG's due to the sccond and first
pulses of a twin 1s pictured Fig 17 From Iig 17a 1t appeors
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maxmal pulse conssts of » sight facilitation that lasts for
a ghort period and 15 followed by a long lasting phase n which
the second EMQ 13 shghtly depressed Upon continued stumu-
lation the dep disapp pletely while the facihh
tation becomes more pronpunced and lasts for a longer tine
(compare graphs B and C of Fig 8 with graph A) It has now
become evident (Fig 17) that at the start of these tn mitro
experiments the population of firng muscle fibres contains a
farrly gh proportion of fibres wlueh belong to motor omts
showing condstioned depression From Fig 81t may be denved
that durmg repetitive stimulation these fibres drop out from
the responses more readily than the others This s to be ex
pected because the musele fibres belonging to motor suts
with conditioned depression will drop out as soon as they do
ot vespond any more to smgle polses, whale thoso of the motor
umts with conditioned facilitation contrbute to the responses
to twin pulses as long as they fire 1n response to the second
pulses, although their finng to single pulses, and thus to the
first, pulses of twins, may have vamshed long before

In addition to the explanation given 1n section 31 ths,
obviously, 18 anather reason why there 13, 1 the course of
Tong d low freq 1} an duffer-
ence between the mech 1 and the el T to
sndirectly applied smgle pulses and twins (Figs 2-4, 8, and 10}

e can conclude that the observations made mn the dassroom
expenments referred to in section 1 must be explamed by the
fact that the preparations which have been repeatedly stimulated
beforehand differ from the Jess {atigued ones both 10 the number
of contracting muscle fibres (section 3) and 1 the proportion to
which these fibres belong to the two types of motor umts

5 DISCUSSION

The results of the present 1nvestigation give a fawr impression
22 1o the relative magmitude of the contributions made by fatigue
and by detenoration with tune to the changes occurnng wn the
mechanical response of 1solated frog muscles to the arnval of a
volley of impulses along the motor nerves As was to be expected,
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of the response to a second pulse which, after some 30 msec, 13
followed by & phase of depression lasting for some 100 msec When
the voltage of the stimuli 1s lowered to a value at which single
pulses evoke clectrical responses with an amphtude of some 60 pet
of the maximal one (Fig 17b), the amplitudes of the responses
to the second pulses of twins are less than those to the first for a
period of about 120 msee At this stimulus strength there 13 no
mtial facihtation though the depression has & muumum at about
25 msec Upon further lowering of the stimulus voltage (Fig 17c
and d) there 1s only a phase of facilitation of the second response
which 18 the larger mn amplitude the lower are the thresholds of
the nctivated nerve fibres It appears that for the axons with the
largest diameters tlus facditation lasts for more than 350 msec,
with o maximum between 10 and 20 msec (Fig 17d) If only these
fibres are activated there 18 no depression of the second EMG
although the shape of the curve suggests the possible existence
of a phase of relative depression which has 1ts maximum at about
50 msec after the conditiomng pulse

It may be concluded that the preparations examined consist
of two types of motor umts One type has motor axons of widely
varted, but mainly low, threshold, 1ts junctions respond to a con
dittoming mmpulse with an after effect that 1s mamly, or wholly,
facilitatory and lasts for over 350 msec The other type comprises
the generally less excitable nerve fibres whose endings respond to
a conditroning 1mpulse with an mhbitory after effect lasting for
at least 100 msec Owing to the contribution of umts of the first
type to the responses (Fig 17a, b), 1t could not be estabhished
whether 1n those of the second type a phase of relative facilitation
15 completely absent Besides this, 1t has, so far, not been established
by recording from single muscle fibres, whether the conditioned
depression of the responsefstimulus ratio in these umits results from
& lowering of the amplitude of the EPP’s And even 1f this should
be the case, this does not necessanly mean that such a lowerng
results from a decreased transmtter release

The conclusions drawn from these n sifu expertments are
pertinent to the results of the earlier expermments with supra
maximal stimulation 1n wifro, where 1t was observed (Fig 8}
that at the start of an experiment the after effect of a supra-
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maxmal pulse consists of a slight facilitation that lasts for
» ghort peniod and 18 followed by a long lasting phase m which
the second EMG 18 shightly depressed Upon continued stimu
lation the dep disapp letely while the facils
tation becomes more pronounced and lasts for a longer time
{compare graphs B and C of Fig 8 with graph A) Tt has now
become evident (Fig 17) that at the start of these n talro
expenments the population of finng muscle fibres contans a
fairly Tgh proportion of fbres which belong fo motor nmts
showing conditioned depression From Fig 81t may be derived
that dunng repetitive stupulation these fibres drop out from
the responses more readily than the others This 1s to be ex
pected because the musele fibres belongng to motor umts
with conditioned depression will drop ont 43 soon a3 they do
not respond any more to single pulses, while those of the motor
urts with conditioned facilitat tnbute 1o the Tesp
to twn pulses as long as they fire 1 response to the second
pulses although thewr finng to single pulses, snd thus to the
first pulses of twins may have vamshed long before

In addition to the explanation given 1n section 31 thus,
obviously, 18 another reason why there 13, m the course of
long; low {requency lstton an g differ-
ence between the mech 1 and the ¢l 1 Tesp 10
sndirectly applied single pulses and twins (Figs 2—4 8, and 10)

We can conclude that the observations made 1 the classroam
expennents referred to mn section I must be explamed by the
fact that the preparations which have been rtepeatedly stimnlated
beforchand differ from the less fatigued ones both 1 the number
of contracting muscle fhres (section 3) and i the proportion to
which these fibres belong to the two types of motor umts

$ DISCUSSION

The results of the present nvestigation. give & farr impression
25 to the relative magmitude of the contpibutions made by fatigue
and by detenoration with time to the changes oceurnng 1n %;e
mechanucal response of 1solated frog muscles to the armnval of &
valley of ympulses along the motor nerves As was to be expected,
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the clectrical exeitability of the muscle fibro membranes, and the
contractility of the actin myosin filuments, are mfluenced by both
(321) Lvidence was presented that durmng long contnued stimu
lation there must be a fairly large dechne 1z the number of acetyl
choline quanta released by each impulse, but that such a decrease
hardly results from agemg alone (322

It further appeared that this synaptic fatigue occurs earlier at
the endings of the lugh-threshold fibres than at those of the more
excitable avons (4 1)

After mterruption of the blood supply the acetylchohne stores
cannot be replemished, as a result of anovia (GRIEVE, 1958, KrwiE
vi6 and Mirep1, 1959, Broows and Tmies, 1962) and of lack of
glucose (STrRAUGHAN, 1960) and of choline (Biras and MacINTosH,
1957, 1961, BEaNT ¢t al, 1964) Tor that reason, the more rapd
decline of transmutter release at the endings of the hugh threshold
nerve fibres must be due to thew mtially having smaller stores
of readily releasable acetylcholme (Birgs and MacInTosk, 1957,
Ermgvist and Quaster, 1965, THESLEFF, 1067), or to o greafer
susceptibility to snoxia of the mechamsm that effects the coupling
between depolarization of the presynaptic membrane and release
of acetylcholne As to the latter, there 1s abundant evidence to
support the theory of Karz and Mrmepr (1966, 1967, 1968), ac
cording to which the mmpulses arriving at the nerve endings trigger
the release of free calctum 10ns from a store of bound caloum
within the presynaptic membranes Theso caleum 1ons travel
mwards and combine with spectfic sites for transmutter release
located on the msido of these membranes, which then become
suitable for the attachment of presynaptic vesicles and for the
expulston of their contents

Thero 14 evidence that calerum effocts the releaso of acetylcholino at the
motor endings of Homarus (DETTBARN and R a, 1060), amp
(DrL Castizro end Katz, 1954a d, DEL CasTiiro and ENGBAER, 1954
Katz and Mmepr, 1966 1968, DoDGE and RARAMIMOPF, 1967, THESLETT,
1967, RAuasmorr, 1968) and several mammals (Boyp and MawTiy, 1850
Husparp, 1961, Dovoras and Rupix, 1061, 1063, FELDMAN, 1965, THES
rEFF, 1067, Hunparp ¢t o, 1068, Hopoarp and WrrLis, 1908) and also
at the endings of mammalan preganglionic fibres (Hurrer and Kostial,
1954)

Seen mn this hight, and assuming that the stores of readily re
leasable acetylcholne are the same n all fibres, then the fact that
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fatigue of transmitter Telease occurs more rapudly at the endings
of the gh threshold fibres may result either from & release of
more calaum 1008 per unpulse, or from a slower removal of the
released 10ns from the speaiic mtes for transmtter release In both
cases the sites will be occupied for a longer period than those of
the low threshold fibres with the result that the conditiomng action
of ane impulse upon the response to a closely following one should
be more pronounced and of longer duration at the endings of the
tugh threshold fibres As to this conditionung action, recent evidence
has supplemented the calesum concept with the hypothesis that
the cooperative action of four ealoium 10ms 18 necessary for the
release of n transmitter packet from a given site (Dopor and
Ramammvor?, 1067, Karz and Mitens, 1968, RARAvIMOPy, 1968)
and that the facihitation of transmitter release in the case of a test
pulse resuits from the presence of Temdual calomm at the speafic
mtes According to this e hypott the time course of
faciitation after & conditiomng mmpulse would reflect the removel
of these remamng caleium 1ons from the release sites From the
present investigation, however, 1t appears that though there 13
ndeed such & phase of faclitation 1n numerons motor umts of
the frog, 1t 15 absent 1n others This can hardly be reconciled with
the caleum hypothesis Morcover, this hypothesis does not acconnt

for the fact that 1n han prep at body
there 15 only & phase of conditioned depression, which can be
canverted mto & phase of facilitation by lowenng of the temper-
ature (Luvnsero and Qurusy, 1953, Husrarp, 1963, Huesarp
and Scmyror, 1983, THiEs, 1965) In ths respect it should be
reealled that facthtation of transmufter release has often been
attributed to the presence of an mcreased amount of readily re-
leasable transmtter, which would result from the “mobihzation™
of transmitter packets from a “mobilization store” towards the
Tresynaptic membrane (Eccies, 1957, pe BoBErmis and Vaz
Feraemra, 1057, Curris and Eccres, 1960, Beooks and Tares,
S o, e i B 13- Mmoo
1987) According to et and Quastm, 1065, Tnesuary,
TAEECCTL and'f ucsome vaﬂycrs (Liovp, 194, Bazz, 1083,
by a lanA R:: cm,{mﬁ-) this mabiluation 13 sccompamed
\mere MYP:Z"’“ (‘; ton of the presynaptic membranes and an
Plitude of their action potentials, which has led to
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the clectrical evertability of the muscle fibro membranes, and the
contractility of the actin myosin filaments, are nfluenced by both
{321) Evidenee was presented that during long continued stimu
Intion there must be a fairly Jarge decline 1 the number of acets!
cholme quanta released by each impulse, but that such a decrease
hardly results from ageing alone (322

It further appeared that this synaptic fatigue occurs earlier at
the endings of the high threshold fibres than at those of the more
excitable axons (4 1) '

After iterruption of the blood supply the acetylcholine stores
cannot be replemished, as a result of anovia (GRIEVE, 1958, KRWIE
v16 and MiLeps, 1959, Broons and TiuEs, 1062) and of lack of
glucose (STRAUGHAN, 1960) and of cholino (Birns and MacINTosH
1957, 1961, Beant e al , 1964) Tor that reason, the more rapid
dechine of transmmtter release at the endings of the lugh threshold
nerve fibres must be due to thewr imtially having smaller stores
of readily releasablo acetyleholne (Birns and MacInTosn, 1957,
Ermovist and QUASTEL, 1965, THRILEFF, 1967), or to o greafer
susceptibility to anoxia of the mechanism that cffects the coupling
between depolarization of the presynaptic membrane and release
of acetylcholine As to the latter, there 1s abundant evidence to
support the theory of Karz and Mmepr (1966, 1967, 1968), ac
cording to wlich the impulses arrving at the nerve endings tngger
the release of free calerum 1ons from o store of bound calem
within the presynaptic membranes These caleium 1ons travel
mwards and combine with specific sites for transmutter releaso
Jocated on the inside of these membranes, which then become
smtablo for the attachment of presynaptic vestles and for the
expulsion of thesr contents

There 14 evidence that caleium offocts the rclease of acotyleholno at the
motor endings of Homarus (DErTBARN and Rosenpenra, 1966), amplubiens
(DEL Oastizro and Karz, 1954a d, DEL Castitro and Ewaparx, 1054
KaTtz and Mizepr 1066 1968, Dobar and RanamuorFr, 1967, TORSLEFF
1967, Ranasmiorr, 1968) and sevoral mammals (Boyp and MarTiv, 1956,
Hunbarp, 1961, Dovoras and Rupiy, 1061, 1063, FeLpyaN, 1065, THES
LrFF, 1067, Hupnarp et al, 1868, Hupparp and 1ViLLls, 1068), and also
at the endings of mammahan preganghonio fibres (HurTER and KOSTIAL
1954)

Seen m this hght, and assuming that the stores of readily re
leasable acetylcholine are the same in all fibres, then the fact that
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fatigue of transmitter release ocours more rapudly at the endings
of the high threshold fibres may result either from & Telease of
more calerum 10ns per mpulse, or from a glower removal of the
released 1ons from the specific sites for transmtter release In both
cases the aites will be occupied for a longer penod than those of
{he low threshold fibres with the result that the conditioning action
of one 1mpulse upon the response to a closely following one should
be more pronounced and of longer duration at the endings of the
Tugh threshold fibres As to this conditioning action, recent evidence
has supplemented the caleum concept with the hypothesis that
the cooperative sction of four caleium 10ms 13 necessary for the
release of a transmitter packet from a gwven mte (Dobae and
Ramastosory, 1867, Karz and Mireor, 1968, Ragasavorr, 1968)
and that the faciitation of transmmtter release 1n the case of a test
pulse results from the presence of remdual caloium at the specific
eites According to this attractive hypothems, the time course of
facihtation after a condshioning impulee would reflect the removal
of these remaimng calcium 10ns from the release mtes From the
‘present investigation, however, 1t appears that though there 13
mdeed such a phase of facilitation m numerous motor umts of
the frog, 1t 1s absent 1 others Thus can hardly be reconeied wmith
the caleium hypothess Moreover, this hypothesis does not acconnt
for the fact that n 1 parations at body
there 13 only a phase of conditioned depression, which can be
converted mto a phase of faciltation by lowering of the temper-
atore (LunDBERG and Quiuisw, 1953, Hupearn, 1963, Huesarp
and Scroupr, 1963, Tmies, 1965) In this respect 16 should be
recalled that facihtation of transmutter release has often been
attributed to the presence of an ncreased amonnt of readily re
leasable transmutter, which would result from the “mobilization”
of transmutter packets from a “mombzation store” towards the
presynaptic membrane (Eccres, 1957, pE Romertis and Vaz
FERRERA, 1957, CorTis and Eccres, 1960, Brooxs and Tmes,
st ) e o, 0, S
1967} Acconimg u; some papers (LmAst zr;g;s 51,{;1‘:[231.2?:,
Taxzvent and Takgvem, 1982) thys mobm;a o 1062,
byt , tion 13 accompanted
hyperp of the 4
increased amphtude of thewr action poter » eod &
m potentials, which has Jed to
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the clectrical cxaitabiltty of the muscle fibro membranes and the
contract:hity of the actin myosin filaments are nfltenced by both
(321) Dvidence was presented that during long continued stimu
lation there must be a fauly large decline 1n the number of ety
choline quanta released by each impulse but that such a decrease
hardly results from ageing alone (322)

It further appeared that this synaptic fatigue ocours earher at
the endings of the high threshold fibres than at those of the more
excrtable axons (4 1) '

After interruption of the blood supply the acetylcholine stores
cannot be replemshed as a result of anoxvia (GRIEVE 1958 ARVIE
v16 and MwEpr 1959, Brooks and Taes 1962) and of Jach of
glucose (STrRAvGHAN 1960) and of choline (Birks and MacINTosn
1957 1961, BEANI ef al  1964) Yor that renson the more rapid
dechine of transmitter release at the endngs of the high threshold
nerve fibres must be due to therr inttially having smaller stores
of readily releasable acctylcholine (Birns and MacIntosm 1957
Lrnmovist and QuasteL 1966 Tuesierr, 1967) or to a greater
susceptibihty to anoxia of the mechamsm that effects the coupling
between depolarization of the presynaptic membrane and release
of acetylcholine As to the latter, there 1s abundant evidence to
support the theory of Iharz and Mirepr (1966 1967 1968) ac
cording to winch the impulses armiving at the nerve endmgs trigger
the release of free caleium 1ons from a store of bound ealcium
within the presynaptic membranes These calam tons travel
inwards and combine with specific sites for transmitter release
lacated on the mside of these membranes which then become
suitablo for the attachment of presynaptic vesicles and for the
expulsion of their contents

Thero 1s evidence that calelum effects the releaso of acetylcholine at the
motor endings of Homarus (DeTTBARN and Rosensenrc 1966) amphb ans
(Drer Castinto and Karz 1954a d Der Castiueo anl Enopaer 1954
Karz snd Miepr 1968 1968 Doper and Ramaxiorr 1967 TreSLEFF
1967 RAnmammorr 1908) and soveral mammals (BoxD and MarTiv 1056
HoppArb 1061 Dovaras and Rusix 1961 1063 Ferpman 1865 TuEes
1xyF 1967 Hupparp et al 1968 Hubpparb and Wrtirs 1968) and also
&t tho endings of mammalian preganghonic fbres (HuTTER and KoSTIAL
1954)

Seen m this bght and assuming that the stores of rcadily re
leasable acetylcholine are the same in all fibres then the fact that
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1941, Husrarp, 1963, Hunparp and ScmyupT, 1983, OPnAND,
1963, Tares, 1965), this has to be mvestigated more fully
Anyhor, st scems that the most rmportant obsersation made
dunng the present mvestigation 13 that 1n frog muscles that sre
stimalated wdirectly, exther tn vatro or 1n situ, the responsejstupuing
ratio of namerous muscle fibres 15 lower for a condiionung pulse
than 1t s for a closely folloming test pulse of the same voltage
Because each of these pulses will generate one ympulse m every
ferve fibre the threshold of which 13 exceeded by the stmulus
voltage, 1t must be concluded that, 1 these circumstances, for the
frog s twtch system the “safety factor” for neuromuscular trans
mission 18 rather low and that many myoneural junctions do not
function as ¢ sumple relays” Thus 13 contrary to what has repeatedly
been ssserted (FATT and Karz, 1951, Karz, 1062, 1966 Brpooxs
ond Trres, 1962, ThEstErr, 1967), on the other hand, emdence
supporting our conclusion may be found n papers by WARABAYASHI
and Twasagx (1962), and by Orxanp (1063) Therefore, 1t 18 to
be expected that 1 the inlact frog the responses of the twitth
hbres to the firmg pattern of their motoneurones will strongly be
influenced by fatigue faclitation snd depression of wnpulse trans
mussion and that, as a their will be

determied by both the vate and the pattern of motoneurans
discharge

SUMMARY

Flectnical and mechanicsl recordings were made from 1solated frog museles
dutng direct or direct strmulation with engle pulses and with teans

1t appears that the decrease of the responsss dunng mdirect low frequency
stugulation (311 312) partly results from a Towenng of the response}
stmulos ratio of the twrtch fibres, which is dus to a decresss 1n the transfer
mmn:t therr myoneural junctions {313)

. ecreats i trinsfer ratio dunng repetitive stumulation results from
o

crease m pumber of the
o e} of the stimul applied and not from the passage
M the ratio between the empltudes of the

Tospanss 10 the second and

:‘:* pulses of torins 19 used a4 & ersterson for changes in tho trausfer ratio
otor endplates 3 appoars that thore are twa femea ~¢ ~

the frog 8 twitch system In unit »
Tollowed by facibtation of the te .
while thun responses 18 depressad ¢

Tho differences betwoen the or
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the assumption that the short tune facilitation must be closely
related to the long lasting phenomenon of post tetanic potentration
(Fene, 1041, Liosp, 1949, Luey, 1956c, Curris and ECcLEs
1960, HuppArD end WiLL1s, 19622, b, GAGE and Hussarp, 1966),
although the existence of such a relation 1s firmly demed 1 other
papers (Lreey and Norrw, 1953, EccLes ef al, 1962, Husearo,
1963, Husparp and Scmupr, 1963)

If, on the other hand, facthtation takes 1ts origm from residual
attachment of caleium rons to the release sites, then 1t must be
expected that the results reported in section 4 of the present paper
will point mn the direction of a strong posittve correlation between
the rate of development of fatigue at myoneural junctions and the
degree of facthtation after & conditioming pulse Although such
e relation may have been mashed by the presence of motor umts
with conditioned depression (41, 4 2 ), the very existence of such
units cannot be explamed on the bams of the cafoium hy pothess
for facilitation And even if in these umts too the depolarzations
release coupling 13 effected by calaim, then the differences i the
response to test pulses between the two types of umts must have
another cause, such as different properties of the postsynaptic
elements

It 13 well knawn that 1 frogs the motor umts belong to two sharply
scparated types, ono with large axons and phasic musclo fibres while the
other conmsts of small axons innervating tome muscle fibres (KorPrLER
and VAUGHAN WiLttassg, 10530, b Korrrer 1956 Bonks and GinssoRG
18564, b, Burkg, 1957, Onganp, 1063, CosTANTIN ef ol  1987)

In several respects this subdivision of the froge motor umts does not

comeide with that derived from the present mvestigation (4 2 ), the motor
umts sh d. 1 d of their transfer function &o not duffer

sharply [mmothu others t}u; excstability of their nerve fibres, they exhibit
a conditioned depression mstead of the mere absenco of facilitation which
has been roported for the small nerve slow muscle fibre system, and ¥
appears that they aro not less susceptible to fatigue than motor umits with
axona of larger diameter, while the opposite has beon reported to hold for
motor umts with snjp’s (KorrLER and VAvomaN Winirawms, 1953b,
WUERKER &t al, 1965)

From the present investigation 1t further appears that motor
units of the frog duffer wadely 1n the relative degrees of facilitation
and depression, even 1n such measure that erther one or the other
may be absent Because this 18 conflicting with earlier reports,
according to which both phases occur m every motor unib (FENG,
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anglo pulses and twins (I, 311} result both from ‘pure’ contraction
summation (315) and from recrutment of musclo fibres (313, 31 4

The fact that, already at the onset of stimulation s vetro, the responsef
stimulus rat1o 1s lonor than § I for part of the twiteh fibres (312,313)
suggests that in the ntact frog the respanse of these fibres to s gren
presynaptio nflow will be mfluenced by fatigue, and by facibtation and
depression of thewr myoncural junctions
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1 INTRODUCTION

Since the artersal blood pressure and the impedance against
whach the left ventnte perfonms wirk we Sbermmed by bt
the total peripheral resistance {TPR) and the systemic artenal
compliance the estimation of the latter quantity possesses a medscal
and physiological signifi parable to that of TPR

As artenal complance cannot directly be measured certan
simplifying assumptions must be introduced as 1n the case of TPR

For a fuli & of the theoretical background
of the method the reader 13 referred to an earher paper (DErARES,
Oseorw and Hara, 1963)

2 METHOD
21 Prxcrere
For the present purpose the arterial system is treated as a simple

lumped system, consisting of a resistive element (TPR) and a
comphiance (€} and dnven by a penodie forang

328
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systolic and end-drastolic pressures? In the above mentioned ex-
penment Seencer and DENISON (1 ¢ ) found that p, — pa 88 measured
from the RC networh forced by the (transduced) flow 1n the as-
cending aorta differed by less than 5 % from that directly measured
m the ascending aorta This represents direct evidence that the
physical factors responsible for the deviation of the actual shape
of the aortic pressure curve during diastole from a simple ex-
ponential decay eurve hay e httle effect on psand pain the ascending
aorta Computer results based on a complex model of the circulation
led to & similar conclusion (DEFARES ef al, 1963)

Sinee for the purpose of estimating C one should obtam ps—pg
at a site where no or httle distortion due to filter network effects
oceurs, the 1deal Jocation for measuring p, and ps would be i the
aseending aorta while the femoral artery would be unacceptable
The rise, 1n the legs, of p, relative to the s value of the central
pulse 13 not found 1n the arms (e g WARNER, 1957), a phenomenon
which, m terms of the formally vahd resonant network model,
18 partly explamed by the fact that the lumped comphance of the
abdominal aorta and 1ts branches 13 smaller than the lumped
comphance of the aortic arch and its branches (SPENCER and
Dersox, 1e)

Ths justifies the practice of using the arm as a convement site

for the measurement of p, and pa as required for solving Eq (3)
for C

22 MEASUREMENTS

Blood pressure was measured in the supine position by means
of the Riva Rocer method using the pomnt of muffling as index of
diastolic pressure Total peripheral resistance, R, was estimated
from the relation R=FjQ, where P is mean arterral blood pressure
and ¢ 18 cardiac output In this formula systemic venous pressure
18 peglected, and P 13 estimated by the standard procedure of
2ddng one third of the diastohic pressure value to the diastohie
Pressure Cardiac output was measured by the mdirect Fick method
previously described (DEFARES et al, 1961, Braxor, 1961)

The diastolic time interval, fa 13 estimated from the ECG ac
cording to Peo Gribbe's eritera as recommended 1n the Handbook °
of Physiology (BRECHER and Garrem,

1963 th
between the end of the 7 ) 42 the tme wterval

-wave of the n' cyele and the beginning
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Spenerr and DEnisoN (1863) have shown that when, in the
dog, the electrical equisalent of the Windkessel model 1s pulsed
by a current transduced from the flow 1n the ascending aorta the
actual pulse pressure m the aortse arch deviates n several details
from the “pressure” produced by the model the actual pressure
has (1} a superimposed 3 ta G cps oscillation from midsystole
throughout diastole, and {2) a more promment “mesure” marking
aortic valve closure and a more abrupt rise often with an anacrotic
wave Inaddition the Windhessel model fuls to explun the changes
mn shape occurring along the arterial hne In order to simulate
detay (1) ope my ntroduce a resonant network filter (Warner
1957)

However, for our present purpose it 1s neither necessary nor
sndeed desirable to troduce complexity in the model to account
for details which are irrelovant for the purpose at hand

The simple RC model leads to a pressure time curve during
diastole of the form

p=pocp (1;—65) )

For a duration of diastole t; we have

—1
pa~po DXP(TC',’) (@

where paq 18 the end diastolie pressure and po represents tho presstre
at the onset of dmstole 1¢ the end of the previous systole In
practice, po may be approammated by the end systolie pressure

Ps or
Pa— s €XP ({r_é?) (3)

Lquation (3) gtves the formula for estimating the artersal com
phance ¢ Knowledge of (end) systohe pressure (end) diastolie
pressure duration of distole and peripheral resistance 1 thus
required

An important question must be considered before this approach
can be accepted as n reasonable tndeator of overall arterral com
phance To what extent doea the use of the sumple BC cirowtt rather
than a more complex network affect the values of stmulated peak
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error of a smgle observation, 0 053, 1t follows that 1t 1s roughly
10 %, while the root mean square error of a smgle observation
1 about 159 This computation impleitly and conservatively
assumes that during the period of obsersation the “true” com-
phance remaims unchanged

A more basic evaluation of the error in ¢'1s obtamed by evaluating
1ts dependence on the errors n the sub quantities, 1 ¢ the quantities
appearing on the night hand side of eq (4)

ta
O= g
R{lnps—In pg) @
We have
(14 1

3tz F(inps—Inpa)

-1,
m‘; (In p —In pa)-2

_ta -
i de(lnp.—lnpa) 2
¢ _ —Rta
OR  R¥{Inps—In pa)
Hence we obtan, after some mampulations
var C=R Z(Inpy—~ In Pa)2{var fa+ta2B-2 var B+ ty?
)
(In ps— 1n pa)%(ps~? var p,+pa-2 var Pa)} ®
Let us first consider a theoretical case,

8quare) error of 10
Rel, t4=

) assunmung a (root mean-

% n all subquantities Choosing p, = 120, pg = 80,

o El l;ng‘ns}s;mmg. ay stated, var p,=0 01 pe2, var pa=0 01’
r R= -

nm'l o, » var la=001 te?, we obtan using eqs {4)

a{C

—G_l —oan7,

©or a root mean square percentage error of about 30 %
/o
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of the (n-+1)™ s tahen as an estimate of 7 1) “Healthy® subjects
(S and Q) between 18 and 86 years were used 1n this study

Measurements were taken &t rest m the supme position with the
exception of the young male subjects nwho were studied at  rest’
in the sitting pasttion ?) Prelimmary results mdicate that O values
are bttle affected by position

23 Accuracy
231  Random error

The accuracy of the method was nssessed by performmg seral
measurements on & single mdividual m a single sitting (3 howrs)
The subject %13 & 76 y ear old male, “healthy™ except for  moderate
degree of hypothyrodism commensurate with s age The resnlts
are given in Table 1

Tapr 1
Measurement, P, Pa ta [ ¢ [
number mm Hg | mm Hg 8ee 1/mm { ml/mm Hg
1 156 I 94 075 228 049
2 168 26 075 216 044
3 168 06 075 286 059

It follows from the threo estimates of C given in Tablo 1 that
n Trimmer’s notation (TRDMER 1950) the root mean square error
3Crm 18 0 076 ml/mm Hg the probable error 4Cep 19 0 052 ml/mm
Hg and the probable error m the arthmetic average AC0ns 8
00294 Ixpressing the result of the mensurement as recommended
by TRIMMER, a3 Can 3 ACy  where Oy denctes the anthmetie
mean, we obtun 0=0607 & 002 mi/mm Hg Trom the probable

1) Smco tho measuremonts uscl aro indirect they may bo subject to
somo systomatic error Stneo wo are muinly concorned with relativo values
the possible presonce of somo aystematio crror 18 sneonsequontial The best
ndirect measure of ¢; continues to bo a subject of somo controversy A
tissdvantage of tho Gribbe criterium 19 that the begmning of the T wave
cannot bo dofined 1n somo eascs with elevated § — T segment

5) Swince tho first old subject tosted dhd not tolerato the sitting posttion
the sapmo positron was finally chosen Thus decision was mado after the
oxperiments 1n the young male subjoets had been comploted
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p 193 of the paper of DEFARES ¢! al (1963) Here we shall discuss
only the problem of the contribution of mertia, reflections and
elastic and geometric taper on the arterial pressure curve as related
to our problem

Furst 1t should be noted that, contrary to the older phystco-
mathematzcal theories, reflections are only of secondary inportance
m explammng the changes of the artenal pressure wave on 1ts way
towards the periphery In a formal way this was demonstrated by
WARNER (1957), who was able to reproduce the shape of the pulse
wave by means of a resonant network model

Ficn and WELROWTTZ (1966, 1967) have shown that pressure
and flow waveforms mn the aorta can be calculated by assuming
geometric and elastic taper and neglecting reflection

The essumption that reflection can be neglected was directly tested
n w10 1 the following ingenious way The hearbeat of dogs was stopped
by appheation of electric pulses and the recovery was observed The first

d b

Tecovery wave, ¥ wes found to have
the same waveform as the succeeding waves

Measurements were made at various ponts along the aorta The
striking 1dentity between the transient and the steady state wave-
forms offers direct experimental proof that the role of reflection
m determimng the waveform 1s ummportant

As has been demonstrated by these authors and others (eg
TAYLOR 1964) the same holds for the contribution of mertia It
13 now well established, as was first suggested by Scmsmrr (1943),
and recently convinangly shown by NoorpERGRasF (1964),
TAYLOR (1964), and F1cn and \ELROWTTZ (1966, 1967) that the
dispersive charactersstics of the arteral system caused by elastic
and geometric tapers are largely responsible for the observed
waveforms Hartmomc analysis of artersal pressure was eform shows
that in mammals ol components ncrease m amplhitude towards
the periphery This oserall amphfication, first noted by ScmrrT

and amply documented by TAYLOR, can only be adequately ex-
Planed 1n terms of & peripheral d

n pl due to
elastic and/for geometric taper In fact, 1t can be shown (STREETER,
1961} that pressure pulses travelling 1n & non uniform transmnsslor;
Ime of this kmd undergo an amphfication proportional to the
square root of the local characteristic mmpedance In a umform
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The actual variances i the sub quantitics as obtamed from a
single experiment are, howexer, found to be much lower namely
var la &3 0002 var ps==7 20, var pa=3 96 (all based on 10 obser
vations), var £ = 0 002 (based on data in Table 1) With p,=157,
Pa=904, ta=072 and R=286 Eq (5) yelds

var 0'=7 460 x 10~

or 0027, 1¢ a root mean square percentage error of 5 %
Since R 15 1tselfl a derived quantity whose computation 13 based
on standard simplify ing assumptions, and because confidence imits
of the variance of B are wide, since our value of var R 1s based
on only three values of R, this estimate of var C only reflects an
estimate of 1ts order of magnitude It 1s felt that a conscrvative
cstimate of the error of a single observation 15 obtmined by simply
averagmg the results of the * empiric’ value and the value estimated
by means of Bq (5) which yields for the root mean square per
centage error of & single observation a value of (154 5)/2=10%

232 Determinale error

The assessment of total error depends on knowledge of the de
terminate error, & factor which m the indirect determmation of
physiological quantities remams largely unknown and can be
catimated only from (a) theoretical considerations and (b} the
degree of correspondence between the results of several independent
methods Since there are no other reliable methods to estimate €
1 vio (the pulse propagation method measures tho local elashoity
of the arterial wall) determimate error can only be estimated on
the basis of theoretical analysts

The situation 19 closcly snalogous to the state of the art in
Iologieal tracer experiments where the validity of results 1s eritr
cally dependent on the compartmental model and on the nature
of the operational definitions

The major theorctical consideration supported experimentally by
SpeNcER and DENISON has been presented above It 1s neither
feastble nor necessary fully to discuss the theoretical background
here 1) The reader 1s particularly referred to the discussion on

1y 'The method proposed by R M GorpwyNand T B Warr Jr IEEE
Transactions on Bio Medical Engineening vol BME —14 p 11 1sofinterest,
but subject to severe errors
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1t 13 of mterest to note that in contradistinetion to most wave-
forms obtamed {n experimental snimals, the form of the pressure
curve during disstole 1n the ascending aorta (and arch) ; humans

closely app a simple exp tial decay at normal heart
rates
This 18 d i Fig 1, rep P 1) in the as-

cending aorta of a 58 year-old woman with normal aortic valves
(Ponst, 1964) This fact lends fusther eupport to the view that,
1n humans, the central pressure 1s hittle affected by nertia, reflection

and other * dary” infl luding the elastic non um-
formity of the tr line, th 1ly the major * dary
factor” affecting the form of the central pulse

L.‘
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Fig 1

Ascending aortic pressure in & 58 year old woman with norroal softic valves,
(after I G Porrt, 1964)

There 13 one further theoretical pomnt that reqmres careful con
d

It 33 well established that the artenal aystem still

cantains blood when the pressure m the system 1s reduced to (near)
zero after death

Thus fact tmphies that 018 not a constent (Derares et al , 1963)
It 18 customary 1n airculation physiclogy to define compliance as
dvfdp rather than vfp, where v 1s volume and 13 pressure Above,
compliance has been given as dvjdp which 13 qute adequate for

most practical purposes, dvfdp being equivalent to vfp when com-
phance 19 a In the th

below we shall

R ‘; Mes.sur:ad by Dr Porjs wath the Roos double lumen catheter and
Tessure transducer sygtem correc
¥ anet g e gving wirtually t reproduction of

for f up o 12 cps
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transmussion line thus effeet does not oceur The finding (TayLog,
ea) of a peripheral merease of the collagen/felastin ratio m the
oorta and arteries lends further support ta the concept of elastic
taper.

As demonstrated theoretically by Taylor the presence of this
hand of clastie non-uniformuty has the following two consequences

a) due to an approumatoe matelung with the peripheral term:
nations of the system there are only small reflected components,
which heeps the mput mpedance relatively constant over a
wide rango of frequencies

b} at physiological frequencies the heart does not “'see” the hugh
terminal mmpedance but Zy o which 1s small

Sinco (sce e g WaRNER, 1957, REMINGTON, 1952, SPENCER and
DrN1sow, 1063) the results of measurcments at the (upper) arm
(Riva-Rocar) approxmmate those obtained by direet measurement
at tho aortic arch and since reflections are of negligible :mportance,
1t follows from the above consmiderations that C as estimated by
our method approximates the comphance of the “soft” end of the
artermal transmussion line, which from the “view-pomnt” of the
heart (generator) 1s the most “visible” part at physiological frequen
cies In terms of Dow's, Wetterer's and Remmgton's ternunology
wo may say that our method estimates the average comphance
of the widest part of the “funnel” (arch, thoracic aorta), althongh
any precise geometric anatomcal dehineation s (as in the case of
peripheral resistance) devord of meanmng

The present method thus measures the “central” sy stemc arterial
compliance rather than the overall systemic arterial comphance
Hero the boundaries of “central” are no moro sharply defined than
1 the concopt or “central blood volume” Smce our method 18
apphed to humans 1t 1s of interest to inquire whether the human
arterial system represents a non umiform transmission Jme m the
sense discussed above Lucusinger (1¢) has provided convineng
support for this view by showmg, using normal unanesthetized
subjects, that the (first erght) harmonics of the pressure modulus
all show an overall increase along the sorta down to the ilac artery,
whereas the respectiyve phase angles show a decrease with distance,
a behaviour “consistent with & traveling wave 1n a non uniform

system’
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Tanre 2
For meamng of symbols eee legend
R s
Polpa Q c
nsex) o b inme \ Yymun m;!;/gcsl ml;mm Hg | mm Bgfml
1] £ ] 0| 10878 31 17 13 077
2| ¢ | o5 | ospz 40 12 28 038
3| £ |23 oge2 35 13 17 059
s £ | 20| 100080 42 13 23 043
51 f {2 | 8870 10 1 29 034
6 £ | 24| o074 41 12 32 031
7| m | 18| 12280 | 108 05 34 029
| m | 18] 13088 [ 100 05 26 038
9| m | 21| nsps 85 06 17 059
10! m {21 | rese 74 09 10 100
n|m | 2| 1076 89 06 27 037
2| m | 22| s 90 07 18 056
1B f |22} e 63 08 49 020
mean | 22 | 85 096 25 048
R
Pafpa Q c s
n{8ex| a mm Hef
l ‘ mmTg | | 08 | mljmm He | mn Hgml
1] £ | 8| 10 27 26 03 333
2| £ 1w | 1em 38 19 04 250
3| ¢ | 76| 168m 18 40 02 500
4| £ | 86| 189,92 34 21 06 167
5| m | 74| 14294 ER 21 07 143
6] m | 73| laguoel 28 26 13 077
T m | 73] 15482 40 15 07 143
81 m | 8 | 18000] 21 36 03 333
9| w | 83| 18889 23 30 03 333
Wim | 75| 19385 17 a5 0z 500
U | m | 73| 155097 23 31 08 167
12w 78| 58 84 10 12 0383
1B m | 74 14789 30 22 07 143
mean | 77 | | 30 26 058 244
e ode a=age mp - \ pressure output

e (dvjdp), S=1/C

seen that whereas the mean value of total Peripheral resistance

of the aged group 1s 2 75 times that in the Young group,

the mean
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define comphiance as C* =vfp IfC* 1s o constant, we obtain v=0,
which 15 contrary to the fact that the arterial system still contams
blood when p 15 zero The simplest way to account for the re
quirement v>0 for p=0 15 to assume

C*=(M[p)+N (6)

where M and N are positive constants

Substituting Eq (6) 1n the general expression v=Cp, we obtam
v=3+Np Tor p=0, v=2 which expresses the fact that the
“‘unstretched” arterial system still contamns blood

It 15 easily scen that € (dv/dp) equals N Since Lq (6) must
logreally hold 1t 15 essential to investigate theoretcally the vahdity
of our assumption that (ignormg “secondary effects”) the artersal
p—t curve during diastole shows a simple exponential decay Wwith
time-constant NR (=CR) Assuming relation (6) and R = constant,
negleeting nertance, elastic non umformity, and other secondary
cffects, the differential equation for the diastolic period (in the
absence of forcing) 1s

dp , _
NR 5 +p=0 W]

mn exact agreement with Eq (1) with C=N

This means that our assumption of the validity of Eq (1) 18
consistent with the fundamental requirement expressed by re
lation (6) An mmportant practical consequence of the result ex-
pressed by Eq (7) 1s that the value of C as determmed by Lq (2)
1s unaffected by the “residual volume mn the arteral system This
1s of importance since aortic “‘dead” volume mereases with age
(dilatatto aortae) despite ncreased stiffncss of the wall Our
method estimates C=dv/dp, & value which 1s independent of dead
volume M

3 RESULTS

The “ngidity” of the systemue arteral system 1s known to
merease with age, a fact well established by autopsy studies

Thus, & comparison between aged subjects and young adults
should provide & critical test for the usefulness of the method
The results are shown i Table 2 The mean age of the young group
1s 22 years, while that of the aged group 13 77 years It may be
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“young” ECG's and BCG’s require rather sophisticated statistical
techmques In contrast, the old-young ratio 1s about 60 with
respect to artenal elastance, S, with very little overlap of the two
groups With advancing age there1s, bestdes the increased hardening
{stiffness) of the aorta and the arteries an accelerated development
of atheromatous plaques Although the ratio hardening plagues
differs from one case to another, both may be viewed as aspects
of the age related process of arteriosclerosis The present method
gives an estimate of the overall degree of ngidity of the arterial
system and answers the question as to the degree of arteriosclerosis
{not atheroscleroms) in the Liming indindual 1) It 18 expected that
the measurement of both TPR and € (S) should give a far more
accurate picture of cardiovascular pathology than the mere measure

ment of blood pressure As & hypothetical example (DErARES et al,
1963) we note that a blood pressure reading of 270/60 (which some
may find re g smee d e 13 low), reflects, at
normal cardiac output, a doubling of peripheral resist: bined
with a ten fold increase of artemal ‘stiffness’, § The prognostic
sigificance of lugh S values, the mfluence of S on cardiac work
{see TAYLOR lc¢) its correlation with blood hipd factors (eg

atheromatic mdex) and collagen metabolism (hydroxyprolme), 1ts
mfluence on ballistocardiogram patterns, etc are some of the speaific

problems for future exploration For the present, however, two
conclusions emerge

8) the present method offers a sensitive means to detect changes

of a fund 1 card. Jar p , which has hitherto
resisted attempts to measure 1t in tiro (the pulse wave trans
mussion method the modulus of e of a mingle
artery)
arternal elastance undergoes profound changes with aging, a
fact suggesting that arterial elastance, S, may be used as a
sensitive index of the “biological age” of the cardiovascular
system and possibly of the whole ory

‘gamism, as suggested b

e agedd adags “man 15 as old as hus arteries” v

———

) The term * acten:
e g o osclerosis  was mtroduced by Lonstene (1833) to

emung of the artenes The term “atheroscleroms’
:ge&u) u; ::xe ];r:svnce of ‘atheroma in the sense defined by Muicn.um
¢ detalled duscusmon of these concepte sco Moszs (1963)
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value of the arteral clastance, S, (reciprocal value of the com
phance) 1n the aged group 18 5 0 times that 1 the Yyoung group 1)

It 15 of some interest to note that, as may be seen from Table 2,
the smallest stiffness ratio between members of the old and the
young group 1s about 0 75 while the highest 15 25 0 The old subject
with the lowest S value of his group (0 77) still has a value 60 %
above the mean of the young group, while the highest value n
the aged group (5 0 mm Hg/ml 1n subjects 3 (female) and 10 (male})
18 ten times the mean value of the young group

As can be statistically shown the male-female distribution m
the young and in the aged group can not account for these differ
ences, which on the basis of available evidence are an age dependent
effect It may be mentioned n passing that the mean § value of
& group of 13 young females (mean age 23) was found to be 044
as aganst 048 m the “mixed” young group given in Table 2
Turther, 1t may be noted that 1f we compare the four old females
with the first four young females in table 2 (arbitrary choice) we
obtan s mean “old” value of 3 13 agamnst a mean *“young” value
of 054 Therr ratio 15 58 These facts indicate that the shght
preponderance of females 1n the young group in Table 2 does not
ncrease the difference due to an @ prior: possible extra low elastance
of the young female as compared with the young male Since 1t
18 not the purpose of this paper to determine compliance charac
teristics of young and of old individuals (this forms the subject
of another paper) we shall omt & more detailed statistical analysis
of these data

The presence of such wide differences among normal subjects
of different age groups and the avalability of a fanly accurate
method to estimate tlus important eirculatory quantity, offer wide
possibilities for further exploration No other known cardiovascular
quantity (mcluding 7PR blood pressure cholesterol and other
lipids, cardiac output ECG, ballistocardiogram etc) undergoes
such profound alterations with aging as the elastance changes
observed n this study The “old young” ratios of T'PR, blood
pressure, cholesterol, and cardiac output are (roughly) 25, 15
15 and 0 5 respectively, while discrimmation between “old ’ and

1) Using Student s test 1t can be shown that this difference 1s highly
ficant {actually use of tical tecl 15 ped here)

g



SYSTEMIC ARTERIAL COMPLIANCE IN MAN 343

Reurvetow, J W, Fed Proc 11, 750 (1952)

Semapt, F, Z Biol 101, 259 {1043)

Sepvcer, M P and A B Devisow,n of
sect vol II, eds W F Hamilton and P Dow, Am J Phy!xol Soe
830884 (1963)

BmaeerEr V L, fed ) Handbook of Flmd Dynamies (McGrawHil, New
York, 1961)

, J D, Response of Physical Systems (John Wiley, New York,

1950)
WarveR, H R, Cre Res. 5, 79 (1957)



2
342 J O DEFARES AND H J VAN DFR WAAL

SUMMARY
A method for g arterial pl (1/el ) 1n humans 1s
Tho t ! basis 15 d d and 1t 13 ehown that mertia

¥

reflections and other transmyssion hino effects can be neglected The signi
ficanco of elastic and geomotrio taper and of “dead * volume are discussed
The accuracy of the mothod 13 of the order of + 10 %, The method 18
smmplo and causes no inconvenience to the subject It s shown that the
mean valuo of arteral clastanco 1 five times higher 1n & group of aged
individuals {(mean ago 77) than in o group of young persons (mean ago 23)
The relativcly high y (and reproducibility) of the method combmned
with the profound ngo related changes of artenal elastance found even
among ‘“‘normal” persons suggests that the present method offers a useful
tool for chmeal and physiologieal studics 1n man
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METHODS

Male albumo rats, weighing about 210 g, were kalled by dislocating
the spmnal cord The brain was removed quickly and chilled on an
we-cold plate The cortex (defined by GLOWINSKL and IVERSEN,
1966) was used to prepare » 0 25 M sucrose homogenate (10 pCt w/v)
enniched with 10 g/ CaClz (recommended by DE RoserTIs o al
1963) Homogemsation n & Potter Elvehjem homogenizer with
teflon pestle was carried out within one minute at 3000 rpm,
clearance 0 10 mm, three up and down strokes Working tempera
ture st all subsequent operations was 0—4°C

DIFFERENTIAL FRACTIONATION

The, shghtly modified, method of R DE LORES ARNAIZ
and D RonERTIS (1964) was applied Cortex homogenate centn
fuged at 900 g Phywe Eisp for 10 min produced a
which, resuspended 1n 0 25 M sucrose, was considered to be the
nuclear fraction (NUQ)

Next, centnfuging at 10000 g for 20 min sedimented a pellet
whach, resuspended n 0 25 M sucrose, 1s referred to as crude mito
chondmal fraction (MIT), consisting of myelin, nerve endings,
synaptic debns and genwine mitochondna This MIT fraction was

bjected to densuity dient centrify The final particulate
fraction obtained by centnfugmg with angle rotor at 105 000 g for
60 min 1n Phywe P 30 K was called microsomal fraction (MIC)
R g was the sup frachion (SUP)

DENSITY GRADIENT CENTRIFUGATION

The procedure of Dz RoBERTIS ¢ al {1962) was followed The
crude mitochondral fraction (MIT) was layered on a sucrose
gradient with the steps 08 M, 10 M, 123, 14 M all contaming
10 1M CaCly, With the swing-out rotor of Phywe P 30 K centnfuge
At 130000 g for 60 min the submitochondnal fractions myeline
(‘ﬁ-g).n membranes, synaptic debns (MIT-B), nerve endings
ey M ) and mitochondnal pellet (MIT-E) were separated
s yr?nge) The distinet layers were collected by sucking with a
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INTLUENCE OF THIAZINAMIUM 1) ON SUBCELLULAR
» NITROPHENYLPHOSPHATASE
IN RAT CERLBRAL CORTEX

ny

C DL WAART AND D H VAN DEN CIJNDEN

INTRODUCTION

Among the earliest authors who described the mfluence of pheno
thiazines on braun preparations were Descr and MERES (1957)
They observed the uncoupling of the oxydative phosphorylation
and the inhibition of oxygen uptahe and suggested this phenomenon
as an explanation for the narcobiotic effect tn tizo

More recently other inhthitive actions of the phenothiazines wero
studied by Lovrrue (1963, 1964, 1965) on DNP and Mg++ activated
ATP ase 1n liver and brain muitochondna, by JARNEFELD (1962)
and by Davis and Bropy (1966) on Na+ K+ activated ATP asen
brain microsomes and by JupAW and AMED (1964) on lipoprotein
preparations from brain microsomes In all these cases the mhibition
was correlated to changes m membrane permeability Reports on
actusl stmulation of enzyme activity by phenotliazmnes are fow
Low (1959) and Lovrrur (1965) could demonstrate mereased
enzyme activity only at drug concentration below 01 mM

In previous commumcations (1966 1967) we reported an 1n
creased activity of p mitro phenylphosphatase at concentrations of
phenothiazmes up to 10 mM The present paper will describe this
effect on rat bramn fractions prepared by differential and density
gradient centnfugation

1 Th {Mu)! ) and other ph h derivatives were
kindly eupplied by ‘SPECIA", Société P d Exy Chirmg:
SA Pans

344
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S3 NAPTIC \FSICLFS PREPARATION

The osmotic shock method was carmed out according to DE
RoBERTIS, e 2l (1983) w1th some minor variations Qsmotic shock
of fraction MIT was performed by suspending the pellet m 0 032 M
sucrose contarmng 10 uM CaClp

Contrifuging at 10000 g for 20 min eliminated nervo ending
ghosts, mj elin and osmotic shock resistant mitochondra mndicated
as fraction M; (g 1)

Traction M; subjected to sucrose density gradient centrifuging
could be split up n five fractions M-A-B-C-D-E which were
approximately comparable with the fractions MIT-A-B-C-D-E
The M; supernatant was centrifuged 1n the angle rotor at 105 000 g
for 30 min and gave a sediment consisting largely of synaptie
vestcles and membranes which after bemng resuspended m 0 25 M
sucrose was called fraction Mz Remaimng hy po osmotic supernatant
was called My

p Nurophenylphosphatase activity was menasured mn an assay
system with and without 3 mM Thiazinamum consisting of 4 mM
p mtrophenyIphosphate Na, 0 14 M Tris/HCl pH 7 2 and 07 mM
MgCly

To 1 ml of this misture 005 m! bramn suspension was added
and 1ncubated at 37 °C for 60 min Reaction was stopped by
10 ml 0 02 M NaOH Irom the absorbancy at 415 nm the activity
m pmol p nitrophenol/100 mg tissue wet werght x 60 mm was
caleulated with the aid of a standard curve Thiazinamium was
mamly used as representative of the phenothazines because of 1ts
good solubility

RESULTS

1he p nitrophenylphosphatase actrvity 1s considerably stimulated
in homogenates of rat bram by phenothiazines at coneentrations
of 2 mM (DE WaarT 1967)

A few other drugs we found also to be able to stimulate  barbt
turates however have no influence or are slightly mhibitory (DE
WAART, unpublished) The stimulating effect with bram shoes did
not exceed 35 pCt extra activity whick 1s lower than that of
homogenate stimulation which exceeds 100 pCt Probably pene
tratton mnto tho partrcular cell area where tho drug can exercise
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its stimulating action is not undisturbed or unlimited. The stimuls-
tion in tho slico preparations gavo evidenco that we have not
measured an artefact as a result of damage to the cell structure

To get more information about the phenomenon of stimulation
wo subfractionated the homogenate. As we sco from Table I the
maximal localisation and stimulation is found in the crude mito-
chondrial fraction,

The microsomal fraction shows a high activity also, and is
considerably stimulated, whereas the nuclear fraction and the
supernatant have comparatively low activity and stimulation

‘4

TaBLE 1
The influence of 3 mMol th on p nitrophenylphoeph actienty !
tn anbeellular fractions of rat bramn tissue
I control pCt stimulated
fraction =100 pCt. activity

homogenato 680 4 020 ! 161
Nuc 068 £ 008 124
MIT 170 £ 008 192
MIT-A 042 4002 132
MIT-B I 029 £ 002 159
MIT-C 046 4 003 196
MIT-D 025001 144
MIT-1 009 £ 001 100
osm MIT 214.4£014 ' 139
M, 108 £ 003 135
Mi-A 022 to001 109
M-B 013 o0l 125
M-C 015 + 001 120
Mi-D 013 £ 001 119
M-E 001 + 000 100
M, (synap 1es) 045 1003 168
M: 057 4008 | 114
MIC 1.44 £ 003 164
sSUP 083 £ 004 131

1) Expressed in g molo p mtrophenol formed per 100 mg dissected tissue
1n 60 yun at 37 °C 4: standard error of tho mean
Figures wero collected from five oxperuments
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After density gradient centnfugation of fraction MIT, we can
locahize the highest phosphatase activity 1n nerve ending fraction
¢ and the maximal stimulations 1n both nerve ending fractions
(C and D) and 1n membrane fraction B High stimulation seems
to be brought about by the presence of nerve endings, possibly not
only n the crude mitochondral fraction MIT, but also m the
mucrosomal fraction, which surcly 1s contamnated with nerve
endings (WHITTAKER 1965) Varous enzymic activities in & crude
bramm mitochondrial fraction are much higher 1if the fraction s
resuspended 1 & hypo osmotic medum (Saraaxicorr and De
Ropermis 1965) In agreement with this observation, we have
found o higher actimity after osmotic shock of the crude mito
chondna The resulting suspension called osm BMIT and the
i b d therefrom by subf
sttmulated by Thiazinamium (Teble 1)

Note that fraction M, consisting of synaptic vesicles and small

membranes not sedumentable at 10000 g shows the highest
stimulation

10n again can be

When we compare activities and stimulations of the fractions
MIT-A-B-C-D-E with those of the fractions M;-A-B-C-D-E
(Table 1) prepared by density gradient centrifugation of fraction
M; 1t becomes clear, that the actinity of fraction M;-C s relatively
dummished most and the stimulations of all fractions are muck
reduced as a result of the hypo-osmotic shock It seems that the
strong stimulation of fractions B, C and C shifts after the shock
to fraction M and that for this reason the synaptic vesmicles at least
partly can be considered as the particles on which thiazinamum
electively exerts a stimulating effect

DISCUSSION

ARMED and Jupan (1964) and Fuorra ef ol {1966) described a
P mitrophenylphosphatase, which parallels an ATP ase, and 13
stimulated by K+ The efflux of K+ from brain shices 15 reduced by
ehlorpromanne (Mo Tuwarx 1962) One may account for the
stimulation we observed by combiming these data However there

;re some fac‘ts which are imecompatible with this vew Furst if
vhi 1 1. ¢
B eyl 18 d by phenothiazines, why

activated ATP ase {JARNEFELT, 1962, Davis and
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Broby, 1966) Secondly there 1s our finding, on whch studies are
m progress that glutamate decarboxylase, which 1s an enzyme not
known to be stimulated by Lations, 1s stimulated by thiazinammm
Ithewse The fact that the stimulation 1s found n brain but hardlv
m liver or hidney (Dr Waart, 1967) and that besides p mtro
pheny Iphosphatase the typical bram enzyme glutamate decarbotyl
ase present in the nerve ending axoplasma (SaLoanicorr and De
RoBERTIS, 1965) and m the mitochondria within the nerse endings
(WHITTALER, 1965), also 1s stimulated {De WaaRT, 1967) indicates
a mechamuism which 1s a consequence of the umque structure of
brawn, tn concreto the presence of the nerve endings mn this tissue
Indeed thiazinamium has a strong influence on the p mtrophenyl
phosphatase activity 1n the typical nerve ending fractions MIT-C
and —-D Michachs Menten constant measurements (DE WAART ¢!
al, 1967) of the stimulation phenomenon excluded a chemcal
interference between drug and the membrane bound phosphatase
We suppose, as 18 postulated by Er\sTING ef al (1960) and GurE
and SPIRTES (1964), that phenothiazines have the ability to affect
membranes 1n general and m particular the permeability of mem
branes In our case thiazinamum 1s able to alter the membrane
permeability especially of the nerve endings, causing a hgher
p mtrophenylphosphatase activity We believe that this mter
ference under the described conditions 1s so specific that this effect
can be used as a tool for locahsation of enzymic activity

Trom our experiments we conclude that the place of the stumu
lating action can at least partly be locahized n the sy naptic vesicles
within the nerve endings

The mode of action may be either a direct one on the membrane
permeability of the vesicles possibly causing altered concentrations
of transmitter substances within these storage particles or an
mdirect one by counteracting the tendency of the synaptic vesicles
to clump, resulting 1n a relatively larger surface area and thus mn
n quicher equilibration of stationary concentrations

Although the stimulating action on the contents and membranes
of the nerve endings 1s a suggestive phenomenon we find 1t too
speculative to correlate 1t defimtely with the i tivo nfluence of

phenothiazines
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SUMMARY

The crude rutochondnal fraction of rat bramn was partly subjected to
sucrose denmity gradient centnfugation and partly to osmotic shock treat
ment with subsequent sucrose density gradient centnfugation

p Nitrophenylphosphatase {p hpp} activity of alt these ll’ractmns with and
without 3 mM [o3 ) wes

QOsmotieally shocled mitochondna showed agher p npp achv'uy :han
ongmal erude hond: but were bly less by

In the sucrose gradient fractions of the erude mitochondria the thiazin
amuum stimalations wers highest in the nerve-endings fractions
After osmotic shock treatment total activity ss well as stimulation in

the nerve-ending fractions were greatly and a shaft of 4
activity to the synaptic vesicle fraction occurred
In the the probat of the \¢ of the i

sction of thiazinammum o the synaptic vesmicles was considered
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Bropy, 1966) Sccondly there 1s our finding, on which studies are
mn progress that glutamate decarboxy lase, which 15 an enzyme not
hnown to be stimulated by kations, 1s stimulated by thiazinamiim
lihewsse The fact that the stimulation 1s found 1n bram but hardly
m hver or hidney (D Waart, 1967) and that besides p mtro
pheny Iphosphatase the ty pical bram enzy me glutamate decarboxyl
ase present in the nerve ending axoplasmn (SaLGANicoFF and Dr
Roprrris, 1065) and mn the nutochondna within the nerve endings
{(WiirTakrr 1905), also 1s stimulated (Dr WAART 1967) indieates
a mechamsm which 1s & consequence of the umque structure of
bram, w concrelo the presence of the nerve endings 1n this tissue
Indecd thuazinamium has a strong influence on the p nitrophenyl
phosphatase activity 1n the typieal nerve ending fractions MIT-C
and =D Michaclis Menten constant measurcments (DE WAART ¢
al, 1967) of the stimulation phenomenon excluded a chemical
terference between drug and the membrane bound phosphatase
We suppose, a3 19 postulated by ErnsTinG of al (1960) and Gurn
and SpirTrs (1964}, that phenothinzines have the ability to affect
membranes 1n general and in particular the permeabihity of mem
branes In our case thiazinanmum is able to alter the membrane
permenbility especially of the nerve endings causing a higher
p mtropheny Iphosphatase activity We beheve that this nter
ference under the deseribed conditions 1s so spearfic that this effect
can bo used as a tool for locahisation of enzymic activity

Trom our experiments wo conclude that the place of the stimu
lating action can at least partly be Jocalized m the synaptic vesicles
within the nerve endings

The mode of action may be cither a direct one on the membrane
permeability of the vesicles possibly causing altered concentrations
of transmitter substances within these storage particles or an
indirect one by counteracting tho tendency of the synaptic vesicles
to clump, resulting 1n o relatively lorger surface aren and thus
o quicher cqmhbration of stationary coneentrations

Although the stimulating action on the contents and membranes
of the nerve endings 1s & suggestrve phenomenon we find 1t too
speculative to correlate 1t defimtely with the m tivo fluence of

phenothiazines
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SUMMARY

The crude mitochondnal fraction of rat bran was partly subjected to
sucrose denmity gradient centnfugation and partly to oemotic shock treat-
ment with subsequent sucrose denmty gradient centnfugation

 Nitrophenylphosphatase (p npp) sctivity of ell these fractions with and

without 3 mM ¢ was

Osmotically shocked mitochondnia showed higher pnpp actwaty than
ongumal crude but wero bly less § by
thazmamium

In the sucrose gradient fractions of the crude mitochondna the thiazin
amsum stumulations wers highest 1n the nerve-endings fractions
After osmotic shock treatment total actnity as well as stimulation

the nerve-ending fractions were greatly d d and a shift of d
sctivity to the synaptic vemcle fraction occurred
In the the of the local of the

sction of thwzinamium 1n the synaptic vesicles was considered
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Brony, 1066) Secondly there 1s our finding, on which studzes are
1n progress that glutamate deearboxylase, which 1s an enzyme not
known to be stimulated by kations, 1s stimulated by thiazmamium
hhewise The fact that the stimulation 1s found 1n bram but hardly
m hver or kudney (DE WAArT 1967) and that besides p mtro
pheny Iphosphatase the ty preal bramn enzy me glutamate decarbory]
ase present an the nerve ending axoplasma (SaLaanicorr and De
RoserTis 1965) and m the mitochondria within the neryo endings
(WINTTAKER 1965), also 1s stimulated (DE WaarT, 1067) indicates
a mechanmism which 1s a consequence of the unique structure of
brain, 1 concreto the presence of the nerve endings mn this tissue
Indeed thiazmamium has a strong influence on the p nitropheny!
phosphatase activity in the typical nerve ending fractions MIT-C
and -D Michachs Menten constant measurements (DE WAART e
al, 1067) of the stimulation phenomenon excluded 2 chemieal
interference between drug and the membrane bound phosphatase
We suppose, as 1s postulated by LrNsTInG e al (1960) and GUTE
and SPIRTES (1964), that phenothinzines have the ability to affect
membranes in general and m particular the permeability of mem
branes In our case thiazinamium 1s able to alter the membrane
permeability especially of the nerve endings causing a higher
p mtrophenylphosphatase activity We behieve that this mnter
ference under the described conditions 1s so specific that this effect
can be used as a tool for localisation of enzymic activity

Trom our experiments we conclude that the place of the shimu
lating action can at least partly be localized mn the synaptie vesicles
within the nerve endings

The mode of action may be exther a direct one on tho membrane
permeability of the vesicles possibly causing altered concentrations
of transmitter substances within these storage particles or an
indirect one hy counteracting the tendency of the synaptic vesicles
to clump, resulting 1n a relatively larger surface area and thus n
o quicker equilibration of stationary concentrations

Although the stimulating action on the contents and membranes
of the nerve endings 18 a suggestive phenomenon we find 1t too
speculative to corrclate 1t definitely with the 1z vivo influence of

phenothiazines
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SUMMARY

The crude mitochondnal fraction of rat bram was partly subjected to
sucrose Qensity gradient centnfugation and partly to esmotie shock treat
ment with subsequent sucrose density gradient centnfugation

p Nitrophenylphosphatase (p npp) activity of all these fractions with and
wnthout 3 mdM WAS

Oumotically shocked mutochondria showed higher p npp sctivity than
ongnal crude yitochondna but were eons derably lesy sumnulsted by
thiazmamnm

n the sucrose gradient fractions of the crude mutochondra the thiazin
amum stunwlations were highest 1n the nerve-endings fractions

After osmotse shock treatment total activity aa well as stunulation n

the nerve ending fractions were greatly shed and & shift of Nated
setinity to the synaptic vesicle fraction octurred
In the & the probability of the I of the

action of thiazmamum i the synaptic ves cles waa considered
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342 Mimature depolanzing potentials

In Fig 12 the membrane potential 1s shown as recorded on a
Goerz pen recorder (bandwidth 0-2 cycles per sec) Upon mspection
of these minutes long tracks some of the phenomena mentioned
before are seen For membrane potentials 1n the vieimuty of zero
the mtensity of the notse 13 comparatively high Below about
—T0mV a diferent behaviour 18 seen depolarizing peaks with
quet pertods 1n between Intensity and duration of these phe
nomena increase with increase of negative membrane potential

+10 NAMPARL YA BN It N A3 s SN ety b
17 MBI RMAR A s MAAT Aty b

B W ey

~59 A
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80 A

=90 AV nelert It B M
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Fig 13
Membrane nosse at different lovels of membrano potent, !
Plementary to Fig 12 High poss filter with a tume c?mnﬁffim U:::
5wV and 1 sec Wumbers membrane Potential 12 1V The nowse burst at
the extreme right i the lowest track corresponds o the lazgest peak t:
lowest track of Fig 12 °
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In Iig 13 the actual noise trachs are shown as replayed from
tape at low speed on & wide-band (0-100 Hz) pen recorder The
intensity of the nowse ncrenses with deerease of the negatie
membrane potential

At —70 mV the level of the noise 1s mimmal and an occastonal
depolarizing peak may Ue present Definite depolarizations of short
duration are present nt membrane potentials below ~70 mV These
depolarizations 1nereaso mn amphtude and rate of oceurrence with

A AN A AN AP AN, Sin st
Mgt o S
VTS WU V)
VMJ\\*MWW\.M.
AP L PR

i e T ' a2 s nd

I—
Fig 14
noise ot a I\ 1 of -— 90 mV Hgh pass filter
with a timo constant of 1 see Umls 1 mV and 10 msee The first and last
tracks have G do distnil A smgle rmmature de

polanzing potential 18 vimblo 1 tho sccond track Clusters are present in
tracks 3 through &
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d neg b potential Negative hoots are
the consequence of the high pass filter used The high intensity
nose 1 the night part of the lowest track of Fig 13 corresponds
with the 20 mV depolarizing peak seen n Fig 12 In Fig 14 a
selection of small depolarizing humps has been made from recard-
1ngs at & magnfied time base The recordings are from a node set
at —~90mV The upper and lower tracks are Gaussian The second
through fifth tracks show depolanzations of increasing complexity
T 13 seen that the depol k are compoged of add
unt ph depol. potentials No answer can
a3 yet be given about the precise amplitude and duration of the

depol g P since the Gaussian noise level 18
t00 hogh From selected depol g P s our
p 13 for their amplitude to be of the order of 1 mV and
therr duration of the order of 1 meee (Fig 14, second track) with
a tnangular shape But the mimature depolanzing potential shown
might be composed of two or more umt phenomena A complete
two minute track at —90mV and at a somewhat lower speed 13
presented in Fig 16 together with the actusl track of the mem
brane potentsal on the recorder The mimature depolanzing po-
tenttals are seen to occur nregularly m groups of varying size and
d up to fugh long d noise bursta

343 Role of 1ons

Both the independence of the range of transition from the resting
membrane potential and the shape and duration of the minature
depolanzing potentials suggest that the skewed nowe 13 caused by
a batchwise influx of sodium 10ns but that 1t can also be caused by
batchwise chlorme 1on influx andfor sudden decreases in potassium
10n permeability

To mvestigate a possible relationship between skewed nose
and 1onic fluxes the following hypotheses were tested
1 Skewed nowse 1s caused by active transport This hypothesss

was rejected since blocking of active transport by 24-dimu
trophenol m a tutrogen atmosphere did not change th; nose
pattern of the node, even after 100 nun of mtoxieation, which

caused a consderable decrease of th
caueed ¢ resting membrane po-
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femb nose at a b tial of — 90 mV Tswo minute trach

P
replayed at low speed and a bandwidth of 0-2 cycles/seo (a) and st hgh
speed and g bandwidth of 2-10000 cycles/sec (b), units for b 1 mV and

1 msec

2 Skewed notse 15 caused by changes in passtve potasstum mem-
brane mechansms Simce both the membrane potential and the
Gaussian noise munimum shift tow ards zero membrane potential
i KCl-Ringer a simlar shift 18 expected for the range of
transitron Such a shift was not found (Fig 9) The hypothesis
18, therefore, rejected
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4 Skewed nowe 18 catsed by pasuive chlorime ton fluxes In an
esperyment 1 winch all chlorme wns in the Ringer'a solution
weze teplaced by sulphate 10ns, the concentrabon of all other
aubstatices remaming equal no change 1 gkewed nose was
found This hypothess 15 therefore rejected

Qf the majar 1ome mech % are & ted
except pasmve sodum fluxes A change o sodum ron con
centration should therefore, nause changes 1 the ekewed nowe
Thus has, mdeed been found The relabionship between the
esternal sodium 10n concentration and the position of the
transmitional range 18 presented m Figs 16 and 17 It follows
that the lower the external podium 1on conteniratiop 15, the
tugher the negafive membrane potential must be for the
transition of Gausstan nowe into skewed nowse to iake place

=

)

g 16

Relationstup between thyrd
sodiurn chlonida concent
:"ur a single node of
rom Gaussian 1nto ekew shifts towards
ugher fovels of meny!
{tnsids siegative) when the concentration of sodrom chlonduh;f;:e sofut
docrenses {replacement by saccharose) e
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Rango of tranaition for three nodes of Ranvier in differcnt concentrations
of sodium chloride Ordinate sodum chlonde concentration n percentago
of that n standard Ringer s solution Abserssa, membrane potential in md

It 13 concluded that positively shewed nose 1s caused by the
passivo batch-wise mflux of sodium 10ns mto the node or, more
generally, that positively shewed noise 1s caused by spontaneous
activation of passive sodium transport sites within the membrane

4 DISCUSSION

The ewstence of bursts of noise upon hyperpolarization of nerve-
fibres has been mentioned in the lterature In o study on the
relationship of spontancous mumature endplato potentials to
polarization of the nerve endings DEL CastiLro and Karz (1967)
made additional mvestigations on Ranwier nodes of the frog They
described tho existenco of “breahdown effects” when the node 18
strongly hyperpolarized Tho asymmetry 1s clearly visible m their
records (¢f Dru Castinto and Karz 1967 Figs § and 9)

They remarked that therr recordmg conditions might have been
unfovourable for the detection of quantal phenomena m these
bursts Bursts composed of many unit potentials mask the umts,
however, mdependently of the recording conditions

Det. Castiiio and Karz ascribed the bursts to temporary
breakdown of the membrane due to strong currents following o
suggestion by HopGriv (1947) But breakdown 1s excluded since
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burst activity 1s present in nodes which exhibit hugh values of the
negative resting membrane potential 1n Ringer m the absenec of
d ¢ mjection (Fig 11) When large amounts of current are mnjected
mto a node with a low resting membrane potential the node may
become rreversibly damaged and such damage does oceur pref
erably dunng a nowe burst However, other nodes can sustan
strong currents for long periods without being destroyed In one
case a node subjected to strong eurrents produced action potentials
94 b after the start of the experiment Posmtively shewed notse
Qumimshes upon decrease of external sodmm concentration It
seems highly p ble to this ph with an
inflow of paclets of sodium 10ns, occurning irregularly and in bursts

The question to be discussed here, 13 whether positively skewed
nose can be caused by the spontaneous release of sodm 1ons
from one or more mdividual sodium transport sites, each event
leading to a small depolanizing ympulse

ApovrH (1963) showed that for a Poisson distribution of arrival
times of exponential pulses of a shape e~! lighly asymmetric
amphtude distributions result 1n the case of a low average rate of
arrival per second For larger average rates the curves become
increasingly symmetrical For large rates they approach the
Gaussian distribution, as follows from the central imit theorem

Ewnd for the of separate sodium ch ls has been
giwen by CHANDLER and MEVES (1965) From results obtained with
perfused squd giant axons they argue that the upper lmmt for
the number of sodium sites would be 100 mtes per square mcron
This amounts to an average number of 240 sodinm 10ns which enter
at one eite duning one action potential

Recently, Moore, Naramasm and Smaw (1967} obtained a
number of 13 sites per square micron, also for squd axon Thig
number resulted from absorption measurements of tetrodotoxin
on squid axon surfaces, the assumption being that each absorbed
tetrodotoxin molecule blocks no more than one sodmm channel

and that no molecules are metabolized or absorbed on sites of a
different kind

Accordingly,
action pot:

some 3400 1ons would enter one mte during the
1 T g that these are
vahd for frog nodal membrane we find for & node of the followiny

physical properties (TASARI 1953 and Tasagy and Frawg, 1955)g
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It 1s concluded that positively skewed noiso 1s coused by the
passive batch-wise influx of sodium 1ons into the noede or, more
generally, that positively shewed noise 1s caused by spontaneous
astivation of passive sodmm transport sites within the membrane

4 DISCUSSION

The existence of bursts of nose upon hyperpolarization of nerve-
fibres has been mentioned 1n the lterature In a study on the
relationship of spontancous mimature endplate potentials to
polatization of the nerve endings, DeL Castnro and Katz (1967)
made additional 1nvestigations on Ranvier nodes of the frog They
described the existence of “breahdown effects” when the node 1s
strongly hyperpolarized The asymmetry s clearly visiblo 1n their
records (¢f Drr CastitLo and Karz, 1967, Figs 8 and 9)

They remarked that their recording conditions might have been
unfavourable for the detection of quantal phenomena m theso
bursts Bursts composed of many unit potentials mask the umits,
however, mdependently of the recording conditions

DeL Oastiro and Karz sscribed the bursts to temporary
breakdown of the membrane due to strong currents, following &

suggestion by Hopexix (1947) But breakdown 13 excluded since
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One voltage Jump AV due to discharge of one site 18

L PG AT
=g v

with ¢=1610-1 Coulombs

The signal to noise ratio

av _ nq

@ (2trdCATY
will be larger for axons of smaller drameter 1
For T=300°K, (=01 Farad m-2, d=1 pm, r=2 pm and with
n— 4000
the voltage jump per site

AV =500uV

and the ratio of the peak pulse amphtude to the r m s of thermal
noise

The rms value of thermal noise 15 caleulated as
(=60 ¥

while the xpeniments reported here and 1n DEPRSEY {1965), and
DergseN and VERVEEN (1966) mdicate that the white nose level
at the potassium equilibnum potential 1s of the order of 200 #V
The ratio of peak pulse amplitude to r nt.s 1ntensity of nodsl notse
voltage 18 about 25, ve much amaller than for thermal nose
For fthers of 2 to 4 ym diameter a reasonable chance of detectson
can, therefore, be expected ‘The use of s switable preamplifier with
a hygh input resistance, a very low input capacitance and a low

nowss figure for a source resistance from 50 to 100 MOhms 18
advisable

SUMMARY

Membrane voltage nowe of the frog Ranvier niode has been wvestigated
In earlier wnvestigtions the structure of the nowo spectrum has been

reported In the present report results are prosented of 1nvestigations mto
the amplitude diatebution
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nodal diameter r 4 um
5 width d 1 pum
» surface area S 12 6 um?
» capacatance C 1 pF

a number of sodium sites equalling 164, o maximum charge transfer
of 8 0 10-14 Cb and an action potential amplitude of 89 mV, which
18 1n the right order of magmtude

The hypothesis of single sodum transport sites leads to the
expectation that the local responses caused by subthreshold
stimulation of nerve fibre merease in diserete steps when the
stimulus intensity 1s mcreased Such a phenomenon has been
reported by DEL Castioro and Syortine (1957) and by Lurraav
(1958)

The amphtudes of the umt potential changes of the local
responses have been given as from 1 to 0 5 per cent of the action
potential and as 0 6-1 1 mV respectively LUTTGAU estimates that
from 103 to 10! sodum 10ns enter through o smngle site This 15
agamn of the same order of magmtude

Detailed observation of individual discharges of sodium transport
sites 13 hindered by the presence of Gaussian nose with a minimal
intenaity 1 the order of 200 gV rms To increase the signal to
notse ratio 1t would be advantageous to choose very small diameter
myelinated axons

This can be shown as follows Gaven & node for which the mem-
brane surface area S=2zurdu2, the nodal capacitance C=S Ci
Tarads, with the speaific capacitance Cs in F cm=?, and let the
average number of 1ons that pass per site during one discharge be »
Thermal noise of an intensity

@=41LT R B V? seo!
for a bandwidth
1
== mem— -1
B= 70 cycles sec

gives

with =16 10-2
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Tasaxr I, Nervous Transmission {Charles C. Thomas Springfield, Ilinois,
1953)

———and K Fravx Am J Physiol 182, 572 (1855)

VirvEEY, A A and H E Derrsev, Kvbernetik 2, 152 {1965)

_— and K L Scmcr, Nature 216, 588 (1967)
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1 Between membrane potentials of zero and nbout 70mV {(inside negatrve)

tho amplitude distnibutions are Gaussian at all levels of membrane

potential

For membrane potentials larger than zero (inside positive) a tendency

to negatine shewness 13 present

3 For membrane potentials larger than about 70 mV (insido negatie)
tho distnibutions aro poaitively skewed Skewness increases with inerease
of membrane potential

4 Positive ghowness 14 caused by tho occurrence of noise bursts composed

of clusters of mumature depolamzing potentials Intersals between

bursts and mze and duration of bursts aro vanablo

Amplitudo and duration of a mimature depolarizing potential are of

the order of 1 mV and 1 msec respeetively

6 In between nowo bursts the amplitude distributions are Gaussian

7 Tho tranation from Gaussian to postively skowed nowe, measured
with steps of 5 or 10 mV 1n membrane potential, differs for different
nodes, with a mean value of about 70 mV and a dispersion from 60 to
90 mV (inside negotine)

8 The lovel of transition 1s mdependent of the valuo of the resting mem
brano potential

9 The overall mtensity of tho membrane nowso voltago 18 mmimal at the
transition from Gaussian to positively showed noise

10 Tho intensity of Gaussian noise, measured for the range in which the
no1se voltage 18 Gaussian and for tho Gaussian mtervals when tho noise
voltago 1s skew, 18 mimmal at tho — supposed - level of the potassiim
equilibrium potentinl

11 Gaussian notse 1s related to the non metabolic flux of potassium 10ns

through the membrane

Positnely skewed nowo 1s related to irregularly occurrmg mflow 0

batches of sodium jons through the membrano

5y

@

—
~
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1 Betwecen membrano potentials of zero and about 70mV (inside negative)

the amphtude distril s aro G at ol lovels of membrane

potential

For membrane potentials larger than zero (inside positive) a tendency

to negatie showness 19 present

3 For membrane potentials larger than about 70 mV {mside negstne)
the distributions aro positively shewed Shewness increases with increase
of membrane potential

4 Positive ghewness 13 caused by the occurrence of noise bursts composed
of clusters of mumature depolarizing potentiale Intervals between
bursts and size and duration of bursts are varable

5 Amphtudo and duration of a minwature depolanizing potential are of
the order of 1 mV and 1 msce respectinely

6 In between nomso bursta the amplitudo distributions are Gaussian

7 Tho tranwition from Gausman to positiely showod noise, measured
with steps of 5 or 10 mV 1n membrane potential, differs for dfferent
nodes, with & mean valuo of about 70 mV and a dispersion from 60 to
90 mV (instde negatio}

8 The lovel of tranmition 19 independent of tho value of the resting mem
brane potential

9 The osvcrall intensity of the membrane nowso yoltage 13 mmmal at the
transition from Guussian to positively showed noiso

10 The intensity of Gaussian nose, measured for tho range n which the
noiso voltage 1s Ganssian and for the Gaussian mtervals when the noise
voltage 13 skew, 13 mimimal at the — supposed — level of the potassium

oquiltbrium patential
Gausuan notso 1g related to tho non metabolic flux of potassium 10n8

1)

11
through tho membrane
12 Positinoly skowed noso 15 related to arregularly occurnng inflow in

batehes of sodium tons through the membrane
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F W Bauer Isolation of polysomes from rat epdermis
Depariment of Dermatology St Radboud Hosprtal  Nymegen

In the mammahan epiderms there s primanly one protemn that
15 synthetized keratin Therefore the shin 1s a switable object for
the study of the proten synthesis 1n a cell free system

FREEDBERG of al (1967) described a system ssolated from mice
and gunea pig skin which exhubits a shight incorporation of exo
genous amino acids into protem The authors however were able
to1solate ribosomes but not intact polysomes Since as1s generally
accepted protemn synthesis takes place on polysomes the system
employed by these workers 13 probably not the most favourable
for the study of keratin synthesis

Starting with pure epidermis separated from the dermis by
meubating the skin of one-day-old rats 1 2 25 % trypsin solution
for 45 min at 37 °C allows subseqr 1 of a sul 1
polysome fraction 1n addition to ribosomes In the present research
1solation was effected via sucrose gradhent centrifugation and the

particles were identified in electron mucrophotographs of the
different fractions
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Pulse wave telocty wn human arm arferies as a function of transmural
pressure and respiration

Laboratory of Medical Phyncs Unnersity of Gromingen

Elastic characteristics of arteries can be studied by measuring
the pulse wave veloaty (or the propagation time) considening that

the modulus of elasticity of the arteral wall matenal ‘aries with
the transmural pressure

In this study the Propagation time 1n human arm arteries was
m.easured over a range of transmural pressures between 30 % and
170 %, of the normal diastol 1 pressure 'The t, ural
pressure was changed by applyng external Pressures between
~80 em H:0 and +80 em H:O to the arm
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1t was reported earher (VERVEE™ and DeRRsEY, 1965 , DERRSEN,
1965, DERRsEY and VERVEEX, 1966) that the resting potentral of
the frog Ranvier node shows fluctuations with a 8pectral intensity
N charactenzed by N = K1+ (Ky/f) tn the frequency range 1-10 000
radians per second The first term, Ky signifies go-called “white
noise” and has been found to be somewhat larger than the thermal
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The propagation time was deduced from the time between the
R-top of the E.C.G. and the lowest point of the photoplethysmogram
of the finger, Corrections were made for the time lag between the
R-top of the E.C.G. and the opening of the heart valves and for
that part of the arterial tract that is not affected by the external
pressure.

The propagation time was converted to n proportional d.c.
voltage and continuously recorded together with the external
pressure, the photoplethysmogram and the respiratory movements
of the chest wall, the latter being measured by a strain gauge.

Twelve healthy subjects were studied. With decreasing trans-
mural pressure to 30 % of the normal diastolic transmural pressure
the mean propagation time increased nearly exponentially to 250 %
(S.D. 20 %). With increasing transmural pressure above 120 %
the propagation timo was nearly constant, probably as a result
of the practically indistensible sheath enclosing the artery with
its venae comitantes.

The relation of the propagation time and the respiratory move-
ments was studied by measuring the propagation time in each
phase of the respiration cycle. The propagation time varied 6 %
to 10 9, synchronously with the respiration at normal transmural
pressures, which implies, according to the afore-mentioned experi-
ments, diastolic blood pressure variations of about 10 mm Hg,
in agreement with the values found in the literature.
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Modern techniques for the determination of adrenaline and nor-
adrenaline make the quantitative study of sympathoadrenal
function in health and disease more meaningful. By measurement
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1 INTRODUCTION

1t was reporied earher (VERVERY and DERRSEN, 1965, DERKSEN,
3965, Derrsey and VERVEEY, 1966) that the resting potential of
the frog Ranvier node shows fluctuations wth a spectral mtensity
N charcterized by ¥ ==Kz +(Kaff) 1n the frequency range 1-10 000
tadisns per gecond The first term K mgmifies so ealled “white
nowse” and has been found to be somewhat larger than the thermal
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The propagation time was deduced from the trme between the
R-topoftho I C G and the lowest pomt of tho photoplethysmogram
of the finger Corrections were mado for the time lag between the
R-top of tho ECG and the opening of the heart valves and for
that part of the arterial tract that 1s not affected by the external
pressure

The propagation time was converted to a proportxona] de
voltage and continuously recorded together with the external
pressure, the photoplethysmogram and the respiratory movements
of the chest wall, the latter being measured by a stram gauge

Twelve healthy subjects were studied With d g trans
mural pressure to 30 % of tho normal dastolic transmural pressure
the mean propagation time mnereased nearly exponentially to 250 %
(SD 209%) With increasmg transmural pressure above 120 %
the propagation time was nearly constant, probably as a result
of the practically indistensible sheath enclosing the artery with
its venae comitantes

The relation of the propagation time and the respiratory move
ments was studied by measuring the propagation time 1n each
phase of the respiration cycle The propagation time varied 6 %
to 10 % synchronously with the respiration at normal transmural
pressures, which implhes, according to the afore mentioned experi-
ments, dinstolic blood pressure vanations of about 10 mm Hg,
mn agreement with the values found in the hterature
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1 INTRODUCTION

1t was reported earlier (VEBVEEN and DEngseR, 1965, DERESEN,
1965, DerRsEN and Ververs, 1966) thet the restmg potential of
the frog Ranvier node shows fluctuations with a spectra] intenmity
¥ charncterized by N = Ky +(Ey/f) 1n the frequency range 1~10 900
radians per second, The first term, K mgmifies go-called “white
noise’ nnd has been found to be romewhat larger than the thermal
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The propagation tume was deduced from the time between the
R-topofthe L C G and the Jowest pownt of the phetoplethysmogram
of the finger Corrections were madoe for the time lag between the
R top of the LCG and the opening of tho heart valves and for
that part of the arterial tract that 1s not affected by the cxternal
pressire

The propsgation time was converted to a proportionsl de
voltage and continuously recorded togethor with tho oxternal
pressure, the photoplethy smogram and the respirntory movements
of the chest wall, the latter being mensured by o stramn gauge

Twelve healthy subjects wero studied With decreasing trans
mural pressuro to 30 % of the normal diastohe transmural pressure
the mean propagation timo 1ncreased nearly exponentially to 250 %
(SD 20 %) With increasing transmural pressure above 120 %
the propigation timo was nearly constant, probably as a result
of the practically ind ble sheath enclosing the artery with
its venae comitantes

The relation of tho propagation time and the respiratory move
ments was studied by measuring the propagation tume i each
phase of the respiration eycle The propagation time vared 6 %
to 10 % synchronously with the respiration at normal transmural
pressures, which imples, according to the afore montioned oxperi
ments, diastolic blood pressure vanations of about 10 mm Hg
n agreement with the values found m the Iiterature
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external shunting resstances along the myehn sheaths (DERESEN,
1965) The pools were connected to low notse, chopper stabilized
1 pl {D 1965) and with & d ¢ wmnjection
systern This was done with KCI agar bridges to Ag-AgCl electrodes
for the muddle node—the node to be mvestigated —and with
Ag-AgCl electrodes 1m the other pools

The Ag-AgCl electrodes were made from 2 mm diameter pure
ailver wire, electrolytically plated with AgCl Only sets of electrodes
with lectrode potential duffe less than 2 mV were nsed
For most electrodes these potential differences were of the order
of 06mV

For dragrams of set up and circmity we refer to DERRSEY (these
Acta, 1965 pp 391-427) The outputs of the two mam amphfiers
were displayed on an osailfoscope The b potential of the
mddle node, measured ma the branch through which no eurrent
was mjected, was recorded on 8 Goertz Servogor recorder {band-
width 8-1 cyclesfsec) and on one track of an Ampex FR 1300 fm.
tape recorder The same signal was fed through a hugh pass filter
with a time constant of 2 seconds to ehmunate the d ¢ component
—the (mean) membrane potential—and after additional amphfi-
cation the membrane newse voltage was recorded simultaneously
on another track of the tape

Analyses of membrane noise were made for different nodes and
for each node at dufferent levels of membrane potential, the levels
bemg set by mjection of direct current For each node the analysis

was made both with Ringer and with one or more modified
solutions

Tn ali measurements a small part of the noise represents amplifier
nowse (about 5 per cent of the nowse level recorded at mintmal
mtensity of membrane nose) Since this nose 13 idependent of
nodal membrane potential and does not obscure our measurements
(DeresEx, 1965}, no corrections for amphfier nowe have been made

All expenments were made at toom temperature

3 RESULTS
31 AMPLITUDE DISTRIBUTIONS
311  Charactersatscs

The voltage noise signal was sampled with pulses with a width
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nose ntensity for the membrane The 1ff term, se the nose
component for which the power per eyclo of bandwidth is mversely
proportional to frequency, 1s related to tho passive flux of potassium
sons through the membrane (DERKSEN, 1965, DERRSEW and VER
VEEN, 1966)

For frequencies down from 1 radfsec an increase m negative
slope of the log nowe power vs log frequency line may occur
(DERKSEN, 1965) which was found to be associated with the occur
rence of small depolarizing transients of the membrane potential

The present paper 13 a. report on an mvestigation of the amplitude
probabihty density distributions of the membrane nowse voltage
A prelimimary report was published earlier (VERVEEN, DERRSEN
and ScuIck, 1967)

2 METHODS

Isolated nerve fibers from the sciatic nerve of the frog Rana
temporaria were used Each fiber was prepared over a longth of
three nodes, care being taken to clean the fiber as much as possible
from tissuo remnants The nerve fiber was mounted 1n a chamber
with open perfusion, made of the polycarbonate Makrolon (Bayer
AG) The central part of the chamber!) consisted of five pools
(¢f Derksen, 1965, p 412), over which the nerve fiber was lad
with the middle node mn the central pool, through which the testing
flmd flowed, and with each of the other nodes 1n one of tho outer
pools To depolarize the outer nodes thewr pools were filled with
distilled water, which was replaced by 1sotome KCl solution The
intermedinte pools, each m contact with part of each internode,
wero filled with Panger solution and used for the electrome feedback
1solation (DERKSEN, 1965) developed aftor FRANKENHAEDSER (1057)

The parts of the mternodes lying on the ridges between the pools
were carefully covered with sheone grease?) both to prevent
drying of these segments and to provide maximal values for the

1) A detailed descrip of the prep hmg! and of the
chamber and perfusion system, which have been redevised, will be published
separately

2} Dow Corning high vacuum silicone grease (Dow Corning Corporation,
Bdland, Michigan, US A} was used mnstead of petroleum jelly, following
8 suggestion made by Mr J Bouman
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external shunting resistances along the myelin sheaths (DERRSEN,
1965) The pools were connected to ow noise, chopper-stabihzed
electrometer amphfiers (DERESEN, 1965) and with & d ¢ njection
system Thus was done with KCI agar bridges to Ag-AgQl electrodes
for the mddle node—the node to be inveshigated —and with
Ag~AgCl electrodes 1 the other pools

The Ag~AgCl electrodes were made from 2 mm diameter pure
silver wire, electrolytically plated with AgCl Only sets of electrodes
with Tectrode p 1d 5 lesy than 2 mV were used
For most electrodes these potential differences were of the order
of 05 mV

For diagrams of set up and circuity we refer to DERRSEX (these
Acts, 1965, pp 391-427) The ontputs of the two mam amphfiers
were displayed on an oscilloscope The b P 1 of the
middle node, measured t1a the branch through which no current
was myected, was recorded on a Goertz Servogor recorder (band-
width 0-1 eyclesfsec) and on one track of an Ampex FR 1300 f m
tape recorder The same mgnal was fed through a hugh pass filter
with a time constant of 2 seconds to eliminate the d ¢ component
~the (mean) membrane potential—and after additional amplifi
cation the membrane nose voltage was recorded simultaneously
on another track of the tape

Analyses of membrane noise were made for dufferent nodes and
for each node at diff Jevels of t potential the levels
bemng set by mjection of direct current For each node the analysis

¥as made both with Ringer and with one or more modified
solutions

In afl measurements s small part of the noise represents amphifier
foise (about 5 per cent of the noise level recorded at mimnimal
Intennity of membrane noise) Since this nowse 19 mdependent of
nodal membrane potential and does not obsoure our measurements
DERRSEN 1965) no corrections for amphfier noise have been made

All experiments were made at room temperature

3 RESULTS
AMPLITUDE DISTRIBOTIONS
3L Charactersstics

31

The voltage nowe signal was sampled with pulses with a width
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of 15 useo at & frequency of 1000 pulses per second The amphtude
(z) of each sample was stored n the memory of a 128 channel
ROL 1ac scaler analyzer with a bin wadth of 0 1 mV of the origmal
signal (Tig 1) After exactly 100 000 samples had been taken the
frequency distribution of the ampltudes was read out

In all cases the amphtude distrsbutions were found to be um
modal The number of classes vared between about 15 and about
60 per distnbution The cumulative amphitude distributions were
plotted on Gnussian paper (¢f Fig 9b) All non Gaussian distnt
butions were found to be skewed The fow distributions for which
graphical classification was difficult are not of importance with
respect to the problems investigated All distributions were analysed
graplucally by plots made on semilog paper, on which Gaussian

preset counter

count ng gate
~ 100000 pulses

ALIEIIRELRR,  gote puises

—_ N \ noise +constant

mean ./{ N reference vo tage

|

oimv
! gated noise
mean -
core
memory
Fig 1
D of the amplitude d of nowse voltage

Gate pulses aro counted by a preset counter for a total of 100 000 pulses

For each gate pulse the amphtude of the noiso 13 measured and one umt 13

added to the corresponding amphtude bin in the core memory of o scaler

enalyser Since the mean nose voltagoe 1s zero a constant reference voltage
19 added to the noise before gating
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distributron functions are parabolas, while disturbances the tails
are eastly noted (¢f Fig Ga) Measures A, for the moments of
the distributions were graphically deterruned In some cases the
moments p,=({ZoN) with n=1,2,3 and N =100 000 were also
computed with the aid of an IBM 7090 digtal computer 1) to check
the graphical procedures

312 The first moment

The first moment 13 the mean vatue of the membrane potential.
For the distributions measured the mean 15 equal to zero because
of the use of a hugh pass filter A graphical estimate of the mean
value was, however, made 1n order to determine the higher moments
A line js drawn through the 100-count level of the dwtmbutions
A yperpendicular lne through the maxinum indicates the mean
(Fig 2) All means were found to lie between +02 and —02 mV,
even for skewed distnt while the diff bet

puted and graphically d d values were small (14 values
wean dfference 001 mV, largest difference 008 mV)

313  The second moment
For the hical d of

for disp and
skewness the two segments @ and b (Fig 2) were read off in umts
of 01 mV with an accuracy of about 002 mV The sam s=ag+b
13 nsed a3 an eshimate of dispersion In Fig 3 the estimate 3Mp=s2
1 plotted va the mean p, as computed for seres contamung both
Gausstan and non Gansuan (s larger than 7) distnbutions It
follaws that 32 18 a reliable measure for the second moment M2
(the variance or power) In the regression line My=n+fu» a—
=013 4 018% and $=42 3 092 The corresponding relationship
between the sum & and the standard deviation {rm s value) o —yp.,
taking a=0 138=66 o For the experiments to be mentioned plots
of svs b P 1 are p ted with s exp d 10 umts
of 01 mV The rm.s value o can, therefore be read from the
£raphs after division of # by 65 The method 1s an approximation

1y Fwn=2mdn=3(hamome’nmnroundth
© mean were calculated
Th‘mk: are due to 3r I Roukens who weote and exseuted the p:gr&mmﬂ
? Two times the standard deviation 14 pomnta
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N 4
410
410°
Ky L 1 w —_— 1 4 'y 1 100
105 -100 -95
g 2

Graphieal procedure used for the estimation of measures for the first three
moments of an emphtude distribution
abscissa membrane potential wn mV,
ordinato counts per bin
For explanation seo text

of the determination of the 01 to 99 9 percentile range For the
percentile mterval between P(z)=0 001 and 09099, s=620 At a
probabihty density p(z)=0 001 the cumulative probability P(x) 18
1n most cases smaller than 0 001 and larger than 0 989 rcﬁpcchvel},
s0 o value for s somowhat larger than 6 2 13 to be expected
The level p(z)=0 001 15 chosen because 1t corresponds with the
100 count level and 1s casy to read off I'or lower levels the distnt
bution loses 1ts smoothness, for ngher levels the distances @ and b
become too small and the relative error in measuring these distances

becomes too large

314 The third moment

The graphteal measure M for the third moment or mean cube
value p3 18 used a8 an ndicator of skewness Since M can be
either positive or negative and m both cases either large or small
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My

" i
o B 0
g 3
Computed second moments p3 Plotted ta graphically determined measures
a of 14 ampltude distnibutions For scale umits seo text.

B

an arc fan representation is used for plots of A3 ¢ membrane
potential This representation 13 bounded at +a/2 and ~=aJ2 at
the hmits for Ms equalto + oo and —oo respectively The graphical
estimate M for the third moment ;i3 used here is the cubed differ-
ence between b and @ My=(b—a)® and 18 expressed i umts of
(01 mV)? Since the range of umt values of Mz found here 1s
between 0 and + 1000 the plots are given for arc tan {3fs to

Py o4 the graphe In iy 4 = plat of
SRR i ven for series of both Gaussan

stnbotions Tt follows that My
18 a reliable measure of gy, but with o loss of senmtimty for 1M}

smaller than about 2 units A coefficient of skewness, such as pafpd?
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LI
80 7 5 10 5 %0 o
P oo
150
675
M3
T
P
a5t 1o
15
225
L
41
o L ) N o
- 25 45 €75 %0
o
~225%
Fig 4
Are tan plot of thued 13 v8 graphically d o M

of 14 amphitude distributions Above and right scale umts (see text),
below and left degrees of arc

was not used mn this series of experiments, since the results to be
presonted do not call for more detail s yet, while the asymmetry
has been reducod by passage through a high pass filter {¢f section
21) The distrsbution will not become symmetric, however, but
the shewness 1s reduced by this procedure The measures A5 were
mainly used to dotermne the level of membrane potential at which
a change from Gaussian to shewed distributions did ocour

32 §SHAPE AND PROPERTIES OF AMPLITUDE DISTRIBUTIONS

The amplitude dstributions of membrane voltage noise exhibit
a typical relationship to membrane potential An example 18 given
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o

2
H

ga e B8d 3838

Arpltude dustributions of & frog node of Ranvier for different values of

the membrane potential (abscisaae) Top semmlog plot of the cumulative

dustnbutions, counts per bn Bottom Gausman plot of the cumulative
distributions, ordnate pereentage of total number of ssmples

i the semulog plot of Fig 5a. In F:g 6b the same distnbutions

are shown, plotted ss b on G paper
The distrih are G for % potentials between
sbout —75 mV and 0 V. For membrane potentials of about zero
 slight pegat 3! 13 present, a ph which has not
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been further investigated as yet Below about —70 mV the distn-
butions exlibit o positive shewness, an asymmetry towards a less
negative potential, This 1s visible as a positive tail, the righthand
tall m tho plots When these tals are pronounced, a smaller tail
18 seen at the left This tail 1s due to the effect of the high pass
filter and has no physiological implications Saud relationship
between amphtude distnibution and membrane potential has been
found 1n all nodes investigated, irrespective of the actual value of
the membrane potential recorded m the abeence of mjection of
de current

The relationship between the measure s of the r ms value of
membrane noise Voltage and membrane potential 15 depicted i
Tig 6

For membrane potentials between zero and — 70 mV Mz decreases
w1th inerease of membrane potential The dispersion of these values
18 small

30
3
125
. o 120
.
.
s

dis

.
m 10

-
100 50 o

Fig ¢
Plot of the measuro for notse intensity # (mV) ts mean membrane potential
m (mV) for a nodo of Ranvier Length of noise tracks analysed per pomnt
100 sec A hine has been drawn by eye through the ponts corresponding
with Gaussian distnbutions (open symbols) Filled symbols positively
skewed distributions
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For membrane potentisls more negative than about —70mV
# ncreases sharply, while the dispersion of & measured for several
dyfferent samplings at the same potential 13 )arge For the Gaunssian
range different samples at the same potential have sumilar values
of s A closer nvestigation was made by sampling m blocks of
100 000 at & tate of 8000 samples per second Within the Gaussian
range 3 samples were tahen at each level of membrane potential
and Withip the shewed range 8 samples per level were taken The
resulting values for & are presented i Fig 7 Evenin the range
of negative potentials down from —70m¥ & few Gaussian dstn-
butions (open eircles) are found A line drawn by eye throngh the
open circles has a definite minimunm, 10 this case at about —80 nV
Withm the range for skewed noise both Gaussian and non Gaussian
Bequences occur

33  GAysSIAN NOISE

The Ganusman amplitude distributions within the range of
membrane potentiald between about zero and about —70 mV, and
the Gaussian distributions interspersed among the non-Gaussian
distributions for membrane potentsals 1n excess of about 70 mV,
mside negative, extubit a t y a \ poten
tials of about —80 mV or more, ¢ ¢ 1n the viemty of the potassium
equilibrium potential
It was shown earlier (DERKSEY, 1965, DERRseN and VERVEEN,
1966) that 1ff nowse 18 of mmmal mtensity at the level of the
potassium equilibnium potential and 1s related to the pasuve flux
of potassium 10ns through the membrane One might ask, therefore,
whether the Gaussian nose ss found 1n the mvestigation of the
smplitude distnibutions of membrane voltage nowe 12 also related
to potasgium 10 flow
To myestigate a possible relationship between Gavussian nese
and the transport of tons the following hypotheses were tested
1 Gaussian noise 15 related to active transport Blocking of active
‘remgport should, therefore, reduce 1ts overall mtensity In an
expernment; with 2,4-dimtrophenol 1n a mtrogen atmosphere no
infiuence on the mtensity of the nowse was found Active trans.
Port of 1083 1s, therefore, excluded

2 Bansgian noise 1 related to CI' andfor Na flux A change m
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been further mvestigated as yet Below about ~70 mV the distrt
butions exlubit a posittse shewness, an asymmetry towards a less
negative potential Tins 15 visible as a positve tail, the nghthand
tail m the plots When these tails are pronounced n smaller tai}
18 seen at the feft Tius tail 1s due to the effect of the lugh pass
filter and has no physiologieal mphications Saud relationship
between amphtude distnbution and membrane potential has been
found m all nodes myestigated 1rrespectnve of the actual value of
the membrane patential recarded i the absence of injection of
de current

The relatronslup between the measure s of the rms 1alue of
membrane nose voltage and membrane potential is depicted m
Fig 6

For membrane potentials between zero and — 70 mV My decreases
with increase of membrane potential The dispersion of theee values
15 small
30

20

10

00 S0 o]
Fig 6
Plot of the measure for noiso mntensity & {mV) 13 mean membrans potential
m (mV) for & node of Ranvier Length of noise tracks analysed per pomt
100 sec A lme has been drawn by eye through the pownts correspondmng
with G distrat {open bols) Filled symbols positively
showed distributions




Fig 8
#—m plots for a smgle node of Ranvier n Ringer 8 solution (cireles) and
1n 10 per cent NaCl Runger {squares) Cf Fig 6

30
s
.
m 25
120
.
.
.- o 1=
1o
NI Sremr ity S S S
* il o 50
il
Fig ©

#—m plots for two nodes of Renwier In Rungers eolution (curcles) and
in KC1 Ringer (squares) for one node In KC1 Ringer (tnangles) for another
node Armows indicate the restg membrane potential m KCl Ringer
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430

125

%0 -50 o
Fig 7
#=m plot of another node Length of nowse tracks analysed per pomt
125 sec Cf Fig 6

external Cl' concentration andjor Na concentration should
then change the position of the level of mumimal intensits This
was tested 1n an experiment mn which the NaCl concentration
of the Ringer solution was reduced to 10 per cent of the original
concentration by replacement of NaCl by saccharose (Fig 8)
The mimmum intensity of the Gaussian nowse was found to
remam m the vie:mty of the potassimm egmhibrium potential
Both CI’ and Na are, therefore, excluded

From the results mentioned under (1) and (2) 1t follows that
the passive flux of potassum 1ons through the membrane
remams as a possible cause for the Gausstan noise
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APAITODE DISTRIBUTION OF AXON MEMBRANE MOt

Fig 10
Third moment {its meesure M, for unita s2e text) er mean membrane poten-
tial m {in mV) for a node of Ranvier For explanation seo text.

A !

1
a "
] )

Fig I
Raags of transition (ordinate m mV) eo resting membrane potential (sbscisa
in mV) aa found for the nodes investigsted Nodes for which the range
of tranmition fiee to the left of the 45° hne through the ongm {dashes) show
nowe bursts sn the resting state.
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Results of experiments with KC)-Ringer {replacement of NaCl
by XCl, other jons unchanged) are shown in Fig. 9. The minimum
shifts toward zero membrane potential. For one node the minimum
is seen exactly to coincide with the resting membrane potential,
The other node is even more interesting, since for this fiber the
minimum is at —-11 mV i.e. between the resting membrane potential
of ~21 mV and zero. In this case the contribution of chlorine 1on
concentration to the membrane potential is, therefore, not negligible
(Stamrret, 1959). It follows that in all probability the minimal level
of Gaussian noise exactly indicates the value of tho potassium
equilibrium potential, Sinco we could not measure the internal
potassium concentration of the node this could not be tested in o
direct experiment,

From theso experiments it is concluded that the intensity of
Goussinn noise of frog noda) membrane js related tothe net passive
flux of potassium jons through the membrane,

3.4, TPOSITIVELY SKEWED NOISE
3.4.1. Amplitude distribution

In Fig. 10 a plot of the measure for skewness M3 vs membrane
potential is given.

Negntively skewed noise is found for levels of membrane potential
in the vicinity of zero, increasing with increase of inside positivity
of the node, but has not been investigated further as yet.

A comparatively sharp transition from Gaussian mnoise into
(positively) skowed noiso occurs at membrane potential levels of
about —70 mV. Sinco the samples were taken after changes of the
membrane potential in steps of 5 or 10 mV the range of membrane
patential in which transition of Gaussian noise into skewed noise
oceurs is registered.

For 15 nodes the transitional ranges are presented mn Fig. 11,
plotted agninst the resting membrane potential {measured in the
absence of d.o. injection). Nodes with values of the membrtfne
potential which are more negative than their range of trunslt.lon
spontaneously exhibit skewed noise, wlu:ch changes into Gaussian
nojse upon sufficient depolarization, while the noise of the other
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of plasma catecholamine levels rapd, trapsient changes can be
followed, but hecause of the extremely low concentrations of free
A snd NA 1n normal blood the a y of blood catechol
determmations 1s lmted  Also, large volumes of blood are needed
and in many cases the anxiety mvolved i obtauung the blood
sample may give hugher values

Normal urime contatns about 25 times more free A and NA than
blood and the determinations sre much more accurate than for
plasma  Coll of urmne sp lves no stress factors
and collection can be repeated It 1s true that only a very small
fraction of the total active amines produced by the sympatho
adrenal system appears in the unne m unchanged form, yet there
seems to he a close relationsiup between the amount secreted mto
the blood and the amount excreted 1 the urme For these reasons
unnary catechclamune determimation 1s currently regarded as the
best method for the assessment of the overall sympathoadrenal
activity (vox EULER, 1964)

Hydroxymethoxymandehe acd 15 the major metabolie break
down product of both NA and A Since 60 to 80 % of the free
amines produced will be excreted mn thus form (Davewy and
Grop1cesiy, 1965), determination of HADMA 1n the urine can give
wiormation about the fotal amount of active ecatecholamines
produced during & gmven period of time
For studues of long duration the 24 h excretion figures are usually
tisfactory  Analyus of sep unine samples collected duning
shorter periods of time can gwe nformation sbout changes
sympathoadrenal activity owing to stress conditions operatung only
for shorter time periods

Obvicusly, for all quantitative expenments the normal exeretion
values are needed as & basis for comparison No such values aro at
present generally accepted The present study was demgned to
obtamn normal values by def g the adrenahne,
noradrenalne, and hydroxymethory delic acid of 27
healthy adults of both sexes under everyday conditions

The following average 24 hour excretion values were found for
men 213 4z NA 71 pg A, 69 mg HMMA and for women 231
18 NA, 56 sig A, 62 mg HIMA
nh::l:l :’:ltlai:z‘::wd::ﬂ vanation of catecholamme excretion

tderation when results are compared from
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nodes is Gaussian and becomes skewed upon hyperpolarnzation
The most frequently oceurring range of transition is from —70 to
—76 mV, with extremes of ~ 50 to ~55 mV and ~85 to —99mV,
Tt follows from the graph that the position of the transitional
range dees not depend on the actual value of the resting membrane
potential recorded in the absence of d.c. injection, This observation
suggests that skewed noise is not related to mechanisms that
maintain the resting membrane potential,

e
1 2 3

L e A
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\N'——h.

~50 -4

~100 4

b potentisl at mp values Low.pass

filter with time constant of 1 gec. DC. imjection Ordwate valoes m mV,

abacissa values i puautes Arrow: resting membrane potential of thus node
Note the depolarizing nature of the noiso bursts

Tyne caurse of
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corded. DT causes & prolongation of the action potential and an
Increase of the negative afterpotential DDT has no effect on the
Testing potential

We acknowledge the help of the Shell Cy 1n thus mvestigation

REFERENCE
Sriterzr R, Ann New York Acad Sc 81, 265 (1939)

B Bink snd F Wafelbakkor, Physical working capocity of
boys 12-18 years of age

Netherlands Institute for Prerentive Medicine, Leiden

The question about (maximpm) physical worlung capacity of
adolescents has been raised in three fields occupational medicine,
labour legistation and sport medieme

In The Netherlands, In contrast to other countries, only histle
ergometnie research in adolescents has been done Measuring the
maumum working eapauty of young people 13 an item that has
hardly been covered elsewhere

In 51 boys from 12 to 18 years old the maxmimum physical
wotking capacity was measured by means of a bicycle ergometer
with a continuously growing load Oxygen consumption was
assessed by the  open method”, using Douglas bags and Haldane
gas analys

The Mghest performance of boys was found to increase from
round £50 Watts for twelve year olds to round 250 Watts for
eighteen year olds

The maximumm oxygen intake increased, 8t the same time, from
1 6 liter{min to 3 4 Wter/mmn Per kg of body weight, the mammam
oxygen wntake was constant, at a mean of 53 m]

The Physical Working Capacity st hesrtrate 170 (PWQ 170}
doubled between 12 and 18 years from 109 to 201 Watts

The Pulse Capsaity Index (PCI) defined as the increase
Dulse Tate per riso of 10 Watts 1 the external load, dimunsshed
from 7 i twelve year olds to 4 in eighteen year olds, whych 12
the normal vafue for adult men

The pulse capacity index was found to be the only index that
conyelates to practismg sports, as follows from the table
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samples collected during different parts of the day The subjects
of the present study excreted on the average about 20 % less total
free catecholamines during the afternoon than during the morning
and about 60 % less during the mght than during the mummgD

It 1s becommng enstomary to oxpress catecholammo excretions
cither as nanograms per mmnute or as nanograms per milligram
creatiming Sinco the average adult human oxcretes about 1500
milligrams of creatmme per day, the two ways of expression give
essentially 1dentical values

Detatled results of this study will be roported elsewhers

REFLRENCES

Davemx Y and J F Gruplcetr Ann Biol Cln 23 769 (1065)
Vonx Duier U 8§ Cln Pharm Therap 5 308 (1864)

J van den Bercken and L. Akkormans, The effect of DDT
on single nerve and muscle fibres of Yenopus lactis

Institute of Vetersnary Pharmacology and Tozicology Uniersily of
Utrecht

By recording action potentials of single myelinated nerve fibres
by means of a suction pipette electrodo it hag been shosin that
DDT causes a number of fibres to dischargo repetitively to o single
shock
A more detailed analysis of tho effect of DDT was made on
1solated nodes of Ranvier (Sramrrrr 1959) In some fibres DDT
(5 x 10~ M) causes a prolongation of the falling phase of the action
potential In other fibres this prolongation during tho first part
of oxposure 13 loss clear In these fibres DDT causes a long large
negativo after potential No noticeable change was observed 1n the
rosting potential level In theso isolated nodes repetitive action
potentials after treatment with DDT wero not recorded Smce we
very probabls 1solated only motor netve fibres this may indicato
that the DDT mduced repetitive action potentials appear only in
sensory nerve fibres

The effect of DDT on striated muscle fibres was studied by
weans of mtracellular capillary microclectrodes After intrapert
toneal 1njection of DDT (25 mg/hg b w ) resting and action po
tentials of the 1solated curarized semitendinous muscle wero re
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corded DDT causes a prolongation of the sction potential and an
werease of the negative afterpotential DDT has no effect on the
resting potential

We acknowledge the help of the Shell Cy 1n tlus mvestigation

REFERENCE
Sriyrryz, R, Ann New York Acad Sc 81, 285 {1959)

B Bink and ¥ Wafelbakker, Physical working capacity of
boys 12-18 years of age

Netherlands Institute jor Preventive Medicine, Leden

The question about (mammum) physieal working capscity of
adolescents has been raised 1n three fields occupational medicmne,
labour leguslation and sport medicme

In The Netherlands, in contrast to other countries, only hitle

g research 1n adol t3 has been done Measunog the
masimum worhing capacity of young people 1s an stem that has
bardly been covered elsewhere

In 51 boys, from 12 to 18 years old, the maxunum physical
working capacity was measured by means of a bicycle ergometer
with & continuously growing load Oxygen consumption was
assessed by the ‘ open method”, using Douglas bags and Haldane
gas analysis

The lughest performauce of boys was found to ncrease from
round 150 Watts for twelve year olds to round 250 Watts for
vighteen year olds

The maxmum oxygen intake Increased, at the same time, from
19 bter/mun to 3 4 Literfmin Per kg of body weight, the maximum
oxygen ntake wag constant, at a mean of 51 ml

The Phymical Worlung Capaaity at heartrate 170 (PWC 170)
doubled between 12 and 18 years from 109 to 201 Watts

The Pulse Capacity Index (PCI), defined as the increase
pulse rate per nse of 10 Watts m the external load, diminished
from 7 an twelve year olds to 4 1n eighteen year alds which 13
the normal value for adult men

Tho pulse capscity index was found to be the only index that
cartelates Lo practuang sports as follows from the table
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J L Blom, Quantilatiwe analysss of finng patterns of cortscal
heurony

Netherlands Central Institute for Brawn Research, Amsterdam

“Spontaneous™ electrical activity of amgle neurons i the rabbit
sensory motor cortex was recorded with micro-electrodes under
steady state conditions Extraceliularly recorded action potentials
were sampled on magnetic tape for analysis

@ Mean firmg frequency During a 10 mnutes period the mean
firng frequency of the neuron was determuned The overall frequen-
¢y for 318 neurons was determmed to be 523 (SE 029) achion
potentials per second A ficant increase in firng fi 'y was
found from 400 g below pial surface onto the white matter

5 For 24 neurons an autocorrelogram was made of 400 con-
secutive time intervald Only 8 neurons showed a significant corre-
lation for the first order correlation coeffictent at the 1 % Jevel
It was concluded that the first order interval analysis did not
show a dependency, thus the interval hustogram may be analysed
by stochastic statistical techmques

¢ Of all neurons (318) interval histograms were made with the
ad of a data retrieval computer (Nuclear Chicago 7100) The
results were plotted on graphie paper and also punched on paper
tape for further computer analysss

The results will be published m extenso in the near future

J Th F Boeles, H Beuningh and G J Lankhorst,

Spontancous mechanscal actunty of perfused segments and ssolated
arlerses of the human wlerus

Devart

7 of Physiology and Dep: nt of Obstetrics and Gyne-
cology Umversity of Amaterdam

Tsolated segments of human gravid and non gravid uters were
perfused with Tyrode solution by means of & constant volume

pump Both the pressure fluctuations in the perfused uterine artery
and the ded

Oxytoan and ergonovine
mumultsneously increased the perfusion pressure and the spontaneous
mecharucal setrvaty of the gravid and non-gravid myometrium
Oceasionally, however, the rhythoue fluctuations of the perfusion

of the geg were
Avenal drenal
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pressure and the spontancous myometrial contractions were hot
synchronous Morcover, tho amplitude of the pressure vanations
and the height of the uterme contractions were not always closely
related to each other

On theso grounds wo assumed that sometimes another factor
besides myometrial motiity might alter the resistanco of the uterine
vaseular bed For this reason we motsured isometrically tho tension
of transyorse, 4-6 mm long strips taken from 1solated arteries of
both gravid and non-gravid human uterr Tho strips were immersed
in Tyrode solution at 37 °C and gradually stretched till normal
wall tension was reached After 2-3 h of incubation spontancous
rhythmse contractions appeared, which continued for hours The
frequency of the regular, strong contractions vared between
10-24/h, whereas small, irregular contrictions of a much higher
frequency were sometimes superimposed on the former

Vasopressin, adrenaline, noradrenahno and ergonovine caused
a rige of tone and sometimes ovoked spontancous activity, whereas
oxytoemn always decreased arterial wall tension m both gravid and
non-gravid uters
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T H Bonyer,Comparabilily of exercise lests carried out in dufferent
cenlres
Netherlands Institute for Preventive Medicine, Lewden

If the aerobic capacity of samples of the population all over
the world 1s to be assossed m order to study tho ifluences of race,
chimate, nutrition and habitual physical activity, thero should be
a guaranteo that the results of exercise tests aro really comparable

World-wide comparability requires more than national agreement
With this in mmd smx centres 1n The Notherlands agreed to set
up & national study, which can be lered as a prel 'y
study for tho International Biologieal Program

Laboratories for physiology belonging to the Umversities of
Amsterdam, Utrecht and Nymegen, the medical service to the
Netherlands Railways and tho mstitute for chest diseases of the
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Cosl Mines co operated with the department for Occupational
Medetne of the Institute for Preventive Medicine

Twelve Olymprc cychsts served ag subjects exercising twice at
cach of the six centres 1n a random order The tests were carried
ot according to a scheme of stepwise increase of the load Usually
steps of 30 Watts were taken after every three minutes, but each
time a load equsl to 90, 180 or 270 Watts was reached, the time
mterval was extended to five minutes

No rules could be set for the maximum work level The latter
was recorded together with data on heart rate systolie pressure,
ventilatory rmmute volume and oxygen uptake The hughest oxygen
uptake observed was considered as the aerobic capacity

Good agreement between Leiden and Nymegen can be understood
as the result of intensive co operation of the mvestigators during
therr truming The lack of agreement with the other centres 1s

deted as & q of imsufficent routine or of too great

a varjety of methods of mvestigation 1n spite of all efforts to
brief the future participants a¢ the study

It 18 concluded that the results of studies of the aerobic capacity
can be compared only, 1f there has been ntensive traming and
detailed exch of mfc on methods of investigation

F I M Bonkeand L N Bouman, The early premature
beat 1n the atrium

Department of Physilogy Unuersity of Amsterdam

In the 1solated nght atrinm of the rabbit premature beats were
ehated very early in the atrial cycle by means of a bipolar stimu
lation electrode placed on the atrium

The transmembrane potential of cells m the § A node was re
corded with conventional glass micro-electrodes By means of um
polar electrodes the activation of the mght aurcle was recorded
at two different ponts The interval between the last spontaneous
activation of the atnum and the atnal stimulus exceeded the
zefractory pertod of the atnum by 10-20 msec This early stimulus
cheits a premature beat that 1s followed by a shorter interval than
the normal one between two spontaneous discharges of the § A
“:de {Eceees and Horr 1934) We observed a dissociation between
the actinity of the atrium and the S A node for 1 the mpaled
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picemaker coll only one action potential was remstered against
two atral comploxes
Turthermore 1t was found that the conduction veloaty inside
tho 8 A node at the beginning of the diastole 1s very slow This
fail in conduction voloeity of the early premature activation ensbles
are entry of the impulse into the atrium, causing anecho activation
Two types of early atrial premature beats were observed

type 1 tho post extrasystolic pause 1s short and the pacemaker
slufts within the 8-A nodo (Bowkr and Boumax, 1568)

typo 2 tho post extrasystolic pause s longer than in type 1 and
no 1mportant shift of tho pacemaker ocours

Typo 2 occurs when the stimulus 13 given & fow msec carlier
tho atrial cycle than in the cise of type 1

In our opinion the explanation of the difference between these
two types hies mn the fact that m the case of type 2 the impulse
cannot enter the S-A node from the atrial side becaugo these fibres
are still refractory and the only possible entrance to the node 13
from the caval side
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I L Bontaand W R Buckett, Pharmacological comparison
betueen pancuromyum bromade ) and d tubocurarine

Department of Pharmacology, Organon, Oss and Newhouse

T'rom screerung o sertes of bisquaternary steroids on the seiatic-
gastrocnemius preparation of cats, pancuromum bromide was
selected for an extensivo pharmacologieal investigation Pancuro
mum bromide displays n the cat 10 times and n tho dog & trmes
tho potoncy of d tubocuranne, whereas no differonce n duration
of action was found when tho two compounds were tested at
equally offective dose lovels The anticholnesternse drug neostig-
mine Teadily and completoly roversed the neuromusculir block
produced by pancuromum bromide on the tibialis anterior musclo

b: de 13 the app d name of 28 168 dipiperidino
hobromide formerly known as

1) P
5o androstane 3a, 178 diol diacotate dimot]
NA 97
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of the cat This and other expenimental evidence enabled us to
clsssify pancuronium bromide as a competitive type of neuro-
musenlar blocker Nevertheless s number of differences as compared
with d tubocuranne were found Firstly, pancurenizm bromide 1s
devord of listamunie releasing properties, with the consequence that
at effective neuromuscular blocking doses 1t neither causes broncho-
constriction, nor & fall 1 blood pressure Secondly, a study on
two kinds of skeletal muscles of the cat has shown that ~ unlke
d tubocuranne ~ the blockmg effect of pancuromum bromide was
comparatively more pronounced on the tibiahs than st was on the
soleus muscle In contrast to d tubocuranne, pancuromum bromde
1s many times more effective m the cat than jn the rat
Interaction studies with pancuronium bromude and anaesthetres
have shown that the neuromuscular bloching effect of pancuronium
bromde was remforced by ether, thiopental or halothane It 1s
known that the low blood pressure dunng anasesthesia 13 ususlly
further depressed when d tubocurarme 15 admmstered Ths,
however 1s not the case with pancuromum bromude In fact the
blood pressure drop produced by halothane was to & certain extent
t d rather than reinforced by pancuro bromid
further analysis of this fact revealed that pancuronium brownde

has & vagolytic effect which 1s apparently strictly hmited to the
cardiac effects of the vagus

4 P C BotandJ P Schade, Seszures during development
of the chick brain

Netherlands Central Institute for Brain Research, Amsterdam

Seizure activity 1n the developing chick bram has been studied
upon systemic and local application of a number of agents such
a3 methionine sulfoximme ouabain, tetrodosin and cardiazol

Before during and after the serzure activity, o number of electrt
cal parameters of the optic Jobe have been determined (EE G,
Thotie evohed potentials, direct cortical response) Characteristic
differences between the various convulsive agents have been found
8 fax us the tume of onset of the convulsion the duration of the
convulsion and the properties of the individual camponents of
the convulave activity were concerned

The results will be published m extenso n the near future
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A J M Brahkeeand A J H Vendrik, Appheation of an
ndicator dilution technique wn the study of a perypheral vascular bed
m vivo

Department of Medical Physics, University of Nymegen

In order to obtain quantitative informatson about arterio venous
shunt systems in a peripheral vascular bed, a double 1sotope
dilution techmquo 13 developed which 1s applied m ammal expert
ments For this purpose a mixture of 2!NaCl and 31 albumin 18
mjected 1nto o supplying artery of the foot region of the hind leg
of the dog Annulation of the saphenous vein enables the blood
to pass a scintillation detector, a roller pump and a drop counter
and to return nto the same vemn tn tho direction of the heart

Tho analysis of the dilution curves 1s based on the differences
between the shunt and the capillary vessels with respect to exchange
of small molecules

It appeared that with a sihicon coating of the glass surface 1n
the external loop, considerablo errors are introduced as a result
of the adsorption of albumin by this coating

The experiments mdicate that also some other materials may
mtroduce errors due to adsorption

J  Bruinvels!) and T L Sourkes, Monoamines and the
harmaline wnduced hypothermia 2)

Laboratory of Chemical Neurobwology Department of Psyckwalry
McGill Unwersity Montreal Canada

Harmaline admnstered to rats results in a decrease 1n body
tomperaturo (MARKOVIG and GIAJA, 1951) Protreatment with a-
methyldopa or & methyltyrosine 24 h before or parachlorophenyl-
alanine 72 h before the admimstration of harmaline does not prevent
the decrease in body temperature Pretreatment with reserpine

1) On leave of absonco from the Department of Pharmacology of the

Umversity of Utrecht The Netherlands recipient of a NATO Seienco
Fellowship of the Or for the Ad of Puro Research

(ZW O) Present address Department of Pharmacology Umversity of

Utrecht Vondellaan 6 Utrecht The Netherlands
2) Ths research was supported by the Medical Rescarch Counci] of

Canada
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does not affect the temperatute fall cansed by harmalme However,
admimstration of Ro-4 4602, a decarboxylase mhubitor, 24 h after
reserpine treatment and 1 h before harmaline njection, prevents
the fall 1 body temperature (P <0 05) Diethyldithnocarbamate
like pound Ro 4-4602 p the d mn body temper-~
sture (P<005) From these experiments 1t was concluded that
noradrenaline 18 mvolved mn harmaline mnduced hypothermia
Admunistration of harman and harmalol two congeners of har-
malme also results 1n a decrease 1n body temperature This 1s 1n
agreement with the results obtained by Scinupr snd Fanse (1964),
who showed that MAQ inhubition 15 not related to hypothermia in
rats
Another explanation for the } by which harmahne
decreases body temperature 13 an mereased binding of serotonin
{LEsstx et al, 1967) andjor an mhbition of the uptake of nor-
adrenaline {LverseEx 1963) However, the percentages of free and
bound serotorun and noradrenaline In rat bram, do not change
han Woackade (h b

after 4 ) d atton G

mum mecamylamine) snd adrenergie § blochade (propranolol} do
not influence harmaline induced hypothermia Pretreatment with
dibenzyhine prevents the fall i body temperature caused by
it Y} H . ph t was without effect

Harmaline harman and harmalol were found to antagonize the
action of serotorun on the rat uterus tn mtro If this effect should
alse occur 1 the CN'§  harmahmne induced hypothermia may be
the result of ants serotonergic propetties of harmaline, which pro
vohes an unbalance of monoamnes 1 favour of noradrenalme
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€ H M Brunia The wnfl:

uence of & task on the ampht [?
dekelles tendon reflex and 4 bt of the

he Hoffmann seflex
Dr Hane Bergerthmek, Breda

1f the Achilles tendon reflex snd the H reflex are sunultaneously
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evoked at both legs of one subject, the reflox-ciremt in both cases
18 nearly the same only the muscle spindlo plays no important
rolo i the electrically nduced roflex

The sensibility of this receptor 1s controlled by the fusimotor
system and this agam by supra-spinal mechamsms one of which
15 tho reticular arousal system

When during n vigilance task both refloxes aro evohed tho
amplitude of the mechanically induced one becomes sigmificantly
igher than a4 rest, wherens tho Heroflex shows no pertinent change
During a 20 minutes' tash thero 13 o slow dinunution of the tendon
reflex amplitudes, although they remain hugher than at rest

Inhibitory mechamsms as a result of a habituation process seem
to play an important role

G A Charbon, The hepatic vasodilalation used as parameler for
a bo-assay of parathyrowd hormone

Depariments of Pharmacology and of Cardwvascular Surgery, Faculty
of Medicine, Unsersily of Ulrecht

Dunng the preceding meeting (Acta Physiol Pharmacol Neerl,
1n press) a report was presented about experiments showing that
parathyrord hormone (PTH) solectively induced a vasodilatation
mn the ladney and in tho arterial bed of the hiver, when mjected
into anacsthetized dogs A relatively crude parathyrod extract
{PTE) contaming about 10 % PTH, appeared to have an mtrinsic
activity simlar to PTH

The results of a study mvestigating whether the augmentation
of hepatic blood flow mght be used as parameter for a bio assay
of parathyrord hormone are given m tho present paper The study
was performed on anacsthetized dogs Blood flow was measured
with a square wavo electromagnette flow meter The techmque used
has been deseribed proviously (Arch Intern Pharmacodyn Thér
171, 1-11 (1068))

Tho dose response curve of PTE on hepatic flow was sutable
to bo transformed with the method of ARtkys et al (Molecular
Pharmacology, Ld E J Anens, Academoc Press, London, 1964,
pp 110-286) These transformations resulted mn an acceptable
lmear relation between logit units and logdose When 3 dose
TeSpONSo CUTVeEs were made with one proparation on the same dog,
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the third curve was shifted to the rght when compared with the
first and second curve For 3 bio assay such a shift 13 not attractive
The first and gecond curve, however, were quite simlar

The data justify the conclusion that a bio-asssy of parathyroid
hormone 13 fessible when using the sugmented hepatie arterial
flow ag parameter Twao dose response curves may be made on the
same dog, making & cross-over design posuible

P J Christen, P K Schotand E M Cohen, Inferaction
o} some cholinest Tabilors wath alesh from rat plasma

Medseal Biological Laboratory RVO TNO, Ryswyk ZH, The
Netherlands

Saniu (1sopropyl methylphosphonofiuoridate) 13 a potent inhit
of chohnesterase and other esterases Using s mucrogel electro-
phoresis techmque b with d phy, 1t was

found (CrrisTEN and ConEN, 1969) that after the incubation during
half an hour of 001 mM 2P sanin with rat plasma all detectable

d ded with the al fraction In buman
plasma the radioactivity ded with the alb The amount
of ¥P, bound to cholinesterase, was apparently too small to be
d ble under our exy 1 cond It could be shown
that 1n rat plasma after meubation with 001 mM 3P-garin 35 %
of the added P was bound to protem In these expermments
Sephadex gel filtration was used About the same figures were found
a!:ter Tcuhahon with 001 m¥ ®P soman (pinacolyl methylphos

date) or DF2P (dusopropyl d Of the
compound 2P O ethyl S diethy hy] methylphosph ho-
late 24 7 Aftha 2D avnanmad s L oL v . ~-

W albumin during incubation with human plasma was also smaller
than that. of the other mbibitors used The amount of 2P, bound
to aliesterase 1n rat plasms, weubated with Q0L mM RP.agman,
could be 4 ed after polyacrylamdegel el k The
Place of the enzyme in the gels was indicated by ;tammg w=ith
a naphtyl acetate and p ], The 3P, ding with the
aliesterase fraction, was y b

ed using hqmd 1]

g
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Trom these experiments a concentration of catalytie centres in
rat plasma of 28 uM was calculated

The 2P bound to ahesterase after mcubation of rat plasma with
001 mM P sarin could easily be broken by lowering the pH of
the mcubation mixture (pH 76-78) to 55 This resulted n &
rapid reactrvation of the inhibited enzyme, as was found i expen
ments using o pH stat method with tributyrine ns n substrate
By paper chromatography 1t was found that 3P 1sopropy 1 hydrogen
methylphosphonate was released from the enzyme by this re
activation

REFERENCE
Curistrn, P J and I M Conrv Acta Physiol Pharmacol Neerl S
34 (1069)

H Collewyn, Dynamics of oplolinetic morements 1n rabbit
Dept of Physiology, Medrical Faculty, Rotlerdam

Optolinetic nystagmus 1s generally considered as o compensating
mechamsm, serving the purpose of optimal stabilization of the
retmal image For an evaluation of the dynamucs of this servo
system 1n the rabbit the relation between angular veloaity of visual
surroundings (input) and of the eye (output) was msestigated
Encophale 1501é rabbits were used, fully recovered from fluothane
anaesthesia  Ocular movement was measured with a dnft free -
ductive acleral coil system This in combmation with the rareness
of spontaneous eye movements in rabbits permitted registration
also of very low velocittes By stimulating an immobilized eye and
recording movement of the other, closed eyo open loop” charac-
teristics of the system were measured The mput consisted esther
of constant rotation or sinusordal movement of a striped drum,
surrounding the ammal

Gan {eye velocity/drum velocity) was between 0 7 and 09 for
drum velocities from 0 03 up to 1%/sec At higher velocities gain
decreased and maximal eye vclocities were reached with apprect
able delays The acceleration of the slow phase system was probably
not better than 1°/scc? The samo hmit was mamfest i smusoidal
movement Gamn decreased when drum accelerations exceeded
values around 1°/sec® This was not accc d by sul tial
phase lag, though delays between 100 and 200 msec were commonly
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seen Under open loop conditions, gam was markedly increased
Tor drum velocities up to © 1°fsec 1t was better than 10 and could
even esceed 100 For drum speeds sbove 1°fsec gain decreased
progressively to values below umty These results are roughly
agreement with closed loop data In monocular vision, backward
drum rotation 15 mferior to forward rotation as stumulus The
results indicate that the optobinetie system, without vestibular
nput, 18 a veloaity servo with severely limited acceleration No
evidence for genmne position correction was found

J H Dewaideand P Th Henderson, Hepalic N-demethyla-
tion of aminopyrine 1 rat and trout

Department of Pharmacology Unuersity of Nymegen

Up to a short tume ago 1t was suggested that aquatic vertebrates
were ot provided with a drug metabolizing capacity, becanse of
the lipoydal character of gills and/or shin through which excretion
of ipid soluble compounds could take place {(BropIE and VAICKEL,
1962) Recently, however, evidence began to nise that also m the
Divers of some aquatic ammals there 15 a capacity, although very
slight for drug metabolism (ADsysow, 1967) Considering the tn
witro assays for many drug metabolizing enzyme activities, the lack
1 unrformity in the methods reported 1s striking (Syrra ef ol , 1963,
Orrexius 1965 Awpers and Mavvermo, 1966) For this renson
conclusions about quantitative aspects of the enzyme activities
concerned can hardly be drawn In this atudy an effort bas been
made to determine some optimal conditions for the n tifro assay
of the hepatic N demethylation of ammopyrine in rat {WVistar) and
rambow trout (Salmo irideus) 10 order to obtain comparable enzyme
activities The activities were determined in the 9000 g supernatants
The procedures of tissue preparation and enzyme assay are de
wrbed n detail elsehere (DEwarpE and HEWDERSON, 1968)

In accordance with previcus results (CREAVEN ef af, 1967,
Dutrrox and MovtaoMERY 1038) m this study, too, & difference
in temperature optimum, 37° for the rat and 25° for the trout,
18 evident Moreover 1t appears that m this respect the stabibty
of thsi enzyme at different temperatures plays sn 1mportant role
The N-demethylase activity 4 11tr0 13 constant only during a short
renod (10 min), especially if measured at 37° The PH-optima are
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equal for the rat and trout and are approumately 8 For rat and
trout N-demethylase the Kpp-values for the substrate amnopyrine
are 61x10-4 M and 2 1x10-3 M respectively and for the co
substrate NADPH 4 0 x 10~¢ M and 2 2 x 10-5 M respectively For
measurements of maximal N-demethylase actrvities both of rat
and trout as saturating concentrations of smmmopyrine and NADPH
have been used 16 7 x 10-3 M and 8 8 x 10-5 M respectively Adverse
actions of mcotmamde (5 to 50x10~2 M) and semucarbazde-
(>5x10-3 M), substances commonly used in tho test, have been
observed The assay of the N-demethylase activities under the
conditions outlined gives as comparable values o production of
16,0 4 2,6 xMoles formaldehyde per hour per g rat hLiver and
11 4 0,3 pMoles formaldehyde per hour per g trout liver

Drawing conclusions from these in vitro activities about the rate
of N-demethylation of the drug 1n tio ~ which 15 hazardous -, 1t
can be stated that since in the trout studied the liver weight 1s
only about 1 % of the total body weight and in the rat about 4 %,
the N-demethylation capacity 1n the Iner of the rat per umt of
body weight 1s approximately 60 times hgher than for the trout
The question remains whether — besides the possibihty that other
mechanisms for disposition are present ~ the apparently low drug
metabolizing capacity mn fish will nevertheless be sufficient to
dispose of compounds foreign to the body Relating the different
levels of drug metabolizing eapacity m two totally different species,
like the homoiothermous rat and the porkilothermous fish to &
bagic parameter such as resting metabolism — which in 1ts turn 18
related to the food intake and therewith to the degree of exposuro
to body-foreign compounds — nught greatly reduce the difference
m detouficating capacity reported
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A T van Eick, The use of the “Passue Avmdance Reachon”-test
Jor the atudy of amnesic effects sn rals

Medieal Bologieal Laboratory RVO TNO, Ryswyl ZH

In order to1nvestigate the amuesic effect of drugs, the exploratory
activity of rats was observed for 2 min m an apparatus conmisting
of an open iMummated compartment which hss a cornection with
a smaller, closed, dark box Normally the rats spend most of the
time 1n the small compartment When, however, the rats have
recerved a patnful electric shoek m the small box at the end of the
2 munutes’ period and are placed m the apparatus later on {test
session), they avod entering this compartment This s called the
“Passive Avordance Reaction” (PAR), (Kurtz and PEarr, 1960)
When after a treatment the rats do enter the small box durng
the test session this s generally thought to be due to a disturbance
of the memory process

Pentetrazol was sdmmstered on the day after the pan stimulus
i two mjections 50 and 30 mg/kg 1p with one hour mterval
Thus treatment causes only sight convuisians Durmg test sessions
performed 1, 2 and 24 h after the last injection the PAR was found
fo be intubited completely

To study the duration of the drug effect groups of rats were
submutted to a test session, each subsequent day a different group,
unty 12 days after the drug treatment In the groups tested from
day 1 till day 7 sgmficantly more rats enter the small box than
1 control groups This shows that the amnesic effect of pentetrazol
lasts for at least 7 days It was also found that if a pentetrazol
treated ammal 15 repeatedly confronted with the test mituation,
some form of remumuscence of the “pre-drug” pawm stimulus returns
n course of time

Significant mbition of the PAR was also found wath phen-
cychiin HOUI 4 mgfhg1p (tested 2 h after mjection) and 10 mg/kg
1p (tested 4 h after injection) The drug was admimstered on the
day after the pam stimulus
“I;)SD 25 (‘0 gol—o 06 mgfkp), scapolamumn HOL (1-20 wglkg),

Tine sulphate (6
found 1 berneﬁe:tlfzzglkg) and amphetamine (2 mglhg) were
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T Eshes, J Braaksmaand J Janssens, Pressure recording
i the non-pregnant human uferus

Dept of Obstetrics and Gynaecology, St Lucas Hospial and Free
University, Amsterdam

Pressure-recording with intra-uterine balloons 13 unrehable The
wall of the balloon 1s an unknown factor in transmitting pressures
The volume of the balloon can be & tngger for uterine actinity

Tor this reason a small vinyl catheter (Becton, Dickinson Co
Rutherford, New Yersey, US A No VX 020), filled with a heparme-
saline golution and provided with a small sutured sponge at the
tip, 1s mtroduced nto the eavity without any discomfort to the
patient The catheter 1s connected to an Elema EMT 490 A pressure
transducer and a Siemens onc-channel Compensograph mkwriter
(paper-speed 3 em/min, 12 em full scale} The mtra-uterine catheter
tip transmits the pulse-pressurc waves of the complete uterus
superimposed upon intra-uterine pressure waves (HENDRICKS,
1964, BENGTSSON, 1967)

The intensity and frequency and the complete pattern depends
on the day of the cycle, the hormonal status and the presence or
absence of gynaecological pathology A method for further quanti-
tative statistical evaluation seems to be the total pressure area
per unit of time, with a further subdivision of lowest and hughest
pressure values and the frequency of uterme contractions (ESKES,
1968)
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A L. Frankhuyzen and W de Jong, Role of the adrenal
gland wn remn hypertension wn the rat
Rudolf Magnus Institute for Pharmacology, Medical Faculty, Um-
versity of Utrecht, Vondellaan 6, Utreckt

Previous experiments m this institute (De Joxe, 1968) demon-
strated that chp-mduced renal hypertension 1s not dependent npon
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the adrenal gland 1n rats mamtamed on 09 % saline Massow ef al
{1966) reported that hypertension induced by subcutaneous ad-
mmstration of remn, a presumed pharmacological model for renal
hypertension, did not occur 1 adrenal d rats d
on 09 % saline The present report concerns the effect of rerun
admimstration on blood pressure of adrenalectoruzed male rats and
also the wmnfl of ald and cor on the effect
of remn treatment

Partially purified rerun was prepared from rat ludneys Con-
ventional punfication p luding acrd d and

Ip) precip were employed Ultrasonuc des-
integration of the kidney homogenate and preparstive ultra-
centrfugation were used to mcrease the yeld

The subcutaneous admstration (twice daily) of thus remin
dissolved 1 7 9, gelatin (equivalent to + 40 Goldblatt Units/day),
induced hypertension 1n ntact rats No change m blood pressure
was observed mn remn treated adrenal d rats d
on 09 % saline Subcutsneows admimstration {twice daly) of
\! (6 pg/day) or cort (60 pgfday) did not affect
the blood pressure of adrenalect drats This tr t restored
the renmn induced hypertension 1n adrenalectomzed rats

These resnlts seem to indicate that a functional adrenal cortex
13 necessary for the development of renin hypertension in rats
However, in later experiments 1t was fonnd that renmn hyper-
tenaion also occurred in adrenalectomized rats when higher doses
of remn were used
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M °t Hart, H Dienske, H A Udo de Haes snd E. L
Noach Ethological snvestigation of the effect of some peychopharma
cological drugs on the behariour of rats

Depart of Pk 1 U

7Y

y of Leden

The investigation was earnied out on male rata ofabout 150200
Since the period of their greatest actimty 13 during the evenng,
the rata wero habituated to a different day mght rhythm for tw(;
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T Eskos, J Braaksmaand J Janssens, Pressure-recording
wn the non-pregnant human uterus

Dept of Obstetries and Qynaccology, 8t Lucas Hospital and Free
University, Amsterdam

Pressure recording with intra-uterine balloons 1s unrehable The
wall of the balloon 13 an unknown factor 1 transmitting pressures
The volume of the bafloon can be a trigger for utermne activity

For this reason a small vinyl catheter (Becton, Dickinson Co
Rutherford, New Yersey, US A No VX 020}, filled with a heparime-
salme solution ond provided with & small sutured sponge at the
tip, is mtroduced mto the cavity without any discomfort to the
patient The catheter 1s connected to an Tlema EMT 490 A pressure
transd and a 8 nie-cl 1 Compensagraph mkvwriter
(paper-speed 3 em/mmn, 12 ¢m full scale) The intra-uterine catheter
tip transmits the pulse-pressure waves of the romplete uterns
superimposed upon ntra-uterine pressure waves (HENDRICKS,
1964, BexoTsson, 1067)

The intenstty and frequency and the complete pattern depends
on the day of the cycle, the hormonal status and the presence or
absence of gynaecologieal pathology A method for further quantt-
tative statistical evalustion seems to be the total pressure area
per umt of timo, with a further subdivision of lowest and highest
pressure values and the frequency of uterine contractions (Eskes,

1968)

REFERENCES
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Hewpricks, ¢ H, A now technique for the study of motdity w the non
pregnant human uterus J Obst Gynaec Brit Comm 71712 {1964)

A L Frankhuyzon and W de Jong, Role of the adrenal
gland wn remn hypertension n the rat

Rudolf Magnus Institute for Pharmacology Medical Facully, Um-
versity of Utrecht, Vondellaan 6, Utrecht

Previous expeniments 1n this mstitute (De Jone, 1968) demon
strated that cip induced renal hypertension 1s not dependent upon
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gram hiver protem, was compared with the mitotic activity 1n the
Liver at the corresponding times After a short latency
m;e"' g the subtotal hep y, & mn the N-
demethylase activity has been observed Mimmal activity has been
found about 50 h post-operatively. This mimmum corresponds to
the peak 1n the mitotic Tate Sham-operation did not significantly
affect the rate of N-demethylation, nor the mitotic activity 1n the
livers of the control ammals
The observation that the fall in N-demethylase activity and the
increase 1n mitotic activity take place simultaneously, might support
the view that a differentiated cell function like hepatic drug me-

tabolism and active cellular proliferation mutually exclude each
other
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M W van Hof, Monocular vision n the rabbat
Dept of Physiology, Medical Faculty, Rotterdam

Rabhits with one eye occluded were trained to discriminate
striated patterns in & traming box similar to the one descnibed
previously (vax Hor, Vis Res 1966 p 89, Vax¥ Hor en WIERSMA,
Vis Res 1967 p 265) 8 ammals learned to diseriminate vertical
and honzontal stniations with one eye 45° and 135° striations
with the other Each eye received 100 exposures per day After
scores of 90 per cent or better were reached, mnterocular transfer
was tested The “vertical horizontal” eye was exposed 50 times
to the vertical horizontal striations followed by 50 exposures to
the oblique stmations During the same four days the “oblique
striations” eye was exposed 50 times to the 45°-135° patterns
followed by 50 exposures to the vertical hanzontal stnations
Interocular transfer was found to be very poorly developed Only
n two out of eight ammals transfer of vertical versus horizontal
discnmination was found One other amimal showed some transfer
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weeks, after which the experiments were carried out during the
afternoon, when netivity was at ats highest The behaviour of the
rats was observed and analysed, the patterns of behaviour were
defined The behaviour was observed “an social mtuation” {in the
eage 1s also another rat) and “in non social situation” (only the
test amimal 18 1n the cago)

The following drugs were admmistered 2 or 5 mg/kg ampheta
mine (stimulant), 25 or 50 mg/kg 1socarboxazid and 10 or 20 mgfkg
amitriptyline (antidepressant drugs) Rats injected with ampheta-
mine were less aggressive, more explorative and less eager to eat
Rats injected with 1socarboxazid were less aggressive, less explora-
tive and mare eager to eat Compared with one single treatment,
chronie treatment with 1socarboxazid did not yield any new results
Anutriptyhne was effective only mn non social situation (the number
of oll patterns was dumimished) The drug effects were mostly dose
dependent It was possible to distingmsh between different doses
of one single drug and between tho different drugs 1socarboxazd,
smphetamine and amitriptyline in “blind” experiments

P Th Henderson and I H Dewaide, N-demethylahon of
aminopyrine wn regenerabting rat hver

Department of Pharmacology, Unitersity of Nymegen

In the course of liver regeneration after partial or subtotal
hepatectomy structure and chemical composition of rat hver micro-
gomes become modified mn a charactenistic way (von der DECREN
and Hur1y, 1058, BErNmArD and RourLer, 1956) Fours et al
(1961) reported a decrease mn microsomal drug metabohism in
regencrating Liver after partial hepatectomy It 1s strhung that
also hwver tumors, foctal hivers and livers of newborn mammals
- growing tissues which show o relatively high mutotic actinity -
have only a poor capacity of metabolizing body-foregn compounds

In the present study a correlation between drug metabolism and
miutotic activity has been mvestigated m reg ting rat hiver
TIn adult male rats the oxidative N demethylation of aminopyrne
has been deterruned sn wiro at different times after subtotal
hepatectomy (7075 %) The assay procedure has been described
previously (DEWAIDE and HENDERSON, 1968) The N demethylase
activity, expressed as the amount of formaldehyde produced per
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M J Jsmse, B Th ven Demend A B. M van der
Steen, Adaptation rale of the ventricular refractory period of the
heart lo sudden alterations of heart rate

Unuersity Department of Cardiwlogy and Climeal Physiology, Wail-
helminaGasthws, Amsterdam

The d of the refractory period depends on the heart-rate.
1t 19 short at & fast rate and long when the heart beats slowly.

We mvestigated the speed of adaptation of the refractory period
upon sudden alteration of the heart rate m camne hearts tn afy,
mn which & total A V block was produced by elect: gulation
The heart was driven regularly, and for the steady state at two
rates, 600 and 300 msec basic intervals, strength-interval curves
were determined

In the area of the cardiac cycle between the ascending parts of
both curves, several test-intervals were selected

After sudden doublng of the heart rate, from 600-300 msec basic
mterval, test stimul: of 1 5 times diastolie threshold intensity were
delivered at one of these test vals, foll g every, s
every second, basic simulus The number of beats of the new rate
occurning before the heart responded to the test stimulus was
counted This procedure was repeated for the other selected test-
ntervals

Tollowing sudden doubling of the heart-rate (“on-effect”} the
refractory peniod shortens sccording to a more or less exponential
curve In the first approximately 15 beats, 50 % of the total
shortenung occurs, the final value 13 reached after more than 500
beats The imtial segment of the curve displays a charactenstic
damped oscillation between longer and shorter refractory periods
m subsequent beats Thus effect was also abserved in the Propagation
of the premature beats ehaited by the test-stimul, studied with
multipolar intramural needle-electrodes

With a simlar technique, b; ing from the high
ta the low heart rate {*'off-cffect”} we obtained approximately the
same, but inverted curve, in which, however, the 1mtial oseillation
w23 less clear than for the “on-effect” Control tests proved that
th! nwaud 3 Qi b, ] test-at "
refractory penod did not affect the observed values

Our findings suggest that the rate of adaptation 13 dependent

during the
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of the oblique striations diserimination At the present time expert
ments are mn progress Which indicate that the rabbit 15 able to
learn a discrimunation task with one eye which 1s conflicting with
o task learned with the other eye

F C Jager, K D Npo,J A Verbeckand R O Vles,
Dose response effects of Vitamin E n ducklings

Umlever Research Laboratory, Viaardingen

Ducklings react readily to lack of vitamn E and are, therefore
suitable test subjects for investigating the requirement of this
vitamin

In order to calculate accurately the extent of this requrement
for a number of different criteria, dose responses were determmed

To this end one day old Peking duckhngs were kept on a 35
cal % Iard diet for 4 weeks Per group (n=10) doses of vitamun E
varymg from 05 to 256 mg D & tocopherylacetate per kg food
were admmistered The effects of these doses were determined for
the followmg enteria weight, mortahty, heemolyss (mn wiro}
myopathy of skeletal muscles and gizzard serum creatine phospho
kinase, serum glutamate oxalacetate transaminase, serum lactic
dehydrogenase, composition of serum protems and differential count
of white blood cells

Suitable eritena for determiming vitamun E requirement, appeared
to be the histologically determined degree of myopathy of the
skeletal muscles and the activity of the lactic dehydrogenase i
the serum Using these criteria the requirements were found to be
Iugher than with any of the other parameters Furthermore, both
entena showed an mverse linear log dose response relation To
prevent myopathy 20 mg D « tocopheryl acetate per kg food was
required

The effect of vitamin E on the composition of the blood proteins
was striking The globulins {xy, &z and ) showed a Imear decrease
and the albumin @ linear increase, 1n relation to the log dose
vitammn E

After 4 weeks, the neight showed an op
64 mg D « tocopheryl acetate per kg food

In contrast to Iard no myopathy occurred with a corresponding
maize o1l diet Apparently maize 01l contains by nature sufficient
tocopherol to cover the requirement of vitamin E

timal effect with
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M J Janse, R Th van Damand A B M van der
Steen Adaplation rate of the ventricular refractory penod of the
heart lo sudden alterations of heart rale

Ui ty Dep t of Cardiology and Climeal Physiology Wal-
helmina-Gasthurs  Amsterdam

The duration of the refractors period depends on the heart rate
1t 1s short at o fast rate and long when the heart beats slowly

We mvestigated the speed of adaptation of the refractory peniod
upon sudden alteration of the heart rate 1n camne hearts in sy,
m which a total A V bloch was produced by el 1
The heart was dnven regularly, and for the steady state at two
rates 600 and 300 msec basic intervals, strength intervalcurves
were determined

In the area of the cardiac cycle between the ascending parta of
both curves several test intervals were selected

After sudden doubling of the heart rate, from 600-300 msec basie
wterval test-stimuli of 1 6 times diastolic threshold intensity were
delivered at one of theso test-intervals, following every, sometimes
every second basic stimulus Tho number of beats of the new rate
occurring before the heart responded to the test stimulus was
counted This procedure was repeated for the other selected test-
mtervals

Following sudden doubling of the heart rate { on-effect”) the
refractory period shortens according to & more or less exponential
curve In the first approximately 15 beats 509, of the total
shortenung occurs the final value 13 reached after more than 500
beats The imtial segment of the curve displays a characterstic
damped oscillation between longer and shorter refractory pertods
tnsubsequent beats Thus effect was also observed n the propagation
of Ehe premature beats elictted by the test-stimul studied with

1 dle-cl 1

With a smilar techique by suddenly ch gqing from the hugh
to the low heart rate ( off-effect’ ) we obtained approximately the
same but mverted curve n which however, the vutal oseliation
w24 less clear than for the on-effect® Control tests proved that
the repeated i} of subl, ! test-stimul
refractory peniod did not affect the observed values

Our findings suggest that the rate of adaptation 18 dependent

during the
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of the oblique striations discrsmination At thoe present time expert-
ments are i progress which indicate that the rabbit 1s able to
learn a diserimination tash with one eye which 1s confheting with
a task learned with the other eye

F C Jager, K D Nyjo,J A VorhoekandR O Vles,
Dose-response effects of Vitamin E n ducllings

Unilerer Research Laboratory, Viaardingen

Ducklings react readily to lack of vitamin I and are, thercfore,
swtable test subjects for investigating the req t of this
vitamin

In order to caleulate accurately the extent of this requirement
for & number of different criteria, dose-responses were determined

To this end one day old Peking ducklings were kept on o 35
cal 9% lard-diet for 4 weeks Per group (n=10) doses of vitamin E
varying from 05 to 256 mg D a-tocopherylacetate per hg food
were admimstered The effects of these doses were determined for
the following cniteria  weight, mortahty, haemolysis (:n wiiro),
myopathy of skeletal muscles and gizzard, serum creatine phospho-
kinase, serum glutamate oxalacetate transaminase, serum lactic
dehydrogenase, composition of serum proteins and differential count
of wlite blood cells

Swmtablo critera for determiming vitamun L requirement, appeared
to be the histologically determined degree of myopathy of the
skeletal muscles and the activity of the lactic dehydrogenase mn
the serum Using these criteria the requirements were found to be
igher than with any of the other parameters Furthermore, both
criteria, showed an mverse hinear log dose response relation To
prevent myopathy 20 mg D « tocopheryl acotate per kg food was
required

The effect of vitamm E on the composition of the blood protens
was striking The globulins (m, &2 and ) showed a hnear decrease
and the albumin & hnear ncrease, i relation to the log-dose

vitamin D
After 4 weeks, the weight increase showed an optimal effect with

64 mg D « tocopheryl acetate per kg food

In contrast to lsrd, no myopathy occurred with a corresponding
msize oil diet Apparently mmzo o1l contains by nature sufficient
tocopherol to cover the requirement of vitamin E
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H P Kimmich and F Kreuzer, Catheter Po, electrode writh
low flow dependency and fast response

Department of Physology, Umwernty of Nymegen

The two central requirements of polarographic Po, electrodes to
continuously record transient changes of Po, i moving flud flow

dependency and fast reap oppose each other (Scutrer and
hrevzER, 1967) A catheter oxygen electrode (diameter 2 am) 1s
described here whch offers a good compromice between these two
properties and mohes tho continuous recording of artenal Po,
flactuations with respiration and heart beat posuible The eathode
1 a platinum forl 256 to 3 g thick ecaled between a tube and &
cyhinder (polyvinyl ehlonde or glass) forming a ring at the tip of
the electrode The cylinder shaped silver anode also carnes the
membrane held by a stainless steel or silver ring The electrolyte
13 a phosphate buffer solution adjusted to pH 8 The ecurrent-
voltage curves (polarogram) show a broad horizontal plateau over
a wide range of voltage at all levels of O; up 1o 1009, O: The
calibration Line 13 hinear and passes through the ongin in most
cases when the electrodes are polatized with —09 volts The
current output of 05 to 07 pA for 100 % 028t 37°Cwitha 8
Teflon membrane 13 equivalent to that of a single wire cathode
of 100 » diameter The stability 13 0 5 %, over a period of 10 h
and 2 %, duning several days The electrode 13 insensitin o to pressure
up to 03 hpfem? and to acceleration below 50 mfsect The flow
dependency 1n blood at 37 °C 13 such that the reading remains
within 2 %, of the full value at high flow for Lincar velocities above
5 emfsec with a 6 u Teflon membrane and abose 125 cmjsec for
a 12 4 Teflon membrane The response time for 95 %, deflection
1303 sec in gns and 0 4 sec 10 blood with a 6 1 Teflon membrane,
it ncreases in blood to 1 sec by decreasing the veloaity to 10 cmyfsec
The sensitivity of the output to changes of temperature 1s compa-
tsble to that of other polarographic electrodes

REFERENCE
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on the number of beats rather than on the time during which the
new rate exists

W de Jong, Expervmental renal hypertension 1n sntact and in
adrenalectomized rats

Rudolf Magnus Institule for Pharmacology, Medical Faculty, Uny
versity of Utrecht, Vondellaan 6, Utrecht

Development and of renal hypertenston was studied
in male white rats Hypertension was induced via a clip (0 30 mm
mternal diemeter) on the left renal artery Blood-pressure was
determined by a tail sphygmographe method (DE Joxo, 1968)
The rise 11 blood pressure started 2-5 days following application
of the elip and gradually incrcased, reaching & maximum (2 200
mm Hg) 2-3 weeks later Neither severe reduction in kidney weight
nor macroscopic mfarction of the kidney was necessary for the
development of this hypertension

Removal of the clip or extirpation of the left kidney of the
hypertensive rats caused a fall in blood pressure to the control
level Thig occurred in the acute stage of the renal hypertension
(12 days) as well asin the chrome stage (45 days) A sham operation
did not affect the blood-pressure of hypertensive rats Removal of
the chp or extirpation of the left kidney of normotensive rats did
not affect the blood pressure either

Renal hypertenston following appheation of a chip on the left
renal artery of adrenalectomized rats des eloped 1n a manner similar
to that observed in intact rats Fstablished states of renal hyper-
tension of 12 days’ and 45 days’ duration were not materally
affected by adrenalectomy The adrenalectomized rats were main
taned on 09 9% saline

Tt 18 concluded that these results demonstrate the renal nature
of thus type of hypertension i rats in the acute and in the chromie
stages and also show that this renal hypertension 1s not dependent

upon the adrenal gland

REFERENCE
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J A J Klgnand G P M Horsten, Ceninfugal snfluences
on the elecirorchinogram

Department of Neurophysiology, Unwersily of Nymegen

In the relation between the amphtude of the ERG {a+b
potential) and that of the dark adaptation after standard blinding
1t was possible to induce sigmficant ehanges by brpolar stimulation
of the Lateral Gemenlatum Body (200 Cfsee, 3 M A}

An increase 1n the amplitude was esused by the strmulation 1n
all stages of the dark adaptatton The CFF 1alues aleo showed
a rse when the Lateral G i Body was atimulated

In all cases the merease in amphitude and € F T vatue was nghly
sigmficant as a consequence of stimulation (p<0 01)

A van Langevelde and E L Noach, Mefabolism of RNA
w rat brawn cortex during wncubation

Dept of Pharmacology Unwtersity of Leiden

Shees of rat bram cortex were able, while mcubated, to convert
orotic acid nto uridylic scid and incorparate the latter inta RNA
Incubation was carrted out mn manometric vessels contammg Krebs
?-mger solution and pure oxygen as gas phase according to Mo-

uslion nuid, could be examined

Slices of 03 mm or 05 mm thichness were used Furst, outer
orr Pl and second, inner slices could be cut from cerebral cortex
i both were 03 mm The rate of oxygen uptake was higher 1n
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E van der Kleyn, Macroautoradiography of ataracties of the
meprobamate-group

Department of Phar logy, U: ity of N

Certain homologues of meprobamate have a number of pharma-
cological actions mn common with meprobamate and sre also used
i the treatment of anxiety and psychio tensions However, the
N-tsopropyl- and N-n-butyl denivatives (carisoprodol and tybamate
respectrvely) are more hpophilic than the parent compound, as
shown by partition coefficients and other physico chemical para-
meters (DoUGLAS et al , 1964) The effect of this increased Lipophilia
on the distribution of the drugs has been studied by the “whole
body” autoradiographic technique of ULrsere (1958), the com
pounds being labelled with 4C in the unsubstituted carbamate
group
Meprobamate 18 uniformly distributed 1 mice, but bram, thymus
and body fat show a relatively low concentration, compared to
that in the blood, myocardium, hver and muscles (EWALDSSON,
1963, vax per Kreww, 1967)

By qualitative comparison of the macroautoradiograms of mice
mtravenously injected with meprobamate, carisoprodol and tyba-
mate, 1t appears that lipid solubility plays an important role in
the rate of penetration of the drug mto bran tissue Thus, uptahe
of meprobamate mto the central nervous system 1s slow and shght,
wherens carisoprodol and especially tybamate show high central
concentrations within five minutes after intravenous admimstration
However, the bramn levels of carisoprodol and tybamate decrease
rapidly and ten minutes after admimstration the whole body distr
bution patterns resemble that of meprobamate

No marked dfferences 1n the body distribution of the three
compounds have been observed following theur rectal admimstration
and this may be due to thewr rapd metabolic conversion to hy-
droxylated and dealkylated compounds When rapid onset of action

nd mimmum metabolic conversion are required, reetal admms
tration offers no advantages over the oral route, particularly for
compounds which have a short biologieal half-hfe and sre active
only when present i relatively igh plasma concentrations In
both cases the rate of absorption and release of the drug are

imting factors
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These figures should be correeted an the following way

8) From data of Maas (1967) we hnow that the error of pH,
when measured 1n whole blood using a saturated KC1 budge, 13
001 pH-unmt, and that the error of pHy, when measured m hemo-
Iszed erythrocytes, amounts to 0 03 pH unuts The corrections mds-
cated above are to be added to tho measured values A further
cotrection arises from the resydual plasma m the hemolyzate in
our procedure about 10 % of plma are left belund between the
erythroeytes From our expersence (DE LEECW of al, 1087) thie
canses an apparent increase of pHi of 001 pH-umt Calculation
of these factors gives rp=0 69

b) The concentrations of chlonde should bo ealeulated per Litre
of water 1 view of the hugh protein content of plasma and es-
pecially of cells For this wo introduced fixed water contents of
93 and 71 % (v/v) respectively

The distnibution coefficient of chlonide 13 the ratio between the
attimities of C) i cells and plasma ra=oasface This matio 18
not the atme as the concentration quotient beeause of the different
actinity coeffictents 1n cells and plasma

act ifacy e (for o'l lecrfeer o)

The Debye-Hilcke! formula jn 1t3s hmiting form {=log f= A}z, for
diluted solutions of umvalent 10ns) enables ua to approximate
hle=0955 (with A=05, (=019 and ce=016) Taking imnto
account these considerations roy becomes 063

Our final results are

ra=089 £ 003 {(mean + Ix stand dev)
ra=063 + 006 (mean = 1x stand dev)

In view of the number and the uncertanties of the deseribed
corrections, we think that this duscrepancy between ric and rey
does not prove the invalidity of the Donnan theory for the electro-
Iyte dustnbution between plasma and blood cells
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0 3 mm shees than n 0 5 mm shees At equal rate of oxygen uptake
pial shces turned out to mcorporate more than twice the amount
of C RNA that was ncorporated by nner shces

In order to gam an insight nto the partition and specific activity
of RNA i the various subcellular fractions, homogenization and
centrifugation were carried out Lobelled RNA was almost ex-
clusnvely found in the nuclear fraction as was confirmed by auto
radiographic observation of the shees Incubation for 2 h nfinences
the distribution of the subcellular fractions and the RNA in them
when compared to homogemzed fresh cortex tissue, 1n such a way
that most dry matter and RNA disappear from the microsomal
fraction and are found n the nuclear fraction This distribution
seems fo be restored to normal fresh tissue condifions by adding
15 % rat serum to the incubation saline

REFERENCE

Mclrwamn, H and R Practical Nouroct try, Churchill,
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R J M de Loeuw, Miass M L Hamelinkand B F
Visser, The distribution of H+ ond Cl- belween blood plasma and
erythrocytes

Longfunchelaboratorium, Acad h Zrekenhws, Utrecht

The distribution of H+ and Cl- between plasma and cells was
studied m anaerobically drawn venous blood of 10 healthy persons,
6 women and 5 men

The activity of the hydrogen 10ns 1n plasma (ax ¢} and 1 cells
(ax 1) was determined by pH-measurement 1 whole blood and mn
hemolyzed erythrooytes with the micro glasselectrode and the
saturated KCl-calomelelectrode, the whole beng thermostatted ab
38°C
For the determmation of the distribution of chloride we measured
the CI concentration in deprotemized plasma {Ccre} and depro-
teimzed whole blood (Ce1v) by potentiometne titration, together
with the hematocrit value (Ho)

The provisional results were
a) g ofant 1=0 67= antilog (pHy~ pHe)

b) Cet 1/Cc16=0 50=1—(1~Cc1v/0c e)fHe
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Chromatography was done on thin layers of sihicaget GF:,:
either by developing three times with chloroform methanol 03 5,
or twice with chloroform methanel acetone 80 10 10 The former
solvent gystem gave B better separntion of the rapidity mygrating
metabolites, with the latter the elowly moving compounds were
better dizsolved

The spots were loeated by UV light and by spraying with a
19, Hgi(N0Oy)» solution Keto groups were identified with 2,4-
dimstro-pheny thy drazine

From rabbit unne 8 spota were obtamed with this method Three
corresponded with nor-, 3 hydroxy-nor- and 3 heto-nor hexobar.
Dital, obtamed from the unine of rabbits injected with nor hexo-
barbital The other five contamed metabolites with an intact 1+
methy! barbrturate ning, judging from their UV spectrum, 2 of
these could be identified as 3 keto- and 3 hydroxy hexobarbital

Incubation of the rabbit unine, after continuous extraction with
thyl. with g-gl dase produced 3 hydroxy- and 3-
hydroxy nor hexobarbital ndicating the presence of the corre
sponding glucuronides

From mouse urine the same bolites could be d
However i extracts of mouse urine the demethylated compounds
were present in relatively much swaller amounts than the other
metabolites, as compared with rabbits As yet no glucurondes
could be demonstrated in mouse urine

R Peset, H Heemstra, C R H Wildevuur, F Gimeno
sod G J Tammeling, Efect of umslateral pontie pressure
breathing on tentilation sn dogs before and afler lung resmplantation

Departments of Chest Diseases Resprration Physiology and Thoracie
Burgery Unsteraity of Groningen

Unulateral positive pressure dunng bronchospirometry 13 achieved
by placing a weight on one of the spirometer bells In one scries
of experiments a weight of 05 hg, produeing a pressure of +6
emH:0 1n the breathing cirewt was used Under these conditions
two types of phenomena take place One type 1s mecharucal and
vonsists of an wnsprratory shuft of the breathing level of the lung
connected to the eiromt under positive pressure The breathing
level of the contralateral lung is shifted to the avmimetamer ood-
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CPJJ MM Logeanand M W van Hof, The BRQ of
the dark reared guinea pig

Dept of Physiology, Medical Faculty, Rotterdam

In previous studies (v AX Hor and Usasy, 1968 Usant and vax
Hor, 1968) 1t was found that the b wave of the CRG of gumea
pigs deprived of hight during the first three months after birth
18 some 50 % smaller than m ammals reared under normal cirenm
stances This was confirmed n the present experiments Contrary
to results obtaned by ZETTERSTROM (1955) and BasTer and
Rizsen (1961) n the cat 1t was found that recovery by light
exposure following the hight deprivation 13 a comparatively stow
pracess A 10 days’ period of additional light exposure 1s not
sufficient to normalize the & wave's amphtude

At the moment experiments are carried out to answ er the question
whether this effect of hght deprivation 1s typical for the early
post natal pertod Prelinmnary results indicate that a three months’
hght deprivation m the adult guinen pig also decreases the b wave s
amplitude considerably

REFERENCES

Baxter, B L and A H Rirsen, ERG of the visually deprived cat Science
134 1626 (1961)

Usamr D and M W van Hor Osallatory potentials m the LRG of the
gumnea g Acta Soc Ophthalm Jap 72 200-204 (1963)

Vax Hor, M W and k. Usamt Tho ERG 1n the normal and darl reared
gumea pig Acta Soc Ophthalm Jap 72 283 280 {1908)

Zerrerstray B The effect of Iight on the appearance and dovelopment
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J NoordhockhandB J Gerritsen Chromalographic separation
of hexobarbital metabohles wn rabbit and mouse urne
Department of Pharmacology Free Unwersity Amsterdam

After oral admumstration of 400 mg/kg hexobarbntal Na to
rabbits and 300 mg/kg to mice the urine was collected dunng
24 h After the addition of 20 % (w/v) NaCl and acidifymng with

HCI to pH=3 the unne wag shaken twice with two volumes of
ethylacetate The extract was dried over NaoSOy and concentrated

at 40 °C under vacuum
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The measurement of blood flow during shight exerciee was rather
mmple, in spite of the movement artefact During heavy exercise
we d some probl by insufft venous
even if we used the eorrection deseribed by Bareroft and Dornhorst
We had the smpression that blood flow during heavy exercise was
fower than blood flow measured directly after work

Increase 1n frequency, counter weight and angle of movement
resulted 10 an increase tn blood flow Combination of these three
factors caused the highest blood flow of §0 m} blood/m] tissue per
mnute The blood flow 1n rest was about 3 mt blood{ml tissue per
minate The relation between work and blood flow was nearly
rectilinear

As s tentative conclusion wo can state that work on & foot
ergometer 15 & good method to stimulate blood flow 1n the calf

REFERENCES
Trutzsrts O A fool ergometer for greded muscular exercios Scend T
Cun Leb Invest 15 530 (1960)
Bazerorr H and A € Dosxrorst The blood flow through the hurnsn
calf during rhythmie exercise J Thymol 103 €02 {1949)

H van Rees, E L Noach, A Udo de Haes de Bakker,
A van Tilburg and 8 K Westenberg, The resorption of
diphenylhydantosn (Dilantin®) from the intestine

Dept of Pharmacology University of Leden

Noscw et al (1058) showed that after intravenous injection
Slantin appeared 1n the intestine from where, however, 1t was
reabsorbed almost completely
vAttemptmg to localize these secretion and resorption processes,
Noscn and vav Rees (1064) mjected dilantin intravenouvsly
fats i which the mtestine was ligated at different sites From a
tomparison of the dilantin contents of these preces of wmtestine
with those from sham-operated arumals 1t was concluded that there
must be at least three passage cycles Furthermore the hypotbess
¥as posed that must be d 11 the duod: and
Tesorption n the remainder of the small intestine

This hypothests was tested by determming 1& viva the dwap-
Pearance rate of dilantin which was mjected intralumunally

The halfcl time after ad: of 6 mg dilantin
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By removing the weight the breathing level of both lungs 15 shifted
m opposite direction, but the level of the lung under postive
pressure doea not usually return to 1ts previous level These phe-
nomena are smular in both intact and remmplanted lungs The
second type of phenomena taking place 13 related to the mntegrity
of the pulmonary stretch reflexes By applying the positive pressure
to the intact lung, respiratory frequency decreases at once and
deep respiratory movements followed by long expiratory pauses
uswally occur When the positive pressure 1s applied to the re-
implanted Iung no change 1n frequency 1s observed, indicating that
the stretch reflexes are abohshed In other experiments progresmively
mcreasmng weights were placed on one of the spirometer bells
Positive pressures ranged from +08 to +160 ecmH:0 It was
observed that with relatively low pressures (47 cmH;0) the mntact
lung showed periods of apnoea of 1 min or longer The rexmplanted
lung on the contrary went on ventilating at the same frequency
with relatively high pressures (+ 16 cmH;0) The present method
gives more wmformation and 1s simpler than others previously
mentioned 1 the hterature (MARSHALL and GUNNING, 1966, POR
TIN ea, 1960, and TRUMMER, 1064)

REFERENCES

Marsmarr, R and A J Goxnzmvg, J Surg Res 6, 185 (1966)

Portiv, B A, C L Raswussey, J D Stewarr and M N ANDERSEY,
J Thorecse and Cardiovase Surg 39, 380 {1960)

TaumMER, M J, Surgery, 56, 5?4 (1904)

J Pool, J J W EdgarsndC V van Gool, Blood flow
through the human calf during dynamic exertion
Dopt of Oordsdlagy, Imveraty Hospatol, Lesden

As o natural method of stimulation of blood flow through the
calf we used a foot ergometer as described by Thulesius We modified
1t by substitutmg the braking spring by an adjustable counter
weight The work of the calf muscles could be regulated by changing
the frequeney, the counter weight and the angle of movement

the ankle jomt

Blood flow was d by venous occl Pplethysmography
sccording to Whitney, during and direetly after work The optimum
pressure for venous occlusion was about 60 em of water
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The measurement of blood flow during shight exercise was rather
wmple, m spite of the movement artefact Dunng heary excreiso
we d some probl by ff venous
even1f we used the correction desenibed by Barcroft and Domnhorst
We had the impresaion that blood flow during heavy exercise was
lower than blood flow measured directly after work

Increase 1n frequency, counter weight and angle of movement
resulted 1n an increase in blood flon Combination of these three
factors caused the highest blood flow of 80 ml blood/m! tissue per
mumnute The blood flow 1n rest was about 3 ml blood/m! tissue per
minute The relation between work and blood flow was nearly
rectihnear

As » tentative conclumon we tan state that work on a foot
ergometer 13 a good method to stimulate blood flow n the calf

REFERENCES

Trviesies O A foot ergometer for graded muscular exerciso Beand, J
Cin Leb Invest 15, 550 (1960)

Bascrorr, H and A C Dorvnorst Tho blood flow through the human
calf during rhythmue exerctse J Phymol 109, 402 (1949)

H van Rees, E L Noach, A Udo de Haes-de Bakker,
A van Tilburg snd § K Westenberg, The resorption of
diphenylhydantorn (Dilantin®) from the wntestine

Dept of Pharmacology, Unsrersity of Lesden

Noscn ef al (1958) showed that sfter intravenous mjection
ddantn appeared m the intestine from where, however, 1t was
reabsorbed almost completely

'Aﬂemptmg to localize these secretion and resorption processes,
XNoacw and vaw Rees (1964) mjected dilantin travenously 1n
Tats, in which the intestine was higated at different aites From a
companson of the dilantin contents of these preces of intestine
with those from sham-operated arumals 1t was concluded that there
must be at least three passage eycles Furthermore the hypothesis
Was posed, thet, st bo & T the duod and
resorption 1n the remainder of the small intestine

This hypothems was tested by determiming an tivo the dmsap

Pearance rate of dilantin which was mj
The halfel

ected intralumunally
time after ad of 6 mg dilantin
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By removing the weight the breathing level of both Tungs 15 shufted
m opposite direetion, but the level of the lung under positive
pressure does not ususlly return to 1ts provious level These phe-
nomena are stmular m both intact and reimplanted lungs The
second type of phenomena taking place 1s related to the integrity
of the pulmonary stretch reflexes By applying the positive pressure
to the mntact lung, respiratory frequency decreases at once and
deep respiratory mosements followed by long expiratory pauses
ugually occur When the positive pressure 1s applied to the re-
implanted lung no change 1n frequency 15 observed, indicating that
the streteh reflexes are abolished In ather expertments progressively
weressing weights were placed on ono of the sprometer bells
Positive pressures ranged from +05 to +160 emH,0 It was
observed that with relatively low pressures (+7 emH,0) the intact
lung showed periods of apnoea of 1 min or longer The retmplanted
lung on the contrary went on vcntﬂutmg at the same frequency
with relatively lugh pressures (+ 16 emH,0) The present method
gives more mformation and 1s smpler than others previously
mentioned in the literature (Marsuarz, and Gunnine, 1966, Por-
TIN ea, 1960, and TRUMMER, 1964)

REFERENCES
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Portry, B A, ¢ L Rasuussen, J D SteEwarr and M N ANDERSEY,
J Thoracte and Cardovase Surg 39, 380 (1960)

Trummer M J, Surgery, 56, 574 (1964)

J Pool, J J W Edgerand C V van Gool, Blood flow
through the human calf during dynamic exerhion

Dept of Cardiology, Unsversity Hospital, Lewden

As a natural method of stimulation of blood flow through the
calf we used & foot ergometer as described by Thulesius We modified
1t by substituting the braking-spring by an adjustable counter
weight The work of the calf muscles could be regulated by changing
the frequency, the counter weight and the angle of movement 1
the ankle jomnt

Bload flow was measured by venous occlusion plethysmography
according to Whitney, during aud directly after work The optimum
pressure for venaus occlusion was about 60 cm of water
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In suntlar cireamstances, DMPP action was patentiated by guane-
thidine, and was bloched by bilateral adrenalectomy OG 30 was
also found to increase the intralumnary pressure 1n urinary bladder
and 1ntestine of dogs and the solated gunes pig ileum These
effects were proved to result from parasympathetic ganglia-stimu-
lation Tn ugher amounts, OG 30 transiently blocked the neuro-
museular and ganghonic transmuson Iihe DMPP, but unbhe the
reference compound OG 30 had no stimulatory effect on the
1solated guinea pig heart The LDy of OG 30 1n mice by 1+ and
1p routes was found to be 1025 and 5775 mgfhe, respectively.
It was, however, non toxic by the oral route owing to a lack of
absorption On the basms of touaity pattern, and the ineffectiveness
of hexamethonum 1n completely preventing OG 30 lethality, 1t
18 argued that the compound caused death not by 1ts autonomic
effects but mainly by bloching neuromuscular transmission In
conclusion, OG 30 resembled DVMPP in several respects although
some differences have been outhaed

J P Schadé and G Mulder, Self-shimulaion  physological
and pharmacological aspects of septum shmulation n rats

Netherlands Central Institule for Brawn Research Amsterdam

128 rats were used for an investigation of the characteristic phe-
nomena of septum and hypothalamusstimulation 1 rats

Bipolar implanted el des were used umb lly and later-
ally The first part of the mvestigation consisted of the determi-
nation of stimulus parameters and the determination of base levels
The influence of a number of psycho active drugs was investigated
(smphetamne chlorpromazine, amitryptiline etc) Concomitantly
& number of behavioursl parameters were analysed before, during
and after the septal stimulatian

The results wiil be published 1n extenso 1n the near future

P F Sonneville, Indirect action of dopamne

Rudolf Magnus Institute for Pharmacology Medical Faculty, Uns-
rersly of Utrecht, Vondellaan 6 Utrecht

Besides « and § adrenergic properties dopamine still has other
actions that so far have not been tested 1n 130lated organ systems
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was almost 3 h for the duodenum, 63 h for the small mtestime distal
of the duodenum and about 11 h for the colon

Prehminary results of experiments :n witro, incubating preces
of duodenum m Tyrode solution with different dilantin concen-
trations mside and outside the intestine, indicated that the dis

erepancy between mtraxcnously and mtral Hy injected I
may be due to a high secretion rate of fimd mto the duodenum
REFERENCES

Noacw, E L, D M Vooppury and L § Goopmaxn, J Pharmacol esp
Ther 122, 301 (1058)
and H vaw Reeg Arch it Pharmacodyn Thér 150, 52 (1964)

P R Saxena, Pharmacological studies with a new ganglon
shimulating agent

Department of Pharmacology, NV Organon, Oss

Out of & number of compounds tested for cardiovascular activity
mn anacsthetized cats, 2 imno 1,3-diaza-4-carboxyethyl cyclohep-
tane hydrochloride (OG 30) was found to produce pressor effect
along with a strong contraction of the metitating membrane for
short pertods at 0 25 to 1 mg/kg, 1v dose The mechamsm of the
aforesmd action, and other pharmacological effects of the compound
OG 30 were studied 1 cats dogs, and m solated preparations m
comparison with 1 1 dimethyl 4 phenylpiperaznimum wdide{DVPP)
The pressor effect and the contraction of the metitating membrane
ehated by erther compounds 1n cats were blocked or reduced by
phentolammne, hexamethonum, N-N dusopropyl-N'-soamyl-N'-
diothylammoethylurea hydrochlonide (P 286) and reserpinszation,
but were not & bed by cacana, b hol spnal section
or atropine Furthermore, upon direct intra arterial mjection to the
superior cers ical ganglon both OG 30 and DMPP caused metstating
membrane contraction which was blocked by hexamethomum or
destruction of the ganglion Thus, OG 30 appeared to resemble
DMPP as micotiue ganghome stimulant However, as bilateral
adrenalectomy did not appreciably affect the pressor response to
0G 30, while subsequent bilateral sympathectomy, and g th
dne largely abolished 1t, 1t must be fuded that the pound
caused a release of catecholamines by stimulating mamly the
sympathetic gangha and only to » small extent the adrenal medulla
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A B M van der Stcen. R Th van Damand M J
Janse, Electrophysiological aspects of pared shimulation

U ly Dep of Cardiology and Clinteal Physiology, Wil-
helmna-Gasthmns, Amaterdam

During paired stimulation, esery parr of electnical stimult to the
heart results 1n two electrical activations and i one mechanical
systole The positive mnotropic effect has been studied more ex-
tenstvely than the electrophy mological parameters We studied the
effect of parred stumulation on refractonness and conduction in
camne hearts The spread of both activations m Langendeorfl
perfused canme hearts was studied with ten-polar intramural
needle-electrodes, nrranged m vertical and horizental plancs in the
entire heart The refractory period of the first beat of every pair
shortens during paired stimulation , 1t lengthens again as the sccond
stimulug occurs earher Following an early second stimulus, the
eaeond actiy 54101 15 prop d 1 partially refractory my i\
Dunng stimulation at the epicardral surface of the nght or left
ventricle conduction o¢curs mainly via myocardium, resulting 1n
o rel y long d of plete ventricular activation of
the first beat of every pair, e g 110 msee, a3 compared to approx-
mately 50 msee during sinus rhythm The second activation takes
even longer than the first one, eg 140 msec, its QRS complex
iffers n width and shape Conduction of the second 1mpulse 13
slower and follows s different course n ventnicular areas distant
from the stimulus ite Thig 12 dee te conduction m refractory
Toyocardum and probably also to longer lasting refractoriness of
the specialized conduction eystem

In a 6 week-old my dial infarction, praduced by Ligation,
both sctrvations are even more retarded In the nfarcted area,
:h:‘f:r\!;\‘v;v‘:sdn:inmdmm conducts the activation wave non-

wly Local activation sometimes takes 20-30
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It was found that tho fundus proparation of tho rat contracted
under the influenco of dopamme, whercas norepmephrine and
1uprel caused relaxation m this system Tho 5 HT antagonst
methysergide was able to bloch the action of dopamne

Repeated adminstration caused tachyphyla<s, which could be
overcome by mcubsting with 5 HT

From theso facts 1t 13 concluded that dopamine mght net by
releasing 5-HT 1n tho tissues

D Sprumtand K I Malten, Increase of the water vapour loss
of kuman skin follousng exposure lo hqud water

Department of Dermatology, RC Unuersily, Nymegen

With a ballpomnt a number of aites to be measured on the volar
aspect of the fore arm have been marhed Daiy measurement of
the water vapour loss from these sites 1s possible nsing an electro-
Iytic water analyser and dry mitrogen gas being lead through a
cup pressed upon the site of the shin to be mensured (Srrurr and
Marrex, 1965) The mfluence of various substances applied to the
marhed sites on the fore arm for one hour per day 1s mensured
the day after the exposure took place by determining the increase
of the water vapour loss compared with the water vapour loss of
unmvolved normal shin sites {Serurr and Marrew, 1968) The
exposures may be repeated on subsequent days mostly sia succes-
sive days By the daily measurement of the water vapour loss from
the exposed mtes, plotted on semilogarithme paper the way the
skin adapts stself to the mfluence of tho exposures and regenerates
after 1ts wathdrawal has been follow ed (MarLTEY ef al 1n the press)
In » series of recent experiments the influence of repeated eaposure
to water has been measured In some environmental crrcumstances
{usually m summer) no effect at all could be detected n other
environmental prreumstances (¢ g 1n autumn) o moderate morense
of the water vapour loss of normal shin and of shghtly wmjured

gkm was measured It 1a suggested that the measured rcreased

water vapour loss m ( ble perspiration) (HEerp and

OPPERMANY, 1966) 15 cansed by ncreased exposure of the skin to
water and sweat
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69}, dextran 75 000 (Macrodex) in & 9 glucose 10 minutes post-
my the volume determmations showed o emall decrease sn the
first examgple, a large one the second, and a small mcerease in
the third Comparable resulta were obt d when the means of
the haematoentt values of at least five rabbits were calculated
After injection of 5 % glucose, not only glucose but alwo, to 8
certain degree, water 19 resorbed, after dextran, especially after
rheomacrodex, a back resorption of tissue fluid due to the hyperon-
cotic action of the dextran, appears From the resistance 1t could
be erfculated that the i of this flmd corresponds with
that of a physiological galt solution

In some cxperiments the glucose was replaced by salt solution
(09 % NaCl) Comparable results, as i the glucose set, were
obtamed After pure s1lt solution no real voliume-¢xpansion appears
in contrast to the dextran solutions

A gelatine product 1n a salt solution, on the other hand, causes
no real plasma expansion These relationy, observed after the
T 1824 method, could be confirmed by haematoent-determinations,
1n which the means of at least five rabbits were used In relation
to the Het as well as to the resistance the gelatine product behaves
more hke & pure salt solution than dextran solutions do

Z Turek and F Kreuzer Comparison of fico methads for esti-
mating pulmonary capillary bacl pressure of CO during Aypora

Department of Physiology Uniteraity of Nymegen

In the de of the pul vy duffi P for
€O (D10} with the steady state method, the back pressure of CO
n pulmonary capillary blood (Peg,) cannot be disregarded 1n many
cases The present communication deals with the estimation of
Pegy during breathing a hypoxic mixture FORSTER ef al {1957)

levlated Pey, with a modifi of the method of SJostraAND
(1948) while breathing pure oxygen, which might he questionable
m an g the mfl of hypoxia For this
reason we have apphed to bypoxic conditions the broath holding
method described by Joves ef af (1958} for room air breathing
In this method 1t 15 assumed that the partial pressure of CO n
the alveolar air after breath holding should approximate the mean
pattial pressure of CO 1 pulmonary eapillary blood
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msec during sinus-rhythm or following the first stimulus; following
the second stimulus this takes up to 40-50 msec.

In o fresh myocardial infarction, conduction is still slower and
paired stimulation invariably initiates ventricular fibrillation, proba-
bly by re-entry.

This prohibits clinical application of paired stimulation in cardio-
genic shock associated with acute myocardial infarction,

W. F. H. Stroer, Changes in plasma conductance after adminis-
tration of infusion fluids

Pharmacological Dept. of Provite Products N.V., Amsterdam

The determination of the intravascular plasma volume with the
aid of Evang' blue dye (T 1824) in rabbits after administration
of 10 mifkilo of infusion fluids, is not always reliable. It was thought
that the conductance (C) of the plasma and its reciprocal value
the resistance (R) might produce a valuable control. Thereforo the
latter was determined in mixtures of plasma with different per-
centages of these fluids, and curves, showing the relation between
tho latter and R, were constructed. The agreement between the
observed R values and those caleulated by means of the law of
Ohm was remarkable.

According to this law:

11 1
B ata, (th"dzR
[y ! a2 :

@ and az are the volumes of the fluids with resistances 2, and R
Thesoe curves can also be used to determine the percentage glucose
or dextran-glucose of a flmd, when its resistance 18 known, as was
shown in three examples.

1) In a rabbit, 10 min after administration of & 6 %, glucose
solution, two thirds of the glucose are resorbed. At that moment
the glucose percentage of the plasma, determined by a corrected
Hagedorn-Jensen method, agrees exactly with that looked up in
the afore-mentioned diagram with the aid of the B, caleulated
by applying Ohm’s law to tho observed resistances.

2 and 3) Comparable results were obtained in two other
rabbits after injecting 10 % dextran 40000 (Rheomacrodex) or
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6%, dextran 75 000 (Macrodex) in 5 % glucose 10 minutes post~
my the volume determinations showed a small decrease i the
first example o large ono 1n the second and & small inerease an
the third Comparable reeults were ok 1 when the means of
the hacmatoent values of at least five rabbuts were calculated
After mjection of 5 % glucose not only glucose but alo to o
certamn degree water 15 resorbed  after dextran espeenlly after
rtheomacrodex a back resorption of tissue flurd due to the hvperon
tohe attion of the dextran appears From tho remstance st could
be calculated that the conductance of this flud corresponds with
that of a physiological salt sotution

In some experiments the glucose was replaced by salt solution
(09% NaCl) Comparable results as i the glucose set were
obtained After pure lt solution no real volume-expansion appears
m contrast to the dextran solutions

A gelatine product mn a salt solution on the other hand causes
no real plasma expansion These relations observed after the
T 1824 method could be confirmed by h t-deter
m which the mesns of at least five rabluts were used In relation
to the Het as well as to the resistance the gelatine product behaves
more Iike a pure salt solution than dextran solutions do

Z Turek and F Rreuzer Comparison of tuwo methods for ests
maling pulmonary capillary back pressure of CO during hypons

Department of Physiolog; University of N ymegen

In the deter of the pulmonary dsffusing capacity for
CO {Drep) with the steady state method the back pressure of CO
m pulmonary capillary blood (Peg) cannot be disregarded 1n manv
tases The present communication deals with the estimation of
Pego duning breathing a hypoxic mixture ForSTER ef al (1957)

deu Pgo With a modufi of the method of S30sTRAND
(1948) while breathing pure oxsgen which mght be questionable
in an mvestigation concermung the nfluence of hypoxia For thus
reason we have apphed to hypoxic conditions the bresth holding
method described by Jovwes ef af (1958) for room awr breathing
In this method 1t 15 assumed that the partial pressure of CO 1n
the alveolar air after breath bolding ehould approximate the mean
partial pressure of CO in Pulmonary capillary blood
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msec during smus rhythm or following the first stimulus, following
the sccond stimulus this takes up to 40-50 msec

In o fresh myocardial mfarction, conduction 1s still slower and
parred stimulation mvariably mitiates ventricular fibrillation, proba
bly by re entry

This protubits chimeal application of pared stimulation 1n eardic
genie shock associated with acute myocardial mfarction

W T H Stroer, Changes in plasma conduciance after admims
tration of tnfusion flurds

Pharmacological Dept of Prowite Products NV, Amsterdam

The determination of the mtravascular plasma volume with the
wud of Lvans’ blue dye (T 1824) in rabbits after admurustration
of 10 mlfkilo of nfusion flurds, 13 not always relable It was thought
that the conductance (C) of the plasma and 1ts reciprocal value
the resistance (R) might produce a valuable control Therefore the
latter was determined m muxtures of plasma with different per
centages of these fluds, and curves, showing the relation between
the Iatter and R, were constructed The agreement between the
observed R values and those calculated by means of the law of
Ohm was remarkable

According to this law

1 1 . o
R T amtas a1+azR
M az O °

a; and az are the volumes of the flmds with resistances By and R;
These curves can also be used to determune the percentage glucose
or dextran-glucose of a fluid, when 1ts resistance 1s known as was
shown 1n three examples

1) In a rabbit, 10 min after admimstration of a § % glucose
solution, two thirds of the glucoso aro resorbed At that moment
the glucose percentage of tho plasma, determined by & corrected
Hagedorn Jensen method, agrees exactly with that looked up m
the aforc-mentioned disgram with the aid of tho R, calculated
by applymg Ohm’s law to tho observed resistances

2 and 3) Comparable results were obtamned 1n two other
rabbits after mjecting 10 % dextran 40 000 (Rheomacrodex) or
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6% dextran 75 000 (Macrodex) in 5 % glucose 10 minutes post-
1m) the volume determmnations showed a small decrease m the
first example & large ono n the second, and & small increase 1n
the third Comparable results were obtained when the means of
the haematocrit values of at least five rabbits were caleulated
After mjection of 5 %, glucose, not only glucose but also to &
certan degree, water 18 resorbed, after dextran, especially after
rheomacrodex, a back resorption of tissue fluid due to the hyperon
cotic action of the dextran, appears From the resistance 1t could
be caleulated that the conductance of this flud corresponds with
that of a physiological salt solutron

In some experiments the glucose was yeplaced by ralt solution
{09 % NaCl) Comparable results, a8 in the glucose set, were
obtained After pure salt solution no real volume-expansion appears
m contrast to the dextran solutions

A gelatine product 1n  salt solution, on the other hand causes
no real plasma expansion These relations, observed after the
T 1824 method, could be confirmed by haematocerit-determinations
m which the means of at least fivo rablats were used In relation
to the Het as well as to the resistance the gelatine product behases
more like & pure salt solution than dextran solutions do

Z Turek and F Kreuzer, Comparnison of fiwo methods for ests-

mating pulmonary capiilary back pressure of CO during hypora

Department of Physiology Unersity of Nymegen
In the d of the pul daffy

for
Y P
CO (D) with the steady state method, the back pressure of CO

in pulmonary capillary blood (Peco) cannot be disregarded in many
cases The present communication deals with the estimation of
Pegy during breathing a hypoxic mixture FORSTER et al (1957)

leulated Pe, with a modsfication of the method of Syostranp
(1948) while breathing pure oxygen, which might be questionable
m an he inf] of hypoxia For ths
reason we have spphed to hypoxie conditions the breath holding
method desenibed by Jowey ef al (1958) for room air breathing
In this method 1t 18 assumed that the partial pressure of CO n
the alveolar air after breath holding should approximate the mean
partial pressure of CO i pulmonary capillary blood
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msee during sinus rhy thm or following the first stimulus, following
the second stimulus this takes up to 40-50 msee

In o fresh myocardial infarction conduction 1s still slower and
parred stimulation invanably intiates ventricular fibnllation proba
bly by re entry

This prohibits cimeal appheation of parred stimulation in cardio
geme shoch associated with acute myocardial infarction

W F H Stroer, Changes n plasma conductance after admims
tration of tnfusion flinds

Pharmacoloqical Dept of Provite Products NV, Amsterdam

The determmation of the intravascular plasma volume with the
wid of Lvans' blue dye (T 1824) m rabbits after adminstration
of 10 ml/kilo of infusion flwids 13 not alwaysrehiable It was thought
that the conductance (C) of the plasma and its reciprocal value
the resistanco (R) might produce a valuable control Therefore the
latter was determined 1 mixtures of plasma with different per
centages of these flmds and curves showing the relation between
the latter and R were constructed The agrcement between the
observed R values and those calculated by means of the law of
Ohm was remarkable

According to this law

1 1 1
—_—E ——h ———
R ay+as aj+az
~——R =R
Y3 az
@y and a» aro the volumes of the fluds with resistances Ry and R,
Theso curves can also be used to determine the percentags glucase
or dextran glucose of a flid when 1ts resistanco 1s known as was
shown 1n three examples

1) In a rabbit 10 mmn after admunstration of a 5 % glucose
solution, two thirds of the glucose aro resorbed At that moment
the glucose percentage of the plasma determmed by a corrected
Hngedorn Jensen method agrees exactly with that looked up in
the afore mentioned diagram with the aid of the F calculated
by applying Ohm s law to tho observed resistances

2 and 3) Comparable results were obtuned m two other
rabbits after mjecting 10 9% dextran 40 000 (Rheomacrodex) or
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10side of the mouth with 3 % borax in giycerot or with a nystatine
paste freshly made by grnading one tablet of 500000 IU in a
mortar with one ml of glycerol) The patches dissppeared, tumours
were shed and the mucous membranes healed in 8 few days cs
peaally by using nystatune

The infection recurred however, although no other eases ap-
peared after we removed ell the sand from the tcrrana of our
Bodae Close nspection of the mouth revealed the tecth to bo
the source of the recurrent mnfection Therefore an aggressive
fungicrdal treatment was started Once a week all viubly nfected
1eeth were broken out, after which the mside of the mouth was
eoated wath ny The t waa pleted i 6 and 0
2 sesstons respectisely, m which a total number of 27 and of 7
teeth were d No add 1t was given Al Jost
teeth were replaced by newly grown ones and the condition of both
enakes 13 still excellent one year since thesr cure

J W Viersma L N Boumanand M Master, The influence
o} ouabasn on conduction relocily and rapid depolarszation an rabbit
aunicles at different frequencies

Department of Physiology Unwersity of Amsterdam

In the cnsta termunabs of isolated rabbit atna we observed a
relation between fi y and d veloaity
fi 1

as well as a relation between it quency and
tate of nise of the transmembrane potential (VIERSMA ef al , 1968)
The muscle strip was dniven with & programmed series of stimuls,
the frequencies of which were stepwise changed between 2 and
9 cps After adaptation to the new frequency a steady state
ocearred The mean values of 20 measurements dunng & steady
state were compared Both conduction velocity and maximal rate
of nise of the action potential decreased exponentially st an merense
1 frequency

According to TRaUTWEIN (1063) 8 decrease 1n conduction velocity
a the heart might be due to a decrease 11 the maximal rate of nse
The latter depends on the sodium mflux at depolanzation There
18 evad that a di hed sodinm gradient actoss
the cell membrane will result 1n 2 decrease of the meximal rate
of mse of the action potentra) Our hypothesis 18 that a relative
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The values of Py, obtamed after 6, 11, 16, 21, and 26 sec of
breath-holding following breathing & hypoie mixture were com-
pared with the values of Pey, estimated according to Forster et al
(1957) 1n seven healthy male supine subjects The Torster method
with pure oxygen breathing always preceded breathmg the low
oxygen mixture and breath-holding in the same subject

In all cases but one the value of Pey, was maximal after 11 sec
of breath-holding The values of Pey, m the alveolar air after
11 sec of breath-holding were, on the average, 0 0034 mm Hg higher
than thoso according to Forster ef al, with SE =0 0012 Since
ne CO was nhaled between the rebreathing and breath-holding
periods, all CO 1n the alveolar air after breath-holding must have
ongnated from the pulmonary capillary blood Consequently the
higher values of CO pressure found after 11 sec of breath-holding
should be a better approximation of the mean real Py, than
those calculated according to ForsTER et el From a practical pownt
of view the difference between these two methods s neglgible,
however, if we consider 1ts mamfestation 1n the calculated value
of Dy, But the breath-holdmg method has the advantage of
being more simple and of not involving the complication of breath-
ing & high oxygen mixture

REFERENCES
Forster, R E, T J W RovauroN, L Caxver W A Briscor and

F Knrevzer, J App! Physiol 11, 277 (1957)
Jones, R H,M F Etuicorr,J B Caproax end I' A Gaensier,J Lab

Chn Med 51, 553 (1958)
SiostranDp, T, Acta Phyaio! Scand 16, 201 (1948)

A A Verveenand M Kooy, Two successfully treated cases of
mouth-rot 1n giant snakes

Department of Physiology, Unsversity of Leiden

Two Boidae of our collection, a Constriclor constrctor and an
Epcrates cenchris Columbna, developed mouth-rot after devouring
prey covered with humid sand The mucous membranes were
densely covered with yellowish patches, there was a tumour of a
few cm length 1n a corner of the mouth and several teeth were
Joose The infection, probably caused by a fungus, only partly
responded to non aggressive fungiadal treatment (covering the
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1nside of the mouth wath 3 9, borax n glyeerol or with a nystatine
paste, freshly made by grnding one tablet of 500 001U mma
mortar with one ml of glycerol) The patches disappeared, tumours
were shed and the mucous membranes healed m a few days es-
peaslly by using nystatine

The infection recurred, however, although no other cases ap-
peared after we removed sll the sand from the terrana of our
Bodse Close mspection of the mouth revealed the teeth to be
the source of the recurrent mnfection Therefore an aggressive
fungrerdal treatment was started Once a week all wisibly tnfected
teeth were broken out, after which the inside of the mouth was
coated with nystatine The treatment was completed 1n 6 and 1
2 sessions respectively, in which a total number of 27 and of 7
teeth were d No add 1t was given All lost
teeth were replaced by newly grown ones and the condition of both
snakes 1s still excellent, one year since their cure

J W Viersma, L N Boumanand M DMater, The snfluence
of ouabain on conduction elocity and rapid depolarszation sn rabbit
auncles at different frequencies

Dep of Physiology Unversity of Amsterd

In the cnsta termunalis of 1solated rabbit atna we observed a
relation between freq and duction velocity
as well as & relation between 1 fi y and 1
rate of nise of the transmembrane potential (Vieraua et al , 1968)
The muscle strip was dniven with a programmed series of stimul,
the frequencies of which were stepwise changed between 2 and
9 cps After adaptation to the new frequency a steady state
oceurred The mean values of 20 measurements during a steady
state were compared Both conduction velocity and maximal rate
of nise of the action ! decreased exp lly at an mcrease
m frequency

According to TRAUTWEIN (1963) a decrease 1n conduction veloaty
m the heart might be due 1o & decrense In the maximal rate of rise
The latter depends on the sodium mflux at depolanization. There
18 endence that & d hed sodium gradient across
the cell membrane will result 1n a decrease of the maximal rate
of mse of the action potential Qur hypothesis 18 that a relative
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mgufficiency of the sadium potasstum pump at higher frequencies
of stimulation causes a reduction of the concentration gradient of
sodium 10ns aeross the cell membrane

By adding ouabamn (strophantin G) to the perfusion flud in
concentration of 107 g/ml, the sodium potasstum pump was se
lectively inhilited (Skou, 1965) After 16 mm of equhbration
another series of stepwise changing frequencies was started in order
to compare the influence of frequency during ousbam admms
tration with the ongmnal frequency effect

In all 15 experiments we observed during ouabain admunistration
an anereaso of the influence of frequency on the maximal rate of
nse as well as on the conduction veloeity in the atrium

We managed to record intracellularly from one fibre for more
than 60 mmn 20 mn after the removal of ousbamn from the normal
perfusion fluid the mfluence of stimulation frequency on the men
tioned parameters was restored to the omgmal values

These results are 1 good agreement with the hypothesis that
an mcrease in frequency mvolves an mnerease of the mteacellular
sodium concentration A decreaso 1 the sodium concentration
gradient scross the cell membrane causes a smaller maximal rate
of rise of the action potential and consequently a smaller conduction
velocity along the atrium

REFERENCES

Viersaia, § W, L N Bouman and M Maroe, Nature 217, 1176 (1908)
TravTwEN, W, Pharmacol Rev 15, 277 (1903)
Skou, § C, Phymol Rev 45, 596 (1965)

J. Vos, K Kuniyama and E Roberts, Transmtler binding
an relation to the presence of acad pol. harides wn subcellul
Jractions of mouse bran

Netherlands Central Institute for Brawn Research, Amsterdam, and
City of Hope Medical Center, Duarte, Calif USA

The binding of transmutter substances to nerve endings (Ne)
and synaptic vesicles (SV) 1s supposed to be one of the mtial steps
of transmitter storage m SV before 1t can be released by action
potentials

The wn wiro binding of transmitter sul
characteristics of a cation exchange process (KURIYAnA, ROBERTS

h d some




NUIMEGEN, APRIL 18-19, 1968 427

and Vos, 1068) For this reason the electroknetic properties of
Ne and SV were studied by means of electrophoresis in a sucrose
gradient It was found that Ne and SV have a net negative surfaco
charge at pH7 and an soelectrsc pomt at approumately pH4

Thie negative surface charge was not related to malic acid as
15 the case 1 severa! cell types The binding of transmutter sub-
stances showed no clear relationslup between surfico charge and
binding, g about 2x more serotonin was bound per mg protein
than norepmephrine or acetylcholine, while more acety Icholine was
bound to SV than to Ne (Vos, Kurtyayt and Ronerts, 1908)

In an attempt to identify the nature of the antonic groups
smvolsed in the surface charge and the eation exchange phenomens,
attention was focussed on polyamions such as acid mucopoly-
sacchatides (AMPS) It was found that whole mouse bramn con-
taned 002 % AMPS and about 60 % sedunents with the particu-
Inte fraction of & homogenate at 100 000 g After estraction with
chloroform methanol 2 1 and drying, the Lipid free dry material
{LFDVI) of the particulate fraction of whole mouse brains con-
tamed 113 mg AMPS per g of LFDV, while synaptic vesicles
eontained 2 31 mg AMPS per g of LFDY, nerve endings 061 mg
AMPS per g LFDY, and brain mitochondra only 023 mg AMPS
per g LFDM

The AMPS 1n the different fractions were dentified as chon-
droitm sulfate (85 % 1n whole bramn) and hyalurorue acid A trace
amount of umdentified AMPS was present in all fractiony

The presence of the relatively large amount of AMPS 1n SV
1s.of particular wnportance with regard to binding studies A possible
role of AMPS m the inding and release of transmitter substances
m rao cannot be excluded nor confirmed at the moment

F A deWolff H van Rees L I SwaabandE L Noach,
‘Indsrect"! sympathicomimetics and the veolated seminal vesscle

Dept of Obstetrics and Gynaccology Unwersity Hospital, Lerden
Dept of Pharmacology, Unwersily of Lewden

From chinical experience 1t 15 known that hypertensive patients,
treated with guanethidine, often suffer from ejaculation dis-
turbances Data from the lterature mdicate a sy mpathetic innerva-
tion of the prostate, semunal vesicle and ductus deferens
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mnsufficiency of the sodium-potassium pump at higher frequencies
of stumulation causes a reduction of thoe concentration gradient of
sodium 10ns across the ccll membrane

By adding ouabain (strophantin-G) to the perfusion flmd n a
concentration of 10 7 g/ml, the sodium potassium pump was se
leetively intubited (Snou, 1965) After 15 min of equlibration
another serics of stepwise changing frequencies was started m order
to compare the mfluence of frequency during ouabmin admuns
tration with the origmal frequency effect

In all 16 experiments we observed duning ouabain admpmstration
an nerease of the mfluence of frequency on the maxmal rate of
rise ag well as on the conductian velocity m the atrum

We managed to record intracellularly from one fibre for more
than 60 mm 20 mn after the removal of ouabain from the normal
perfusion flud the nfluence of stimulation frequeney on the men
tioned parameters was restored to the ormginal values

These results are i good agreement with the hypothesis that
an merease 1n frequency mvolves an tnerease of the mtracellular
sodium concentration A decrease n the sodium concentration
gradient across the cell membrane causes o smaller maximal rate
of r1se of the action potential and consequently a smaller conduction
veloeity along the atnum

RETCLRENCLS
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J. Vos, K Kuriyama and E Roberts, Transmfter binding
1n relation o the presence of acd l harides wn subcellul,
fractions of mouse bran

Netherlands Central Institute for Brawn Research Amsterdam, and
Oty of Hope Medical Center, Duarte, Cahf, US 4

The binding of transmitter substances to nerve endings {Ne)
and sy naptic vesicles {SV) 15 supposed to be one of the mutial steps
of transmutter storage i SV before 1t can bo released by action
potentials

The w wifro bnding of transmutter substances showed some
characteristics of a cation exchange process (Kvrivama, RoBeERTS
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and Vos 1968) For this reason the electrohinctic properties of
Ne and SV were studied by means of electrophoresis 1n o suctoso
gradient 1t was found that Ne and SV have a net negative surfaco
charge at pH7 and an 1soclectric pont at approumately il

This negative surface charge was not related to sialic acid as
18 the case 1 several cell types The binting of transmutter sub
stances showed no clear relationship between surface charge and
binding, eg about 2x more serotonin was bound per mg protein
than norepmephrine or acetyleholine, while more acetyleholine was
bound ta SV than to Ne (Vos, Kurtyayma and Roperrs, 1968)

In an attempt to identsfy the nature of the smonie groups
involved 1n the surface charge and the eation exchange phenomena,
attention was focussed on polyamons such as acid mucopoly-
sacchandes (AMPS) It was found that whole mouse brain con
tamed 0 02 9, AMPS and about 60 % sediments with the particu-
late fraction of a homogenate at 100 000 g After extraction with
chloroform methanol 2 1 and drying, the ipid free dry materal
(LFDY]) of the particulate fraction of whole mouse brams con
tamed 113 mg AMPS per g of LFDY, while synaptic vesicles
contained 2 31 mg AMPS per g of LFDV, nerve endings 0 61 mg
AMPS per g LFD), and bram mitochondria only 0 23 mg AMPS
per g LFDV

The AMPS n the d:iffe fi were 1dentified a3 chon-
droitin sulfate (95 %, 1 whole bram) and hyalurome acd A trace
amount of unidentified AMPS was present in all fractions

The presence of the relatively large amount of AMPS i SV
1s of particulr importance with regard to binding studies A possible
role of AVIPS in the binding and release of transmitter substances
m vito cannot be excluded nor confirmed at the moment

F A deWolff H van Rees L 1 SwaabandE L Noach,
Indwrect sympathicomimetics and the ssolated seminal resicle

Dept of Obstetrics and Gynaecology Unueraity Hosputal, Leden
Dept of Pharmacology Unsersity of Lerden

From clinical expenience 1t 1s known that hypertensive patients,
treated with guanethidine, often suffer from ejaculation dis
turbances Data from the | mdicate a sympat mnnerva-

tion of the prostate serunal vemcle and ductus defereny
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Using the wolated serunal vestcle of the rat os test organ (ac-
cording to Lerrcn ef al, 1054), 1t was mvestigated whether guane
thidine decreases the contractility of these accessory male sex
organs vz depletion of the adrenergic neurotransmtter

In analogy to blood pressure expertments according to BurN
and RaND (1958) 1t was examined whether the sympathicomimetio
effect of tyramme on the contractions of the senunal vesicles s
modificd by pguanctludine Contrary to expectations, however,
tyramme did not cause any contractions, 1t even sometimes reduced
contractions brought about by noradrenahine This inhibition can-
not bo interproted as a § mimetic effect, since 1supret did not affect
tho contractious of the seminal vesicle

Pretreatment of 1ats with 100 mgfkg/day guancthidine mntra
peritoneally during 7-12 days did not lead to any sigmficant
senutization to adrenaline or noradrenaline, although the nor-
adrenaline content of the seminal vesicles after pretreatment was
reduced to zero

RETFLCRENCES

Bory, 7 H and M J Raxp, J Physiol (London) 144 314 (1058}
Lerren, J L,C S Lienioand T J Hatey, But J Pharmacol Chemother
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IN MEMORIAM PROFESSOR J W DUYFF

On October 6th died, at the age of 62, Jan Willem Duyff,
professor of physiology at the Umversity of Leden, founder and
editor 1n chef of these Acta

He started s screntific carcer already as a medieal student at
the University of Amsterdam where he worhed at the department
of lustology He graduated 1n 1931, practised genersl medicine for
some time and became instructor of histology 1n 1032 at the
University of Amsterdam

His early work 13 concerned with lipid metabolism and with
problems of growth, cell differentiation and the mutusl interaction
of growing tissues This led hum to the study of electrical propertics
of living tissue and to bo-electrieity In 1942 he passed hus thesis
on ‘ Low frequency mapedance of ammal tissue™

During the war he participated actively 1n the armed resistance
agamst the German occupation and beeame one of the leaders
of the Dutch Underground Forces

For tas resistance work he was rewarded with the Medal of
Freedom with Bronze Palm (USA) and was appointed as an
Honorary Member m the Military Division of the Order of the
Brnitish Emprre and Officier 1n the Dutch Order of Oranje Nassau
with Swords Later he became a Knight m the Order of the
Nederlandse Leenw In 1946 he was appomted professor of
physiology at the Unnersity of Leiden

In the early years of hus professorship he designed and created
the new physiological laboratory, the center of tho XXII Inter-
national Congress of Phystological Sciences i 1962, which he

d almost single handedly and of which he was the Congress
Premdent

His many activities gave a new impetus to a general uplift of
Dutch physiology, n particular at Leiden Among these was the
found of the Acta Physologica et Ph )t Neerland
n 1950 of which he was the very eritical chairman of the editoral
board The number of his own papers during tus professorship 18
Lmited but he imtiated and stimulated many and his cmtical
approach and vast knowledge of the sciences and humaniora put
a mark on the papers of hus pupily

He supervised some 15 theses,

most of which appeared as



preprints of theso Acta That 1n 1tsclf was a novolty n Dutch
acadomie traditions

T'rom 1956 onward he also was an active member of the editorial
board of the Dutch Medical Journal (Ned Tydschnft voor
Genceshunde} He was a fervent adsocate of the mtroduction of
computers in medical and scientific data processing and tho main
part of his scientific activaties for the past 1015 years was dovoted
to this field

He held many offices m the Dutch and international scientific
world Ho 1s probably best hnown abroad as delegato to theITU P S
of which he was a member of the Council since 1959, 1ts Vico
President sinco 1962 and recently its Scerctary Ho was a man
of strong character and a tremendous energy who never stopped
working, m spite of s bemg seriously 1}l for tho past two years
His mmpact on physiology and the whole ficld of medical seiences
i the Netherlands has been great, although his natural modesty
led him to remamn in the bachground a8 much as possible

P L VoORmoe:g
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THE TRANSFER FUNCTION OF FROG
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1l THE INFLUENCE OF PREVIOUS CONDITIONS 1A SITU UPON
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By

A C BODBERT
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1 INTRODUCTION, PLAN OF INVESTIGATIONM

From tho results of a presious v estigation (BonsERT, 1969)
1t was concluded that during repetitive mndirect strmulation of
1solated frog muscles there occurs a progressive lowering of the
response/stimulus ratio of the twitch fibres which results both
from fatigue and agemng of tho preparations In these eXperiments
the impression arose that the rate of decrease of this ratio depended
on the lapse of time between sectioming of the nerve and inter
ruption of the blood supply to the muscle

To establish thus defimtely, experiments were made which also
served to ascertain whether the two types of motor units present
m the frog’s twitch system 1e the umts in which the response
to the sccond pulse of a twin 1s facihitated and those 1 which 1t
18 depressed (BopsERT, I ¢ ), behave m a consistent way in response
to tho third and later pulses of pulse tramns

2 MATERIALS AND METHODS

These were vartually the same as in the experiments reported
earlier

21 BaSIC PROCEDURFS
The preparations, winch always consisted of the sciatic nerso
and gastrocnemius muscle of Rana Temporaria or R Esculenta of
erther sex and nearly tho same size were usually exammed 1 wifro
m & bath of paraffin o1l at a temperature between 18 and 21 °C
The results of the oxperiments were mdependent of the ammal's
sox and not appreciably influenced by the season

22  STIMULI were apphed to the nerve or directly to the muscle
They consisted of rectangular 1 msee pulses of equal voltage applied
at the rate of 1 per 10 sec Any of thesc single pulses could be
replaced by a tramn of up to five pulses with adjustable intervals

23 REcorDING

Mechanical records were obtamed with & conventional isotone
lever and hymograph

Tlectrical records were led off betw een an active electrode piereing
the tendo calcanes and an earthed electrode The potential changes



THE TRANSFER FUNCTION OF FROG M1ONEURAL JUNCTIONS 431

were amplified 1000 x by means of a pre amphfier the Jow piss
Slter of which was sot at an -C time of 2 mece and photographed
as mingle shots from the oscilloscope screen

S34 SBEQUENCF OF EMENTS DURING A TYPICAT EXPFRIMENT

In most expeniments the pulees were supramauimal Pror to the
expeniment proper 1 msec test pulses of stepwrse increasing
voltage were given to determme the “maximal stimulus voltage
for stngle pulses of this duration the number of these test pulses
never excecded seven In the expenments themselves stimulus
strength was at least 11% pet of the yust maximal pulse intensits
One stimulus pulse was applied every 10 sec, except that cvery
30® stimulus consisted of a tramn of five pulses at ntersals of
25 msee unless indicated otherwise Pecords were made of the
electrical responses to these trams {mV}) and of the mechamcal
responses to the tramns and to the immediately preceding single
pulses {aritrary wmts)

To obtain data suitable for companng the resuits of different
types of expertment the response amphtudes of four preparations
were averaged and represented as such unless otherwise indicated

3 RESULTS OF STIMULATION WITH

SUPRA-
MAXIMAL PULSES

31 CrANGES IN RESPONSE I\ THE COURSE OF PEPETITIVE STI
MULATION
311 El land A !

P during ndirect stimulation
In four decerchrate frogs breathing spontaneausly and with an
intact circulation both sciatic nerves were sectioned and carefully
prepared free from the surrounding t1ssues withoud causing undue
loss of blood or impairment of the local crreulation Then within
15 min after denervation the blood 8upply to one leg was blocked,
after which the frog was mounted with 1ts legs bathwg in paraffin-ol
An experiment was made with the so obtamned ‘E {early) pre
paration  Upon completion of this experiment te abaut 150-180
min after denervation the circulation through the other feg was

interrupted and sn dentical expenment was made with the “L-
{late) preparation thus obtaiped
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The essential difference between theso two types of preparation lies in the
fact that beforo tho exp proper, of the nerves was per
formed 1n tho L proparations ot 150-180 mmn beforo the blood supply
was interrupted which gues the local cwrculation amplo opportunty to
neutralize possible effects resulting from the previous phys ological nervous
wflow while this opportumty 1s lughly restricted i the caso of E prepa
rations

Part of the data obtamed 1n the experiments with supramaximal
stimulation of E and L-preparations are given in Figs 1 and 2
In Ig 1 the changes m amplitude of the electromyograms due to
the first and to the fifth pulses of the trains are plotted aganst
the number of applied pulses for both the E and the L-preparations

In Fig 2 the syme has been done for the amplitudes of the
mechanical responses to single pulses and to trans of five pulses
at intervals of 25 msee It appears from Fig 1 that during repetitive
indireet stimulation the electrical responses to the first and to the
fifth pulses of the tramns dimimsh strongly for both types of pre
paration but that the rate of this decrease 1 considerably lower
for the L-preparations This difference 1s still more marked in the
caso of the mechanogram amphtudes (ig 2) at the time when
m the E preparations the mechanical responses to singlo pulses
and even to pulso tramns have disappeared they may have decreased
by only 70 pet in the L preparations
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plitude of tho el p to the first (loft) and fifth
dinng mdirect stimulation of E (®ond L (@)
Ppreparations

Changes 1n 8
(right) pulses of trans
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These observations naturally raised the question whether the
differences between E and L-preparattons are hinhed with synaphe
or presynaptic phenomens, or Tesult from an wmflusace of denerva
twn 10 the presence of an ntact blood suppls, upon the post-
synaptic elements For this reason srmilar expeniments were made
with direct stimulation

MG amel

ruTber of puses

tane (m n]
Areetmo,
.
..
.
ve, * e
. .
3 v
e o e
250 _ 500 _ 750 0 750,500 _ 750
S ) 0 ) 50 100
Fig 2
Changes in of the mech ] to single pulses (left} and

0 trams of 5 pulses {nght) during ndurect stimutation of £ (®)and L (@)
preparations (Note the different vertical scales)

312 Mechancal responses during direct shimulation

In four decerebrate frogs one seratic nerve was sectioned 10 min
after an mtrapentoneal injection of 80 mg Flaxédil Then, about
15 m after denervation, the cireulation on that sde was blocked
and the resulting “E ' was d for direct, stimu
lation In apother four decerebrate preparations one sclatic nerve
Way sectioned and the operation field bathed m paraffin oil for
130-150 muo after which the frog was pasalyzed by mesns of an
tdentical Flaxedil mjection Twenty five mmnutes later, 1 agamn
ab 150-180 min after sectioning of the nerve, the local blood supply
was !,;slmked on the denervated smde and the resulting “L-prepara
tion” was stimulated directly according to the usual pattern
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Because tho stimulus artifacts resulting from the gh voltage pulses
needed for direct stimulation of all muscle fibres largely obscured the
clectnical responses of the muscles, only the mechanograms could be used
{BopzserT, lc)

In Fig 3 the changes i amplitude of the directly evoked
mechanograms 1n response to single pulses and to the pulse trains
are plotted agamst the number of preceding pulses, for both the
E- and the L preparations It appears that, here again, there 15 a
marked staircase effect 1n the responses to single pulses which s
less pronounced or cven absent, 1n the responses to the pulse
tramns Like 1n previous experiments the staircase period 1s attended
by an merease m resting length of the muscles (not shown) The
staircase 13 more pronounced and of longer duration n the L
preparations than in those in which the circulation was mterrupted
shortly after denervation (Fig 3) Because the same differences
were observed for £ and L preparations stimulated ta the nerves
(T1g 2), 118 obvious that they result from an mfluence of denerva
tion, long before blocking of the local blood supply, upon the
muscle fibres themselves
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Changes 1n amplitude of the k 9 1n resp to single pulses
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el 1

After the stawcose perod the ampl of the h
responses of the E and the L-preparations decrease ab approxi
mately the same rate, 1n contrast with therr behaviour dunng

indgect stmulation (Fig 2) This suggests that the difference

between the rates of d of the 3 1 resp of the
E and the Jepruparations dunng sndsrect stimulation 1s closely
ted with the duiffe rates of d of therr electrical
responses {Fig 1) and that both result from 5 slower decrease of the
responsestimulns ratio of the myor 1) n L-prep
If this should be the case, then 1t 13 to be expected that the
fan) y effect of tond pulses upon the responses to test

pulses 83 expressed m the ratio between the amphtudes of the
electromyograms and that between the mechanograms (BoppERT,
lc) will be more pronounced for the wduectly stimulated E-
preparations than for the L preparations and that the difference
will increase 1n the course of stimulation

313 Comparison belween the mechanogram amphitude ratios during
direct and sndirect stimulation

In Fig 4 the ratio between the amphtudes of the mechanical
tesponses of £ and L-preparations to single pulses and to pulse
trams 19 plotted agamst the number of preceding pulses, for direct
ang for indirect stimulation In the case of direet stimnlation {left)
the MG amplitude rati0s of the two ty pes of preparation are nearly
1dentical and decrease slowly, dunng the stawecase penod After
that both show & gradual increase that mamiy results from the
mertta of the 1sotome lever, which favours recording of the
contractions due to pulse trains above that of the weaker feaponses

to single pulses Thus also results m a dufference between the MG
amphtude ratios of £ and Z-p

after the st period,

‘heratio for the I-preparations benglower because their mechaneal
stawcase

4, nght)

' e ubeus telios are hugher dunmg the stawcase period
than n the case of direct stimulation although, agan, they decrease
sightly and are virtually identical But now, after thus period they
ncrease more rapidly than dunng direct stimulation, ths steep
increage 18 especially marked for the E preparations These changes
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in tho MG amplitude ratio during indirect stimulation moro or less
correspond to the simultancously oceurring changes in the ratio
between the amplitudes of the electrical responses to the fifth
and first pulses of the trains (Fig. 5). Therefore, it appears that in
the course of indirect stimulation the response/stimulus ratio of
the myoneursl junctions decreases more slowly in the L-preparations
than in the E-preparations, which explains the differences between
tho rates of deerease in amplitude of their electrical (Fig. 1) and
mechanical (Fig. 2) responses. As a result, the facilitatory effect
of conditioning pulses will express itself more clearly in the E-
preparations, which results in a larger increase of the amplitude
ratio of the clectrical responses to the fifth and first pulses of the
trains (Fig. b) and, as a consequence, of that between the mechanical
responses to pulse trains and to single pulses (Fig. 4).

This poses the question whether the increasing differenco in
responsefstimulus ratio between the neuromuscular junctions of
E- and of L-preparations in the course of 1 per 10 see stimulation
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18 due to the merease, m tume, of the number of stumph apphed,
ot to detenoration In order to suswer this question ageing expert
ments were made

time (mn)

Fig &

Changes i the ratio between the

response to the fifth and to the first pulses of trana durnng indirect aumu.ln.-
lation of £ (Q) and L. (m) preparations

of the

32 CHANQES IN RESPONSE DUE TO AQEING OF XN tilro PREPARA
TIONS

In the same way as described 1n section 311 “E* and “L”
Preparations were obtatned from 4 frogs In these preparations the
mfivence of ageng on thewr responses to dmect stimulation
decording 10 the standard pattern {2 4 ) was mnvestigated m expent
ments lasting for 3 h test stunuli only being applied at 30 min
mtervals These test stimub consisted of & supramaximal single

pulse followed, after 10 sec, by s traw of five of such pilses delivered
at 25 msec intervals
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InTig 6 the normalized changes, due to ageing, n tho amphtudes
of the clectrical responses to the first pulses of indirectly apphed
pulse trains are shown for the E and the L preparations, together
with those obscrved m the experiments with indirect stimulation
at the rate of 1 per 10 see (311, Iig 1) Trom the ageng expen
ments it appears that, after a shight sturcase effect 1n the responses
to mingle pulses (which did not appear during repetitiv o stimulation
and whose nature, therefore, was not investigated), the electrical
responses decrcase 1 amphtude for both types of preparation
However, the rate of decrease 1s much lover 1n the case of the
L preparations, the amphtude after 120 min of deterioration being
virtually unchanged mn the L preparations agnnst 1ts being reduced
Ly more than 50 pet n the others If these data are compared
with the corresponding values m the course of repetitry e stimulation
{93 and practically 100 pet, respecttvely), it beecomes ovident that
the ncreasing difference 1n responsefstimulus ratio between the

A A,
100p ==-m —mem- A =mem —- L L]
EMG; ompl inpet
4 A of initial volue
time (min)
a A
A
501 F
age ng a 1per 10 sec stim
a
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Fig 6

litudes of the el 1

Normalized changes i the average amy p
ol? E (p) and L (A) proparations to indirectly apphed single pulses

oceursing 8 o Tesult of agewng (left) and during 1 per 10 sce stunulation
{right)
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two types of preparation n the course of 1 per 10 sec stimulation
(Fig 1) largely results from & difference of the speed at which
they deteriorate

In order to elucidate 1n which way, after bloclang of the nervous
mflow, the state of the local errculation influences the transfer at

¥ 1y the ratio b the amphtudes of the
electrical responses to the fifth and first pulses of the trainy, which
gives an impression abont the degreo to which the response/
stnulus ratio of moter endplates can ba rased by conditionng
(BosBERT, Ic) was calculated for both types of preparation In
Fig 7 these ratios aro plotted agamst time both for tho agemng
experiments and for those with Tepetitive stimulation From the
agemg experiments 1t appears that for the L-preparations the ratio
18 fawly high mtially and 1s not mgmficantly nfluenced by agemng,
while m the E preparstions there 13 a shight decrcaso dunng the

ant
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200} L
'y
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first 90 mm and a. farrly steep increase afterwards If the behaviour
of the ratio mn the course of agemng 1s compared with that during
repetitn e stimulation {Fig 7, right), 1t becomes evident that there
1s little correspondence between the influence on the transfer
function, of the relation between the state of the circulation and
that of the nervous inflow prior to the experiments proper, m the
agemng proparations and i those stumulated at the rate of 1 per
10 sec

As mentioned before, both m the agemng experiments and n
those with repetitive stimulation, the amplhitudes of the electro
myograms decrease for L and E preparations, while 1n both types
of experiment the rate of this decrease 1s ugher in the case of
E preparations (Fig 6) Now, if this difference between the L
and & preparations would result from the same cffect of the state
of the arculation prior to the expemments, exerted at the same
pomnt in the chan of events leadmg fram the appheation of a
supraliminal stimulus to a motor axon to the generation of an
action potential by the twitch fibres it subserves, there ean be no
difference between the effects of conditioming pulses mn the agemg
experiments and wn those with repetitive stimulation Because such
a difference exists (Fig 7) 1t may then be concluded that the way
n which the cireulation, 1if left intact for hours after blocking of
the nervous inflow, acts to prevent a decrease, due to agemg, 1n
TMG amphtude 15 not the same 1n whieh 1t does so 1n the case of
repetitive stimulation

Fom the results of previous exp ts ( Ic¢)it was
that, 1n the caso of stimulation at the rato of 1 per 10 sec the futigue of
neuromuseular transmission has a faurly large synaptic component char

acterized by n declino in the number of acetylcholine quanta released per

impuise and as & '\ a d i the resp ratio
of the muscle fibres In those experiments 1t was further shown that in many

motor units of the frog s twitch system the decrease in quantum content
of the EPP s can be partly offset by the facihitatory after effect of a con
ditioning 1mpulse as ovidenced by an ncreased responsefstimulus ratio of
single muscle fibres for a closely following impulse and by an mncreaso 1o
the ratio between the clectrical overall responses of the muscle to the second
and first pulses of twms

n the present experiments similar observations were made as
to the relation between the amplitudes of the LMG’s due to the
second and first pulses of the pulse trams (not shown) and for that
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between the amphtudes of the EMG 8 1n response to the fifth and
first pulses of these trame (Fige & and 7) The difference observed
m these experyments betncen the rates of decrease of the EMG
amphtudes m L~ and E preporations (Fig 1, and night half of
Fig 8) and those between the changes m therr EMG amphtude
ratios (Fig 5 and nght half of Fig 7) can easihy be expluned
on the reasonable assumption that the L-preparations have larger
stores of readily relensable acctylcholme than the E preparations

In the intact frog these stores are then partly depleted as a result
of & relative msufficiency of the blood supply to cope with the
continuous drain on these stores exerted by the physiologieal
inflow of unpulées to the myoncursl junctions and they are re

plemished 1n the L-preparations during the long peniod m which
there was an mtact blood supply and no nervous mflow The
mbially larger number of transmutter quanta stored m the L

preparattons would result in a less raptd decrease of the transmitter
output per wmpulse and t} m 5 smaller diffe

the responses to conditiomng pulses and to test pulses

between

Incidentally 1t may be remarked that this effect of the circulation on tho
dufference between the responses to smngle pulses and to pulse trawns or
twis wlf bardly play eny role 1n classroom expenynents on  surmmahion
of contractions  dunng ind rect stunulation (¢f Bopeerr le sect on 1)
becauss 1n prep used for such
been interrupted at the same moment

™ the ¢ reulation has usually
t a8 the nervous inflow

For the case of ageng preparations 1t was concluded from previous
expeniments on direct and ind rect activat on of frog gastroenemu that the
deeseswen 1 arnphitude of the electricsl 8nd mechamcal responsed to mingle
pulses and to twins wh ch oceur during the first three hours and are not
accompanied by an tnerease 1n the ratio between the amphtudes of the elec
tnical responses to the second and first pulses of twins are mamly due o a
deterioration of the postsynaptic elements

Sular observationy were made i the present agenis expenments
with 1egard to the decrease 1 amphitude of the electrscal Tesponse
to the first pulse of trans (Fig 6 left) which 15 not accompamied
by & suable merease 1 the ratio vetween the amphtudes of the
electrical reaponses to the fifth and those to the first pulses of the
trawns {F1g 7 Jeft) This rarsed the g whether the diffe
between the changes m amphtude of the EMG s of the L and
the £ preparations {left halves of Figs 6 and 7) alse result from




442 A. 0. BOBBERT .

a more rapid deterioration of the postsynaptic elements in the
E-preparations. This was investigated in L- and E-preparations
obtained from 8 frogs in the manner described in section 3 1.2,,
in which the effect of ageing on their mechanical responses to direct
activation was examined with test stimuli applied every 30 min.
These test stimuli consisted of a single pulse, followed after 10 sce
by a train of & of such pulses delivered at 25 msec intervals. The
results of these experiments are shown in Fig. 8 where the normalized
changes in the amplitudes of the mechanical responses to the pulse
trains are plotted against time, together with those observed in the
previously deseribed ageing experiments in which the test stimuli
wero applied indirectly. From the left half of this figure it appears
that there is hardly any difference in the rates of decrease of
directly evoked mechanical responses between ageing L- and E-
preparations, although there is a large difference between the rates
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in ageng E- (4) and L- (A) preparations
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of decrease of their electrical (Fig 6, left) and mechameal (Fig 8,
nght) responses to mdirectly apphed test stimul

Therefore, 1t may be concluded that the marked difference 1n
rate of decrease of the EMG amplitudes between agemng L~ and E-
preparations (Fig 6 left) docs not result from a difference 1n the
rate at which their muscle fibres deterorate but 1s dus to s difference
m condition of the presynaptic elements

The implied protective action on these elements, exerted by an
mtact eirculation, might be due to

(a) prevention of detemoration and depolanzation of the
membranes arcund the terrmmal endings of the motor axons Thas
possibility 1s largely ruled out by the fact that in ageing experiments,
and even dunng low frequency stimulation, there 1s, neither in
the Z- nor 1n the E preparations a sigmificant decrease in amplitude
of the electrical responses of the nerves to supramaximal pulses

Moreover, the electrical responses of the nerves to submaximal

test pulses 1ncrease 1n the same way 1n both types of preparation
{not 1Mlustrated)

{b) an increase 1n the amounts of readily releasable acetyl
choline As mentioned before, the existence of this effect can be
denived from the difference in behaviour between the electro-
myograms of L and E preparations in the course of repetitive
indirect stimulation (Fig 6 nght) and from the concomitant more
rapid ncrease of the EVIG ratio 1n the case of E preparationa
(Fig 7 nght) Because such changes m the EMG ratio hardly

R

ooeur dumne aceine aenamm wi T

4 and 4 preparations must largely resnit from x;nolher effect of
the areunlation

() prevention of det of the h hing
Ppresynaptic depol and ylcholine release It 13 ighly
probable that d of this h

results in a decrease
of the postsynaptic responses without a sizable change m the ratio

between the amphtudes of the EMG's due to test pulses and to
conditioping pulses On the sssumption that a penod when the
nervous inflow to the junctions has been stopped while their blood
supply has been left mtact lowers the tate at which this coupling
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mechamsm deteriorates the difference n agemg experiments
between the changes i the response amphtudes of ndirectly
actvated L and E preparations (left halves of Tigs 6 and 7,
nght part of Fig 8) 15 easily explamed

In summary 1t may be stated that L preparations differ from
F preparations m at least tno ways e m larger stores of acety]
choline and m a slower deteroration of the mechamsm for de
polanzation-release couphing It 1s obvious that both result m a
slow er decrease of the response/stimulus ratio n the L preparations
during long continued ndirect stimulation (Tig 6 rnight)

The results of earlicr experments on mdirect stimulation of frog
muscles with single pulses and twins yielded strong cvidence for
the presence 1n the frogs twitch system of two types of motor
umts one with a facilitatory and the other with an mhibitory
response to & conditioming pulse A subdivision of the twitch umits
along this hine would have a firmer basis iof 1t were estabhshed that
the umts of either ty pe show a similar effect of conditioning in their
responses to the third and later pulses of pulse trams as n those
to the second pulses This was analyzed m experiments mn which
the strength of the test stimuli was vaned

4 RESULTS OF INDIRECT STIMULATION WITH
PULSES OF VARIED VOLTAGE

Tour preparations were subjected to three series of indirect
stimult admimstered according to a pattern i which during
stimulation at the rate of 1 per 10 sec every sixth pulse was replaced
by o tram of five pulses at 25 msce intervals During appheation
of cach series the voltage range from supramasimal to subliminal
was covered m 20 steps at onc mnute mtervals

The first series was apphied when tho blood supply was still
sntact while the nerve had been sectioned the second and third
series wero started at 40 and at 90 mm respectively after inter
ruption of the circulation In the periods between these test runs
supramaximal stimult were apphed at the usual rate 1 order to
fatigue the preparations

Because apart from quantitative differences t! e results of these
four experiments were substantially the same only those obtained
with one of the preparations are given n Ig ¢ Thns figure shows
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the manner in which the amplitude of the EMG mn response fo
single pulses varies with their strength, together with the ratios
between the amplitudes of the EMG’s due to the second to fifth
pulses of the trains and of those resulting from thewr first pulses
From graph I 1t appears that, when the blood supply to the muscle
1e still mtact, the amplitude of the EMG 1 reponse to emgle pulses
vanes with ther strength according to the usual S shaped curve
1t further appears that the EMQ ratios are above umty over the
whole range of pulse strengths except for & rather narrow range

Plots, againet stimulus strength, of the am
, phtudes of the electromyo;
(;f a l’:uscle elieted by the firsy pulses of indurectly applied pu!sectrzmir(ﬂé.f
‘g)g:é er with the amplitude Tatios EMGJ/EMG: (W), EMG/EMGKO),
ENCAENCs L&) i EMGSENG (A) T curves e dems d from dat
supply was mntact (1) and dunng a 20
stortng st 90 mn after interruption of the clrcuinon !(nlllxll pered
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mechamsm  deteriorates, the difference, 1n agemng experiments,
between the changes n the response amplitudes of mdirectly
activated 4 and Z preparations (left halves of Thgs 6 and 7,
right part of Tig 8) 1s casily explaned

In summary it may be stated that I preparations differ from
L preparations m at least two ways w1z n larger stores of acetyl
choline and n a slower deterioration of the mechamsm for de
polarization-release coupling It 15 obvious that both result in a
slower decrease of the response/stimulus ratio in the I, preparations
during long continued mdirect stimulation (Fig 6, right)

The results of earlier experiments on indirect stimulation of frog
muscles with single pulses and twins yielded strong evidence for
the presenee i the frog’s twitch system, of two types of motor
umts, one with & facilitatory, and the other with an mhibitory
response to n conditioning pulse A subdivision of the twitch umts
along this Iine would have a firmer basis 1f 1t were established that
the umts of either typo show a similar effect of conditioning in their
responses to the third and later pulses of pulse tramns as in those
to the sccond pulses This was analyzed in experiments in which
the strength of the test stimuli was varied

4 RESULTS OF INDIRECT STIMULATION WITH
PULSLS OF VARILD VOLTAGE

Tour preparations were subjected to three series of indirect
stimuli admimstered according to o pattern n which during
stimulation at the rate of 1 per 10 see every sixth pulse was replaced
by o tram of five pulses at 25 msec intervaly During application
of cach series the voltage range from supramaximal to sublimimnal
was covered 1n 20 steps at one minute ntervals

The first scries was apphed when the blood supply was still
intact while the nerve had been sectioned the sccond and third
gerics were started at 40 and at 00 mmn respectively after mter
ruption of the circulation In the penods between these test runs
supramaximal stimul were applied at the usual rate n order to
fatigue the preparations

Because, apart from quantitative differences, the results of theso
four expertments were substantially the same only those obtamed
with one of the preparations are mven m I'ig 9 Thus figure shows
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This 18 13 eccordance with previous observations on the change in the
responses to twin pulses in tha course of stimulation at the same rate

While graph 1 of Fig 9 shows that for each type of motor unit,
the conditioning action of & tran of pulses spaced at 25 msce
intervals increases with the number of pulses in the tran 1t appears
from graph II that the magmtude of 1ts effect on the response/
stimulus ratio of the units showing facihtation mncreases marhedly
with merease 1n pulsc voltage of the tramns If the latter fact 13
considered i connexion with the more rapxd decrease m amphtude
of the electrical responses to the pulses of ligher strengths, it may
be concluded that the speed at which fatigue of neuromuscular
transmission develops 1n the umts with a facilitatory response
wereases with the threshold for activation of thewr motor axons 1)

1t 13 hughly probable that this proportons] relation between the speed
&t wluch fatigus of transmesnon detelops at the junctions and the threshold
of thewt axons 13 actually 8 much closer one than may be derved from
Fig 9 because in this expennment the number of the impulses that hate
arnved at the Junctions duning admmstration of the series must have been
nversely related to the threshold of ther axons.

In view of the af a o1 iwoas g to
know whether the changes n the relative amphtudes of the EMG's
due 10 the separate pulses of test trains, appeanng in the course
of mdirect stimulation 1n vitro with supramavximal pulses, can be
explamed on the bans of these conclusions

5 INFLUENCE OF SUPRAMAXIMAL INDIRECT

STIMULATION ON THE RESPONSES OF IN VITRO

PREPARATIONS TO TRAINS OF PULSES ATEQUAL
AND UNEQUAL INTERVALS

The data on the electrical responses of the £ and L-preparations
to trams of five supramazimal pulses at 25 msec intervals (¢f
section 311) were overall averaged The results are given
¥ig 10 which shows plotted agamst the number of pulses apphed,
the changes n amplitude of the EMG's due ta the first pulses of the

%) From Fig ¢\ rmght be denved that with respect to this relation
between the threshold of the axon and the rate et which fatigue of 1ts motor
endplates develops during repetitive activation 1n witro there s no difference
betwoen the axons belongug to motor umts showing eonditioned depresmon
and thoss of unta wuh w faciitatory response
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It 1s further seen that for trams of a pulse strength on erther side
of this range the EMG ratios increase in the order from that between
EMG; and EMG; to that between EMGs and EMG;, while there
18 o strong tendency to a reversal of this order 1n the case of trains
with a strength mside this voltage range Trom this 1t 1s evident
that the population of motor umts having axons with intermediate
thresholds contains a hugh percentage of umts whose junctions
respond to every additional conditioming pulse with a further
lowering of the responsefstimulus ratio and that the motor umt
populations activated by pulse trams of higher or lower intensities
consist mamly of umts having junctions at which the response/
stimulus ratio tnereases progressively with the serial number of
tho pulses 1 the trams

These observations strongly support the earher statement
(BoBpERT, lc) that the frog’s twitch system contamns two
types of motor unit n which a conditiomung pulse has opposite
after effects, and for which, now, 1t has been established that
this also apphes to conditioming pulse trains

Graph II of Tig 9 shows that, after the appheation tn titro of
about 750 pulses to the nerve 1), the § shaped relation between the
amphitude of the EMG’s due to single pulses and the voltage of
these pulses 18 no longer apparent, evidently because the EMG’s
m response to pulses of the higher mntensities have strongly
dimmished 1n amplitude while those due to pulses of lower strengths
have shightly mecreased The decrease in amphitude of the responses
to pulses of the higher strengths must be duc to fatigue and agemng
of tho preparations (31, 3 2), effects that are outweighed in the
responses to the weaker pulses by an merease mn the number of
activated axons resulting from a progressive rse in the clectrical
excitability of nerve fibres i the course of such prolonged n tatro
oxperiments (BOBBERT, Ic)

Trom s companson of Fig 9 T and 9 IT 1t appears that during
ropetitive stimulation tn wilro each of the EMG ratios mereases
for any voltage of the pulses and that, after some 750 pulses have
been applicd, there remains no mdication of a contribution to the
responses made by the umts characterized by condrtioned depression
i,

g ad) of the second series are not
quantitatively from those of the third senes

1) The data ok d durin,
shown because they differ only
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This decrease 13 more marked mn the casc of the EMGS/EMG, and
EMGEMG, ratios than m that of EMGy/FMG; These changes
m the ratios are accompanted by a very steep decrease 10 smplitude
of the EMG s due to single pulses and may be explained by the more
rapid occurrence of Junctional fatigue m the twitch units with
high threshold axons, which comprise few umts showing conditioned
depression (4

After the application of about 200 pulses the rate at which the
EMG; ampltudes decrease slons down while there is a raprd rise
of 41l four EMG ratios, the stecpness of #hich rise diminishes 10
the order from the EMG:/EMG; ratio to that between ENGs and
EMG, These changes 1n the responses may be explaned on the
assumption that the motor umis swhich have high threshold axons
and are of the faciltatory type have now dropped out of the
picturs and that, therefore, these changes result from a lowenng
of the response/stimulus ratio in the gz motor umits which
are of both types Yhen some 500 pulses have been applted the
EMG,/EMG; ratio starts to decline, while the other EMG ratios
do not nise any further and there 13 a strong tendency for the
Tatios to revert to the imtial order of rank The cause of this may
be that the responses are now dominated by the motor units whose
Junctions are the least susceptible to fatigue, which unts have low
threshold axons and junctions where conditioning mpuises onty
have a weak facihtatory effect (4)

It 13 evadent that the results of these experiments, ;m which the
b of indirectly stimulated preparstions was tested by the
of trains posed of su 1 pulses at equal
mtervals of 25 msee can be explained on the basis of conclusions
drawn from the results of expenments 1n which the condition of
the preparations was tested by means of pulse trawmns of varying
strengths Thus 13 not too surpriamg if 1t 18 realized that between
these types of expernment there was a difference only 1n the voltage
of the pulses m the test trans
Therefore the question may be ramed whether the changes
ovcurnng  dunng repetitive spimulation At the usual rate, in the
response to trains of supramaximal pulses following each other at

uneguol ntervals, can also be expluned on the basie of these
conclustony




448 A © BODBERT

trans, together with the simultaneously oceurning changes m the
rotios betw een tho amphitudes of the EMG’sin response to the second
to fifth pulses of a tramn and the amplitude of the TMG due to its
first pulse

It appears that at the start of stimulation 1 titro with supra
maximal fatiguing pulses and tramns of test pulses the TMG ratios
are larger than umity and nerease 1 the order from EMG./EMG;
to CMGs/CMG), which means that the responses of the twitch
umts showmg conditioned facilitation outweigh those of the umts
exhibiting depression

It further means that for part of the twitch uwmts the
responsefstimulus ratio tn the case of single pulses 18 wmtially
lower than 1 1, a conclusion already drawn from the results
of carlier experiments (Bowprrr, lc)

After the appheation of some 100 pulses a period follows m which
the EMG./CMG; ratio mcreases while the other ratios decrease

EMG) ampl J EMG rot o X100
imv)
“or number of
culses +300
time(mn)
u” 8 og
amoo B o
--QoBﬂBA ‘A‘.ai
0g® {200
¢
20
ks 2
LT ) S 100
L . n °
% 750, 500 750
o 50 100

Fig 10 Changes n the average amphtudes of tho electromyograms due

f the amphtude

the first pulses of mdircctly apphied trams (& and ol

iﬁtms EMG2/EMG) (w) EMGy/EMG; (O) EMG/IMG: (@) and EMGs/
EMG: {A) w the course of wdirect stimulation
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spacing of the pulses 1n the trams, which results m a very strong
dit, effect on the resp to the thard pulses and a weak
one on t'no; dne to the fourth pulses After tho applhication of about
100 pulses, during which there 13 a rather slow decrease 1n amphtude
of the responses to single pulses, a period starts mn which this
amphtude decreases steeply In this perod, agam, there 1s & shight
lowering of the EMG./EMG) ratio and even a drop below umty
of the EMGJEMG; and EMGS/EMG, ratios However, the
EMGy/EMG, ratio shows a very steep nse suggesting that, at
10 msec after application of the second pulse, the responsefstimulus
ratio 18 strongly raised i the umits charactenized by conditioned
factttation (while 1t must be markedly low ered in those of the other
type) From the behaviour of the EMG4/EMG; ratio 1t appears that,
at 40 msec after apphication of the third pulses, the response/
stmulus ratio of the umts with a facil 'y Tesy tocond
pulses must be lower tn the case of the fourth pulses of the trans
than 1n that of the first pulses

If 1t 13 assumed that the marked nse of the EVG/EMG) ratio
results from an augmented release of acetylcholine quanta per
mpulse 1n the motor umts showng conditioned facthtation, then
the decrease 1n amplitude of EMGs below that of EMG, might
be explamed by a partial depletion of the stores of readily releasable
ACh when the fourth volley of impulses armives by a temparary
lowering m the number of ACh receptors that are unoccupied at
ths moment or by both However, from the fact that the EMGsf
EMG) ratio 1s shghtly higher than that between EMG, and EMG,,
T may be tuded that ths @ can be ighed 25 msec
later by the facihitatory mfluence upon ACh release exerted by the
amval of the fourth impulse volley at the junctions although these
unpulses must have further depleted the transmutter stores Thas
observation strongly suggests that the drop of the EMGEMGy
r2ho o helow wnity i this phase results from a decrease m the

number of free ACh receptors avarlable at 40 msec after the arrival
of the third volley of mpulses

These dufferences m amplitude between the electrical Tesponses
to the indindual pulses of such trains become even more marked
mn the next peviod whieh sgoin, starts after the application of some
200 pulses and 13 charactenized by a gradual slowing down of the
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For this reason the experiments described 1 this section (and
m section 3 11) were repeated with the B and tho L preparations
obtamed from another 4 frogs, the only differenco being that the
appheation of the third pulses of the tramns was advanced by
15 msec, so that the pulses now followed ench other at intervals of
25, 10, 40 and 25 msec, respectively

Tho data for the electrical responses of all 8 preparations were
averaged, the results are plotted in Fig 11 From a companison
between Figs 10 and 1 1t folfows that, in the course of shmulation
at the rate of 1 per 10 see, the amplitude of the electrical response
to each pulse in the tramn changes mn a stmilar way for the two types
of test tram Agawmn, the ratios between EMG, and EMG; exceed
umty at the onset of stimulation and the ratio EMG./EMGy 1s
lower than that of EMG/EMG; while that of TMGs/TMG, 13 still
hgher, but, now, the EMG4/LMG; ratio 1s lower than any of the
others The lattor fact, obviously, has to do with the iregular

EMG) amsl | EMG ratio x 100
(mv)

00 250 500 750 1000 o
[} 50 100 150

The sume 85 1 Fig 10 but now for test trany where the third

ig 11
& pulse has been advanced by 15 msec
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spacing of the pulses in the trams, which results in a very strong
conditiomng effect on the responses to tho thurd pulses and a weak
one on those due to the fourth pulses After the application of about
109 pulses during which there 13 8 rather slow decrease 1n amplitude
of the responses to mngle pulses, a penod starts mn which this
amphtude decreases steeply In this period, agau, thete 15 a shght
Jowenng of the EMG2/EVG) ratio and even a drop below unity
of the EMG/EMG; and EMGS/EMG; ratios However, the
EMG,/EMG; ratto shows 8 very steep mse suggesting that, at
10 msze after application of the second pulse, the responsefstimulus
ratto 13 strongly rased 1n the umts charactenized by conditioned
facilitation (while 1t must be markedly lowered 1n those of the other
type) From the behaviour of the EMGi/EVG; ratio 1t appears that,
at 40 msec after application of the third pulses, the response/
stimulus ratio of the umts with a facilitatory response to condstioning
pulzes must be lower 1 the case of the fourth pulses of the trans
than n that of the first pulses

If 14 15 assumed that the marked nise of the EMGa/EMG; ratio
results from an augmented release of acetylcholine quanta per
mpulse m the motor umts showing condrtioned facilitation, then
the decrease 1n amplitude of EMGy below that of EMG; might
be explamed by a partsal depletion of the stores of readily releasable
ACh when the fourth volley of 1mpulses arrives, by a temporary
lowering m the number of ACh receptors that are unoccupied at
this moment or by both However, from the fact that the EMGs/
EMNG; ratio 1 elightly higher than that between EMG: and EMG;,
1 may be ded that this d can be ohed 25 msec
later by the facihtatory mfiuence npon ACh release exerted by the
amval of the fourth 1mpulse volley at the junctions although these
impulses must have further depleted the transmutter stores This
observation strongly suggests that the drop of the EMGEMG,
Tato 10 below unty 1 this phase results from s decrease i the
number of free ACh receptors available at 40 msee after the arnval
of the thud volley of impulses

. These duferences 1 amplitude between the electrical responses
0 the mndividual pulses of such trams become even more marked
;r:)the uext, peniod wineh, again starts after the application of some

0 pulses and 18 charactenzed by a gradual slowing down of the
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rate of decrease of the TVIG amplitudes and that at which their
ratios increase

After the application of about 700 pulses there s, agun a decrease
of these ratios This 18 espectally the case for the EMG/EVMG; and
EMG3/EMGi ratios, which are raised most strongly by conditiomng
Tlus suggests that, after 200 min of this 1n titro stimulation the
mechamsm where the facilitatory cffect origmates 1s deteriorating
rapidly

If this should be the case and if the assumption that, m the
absence of nervous mflow, an mtact blood supply has an after
effect preventing detertoration of the mechamsm coupling pre
synaptic depolanization with ACh release (3 2 ) 1s correct, then 1t 1s
to be expected that the decrease of the MG amphtude ratios m
the expermments would occur earlier in the £ preparations than
n the others

The corrcctness of this prediction 1s evidenced in Iig 12 wlich
sliows, separately for the £ and the L preparations the changes
which occurred 1n the EMG,/EMG (left) and the EMG/EMG,
(nght) amplitude ratios n the case of the tramns in which the third

e,
e * otee
EMG ratox100
500 L o o .
o 2
.
e %com o .
400k number of pulses | ° ou
tme (mn. . 0o
—_—
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TIng 12 Changes n the amphtudo ratios EMG«/EMGy (left} and FMGs/
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DMG: {night)
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pulse was sdvanced by 15 msec From this figure, in which the
magnitude of these ratios gives an mpression of the effect of
conditioing on ACh release, it 13 evident that the mechsnism
pumanly responsible for facilitation deteriorates, deed, more
rapidly m the E preparations than in the others

From the results of a previous m 1t was Tnded
that the fact that, during indirect strmulation, the mechanical
response to a twin pulse 1s larger than that to a smingle pulse, 1s
partly due to recrmitment of muscle fibres and that the contribution
of this factor increases with the number of stimuli applied

Therefore, 1t 13 to be expected that the same will apply, & fortion,
to the duffe between the h 1 responses to singlo pulses
and to pulse trains That this 18 indeed 50, 1s MNustrated 1n Fig 13
which shows, plotted agamst the number of pulses apphed, the

s
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“« ¢
.
v
500+ ®
.
.9
vV
asal e e
B S
o
Q 250, 500 750
A
© 50 100

Fig 13 Changes in the ratios betwee
n the emplitudes of the mechancsl
TeRPOnBeR 10 pulse trans (@) or twins {V} and of those to single p?l:;
during mdsrect stimulation
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changes which occurred 1n the MG;_s/MG; amplitude ratio 1n the
present expenments with single pulses and trams of five pulses
at 25 msec mtervals, together with those mn the MG,-5/MG; ratio
found carher (¢f Bommerrt, lc, Fig 3) m experiments with single
pulses and 25 msec twins

After the mmtial decrease of these ratios during the staircase
period, both steadidy increase Trom the steeper increase m the
case of the MGi-s/MG; amphtude ratio 1t may be concluded that
recrwtment must indeed play an important role in determining
the contraction height duning indirect high frequency stimulation
of twitch fibres m wiro

This strongly suggests that the samo applies to the stuation in o
with regard ta the development of tome contractions in response to
the discharge of motoneurones

Trom a companson between the EMGs/EMG; amphtnde ratios
when the pulses arc spaced at equal (Tig 10) and at unequal
(Fig 11) intervals, 1t appears that the conditioming effect of the
four preceding pulses on the responsefstimulus ratio for the last
pulse of a train 13 stronger when they are spaced at equal intervals
although i both cases the fifth pulse follows the fourth after
25 msce and the trams arc equal in duration and in the number
of pulses This gives further support to the conclusion drawn
previously that n 1solated frog muscles the response of a twitch
fibre to a given mmpulse depends not only on the total number
of indirect stimuli applied previously, but also on the temporal
pattern according to which the mmediately preceding impulses
arnived at its motor cndplate The consequences of this are illus
trated in Ihg 14 which pietures for both types of test tram the
changes i MGy-5/MG; amphitude ratio during repetitive direct
stimulation (left) together with the changes m the ratio between
the amphtudes of EMGs and EMG; (nght) From this figure 1t
appears that the dufference between the ratios of the MG amphtudes
of the two types of tran corresponds with that between the
EMG3/EMG, amplitude ratios while, from a comparison between
the curves of the LMG4EMG:—or the LMGs/EMG; —amplhtude
ratios (compare Figs 10 and 11) 1t becomes evident that the
difference 1n MGy-s/MG; amplitude ratio between the two types of
test train 18 anversely related to the difference n the EMG4/EMG:
ratios and, even, to that between those of EMGs/CMG)
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DISCUSSION

The results of the present imvestigation give strong support to
{0 conclusion drawn from the previous experimenta (BopserT, I ¢ ),
that 0 1solated frog muscles the safety factor for pearomusenlar
transmission 19 rather low, watead of hugh as has repeatedly been
asserted (Farr and Karz, 1951, Krvoevié and Mepr, 1938,
Karz, 1962, 1966, Brooks and Tires, 1002, THESLEFF, 1067)

Fig 14 Changes i the ratio between the ampltudes of the mechsncal
responses to traing of 5 pulses at equal (A) and at unequal {Q) iatervals
and of those to engle pulses dunng ndirect stunulation, together with the
changea m the amphtude retios EMGA/EMG: (4 and Q, teepectively}

This expresses itself i the fact that, already at the ouset of indirect
stunulation the response/stunulus ratio 1s lower than 1 1 for part
of the twitch fibres but also m a lowenng of thus ratio m the
course of repetitive low freq it This d has
been shown to result both from fatigue and from detenioration due
to ageng whose contnbutions to the change 10 transfer function
were determined previously (Boseert lc) From the present
experiments with £ and L-preparations {3 1)1t appears that this
change mn transfer function 15 retarded 1f the blood supply to the
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muscles has been maintamned for & long time after blockmg of the
physiological nervous mflow It further appears that this influence,
exerted by the circulation after sectioning of the motor nerve, 1s
located at the termunal endings of the presynaptic elements and
comprises both the presence of larger amounts of immediately
available ACh and o lugher resistance to deterioration of the
mechamsm couphng depolarization of the termunal membranes
with ACh release {32)

Trom experiments with direct stunulation 1t appears that
between & and L preparations there are no appreciable
differences 1n the condition of the electrically exaitable part
of the twitch fibre membranes 1 that of the contractile
elements, or i that of the exatation contraction coupling
mechamsm (312) This suggests either that, as long as the
crculation 18 intact, the muscle fibres themselves are hardly
fatigned by the physiological nervous mflow, or that thewr
recovery from fatigue 1s completed within the 15 min elapsing,
m the E preparations, between bloching of the nervous nflow
and mterruption of the blood supply

" The presence, m the L preparations of larger stores of readily
releasable ACh mmplies that in imtact frogs the normal rate of
bloodflow through the calf muscles 1s inadequate for keeping these
stores completely filled and, therefore that the stores are partially

depleted tn tito

Similar observations have been made m cats with regard
to the contractile response of the “decentralized” spleen to
stimulation of the adrenergic fibres mnervating its smooth
muscle eclls (Brow~ ef al 1961, 1066) and on the response
of the lateral geniculate nucleus to stimulation of the optic
nerves after interruption of the retmal outflow (BURKE and

HarHOW, 1968)

The partial depletion of the ACh stores in the mtact frog may result from
an t rate of ACh mobil from b1l stores (EccLES
1957, Cuxtis and Ecorrs 1960 Brooxs and THms 1962 Hunparp and
Wizms 1962, Hussarp, 1963, Huspaxp and Scmupr 1963 Eraqvist
and QUASTEL, 1965, TnrsLEFF 1067) or it may be duc to an insufficient
rate of ACh synthesis (BIRks and Maclntosn 1957, 1961 BrAmR ef al,
1959, STRAUGHAN, 1960, BEANY et ol , 1904}




THE TRANSYER FUNCTION OF YROG MYONEURAL JTNCTIONS 457

On the other band, the slower decrease 1n effectiveness, 1n the
L-preparat; of the h effecting the coupling between
pn;synaphc depolarization and transmitter release may be due to
&n wcreased aerobic storage of energy which 13 needed either for
the release of calerum 10ns dunng presynaptic depolanzation, or for
binding these 1ons at thewr ongnal loeation afterwards (DEL
Castro and hatz, 195484, DEL Castiero and EvoBAEK, 1054,
Feroman, 1965, Ecces ef al, 1966, Karz and Miept, 1966,
1967, 1968, TmESLerr, 1967, Marvmasmr and Wrionr, 1967,
Doboe and RAHAMDMOFF, 1967, Ramauprorp, 1968, HUBBARD
and Wius, 1968)

1t was concluded from the resultsof earlier experiments (BOBBERT,
lc) that with respect to the responses to indurectly apphed twin
pulses the motor umts of the frog’s twitch system can be divided
mto two types, the umts of one type show conditioned depression
while those of the other type have a facilitatory response While
the nature of this difference between the effects of & single condition
ing pulse remains unknown 1t follows from the results of the present
expenments {4 5) that umts of each type respond m thew own
pecubiar manner to trams of conditiomng pulses either with a
progressive Jowering of the response probabihty of thewr twitch
fibres or with a continuing nse

Summanzng the results of the present, and of the eather (Bos
BEBT, {¢) experiments 1t may be stated that the myoneural
Junctions of the frog s twiteh system 1n wifro do not function as
sumple relays but that the response/stumulus ratio vares widely

It appears that the transfer funciion of a motor endplate for
any given 1mpulse arrving by way of the motor axon depends on

{8) the time elapsed since the axon was sectioned,
(b) the lapse of time smce the local circulation was blocked,
{€) the total number of pulses applied after interruption of the
blood supply, which determines the degree of junctional fatigue,
) the threshold of the axon transmussion fatigue develops
more rapidly at the junctions of hugh threshold axons than at those
of the (larger) low threshold axons,
(e) the type of motor umt to which the axon belongs, 2 ¢
\:t\e‘um s junctions respond to conditiommg mnpulses wrth
or with deg ns d whether the
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probability of the generation of a postsynaptic spike 1 response
to a given impuiso has been increased or lowered by the conditiomng
action of the immethately preceding 1mpulses,

(f) the number, the overall rate and the temporal pattern of
these condrtioning 1mpulses,

(g) the interval between the last of theso tmpulses and the
mpulse in question

Now, 1t has become probable that during indirect stimulation
wn sitw, and perhaps also m intact frogs, the transfer function of
the myoncural junctions m the twitch system will be largely
determined by the ratio between the magmitude of the Jocal blood
flow and the rate of motoncurone discharge If this should be the
caso, 1t 18 to be expected that most of tho above listed factors
will play a rdle in determining the probability of transmission for
each presynaptic mmpulse

SUMMARY

In repotitincly stimulated and m ageing frog museles w1 ttro electrical
and mechanical recordings were made from the overall responses to drrectly
or indirectly opplied test tramns consisting of five cqual pulses with vaned
mtervals This was done for £ preparations in which the crreulation had
been mterrupted shortly after sectiomng of the nerves and for L propars
trona in which the arrculation 1n it had been left imtact for some 3 h after
blocking of the nervous mflow

The rate at which 1 the course of repetitive indirect stumulation with
supramaximal single pulses and pulse trams the electnieat and mechameal

33 d 19 kedly lower for the L preparationa than for the
E preparations (311)

It eppears that tlus results manly from a less rapid decreaso of the
responso/stimulus ratio at the myoneural junctions of the twitch system
mn the L preparations (312 313)

Ewvidenco 1s adduced that this delayed decrease of neuromuscular transfer
1 the L-proparations 18 duo to the mitial proseace of larger stores of rendily
releasable acotylcholine and to the later oceurrence of detertoration of the
mechanism coupling dopolarization with release of acctylcholine (3 2)

Already at the onsot of strmulatron wn wiiro the reeponsojstrpulus ratio
for single pulses 1s Jower than 1 1 at part of the myoneural junctions (4)

The rate at which i the course of repetitive indirect stimulation this
1atio 18 lowered . motor untts of tho frogs twitch system wncreases with
the threshold for exaitation of therr motor axons (4)

Both for the motor umts sh g ! and for thoss
with dep of tho resg lug ratio for the socond pulses of
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twins (Borexr, 1969) tho conditiomng offect of 8 truin of pulws speced
at equal intervals increases with the number of pulses in the tramn (4, 5}

The changes 1n the relative smphtudes of the EMG s duo to the mdividual
pulses of trams in which the pulses are spaced at equal or unequal intervals,
which oecur 1 the course of low frequency indirect activstion by supra
maximsl pulses can bo explamed from the presence in the preparstions
of the aforementioned two types of metor wnis, from a lowernng of the
responsefstimultus ratio 1n these unita caused by repetitive stinulation, and
from the fact that the rate st which thia ratio d 18 inversely
nal to the exeitability of therr axons (5)

The resulta of the present experunents strongly suggest that, in the sniact
frog peuromuscular transmission depends on the relative sufficiency of the
blood flow to cope with the pattern of the nervous inflow, and that the
Tesponses of twitch fibres to their presynaptic input will vary ith both the
rate and the pattern of firng of their moteneurones
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probability of the generation of a postsynaptic sptke 1n response
to a given impulse has been 1nereased or low ered by the conditioning
action of the immediately precedmg impulses,

(f) the number, the overall rate, and the temporal pattern of
these conditioning impulses,

(g) the mterval between the last of theso impulses and the
wmpulse 1 question

Now, 1t has become probable that during indirect stimulation
wn stbu, and perhaps also 1n ntact frogs, the transfer function of
the myoncural junctions m the twitch system will be largely
determined by the ratio between the magmtude of the local blood
flow and the rate of motoneurone discharge If this should be the
case, 1t 18 to be expected that most of the above hsted factors
will play a réle 1n determining the probability of transmission for
each presynaptic impulse

SUMMARY

In repetitively stimulated and in sgeing frog muscles ¢ vetro electrical
and mechanical recordings were made from the overall responses to directly
or indirectly applicd test tramns conssting of five equal pulses with vaned
mntervals This was done for “E * preparations m which the errculation had
been mterrupted shortly after sectioning of the nerves, and for “L prepara
tions 1 which tho airculation 11 s:tu had been left mntact for some 3 h after
blocking of the norvous nflow

The rate at which, 1n the course of repetitivo indirect strmulation with
supramaximal singlo pulses and pulso trains the electrical and mechanical
responses decrease, 13 markedly lower for the L preparations than for the
E preparations (311)

It appears that tlus results mamly from & less raprd decreass of the
responso/stimulus ratio at the myoncural junctions of the twitch systern
n the L proparations (312 313)

Evidenco 15 adduced that this delayed decrease of neuromuscular tranafer
1n the L preparations 15 duo to the inttial presence of larger stores of readily
relensable acetylcholine and to the later occurrenco of deterioration of the

h pling depol with release of acetylcholine (32}

Already at the onset of stimulation 1n wtro, the responsofstimulus ratio
for snglo pulses 18 lower than 1 1 at part of the myoneural junctions (4}

The rate at which, in the course of ndirect thig
rati0 18 lowered 1n motor units of the froga twitch system mcreases with
the threshold for exeitation of their motor axons (4]

Py 1

Both far the motor units sh g \i and for those
of the resp Jus ratio for the second pulscs of

with dep
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INTRODUCTION

Although diphenylhydantom (Dilantin ®) appears to exert its
antiarrhythmie effect at dosage levels which apparently bave no
1fluence on myocardial contractility, 1t has heen reported that its
sdmmistration may be associated with myocardial depression
(Bavpovry and Hazsep 1941, MIERZWAIR of al , 1966, MrxrER
etal 1966) In previous studies 1t was found that the mygeardial
d produced by quumdine was d with & gain of
potassiam by the heart (SsRNOFF ¢£ @l 1966) Thus latter observa
tion rased the guestion as to whether the depression of myocardal
perfy d with the ad 1on of Dilantm® was
also associated with an alteration of myocardial potassium balance
The study descrbed below was undertaken to answer this question
The ployed also afforded the opportunity to deter
mine the extent to which the changes in myocardial performance
seduced by Dilantin® are associated with changes m myocardial
blood fiow and exygen consumption

MATERIALS AND METHODS

Mongrel dogs of varymg weights and of both sexes anesthetized
with pentobarbitol sodium (25-30 mgfkg) swere used The expen
mental preparation was an isolated blood perfused dog heart
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Tmetry and total coronary plasma flow In the mnore recent expen
ments the autoanalyzer was put 1n hne so that coronary senous
Blood could be continuously analyzed for its potassium content
Alp were ob d uatng Statham transducers and record
ings were made on s multichannel direct wnting osciliograph
Statistrcal analysis of the dats was done uang the Student e
test for paired data

In general the expenmental procedure was as follows after
establishing a hemodynamic steady state simultancous 30 or 60 sec
sampling of coronary arterial apd venous blood was started This
was continued for 3-5 min at the end of which time the Dilantn®
vehicle (40 pCt propylene glycol 10 pCt ethanol and 50 pCt
distitled water) or the D lantin® with vehicle was infused directly
1mto the coronaty artery 1n flow tubing The infusion was maintaned
for varying penods of trme dunng which samples of coronary
artery and venous blood were obtawmed continuously Trmed
collections of coronary outflow were made durning both the control
penod and dunng the mnfusion of the drug The data presented
wers obtamed from 13 experimental runs n six dogs

RESULTS

The resulis of theso experiments are presented i Table 1
Experiments 1 and 2 were done using only the Dilantin® vehiele
Infusion of the veltle at an amount equal to 6 97 miframn nto the

coronary inflow tubing was sssociated with essentially no effect
on myocardual perfc Inboth exy h

NaTy

fow increased This increase was quite large 1n expenment 2 In
expenment 2 there was also an augmentation of mjyocardial oxygen
consumption de<pite a decrease n the coronary A~V O difference
The Diantin® vehicle usually produced an increase 1n coronary
blood Row whuch if large was occasionally assocated wath an
elevation of myocardral oxygen consumption

Expenments 3-6 (Table 1) demonstrate the effect of Dilantin®
Plus velucle on myocardsal performance The snfuston of Dilantm®
was associated With a decrease 1n both the force (left ventneular
developed pressure) and velocity of contraction {dp/dt) Coromary
blood flow increased on the average from 40 to 70 mljmn and
cofonary A~V oxvgen difference decreased from 10 4 to 5 4 volumes



462 E D GERLINGS AND J F GILMORE

sumilar to that descnibed previously (Grumors ef al , 1967) Tollowing
the establishment of positive pressure ventilation and transthoracie
thoracotomy, the heart was 1solated by ligating the inferior and
superior venae cavae, azygos vem, lung roots brachiocephalic
artery, left subclavian artery and aortic arch immediately below
the left subclavian artery The latter was cannulated and connected
to exther the femoral or carotid arteres of an ntact anesthetized
dog, thereby providing coronary mnflow Total coronary outflow
(less Thebesian vein flow) was diverted from the nght ventricle
by means of & catheter mserted through the azygos ven This
catheter 1 turn diverted the blood through a low resistance
rotameter from whenee the bleod was returned to a reservor
connected to the jugular vens of the support dog Left Thebesian
dramago was provided by means of & catheter inserted into the left
ventricle through either the apical dimple or left atrum Heart
rate was mamntained constant throughout any given experiment by
stumulation through clectrodes sown erther to the right atrium alone
or to both right atnum and nght ventricle A rubber balloon was
tied to the tip of a Y shaped metal cannula which was inscrted mnto
the left ventricular cavity That size balloon was used that was
judged to approximmate the volume of the left ventricular cavity
One arm of this cannula served for recording left ventricular
pressure while the other arm was used for the addition of flud
The amount of flnd added varied with the size of the balloon
Changes 1 the pressuro recorded from the balloon were assumed
to refloct changes 1 left ventricular tension Since balloon volume
was mamtamed constant 1 any given cxperiment, myocardial
contractihity was assumed to have changed if the level and/or rate
of chango of intraventricular pressure changed Coronary arterio
venous oxygen difference was momtored continuously using o
Guyton oxygen analyzer and calibration was done by manometric
analysis Myocardial oxygen ption was calculated as the
product of the total coronary blood flow and coronary arterio
venous oxygen difference

Analysis of coronary artery and venous plasma potassium con
centration was done using automated flame photometry Mjocurdial
potassium balance during both the control period and during drug
infusion was caloulated as tho product of the mean coronary
arterio venous plasma potassium difference determined by plam
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perCent Since coronary blood flow d less than the d
m the coronary A-V oxjgen difference m) ocardial oxygen con
sumptton decreased alightly on the average, from 4 2 to 3 8 mi/mun
Suwce 1t was apparent that the vehicle iteelf could influence
dial oxygen ption as a vesult of its wfluence on
coronary blood flow, experiments were done 1o which the control
data were obtained during the vehicle infusion The nfusion was
then switched rapudly from the vehicle to the vehicle contamng
Dilantin® while the mfusion rate was hept constant (expenments
6-12 Table 1) The mfusion of Dilantin® was agam associated
with a sigmficant decrease m the force of contraction (P<0 05)
asdicated by the depression of left ventricular developed pressure
The maxmmal veloaty of contraction (dp/df) decreased ou the
average although no decrease was observed in one of the experiments
‘There was no consistent influence on coronary blood flow However,
1t will be noted that the control caronary blood flow during infusion
of the vehucle was substantially higher than the control blood flows
observed 1n the absence of the velicle {control experments 1-5),
agam 1ndicating the vasodilator effect of the vehicle itself The
response of myocardial 0xjgen consumption was variable On the
average 1t showed no significant change The average A-V oxygen
ifference for this seres also did not change symificantly
Experiments 5 and 6a were done 1n the same animal Experiment
5a was done immediately after expenment 5 but 1n thus instance
coronary flow was mamtamed constant by partial constriction of
the coronary mnflow tubing In ex| t 5 the 1on
of Dilantin® was associated with a large mcrease m coronary
blood flow and myocardial oxygen consumption However when
the same nfuston was made 1n the same heart while keeping
coropary blood flow essentially constant (experiment 5a) my ocardral
exygen consumption decreased It will alao be noted that in expen
ment 5 the infusion of Dilantin® had only a modest effect on
myocardial performance 1 terms of both the developed tension
and the velocity of contraction however m expenment 5a the
admimstration of the same amount of Dilantin® was assocrated
with & very substantial reduction 1n both the force and veloaity
of ventniewlar contraction (Table 1 and Fig 1)
The mfluence of Didantin® on my ocardsal potasstum balance was
determined 1 7 experimental runs m 5 dogs The response of
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It 15 probable therefore, that the vasodilation observed by vthers
was due not to Dilantm® but to the vehcle

The usual decrease 1n my ocardial 0xy gen consumption associated
with the myocardial depressant effect of Dilantin® was not
agrpriang smce 16 18 reasonably well cstablished that when the
tension dereloped by the ventricle 19 decreased thero 15 an associated
decrease in myocardial oxygen consumption What was of interest
however, was the oceasional observation that despite & decrease
m left ventricular developed pressure and coronary blood flow,
Lttle change or even an mncrease 1 my ocardis! oxy gen consumption
was observed The reason for this vaniability 18 ot hnown although
it 13 possible that Dilantin® has an oxygen wasting effect The
occasional mcrerse m myocardial OXygen consumption observed
m the presence of myocardial depression but & substantial inerease
i coronary blood flow presumably indicates, at least :n part, the
oxygen supply dependency of the 1sovolumie blood perfused dog
heart In this preparation we observed a direct relationship between
coronary blood flow and myocardial oxygen consumption

The falure of Dilantin® to mfluence myocarcial potasuum
balance even m the presence of quite substantial myocardial
depression, differs from the effects that have been found for quanidine
{SARNOFF el al  1966) These results would wmndicate therefore that
nesther the antiarrhythmic nor the depressant effect of Dilantin®
s related to changes m myocardial potassium balance and suggeats
that Dilantin® and quimdine have different mechanisms of action
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myocirdial potassium balance to the infusion of Dilantin® was
vanable On the averngo 1t had no sigmficant mfluence on myo

cardial potassinm balance
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Tho influenco of diphenylhy dantomn on some aspects of myocardial perform
ance LVP=left ventricular pressuro dp/dt=first dernvativo of left ventric
ular pressure A=control tracing Be=dunng mtracoronary infuston of
diphenylhydantoin (4 9 mg/fmin), C=following cessation of drug infusion
Heart rate and coronary blood flow essentially constant throughout (Tabls 1,
Ixperiment 13) Paper speed 50 mmjsec Seo toxt for further description
of figuro

DISCUSSION

The obseryation that Dilantin® can depress my ocardial perform
ance 13 m agreement with that of several other investigators
(BavpourNy and Hazarp, 1941, MrFrzwiak e el 1966 MrxrTer
et al, 1966) The present experiments show conclusively that this
depression 18 a direet effect of the drug itself and not tho result
of indirect effects cheited through bar ptor or ch ptor
mechamsms which mught be secn m the mtact animal Also the
mj ocardial depression cannot be attributed to the vehicle Several
nvestigators have reported a vasodilator effect of Dilantin®
(MmATER ef al 1966 and Gurra et al, 1966) However 1 ther
experiments no reference 1s made to the effect of the vehicle alone
In the present experiments it was found that the vehicle m which
Dilantin® 15 dissolved 1s & potent vasodilator but that Dilantin®
appears to haye no consistent effect on coronary vascular resistance
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SAORT TERM REACTION OF BILIARY BULE ACIDS
TO CHOLESTYR AMINE MEDICATION

BY

A H.JUUL AND W VAN DER LINDEN

1 INFTRODUCTION

Cholestyramme 13 2 water msoluble practically unabsorbable
strongly basic amon exchange restn shich m the mtestme binds
bile acids thus hindenng thewr reabsorption and promoting thewr
himination via 4he feces As a resvlt of thus Joss of stermd nucleus,
cholestyramine can be used to lower serum cholesterol levels 1
patients suffering from coronary artery disease (BERGEN ¢ al,
1929) Our nterest m cholestyramme was aroused when we found
that 1 Synian hamsters 1t can prevent the formation of cholesterol
gallstones and even dissolve such stones once formed (BERGMAN
and Van pEp Lispew 1966 1967}

As 1t leads to mncreased fecal loss of bile actds cholestyramune
medreation gives nise to a condition which as regards bile acids
1 fully comparable to an external bibary fistula Therefore 1t has
sometimes been called an internal bihary fistula Studies by 1a
TuvsEBoRN {1962) and DE Parua ef al (1967) have shown that
W man mterruption of the enterchepatic creulation of ie ands
by s bilary fistula or otber means results mn a progresaive fall of
the bile acid concentration of the bile Still when we studied the
effect of cholesty on bile 00 10 man we found no
decrease of the total bile acids concentration 1n samples of Inle
taken 2 3 days after medication had started mnor i those toben
2 weeks later (Vax pEr Lovbew and Navaxaua 1969) These
findings seemed to contradict the results of the stadies mentioned
above Tho present study aumed at eluudating this discrepancy

by investigating the changes 1n hile seid concentration dunng the
first 48 hours of cholestyrammne medication

489



468 E D GERLINGS AND J F GILMORE

MrErzwnag, D S, J H Mrronsrt and W Suarmmo, Effect of diphenyl
hydantoin (Dilantin) on left ventricular function in dogs Chin Res 14,
42 (1966)

Mrerer IIICG J M Morax and W G AvusTEN, Cardiac and peripheral
vascular effects of diphenylhydanton sodim Am J Cardiol 17,
332-338 (1966)

Sanxorr, S J,J P Gmaone R H McDovawp Jr, W M DageeTr
M L WeisreroT and P B Mansrierp, Relationship between myo
cardial potassium balance Oz consumption and contractiity Am J,
Physiol 211, 361 (1966)



SHORT TERM REACTION OF BILIARY BILE ACIDS 471

pared with standard curves The Rf values of the bile acids were
cholic acid 0 17 chenodeoxycholic aad 0 42 and deoxychohe acd
047 Samples contamung 5 10 15 and 20 pg respoctively of chohie
acid were chromatographed and 8o were samples contamnmg simlar
amounts of deosycholie ~ and chenodeoxy cholic acds The inte
grator values obtatned for these three bile acds showed a hnear
relationship up to about 15 gz At lugher values the curves loveled
off Standards were always run simultaneously and on the same
plates as the investigated samples

The ¥ of the techmgue was d by assaymg 2
pooled bile spectmen 16 times on separate days The standard
deviations caleulated were of a magmtude which showed that al
though the method 1s quite usable a certain random error has to
be taken mto account The mean values obtamned were 10 09 mg/
mi8D 158 for chohc and 819 mgfml SD 1 11 for chenodeoxy
cholic acid and 4 76 mg/ml S D 0 45 for deoxycholic aed Further
recovery experimonts were made by adding werghed amounts of
bile acids to a pooled spectmen of bile The results showed that
with concentrations not surpassing 15 mg/m! the recoveries ranged
between 90 pet and 100 pet for chokie acid Those for the other
two bile acids were somewhat less rangmg between 80 pet and
95 pet for chenodeoxycholic acid and between 83 pet and 93 pet
for deoxycholic acid

Compansons were made m each patient between the imtal
values and the values found after 2¢ and 48 hours respectively
The i of these ¢ was tested with the Vil

coxon matched pairs signed ranks test as descnbed by Srecern
(19a6)

3 RESULTS

Fig 1 shows an example of the changes n the billary bile acid
concentration in a patient from the expenmental group A more
or less similar reaction pattern was found m the other patients of
this group Dunng the first day of cholestyramme medication
there 13 » rather rapid fall of the total bie aeid concentration Low
values persist during several hours and after that thers 1s & gradual
nise to values comparable to or somewhat lower than those found
before medication started Decreasmg values dunng the lst day
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2, MATERIALS AND METHODS

Sixteen patients, 8 males and 8 females were studied. Al had
been subjected to surgery for gallstone discase, in the course of
which exploration of the common duct had been performed with
subsequent insertion of a T drain into the duct. None of them had
any biochemical or clinical evidence of liver injury. The investiga-
tions were performed while the patients waited for postoperative
cholangiography which showed common duct stones to be absent
in all patients. The investigations wero started at least 4 days after
the T tube had been clamped and all outward loss of bile via the
T tube or otherwise had ceased. During the investigations the
patients were all afebrile, out of bed and fed by mouth.

Eight patients, 4 males and 4 females constituted the experiment-
al group, In this group a sample of 3 ml of bile was taken at 8
a.m. with the patient in the fasting state. Medication with choles-
tyramine 1) was then started with a dosage of 4 g four times daily,
the last dose being given at 11 p.m. Bile samples of 3 ml were taken
every G6th hour during 48 hours.

Under similar conditions and with similar intervals bile samples
were taken from the 8 control patients, who were not subjected
to cholestyramine medication.

The cholesterol content of the bile was estimated according to
a modified Liebermann-Burchard method (Huana ef al., 1961).
Phosphorus was determined according to CHEN ef al. (1056). The
phospholipid content was then calculated from tho values for
lipid phosphorus by multiplying by a factor of 25. Finally, 0.050
ml of bile was oxtracted and hydrolysed according to the method
of WorLLENWEDER o gl. (1966). According to the same method
the freo bilo acids were separated by thin layer chromatography
together with cholic acid, chenodeoxycholic acid and deoxycholie
acid standards with the only modification that DC-Fertigplatten
Kieselgel Fass?) were used. After spraying with 16 pet. phos-
phomolybdic acid in othanol, the plates wero heated to 110 °C for
10 min and the spots were quantificd by means of a Vitatron
Densitometer U.F.D. 3) equipped with a 578 my filter and com-

1) Generously supplied by Morck, Sharp & Dohme, U.S A.
2} Merck, Darmstadt, Germany.
3) Vitatron, Dieren, Holland.
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change w one patent and s 1o b two, the difference between
the wuttal values and those after 24 hr of cholestyramine meds-
cation did not reach the Jevel of sgmficance Durng the 2nd day,
however, there was & rise 1n all the patients grven cholestyramine
and the difference between the values found after 24 and after
48 hr 18 statistically sigmficant {Wilcoxon I'=0, N=8, P00l

The deoxycholic aed concentration showed & different pattern

n%, ko
25

20

o

6 12 19 24 30 35 42 48 nours

Fg 2
Total biliary bile seid concentrations Imtial, lowest and 48 hr values
patients treated with cholestyrammne

During the Ist day there was a decrease 1n all patie

Wilcoxon T tess ths duffe 138t "yl oot (;y;d; (;l;;
On the other hand no sigmficant changes were observed durm,
the Ind day Alterations, sumilar to those found for deoxychole
acud, oceurred 4o the chenodeoxychobo acd 1on Durm,
the st day there was a decrease 1 all patients except m one lzgz.
\v'hmh there was & shght mse (Wilcoxon T=1, ¥=3g P02
No systematic changes were observed during the $‘nd,day Cog-
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were observed m all patients Rising concentrations during the
2nd day were found m all patients but one In this patient the
decreaso had been slow and 1t took 36 hr before the lowest concen
tration was reached Later values were somewhat higher but a
marked riso was not observed Itg 2 gives the imtial values of
the total bihary bile ncid concentration, the lowest values and
tho values found after 48 hr The figure shows that the lowest
values wero observed between 18 and 86 hr after medication had
started This lowest value was i 6 cases between 50 and 75 pot
of the imtial value, 1n the two others 1t was considerably lower
In tho control group no systematic changes m tho bilary bile
acid concentration were found

m%l 20

r—
0 6 12 18 24 30 36 42 48 hours

Fig 1
Total bihary bile aesd concentration in patient before and during choles
tyramino medication

Tig 2 further shows that, although the bile actd concentration
rose agamn during the 2nd day, mn 6 of the patients tho value after
two days of medication was still lower than the imtial one In
one case sumilar values were found and m one there was a shght
nse When subjected to the Wilcoxon matched pairs signed ranks
test, this differcnce between imtial and 48 hr values 13 probably
signuficant (T'=1, N=1, 005>002)

As seen mm Fig 3 tho cholic aaid concentration decreased 1n b

cases, n some of them very substantially, But as there was no
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changes The same apphed for the cholesterol concentrations of
the bile

4 DISCUSSION

As ghown by Figs 1 and 2 we found that the typical reaction
pattern of the total bibary bule acd concentration dunng the
first 48 hours of cholestyrammne medication essentially consists of
two parts Its first charactenstic 15 the decrease observed n all
patients dunng the st day, although in many of them it was
more tregular than i Fig 1 1ts second charactenstic 19 the nss
which takes place or at least starts durng the 2nd day This mse
was observed m all but one pattent

The decrease m biliary bile acid concentration observed during
the st and part of the 2nd day of cholestyramne medication
~ lowest values ocourred after 18 to 36 hr —1s obviously due to the
binding of bile acids by the resmn 1n the ntestme 1t 15 comparable
to that observed m studies m which the enterohepatic circulation
of bile acids wes wterrupted 1 gome other way THUREBORY
{1962} for mnstance found a decrease of the biliary bide awds con~
centration withm 3 br afier ho had blocked the coramon duet by
mfating a balloon around the tip of a catheter placed m 1t In
patients with common duct T tubes followmng gallstene surgery
D Parata ef af {1967) found an mverse relationsmp between the
volume of bile obtamed and the bie and concentration When
the side arm of the T tube was lowered, loss of bile v1a this arm
mereased and the bie acid concentration of the bile fell The op
posite ocowrred when the side arm was elevated 1e when the
enterohepatic circulation was more or less restored

The nise of the bikary bile acid concentration which starts dur-
ing the 2nd day was not observed in the studies of mterrupted

b d above In THoreROERN’S
study the probable reason 1s that the interruption of the entero-
hepatic eircle did not last long enough for this second phase to
occur In DE Parya et al s study the reason 15 Jess clear Both
phases the decrease and the subsequent rise of the bile acid con-
cfntmtlon wero missed 1n our earher study (VAN per Livpes and
Namavama, 1909) m which, as & rule, the first sample was taken
2-3 days after medication had started In a recent study by Sa
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partson of the imtinl and the 48 hr values rovealed that the che
nodeoxycholic acid concentration had fallen 1n all patients

"‘% 15 m% 15, m% 15

10 10 10
5 5 5
o 24 48hrs o 24 4Bhrs a 24 48hrs
Chol ¢ acd Deoxycholc ac d Chenodeoxychol ¢
acd
Fig 3

Concentrations of different bile acids Imtial 24 hr and 48 hr values in
patients treated with cholestyrarmne

Fig 4 shows the concentrations of the different bile acds found
m the control patients who had been treated in exactly the same
way as the patients of the experimental group except for the
fact that they recerved no cholestyramine medication No system
atic pattern appears m this figure

Neither the phospholipid concentration of the cholestyrimine
treated group, nor those of the controls showed any systematic

™oL 15 mg /15 mg/i15
10 10 10
5 5 & 5
\_
o % hrs % Bhrs 0 2% iBhes
Chot ¢ acid Decxycholic acyd Chor::ddwxy:hohc

Fig 4
Concentrations of different bile acids Irutial 24 hr and 48 hr values m
control patients
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In the present study we gave 16 g instead of 12 g daily a fourt‘h
dose of 4 g bemng given at 11 pm 1 order to ensure the resin to
b tine also during the mght As the bile

e present in the small mntestine al z
acid values showed an upward trend during the 2nd dav ono
possible explanation for this difference between the two studres 13
that with a higher dose there 15 a slower return to normal Our
data ate however not conclustve on this point and the possibility
cannot be excluded that with the higher dose used the compen
satory eapacity of the hver 18 nearly exhausted In this connevion
it 13 worthy of note that m hamsters fed o hugh dose (3 g/ioo g
food) durng 30 days the bile acd concentration calenlated s
a percentage of total sokds was shghtlv higher i cholestyramine
fed amimals than n controls (Berowmax ef al  1968)

When we turn our attention to the changes found m the ratio
between the different bile acids during cholestyramine medication
1t may be appropriate first briefly to consider the relative merits
of the method used for bile acid determmation The data we ob
tamed when studying the precision and aceuracy of this method
show that although 1t 1s quite usable 1ts random error 13 probably
somewhat Jarger than that found by others for more laberious
methods According to the statistical consensus there docs not
however seem to be much need to be overly concerned with thus
larger error as 1t will tend to dilute true differences On the other
bhand caution 13 needed when a mgmficant difference 13 not found

As seen 1 Fig 3 the decrease of the total bile actd concentrition
m the cholestyramme group affected all three prietpal bile acds
although the level of sigmficance was not reached for cholic acid
On the other hand the subsequent nse occurred eveluaively
the cholic acid fraction The low concentration of deoxycholie
and 15 easy to explain Deoxycholic actd 1s a secondary bile acid
formed 1n the intesting by dehydroxylation of cholic acid There
fore 1ts bshary concentration 1s bound to fall when reabsorption
13 hindered Vore difficult to understand is the observation that
the cholic aeid concentration rose dunag the 2nd day whereis
that of chenodeoxycholic acid d d not One explanation could be
that when released from feedbach inhibition the liver stacts pra
ducing predominantly cholte aerd The finding of a sumlar shuft
towards cholic sud m patients with an external Joss of bile (Sa
MUEL ¢f ol 1968) 13 in accordance with this explanation
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MUEL et al (1968)1t was found that, after the nsertion of & T tube
mnto the common duct durning gallstono surgery the total mass
and the concentration of bile acids i the le decreased durmg the
2nd and 3rd postoperative days Durmng the 5th day, howeser,
the mass and tho concentration mcreased about fourfold The
cause of these phenomena did not become fully clear from thew
oxperiments SAMUFL ef al (1968) pomt out that local edema of
tissues, the operative procedure itself of the absence of feeding
by mouth postoperatively, may have played a role Tho same ap

plies to an older study of patients with choledochostomy dramage
(ErpanL and Ssovany, 1958) These possibilities can be exeluded
mn the present study Controls, trented m evactly the same way,
did not show any change n the concentration or percentage com-
position of biliary bile acids The most probable explanation there

fore 1s a decrease of feedback inhibition of hepatic bile acid neo-
synthesis which comes mto effect some 24 hr after cholestyramine
medication has started

[ Erixsson (1957} studied the excretion of bile acids in rats with
a bde fistula In these ammals thore was first a decrease with a
minimum ocourring after 12 to 18 hr After this mmmmum a rapid
mnereaso was observed These findings m rats with an external loss
of bile are comparable to those in our patients whe lost bile acyds
via the gastromtestinzl tract The reaction of our patients was,
how ever, more protracted with later mtmmum values and a slower
nse Still, the data suggest that a feedbach mechumsm of hepatic
bde acid productron 1s operative also i man

The question of course arises whether the hver, by an mncreased
de novo synthesis of bile acids 13 able to compensate for their loss,
howover great this Joss may be It appears that the liver can m
crease 1te rate of bile salt synthesis only 4 6 fold (HOFFMANN,
1967} A simplo calculation based on estimations of bile aerd pool
size, duly synthesis and number of reerrculations shows that this
nerease will probably not suflice 1n cases with a completo inters
ruption of the entorohepatic circulation (HEsTON 1968}

In the present study comparson of the mutial and the 48 hr
values rovealed o probably sigmficant deerease of the total bile
acd values In an earlier study (VAN pER LINDEN and NAKAYAMA,
1969) a smilar decrosae had not been observed after 48 hr In that
study, however, cholestyramine was given in & smaller dose (12 g)
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A difference m affimity could also play a role In o recent in
uitro study on the binding of bile snlts to cholestyramine Jomns
and Bates (1969) found higher affimty constants with dihydroxy
than with trihydroay dernvates Inrats Hurr etal (1963) found that
cholestyramme increased the excretion particularly of dihydroxy
dernvates, they did not differentiate between chenodeoxy and
deoxytholio acid Of course 1if also m the mtestine cholestyramine
has a greater affimty for chenodeoxychohc acid than for cholic
acid the biliery concentration of tho former will fall due to its
poorer reabsorption Simultancously its excrotion with the feces
will nse In the present study we found howover, that the con
centrations of bath cholic acrd and chenodeonycholie aad felt
during the 1st day of medication whils only that of cholic acid
rose during the 2nd Sinco affinity cannot change from one day
to another, this finding makes 1t unlihely that differences mn affin
1ty and reabsorption could be the only reason for the shift towards
cholic actd Still, 1t 18 possiblo that cholestyramime affects tho
reabsorption of the two ‘pnmary’ bile acids differently i some
other indirect and more protracted way eg via some mfluence on
the intestinal flore or the rate of fecal evacuation Lxperiments
atming at eluctdating thns problem are in progress in this Inboratory

SUMMARY

Changes 1n bile compoaition during the first 48 hr of cholestyramine me
dication were studied 1n 8 patients with common duet draws In all patients
all outward loss of ile via the common duct dran or otherwise had finish
od at least 4 days before the investigation started and none of them had
any ovidenco of liver injury The typical reaction pattern of the total bile
aad eoncontration was found to consist of essontially two parts During
the 1st day this valio decreased rather rapidly A minimum was roached
after 18 to 36 hr followed by a gradual rse The decreaso was most pro
nounced m the dihydroxy bils acid fractton On tho other hand the riso
wiich took place or at least mitiated during the 2nd day was oxclusively
rostricted to the cholic acid fraction
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