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From the Department of Pharmacology Karolinska Institutet Stackholm 60 Sweden

Further Observations on the Effect of Anoxia
on Histamune Release from Gumea-Pig
and Rat Lung Tissue 1z Vitro
by
BerTit. DiamaNt
Recenved 5 December 1961

Abstract

DiaMANT B Further observations on the effect of anoxia on huslaming
release from guinea prg and yal lung tissue i aitro Acta physiol scand 1962
56 1—16 — Histamune relesse was induced i ritro by antigen
from sensiized guinea prg and rat lung tssue and by compound
48/80 and Ascans extract from non sensttized rat lung tissue Pre
exposure of the luag tissue to uitrogen anowra in the absence of glucose
( pre mcubation } markedly inhibited histamine release subsequent
ly elictted under mtrogen 1 the presence of glucose, or under oxygen
m s absence whereas the same procedure had a comparatvely
smaller effect on hustamne release induced under oxygen in the pres
ence of glucose WWashing the lung tissue after  pre incubation en
hanced the histamine release subsequently snduced under mtrogen
wth glucose whereas histamne release under oxygen with or with
suv plucore was less affrted by the washumg mraceduse @at and
guinea pig lung tissue exposed to compound 48/80 and anugen re
spectnely dunng  pre ncubation  was found to be nsensitive to
a second exposure to the same histamine releaser The results are

d on the p! that lugh energy ds available at
lhe ume of exposure of the lung tssue to the histamime releasing
agents are of consequence for hustamine release to proceed They also
suggest that the imual reaction (coupling of antigen to antibodies
and of compound 48,80 to active sites) occurs without mvolvement
of lgh-encrgy compounds

1623015 4cta phystol scand ¥ of 56



2 BERTIL DIAMANT

Tt has repeatedly been shown that glucose counteracts the mhibiung effect
of anowa on the release of histamune induced m vitro by extracts of Ascarts suis
(Dravaxr 1960 1961 a) and by compound 48/80 (Dramaxt and Usas 1961)
from rat lung, and by antigen from sensitized rat and guinea pig lung, (Diavaxt
1961b) A sumilar effect of glucose has been reported on histamune release
caused by compound 48/80 from cat shin (Westernors 1960) and from rat
diaphragm (Rotnscuitn Vuouan and Rocua g Steva 1961)

These findings were gested to reflect bolic changes in the mast
cells since 1t was observed that degranulation of mast cells m rat mesentery
pieces mduced by compound 48/80 was bLlocked by anowa, as well as by
metabolic mfubitors an effect that was prevented by the presenee of glucose
(Drastant and Uvvas 1961, Rotisestrn Vuosan and Rocta £ Siva 1961)
This effect of glucose has been confirmed under anowe conditions when
mast cell degranulauon was mduced by annigen chymotrypsin and by phos
phatdase A (Uvnas 1961 a)

The present snvestigation deals mainly with the action of oxygen nutrogen
and glucose on the mn wtro release of histarune from lung tissue pre exposed
to rutrogen 1n a glucose free medium ( pre incubaton )

Table I Procedures used wn the present investigation for wncubating the lung tissue + Bedueen 2 tune
ntervals denoles continu.d incubstion 1} b tueen 2 time intrrvals denotes washing beliceen pre wnen
batwn  penod and setncubation period Nitrogen (Nz) oxygen {03) glucose and kustamine releaser
(hest rel ) snirodited at the beginnmng of corresponding tome wnlersal

H

-

15 mun glocose O~ 20 mun hust, 16 O,
1 1omn O + 20mun bist. Tl O,
I 15 mun glocose N+ 20 mun hust rel ™,
N 15mn ™ + 2Cmun st rel N,

N0 75 15 205 0r 30mm N+ 15 mn glucose O + 20 mun hust ¥l O,
NI 67515 250r30mm N + 15min O + 20 tin hist 1l O,
N0 7.5 35 225 or 30mun N, + 15 mun glucose N+ 20 tun hust el N

I 3Smin N - 1anun glucose O + 20 mun haxt sel O
N 32mn N~ 15aun O + 2D mum hust rel, O,
X 3mun N~ 15mun glucoss N+ 20mum hust rel N,
N1 35min N 4 15 mun glicos O + 20 pun hust pel O
NI 32mm N 15mun O + 20 mun but el O
NI 35mn N 05 mun gluoose N+ 20 mun hust sel N
IV 15mn N - 0imun hit rel N || 15 run glucos O, + 20 min hust rel, O,
NV SSman N+ Omun butorel N, || 15 7un glucose N+ 20 mun hust rel Ny
*VE 15mn N+ 0 min hist vel N, [ 35 min glucos O

Nt 35mun %, || 35 mun glucose O,
SOV 30 or 60mun © 15 mun glucose N b 20 mun hist rel N
NI 35 30 or 60 mun glucese » T o hat Tl N

A\, omm N, ~ 15 30 or 605y [ AL



ANOYIA AND HISTAMINE RELEASE FROM LUNG TISUE 3

Materaal and Methods

An zccount has heen gven earlier of the proceduse for actnve seastization of zats
and guinea pigs {Dasant 1961 ) and for preparaon of the lung tisue prior to
mcubanion (Duastant and Usas 19613 The lung ussee was mcubated in phosphate
medmm (1 mlf100 mg tissue) with a compostion identical to that previously desenb-
ed (Duavast and Uvwas 1961} The sunal pH of the phosphate medum ranged
from 71 to 73 in the vanous expenments

The detals of the eubation procedures used 1 the different expenments have
been gaen 1o Table I and the Roman figures appeazing 1n the text refer to this table

The final concentration of the hustamire releasers m the menbaton medusm was as
follows Compound 48/80 35 ugiml anugen {crysiathzed egg albumin) 1 ma/m)
A.mmx extract 3 mg/mi Thc ghicose conccmrauon was 56 X 1073\

was dm flasks at37 Cunder conununus

shakmy and duning exposure to oqgm or pstrogen ta the presence or absence of

glucose for 15 nun puor to addihion of the Justarmine yeleaser After contact with the

Iustarune releases for 20 mun under continuous exposure to the same gas as duning the
ding 15 mun the it fud was wathd (I 11 JH and 1V)y

{1) The effect was i estigated of pre exposmg rat Jung tssue To mitrogen w the
absence of glucose for 7Y, 10 30 min { pre sncubation ) on subsequendy elseited hes
tamune release Followwng the varous  pre meubaton  penods incybation was con
tinged under avygen 1 the presence (v} or absence (3 1) of glwcose or urder nitrogen
w the presence of ghucose (V1Y) prior 1o additien of the histamune releaser (Aseans
eatract compound 48/80 or anugen} In cach experwaent the histamune release found
without pre incubation  was taken as 100 o and the values obtaned after “pre
scubason  were correlated to thus value

{2) The effect of washing rat and gwinea pig Tung tissue after 35 mun  pre incub-
aton  on hustanune release subsequently induced by compound 4B8/BU and antigen
respectnely under oxygen with (XI) or without (XTI glucose and under misrogen
with glucase (XHX) was 2lso wr estigated Thus the lung tissue was incubated twice
for 3% mun Between incubations it was washed at room temperature sath 10 = of
glucuse frec phosphate medium {{{ o Table ) Dunog the washing procedure the
Tung tisvse Was i contact with s The histamine velease from lung tusue treated m
this way (I N1 and XIII) was comspared with the release obtained from lung tissue
sdentically incubated except for the washing procedure (VI IX and X) as well
as wish the refease from lung tssus mcubsted without  pre mevbauon {11 and TII)

(3) The effect of exposmig rat and guisica plg l\mg ssue to compound 48[80 and
antigen respectnely dunng  pre release
duced by the sxme histanune celeaser i the prcscnce of glacase ander ovpgen (\IV}
ar nitrogen {\V) was also mvestigated In these experiments the lung tssue nas ako
incubated twize for 33 mun between tncubatons 1t way washed az deseribed above
The histamine content of both meubauon flmds was amayed The hastamune release
from lung tissue incubated a thiy wav ATV and XV} was compared with the release
obtained from lung tissue racubsted 1denucally but without exposure to the hustamune
releaser durng  preoncubation (M and XIII) Insome experiments where the second
weubation was performed under ovygan in the presence of glucose farther companisons
were made with lung tssue sdenucally sncubated but exposed to the histamine releaser
only dunng  preancubation (\V1) as well as with fung ussue not exposed to the

bustamune releaser durning ether ncubation (spontancous hastamine release SVIT)

The washing fwd used botween weubauons was dm‘ardcd cxccp( ma fcw :1
penrnents w which 1t wat assayed for b e b

2 of thetotal hustamire content despite the fact that the fung tissue bad bcm upesed
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Fig 1 A Band C Effect of pre incubation of rat tung tissuc {under nitrogen without ghy
cose) for 7J, 1> 223 and 30 min on the histamine release subsequently elicited by Ascants ex
tract (1 A} compound 48/80 (1 B) and antigen {1 C} under oxygen with and without glucos
and under nitrogen with glucose The results of 10 separate experiments are shown Absesa
= time of pre Hi se n °, of histamine release obtasned
“]‘l aih expeniment without  pre sneubation  Spontancous histamune release deducted from
all values

Incubation procedures
—A—aA =0 7, 15 224/, 0r 30 man N, + 1o mun glucose O+ 20 mm hust 1l O,
07/ 1522/i0r 30 mi N, + lomin O, + 20 mm hist rel O,

0 7/ 15 22/,0e 30 min N, + L, mun glucose N + 20 run hust rel Ny
= range of uingle tests from 2 idenucally performed experiments

to compound 48/80 or antigen durng pre incubation  The time required for the
washing procedure was 15 to 30 min depending on the number of samples taken
Tor the same reason the time required for preparation of the lung tissue prior to1n
cubation ranped from 1Y/, to 3 hours

After withdrawal of the incubation fluids their pH was determined electrometnically
The remaimng histamune of the Jung tissue was extracted as described previously
{Drastant 1961 b) Histamine was assayed on atropimzed gumca pig sleum  Unless
otherwise stated the spontaneous histamine releasc has been deducted from all values

In cach experiment a control under mitrogen 1 the absence of glucose was included
{IV) 1n order to ascertain that anoxic conditions had been attained and inhubited hus
tamune release

Results

(1) Histamne release from rat lung lissue pre exposed fo nitrogen or oxygen

Tig 1 shows the effect of 71/, to 30 mun  pre meubation  on the release of
Iistamune from rat lung tussue subsequently induced by dAscans extract (g 1A),
compound 4880 {F1ig 1B) or anugen (Ng 1 C) With all threc releasers
the § relcase was p vely less tive to the nhibntory effect
of premcubation when eliated under oxygen 1n the presence of glucose
(V) This was 1n comparnison to the tustamine release induced under oxygen
1 the absence of glucose (VI) as well as under mtrogen in the presence of
glucose (VII) The histamne release decreased successively with duration of

pre wcubation 1t started carlier and was more pronounced in the two
fatter reactions {VI and V1) than in the former (V)
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»:

Fig 2 Effect of pre-exposure of ras hung nssuc ton trogen —,
and glacase on hrstazunc release induced by eompound

38780 with and without 30 i pre neubat on {under
mtrogea w thout glucose) Abscissa = mtvbation time un
der mtrogen with glucose prior to addinon of compound
48/80 Hustarmne release computed sn of total hustamane
content Spontaneous hutamse release deducted £ om alt
values

Intubation procedures

OO~y == 30 msn ™ + 550 or €0 man gluesse\ 4

o

20 i 0N

e 536 or 50 m n glucose ™ + 20 mun \/e
18,80

1)

NRY W MLTASE N

% 1)
T 0

In order to mveshgate whether glucose free pre exposuse te aygen mhibited
release subsequently ehoted by pound 48/80 under wtrogen

1n the presence of ghicose sat lung tssue was pre exposed to oxygen i a gly
cose free medwm for 30 and 60 min Oxygen was then replaced by mirrogen
with concusrent addition of glutose (KVIH) Without pre exposure to oevgen
(i1} 27 % of the total lustamme was released the corresponding figure
after glucose free pre~exposure to oxygen for 30 mn was 92 ¢, and after
60 mun 21 % {mean of double tests from 1 exp} Pre exposure to oxigen
the absence of glucose up to 60 mun evidently retamed the sensienvisy of the
lung tssue to compound 48/80

To study the effect of pre exposure to mtrogen m a glucose contauung me
diam one sertes of rat lung samples was exposed to nitrogen and glucase for
varywg penods before addivon of compound 48/80 (AIX) The results {Fug
2) show that when pre exposure to aurogen takes place 1 the presence of
glucose for up to at least 60 mun the sennitivity of the lung tissue to compound
48/80 15 reraned It 13 notable that no werease in hustamune release was recosd
ed after 30 and 60 min mirogenation 1 the presence of glucose as compared
to that after 15 man This indicates that optumal conditions for hustamme
release 1n a nirogenated medsum were reached witbia 15 mm of contact of
the lung tssue with glucose

In the same expenment (kg 2) another senes of rat lung samples was
Gt proancubated  (in 2 ghucose free mitrogenated medwm) for 30 mun
After addstton of glucose b: was d under gen for 15 30
and 60 mun sespecunely before the addmon of compound 48/80 (%) The
results sncheate that the depressant actiont exerted by pre ancubaton for 30
smun on the hastamne release cannot m fact be overcome by prolonged
eontact with glucose (up 1o 60 mm} during continuous mtrogenation prior
fo the addwon of rompound $8/80
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Fig 3 Effcct of washing the lur g tissue afier 35 min  pre incubation  {under mtrogen without
glucose) on hutamine releasc subsquently induced under oxygen 1 presence of glucose
antigen and compound 48/20 from gumca pig and rat Jung tssue respectvely Filled and open
circles represnt indnidual values in separate experiments Hutamine release shown in sample
3 refers to the prood relcase computed in © of total Fstamin content
at the ume of mncubation $pontancous hutam ne release drducied from all values
Incubatien procedures

1 15 min glucose O, — 20 min hist rel O

2 35 oun Ny =+ 15 oun glucoss Q4 20 mun hust 1el O

3 3amun N (| 15 min glucose O 4+ 20 muin huist rel O

4 Lo N o+ 20 minhust rel N

Fig 4 Lffcct of washing the lung tssu after 35 mim  pre mcubation  (under mitropen with

out glucosc) on histamumne release subsequently induced under oxygen watlout glucse by

antigen and compound 48 80 from guinea pig and rat lung tasue respectnvely Hustamin release
tn s2mple 3 refers to the rencubation period Histamune release computeLin  of total

h.u‘lzmmc content at the ume of incubation Spratan ous hutamine selease deducted from all

vafues.

Incubation procedures

1 15mn 0 ~ 20mm st vl O

2 33mm N 3 min QO ~ 20 min hist rel O

3 3mnd | HmnO 20 mmhut el O

4 15ma™ - 70mnhnt rd N

Fig 5 Effcct of wasting the lung tisue after 35 min _pre incubanon  (und £ n trogen with
out glucosr) on hustarmn 1 1 ase subsequently induced un Jer nitrogen wn presence of glucos
by ant gen and comp 1 48 £0 from guinca pig and rat lung ussuc respretively Flled and
open curcles reprewnt ands wdyal  alues an separat ﬂrnmenu Hutamine rel ase shown 10
sampl 3 reler to the reneubation prod Histamin rel as- compr ted in ¢ [total 11 famunce
contrnt at the time of inc .l aton Spontancous }istamine relcase deducted from all values
Incubation procedures

1 15 mun glueme N 20 mun bast rel ™

2 mn N, ~ 13mu glucos N~ 20 mun bust el N,

§ 3BraN (1 15moklueome  20mahwt red N,

& 15mn™N + 70mn bt el N
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(2) Effect of washing the lung tissue after  pre sncubation on subsequently ehetted
hustamune release

Histarmmne release was induced under oxygen m the presence (Fig 3} or ab-
sence (Fig 4) of glucese or under nitrogent 1n the presence of glucose (Fig 5)
Each expenment shown m Figs 3 4 and 5 represents the hstarne release
from 4 samples of Jung tissue which were mcubated as given below the fignres

The marked mhibition of histamme release caused by anove glucose free
expenmental condittons (IV) 15 evident from sample 4 m Figs 3 4and 5
Sample 4 therefore served as a control that anoxic condinons had been at
tained in each expenment

A comparison between the histamme release from lung tissue ncubated
without pre mcubation (sample I 1 Figs 3 4 and 5) and that from lung
samples exposed to 35 mmn  pre tncubation  but not to wastung (sample 2 in
Figs 3 4 and 5) again emphasizes that listamune release from rat lung tissue
was less mmhibited by pre mcubation when induced by compound 48/80
under oxygen with glucose (VIII} than under mtrogen with glucose (%) or
under oxygen without glucose (IX) Moreover sumlar effects are evident
with respect to antigen induced histamune release from guinea pig lung tissue

The histanune release from lung samples which had been washed with 10
m] of phosphate medium after the pre mcubation perod (sample 3 n Figs
3 4 and 5) did not show any pronounced changes when remcubation was
performed under oxygen mn the presence or absence of glucose (Figs 3 and 4)
as compared with the histamme release from lung tissue identically incubated
except for the washing procedure (sample 2 m Figs 3 and 4) In contrast
when remrcubation was performed under nitrogen e the presence of glucose
washng the lung ussue after pre incubation had a markedly actnanng
effect on the histamme release m both histamme releasing systems (Fig 5)

(3) Histamine release from lung tissue once exposed to the hustamne releaser during
pre wncubation

Tt 15 apparent from Figs 3 4 and 5 that 1n order to evaluate the effect of
pre expoung lung tissue to histamune releasing agents under conditions in
lubttory to histamune release : ¢ during pre mcubation on the histamine
release subsequently mduced by the same h releaser
{after washing) bad ta be perfoomed w. the presence of glucoce wnder oygen
or mirogen This effect was mvesngated on anaphylactic hustamme release
from guinea pig lung ussue and on compound 48/80 mduced lustamne release
from rat lung tissuc as shown m Tables I and III where remcubation of the
lung ussue was performed under oxygen 1 the presence of glucose The sum
of the histamme released dunng the two ncubations was determuned and
expressed as a percentage of the total histammine content of the lung tssue

The spontaneous histamne release from both incubations 15 included m thus
value
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Table I T ffect of pre-exposure of gunea f1g and vot lung tissve o antrgen and compound 18180,
respectively under glucose free anovic conditions { ‘pre meubation ) on the subsequent hustamne
releas anduted undet oxsgen wn the presence of glucose by the same histamine releaser 2 expeniments
(single tests) with each releaser are shown Histamune release guen as pg histamine base from 1 g

of lung tissue Spontancous hustamune release included 2 % 100 = total hustamns released dunng
both wzubations tn of tota! hustamne content ¢

Histamine relcase

Antugen — Guinea-pig lung titsue

Experiment 1 Expeniment 2
A B A B

Pre mcubauion  (N,) Withoutantigen [ With antigen | Wathoutantigen | With antigen
012 07 012 02

Remncutaton (O, +glucore) | Wah anugen | With anugen | With antigen | With antgen
oG 038

39, 218
Totat hystamine relcased (2} 407 147 230 081
Total histamine content (b) 168 171 959 933
% #1060 242 81 20 90
Compound 48/80 — Rat lung tissue
Experiment 3 Expenment 4
A B A B
Pre incubation (N, Without 48(80 | Witk 48/80 | Veuthout 43/80 | Wb 48,60
018 070
Reinculatn (O ~plucose)| With 48 80 | Wuh 48/80 | With48/80 | Vuh 48/80
132 Lt 067
Total histam ne released (a) 172 1 174 137
“Total b istamune conitent { ) £25) 402 420 440
:-)‘ 100 352 210 08 304

Incubation procedures
A 35min N || 15 mmn glucose O + 20 mun hust #e! O,
B i5mn ™, + 20mun hast 1ol N | o mn glucose O 20mm bistre) O,

In Table 11 a companson 1s shown between the Instamine release obtained
from Jung tssue exposed to the hutamine releaser durimy, both sncubations
(XIV B n Table II) nd that found on exposure during the remcubation
peniod only (X1 Aan Table [1) When antigen was added to puner pig fung
tssue dunn, the remcubation penod only 281 % of the total histamine
content was releascd whereas B6 %5 was found when 1t was exposed to antigen
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Table HI Effect of pre-exposure of gunea prg and rat fun, tissue to antigen and compound 48,80
respechiely under glucose free anoac conditions { pre mcubation ) on the subsequent histamne
release wduced under otygen 1 presence of glucose by the same histamune veleaser I expernment
(double tests) wth each histamne releaser 15 shown Hustamne release g3 en n pg fustamn. base

from 1 g of lung Wissue Spontaneous hustamune velease included & x 100 = total hestamne released

‘durng both incubations 1n

Histarune release

of total hustamine content b

Preancubat on (N )
Remcubat on (O +glucosc)

Total hustamume released {2}
Total histanune content (b)

2y 100
i

Mean of double tests

Pre incubation (N}
Remcubation (O +ghicose)

‘Total histamine released (a)
Total hustarmine content (b)

a
=% 100
bx()

Mean of double tests

Antigen — Guinea pig lung hssue

A B c

D

W thoutantgen | With antigen | Wath .atigen
019 019 | 04 o022 042 o3

With antigen | W thant gen | Wathout antigen
275 282 | 055 06| 039 048

294 301 099 104 081 091
133 132 143 137 123 123

221 728 69 69 66 74

275 69 70

Without antigen

Withoutantigen
044

064
124

51

Compound 48/80 — Rat lung tissue

A B [+]

D

Without 48 80 | W th 48/80 W th 18180
04z 041 093 068 068 100

W\ th 48/80 Wath 48/80 | Without 48/80
306 279 i 113 08 083

343 370 20+ 181 153 183
787 Tt 788 732 739 78

442 419 259 238 207 233

431 249 220

VWithout 48780
042 045

Without 48,80
033 03

080 o081
729 742

110 109

105

Incubat on procedures
A

35mn N {15 run glucose O + 20 mun hust rel. O
B 15ma N + 20mm st rel N [ 15 mun glucose O + 20 mun hust rel. O
G 15mn N + 70nun bt rel N | 35 mun glucose O
D

35mn N | 3> mm glucose O

dunng both incubanons (mean of exp 1 and 2 Table II) The corresponding
values for compound 48/80 nduced histarume release from rat lung tissue
amounted to 380 9, and 27 2 °, (mean of exp 3 and 4 Table 1I)
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In additional expermments, remncubation was performed under mitrogen m
the presence of glucose The histamine release from guinea pig lung tissue ex
posed to antigen duning the remncubation period only {%111) amounted to 26 4 ©/,
of the tota] hustamine content, whereas when antigen was present dunng bath
mecubations (XV) 130 % \«as released (1 exp) The correspondmg values
for p d 48/80-1nduced release from rat lung tisue were
2779, and 207 %, (mean of 2 exp)

It 15 cvident from these expeniments that the total histamune release dunng
the two mcubations was less after the lung tissue had been exposed to the
histamune releaser during both incubauons, as compared with Jung tissue ex
posed only during the remcubation period In order to obtain more quantita
tine data on this effect lung samples were exposed 1n pairs to the histamne
releaser dunng the rencubation penod only (X1 A in Table III) dunng
both incubatons (XIV B in Table III) and dunng the pre incubation
penod only (XVI, Cin Table 111) The controls (D in Table IT) denote the
sum of the spontancous histamine release during both incubations (WVII)
The histarmne release from lung samples exposed to the histarune releaser
dunng both incubations (B) was almost identical to that obtained from Jung
samples exposed to the histamune releaser during  pre incubation  only (C)
This applied to both histamine releasing svstems shown in Table III Con
sequently, 1t scems justified to conclude that once gwnea pig and rat lung
ussue has bcm exposed to antigen and compound 48/80, respectinely under

L y to b release (“pre incubation ) the tissue be
almost completels mnsensitis € to a second exposure to the same histamine
rileasing agent It 1s further evident (Tables 1T and 11} that this desenstuzing
~ effect was more apparent 1 the case of antigen and gwinea pig lung tissue than
1n the case of compound 4880 and rat Jung tissue As can be noted mTabIc bidd
this might be attnibuted to the fact that the histamine release obtaned after
adminsstration of Dumpound 48 80 duning “pre mcubauon alone (C) markedly
ded the release (D)

T

Discussion

The present mvestigaton gnves further support to the view that lustamne
release 1 1170 induced by Asearss extract compound 48/80 and antigen from
rat lung tisue and by antigen from guinea pig lung tissue arc reacuons
of ding on adeq; bolism for energy pr

h 1s evident from the present results as well as from ecarber publications
(Du)lA.\'r 1961 2 b Diastasy and Uv»as 1961) that the histamne releasing

occur 1n a sub free d as long as oxygen 18
available Thxs 1s despite the fact that the procedure for preparation of the lung
mssue 1wohied frequent washing with a substrate frec phosphate buffer for
111, 1o 3 hours pror to incubation. During this ume t 15 hughly probable that
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the composition of the endogenous energy yielding substrates had undergone
marked changes Gev (1926) noted about 50 9 decrease 1 the glucose content
of rat lung tissue 3 mun after death of the anunals Fiscner and Witniassov
(1961) measured the glycogen content of nutrent free perfused rat hearts and
found that glycogen disappeared after the first hour of perfuson Dunng this
ttme 1ts metabolism would account for 20 ta 30 %, of the oxygen consumed

Since the respiration of the perfused rat hcarls mostly rcm:xmcd unchanged
during the first hour they luded ! other than
carbohydrates were used for oudation It 15 50 far unknown + hether similar
drastic changes in the carbohydrate stores occur m lung unssue dunng the
preparation procedure — so that 1t has t rely on owudation of non-carbo

hydrate substrates to fill the energy requrement — or whether the changes
are more of 2 quantitative nature The enhanang cffect of glucose on. the his

tamune release eliated under oxygen suggests however that whateser changes
may have occurred in the cndog:nous substrates dunng the preparation pro-

cedure oxad of the g does not vield aptumal energy
for the histamne releasing reactions
The wterruption of resp by b d Lusuts hal

to glycolytic breakdown of carbohydrates with production of chexmcal energy
(adenosine tripho phate = ATP) via the Embden Meverhof pathway When,
under anaerobic conditions carbohydrate stores have been depleted there 1s
no further source of energy unless exogenous glucose 1s supphed The results
of the present investigation as well as of earlier ones seem to be compatble
with the aforegoing facts since they have shown that histarmne release 1s i
hibrted under rutrogen m the absence of glucose in the mcubation medium
If however glucose 1s supplted from the beginmung of the incubaton under
rutrogen this inbibition 1s counteracted Since 1 those experiments performed
m the absence of glucose the mcubation procedure consisted of 15 mm mncu
bation under mtrogen before addition of the h 1 this p dure
probably depleted the carbohydrate stores even further as sho\m m frog
muscle (Rovzovt and Exrenresr 1936} and mn dog and rat hearts (Micrar,
etal 1929 Fiscrer and Wirrtasson 1961 Corssrarsr Morcan and Ranpre
1961) Furthcrmore the ATP possxbly present 1 the lung ussue after the
most d during this 15 mn penod
of ano\a in !hc absence of glucose This has repeatedly been shown to be the
case m muscle trssues exposed to mitrogen (Rovzowr and ExreXresT 1936
GRrEINer 1992 Furcncort and Guarerr 1958 MicHaL ef af 1939)
Parrot (1942) reported that pre-exposure of guinea pig lung tissue to nutro-
gen did not mduce changes i the subsequent histamine release when caused
by antigen 1n the presence of oxygen Since these expermments were performed m
Tyrode solutton which generally contams glucose the results are n agreement
with the present findings On the other hand my results do not agree with
those of Moussarce and PRoyoust Danow (1960) They found, when using
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1 glucose free incubation medium (Moussatent, 1961) that pre exposure of
sensitized guinea pig lung tissue to  rogen for 45 min cid not decrease the
histamine release when the lung tissue was subsequently exposed to antiyen
under oxygen
Tt 1s apparent from the present results that pre exposurc of lung ussue to
nitrogen 1n the absence of glucose ( pre incubation ) had essentinlly the same
effect on lustamine release mduced by the vanous agents tested Thus when
mcubation of the lung tissue was continued under oxygen in the prescnce of
glucose less mhibition was noted than when incubation was continued under
nitrogen 1n the presence of glucose or under oxygen i its absence 1f 1t 15 s
sumed that pre incubation  of the lung tissuc induced 2 progressve defieit
of ATP, as well as exhaustion of the endogenous carbohydrate stores (1s shown
1n muscle tissues) the presence of glucose under contnued anovuc meubanon
did not apparently, restore this deficat by 1ts anaerobic brenkdown — as
Judged by the impaired lustamine release One reason rught be that lack of
ATP primanly inhibited reactions involved i imtiating glycolysis This was
suggested by Lruiort and Rosenrerp (1958) to be the chuse of the rapud loss
of glycolytic activity m rat brain slices noted after pre incubation n the
absence of glucose and oxygen Stmular conclusions were dewwn by Moroav
Rawpre and Recev (1959) from expeniments with rat heart tissue wlhich
after anaerobic incubauon wathout glucose showed impured uptake and
utthzation of glucose on continued annerobic wmcubation with the sugar
Another possible explination s that the mechimsm nvolved in the utihzation
5f ATP beeame impured by pre incubation  The marked actvation of hus
,tfnmmc release under mitrogen in the presence of glucose caused Ly washing
“the lung tissue after 35 muin  pre mcubation  suggests that thus procedure
mduced either activation of the unlization mechamsm of ATP or changes 1n
the lung ussue which made 1t possible to partly restore the ATP content by
breakdown of glucose via the Emden Meyerhof pithway Since during thewwh
mng procedure the lung tissue was in contact with air for 15 to 30 mn before
remncubauon this might be an add I factor mfl the subsequent
anacrobic utithzation of glucose as discussed by Quastre. ind Witeatery (1937)
and Lrriotr and Rosrarecn (1928) on the basts of expeniments on glycolysis
m bran slices
The lustamine release was also markedly inhibited by  pre incubation
when it was d and } release eharted under oxygen
without glucose but here washing had no activaung effect Tlus might be
cxplaned by postulating that  pre incubauon  of the lung ussue cased —
sn additon to a deficit of ATP and exhaustion of carbohydrate stores — in
tbitson of the uulization of substrates other than carbohydrates wd that
these changes could not be reversed by washing the lung, tissue
The listanmne release chicited under oxygen in the presence of glucose ;\:ﬂ
comparatinely hittle affected by preincubaton  This suggests that when
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glucose was metabohzed 1 the presence of oxygen the deficit of ATP could
be replaced, or its utid h restored at Jeast partly even without
washing the lung tissue

The present investigation has further shown that pre exposure of rat lung
tissue to oxygen m the absence of glucose as well as to nitrogen 1n the presence
of glucose for up to 60 mun did not affect the subscquent histarmne release
mnduced under mtrogen m the presence of glucose by compound 48/80 This
ymplies that the postulated defictt of ATP to an extent affecting the histamne
releasmg reactions occurs only under glucose free anoxic pre-exposure

This hypothetical interpretation of the results does not take mto account
several factors that could be mfl d by anouc d) and which
would thereby Iead to changes in formation or utihzation of ATP and con

to wmhit of the I release Examples of such factors are
changcs m adenosine triphosphatase acuwty lack of phosphatc acceptors
changes of pyndine leotides and n of L to reactions
mmolved n utilization of glucose and endogenous substrates If however
histamine release from lung tissue exposed to the vanous metabolic situztions
can be shown to reflect changes i erther content or utilization of ATP the
present results will sut the 1mp of the bols that
have taken place i the lung tissuc before 1t 1s exposed to the histamine releaser

In vien of the parallehsm between huistamne release from tissues and 1solated
rat mast cells and degranulation of mast cells or rat pentoneum with respect
to factors mfh bol ( b t anowa and glucose)
Uvnas (1961 b) concluded that the energy requinng release of histamine
depends on the metabolic reactions occurting m the mast cells It has not so
far been possible to investigate to what extent the present results might reflect
changes m the metabolic situation of the mast cells of the lung tissue since
histarune release from 1solated rat mast cells 15 not affected by anoxa n the
absence of glucose (Uvnasand Tron 1961 a Moran Uvvas and WESTERHOLM
1961) At first sight this may appear inconsistent with the wmportance of the
metabaolic reactions occurnng i mast cells Since albumun 1s necessary for
histamnne to be released from 1solated rat mast cells (Uvvas and Tron 1961 a),
1t was suggested that the albumun mught render the mast cells insensitive to
anowua (Moran Uvwas and W 3 1961) The of the meta
bolic reactions occurming in molated rat mast cells 1s however evident from
the finding that histamune release induced by Cpanea capiliata and by com
pound 48/80 was ihibited by dimitrophenol whereas this mnlubibon was
abohshed 1n the presence of glucose (Uvvas 1960, Moran Uwwas and WesTER
noLy 1961)

The present mvestiganion has shown that gminea pig and rat lung tissue
pre-exposed to anugen and compound 48/80 respectively under conditions
wnhibitory to histamune release (1 ¢ mtrogen mn the absence of glucose) be
came insensitive to a second exposure 10 the same histamme releaser Thus
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applied although (after washing) re exposure took place under oxygen n the
presence of glucose It was shown that the desensitization of the lung tissue
was not due to the anoxic glucose free pre exposure itself In all expeniments
this desensiizing effect was less marked 1n reactions with compound 48/60
and rat lung tissue than 1n reactions with antigen and guinea pig lung tissue
The reason for this difference cannot be finally evaluated from the present
results These observations are, however mteresting 1 view of those made by
Monear and ScuiLo (1957) They found that when sensitized guinea pig lung
tissue was exposed to anugen in the presence of phenol, histamine release was
inhibited When after removal of the phenol, the lung tissue was re exposed
to antigen therc was still no histamine release Furthermore, UvNas 1nd Tiiov
(1961 b) noted that 1solated rat mast cells exposed to compound 48/80atpH 5
did not release histamine When the cells ,were remncubated at pH 7, re
exposure to compound 48/80 still failed to eliait hustamune release In controls,
pre exposure of mast cells at pH 5 without compound 48/80 did not inhibit
subsequent Justamune release from them, when they were remcubated at pH
7 and exposed to compound 48/80
Consequently 1t 1s suggested that under anoxic glucose free conditions
the histarmine releasing agents tested 1mtiate reactions m the mast cells of
the lung tissue which should lead to histarmine release but that wre stopped
at some subsequent cntical step where high energy compounds are needed
The nature of these reactions 15 unknown but their possible role 1s indicated
by the fact that the histamune release was inhibited when the lung tissue was
e exposed to the same histamune releaser under conditions normally favourng
rmation of high energy compounds (1 ¢ otygen in the presence of glucose)
possible explanation mught be that duning the rewncubation peried, some
. ctive 1tes on the mast cells were already occupied by the Instamune releaser
On the basis of therr studies on sensitized guinea pig lung tissue  Moncar
and Scinn (1957) postulated that antigen induced histamine release depends
on the activation of a short lived enzyme system, which catalyzes rexctions
leading to histamune release Hocprre and Uvnas (1957 1960) Usaas ind
‘Toos (1961 a) and Uvnas (1961 b) suggested that a lytic enzyme triggenng
histamine release was actinvated by compound 48/80 and antigen antibody
reaction This was evidenced by the parallelism between the effect of vanous
enzyme intib on the d M of mast tells inrat peritoneum aswell
as.on the histamine release from isolated rat mast eells when mduced by com
pound 48/80 antigen anubody reacuron and phosphatdase A The d
ton of the Jung tissue noted in the present investuganon could therefore be
explamed on the assumpuon that i the absence of energy the histamine
seleaung agents mutiated reactions which urreversibly interfered with the
activanon mechanism either of the enzyme or of somereaction tnggered byt
Stll other snterpretations of the results must be considered The histamine
seleasers — when affecung the lung tissuc under conditions inhibitory tojusta
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mine release — may mduce changes 1 the mast cell membrane thereby
causmng impairment exther of the subseq uptake and util of glucose
or possibly of some transport mechanusm so far unknown but a prerequusite for
histamine release This possibility 1s supported by the observations of Brokns
QuasteL and Vas (1929) who noted changes 1n transport phenomena i Ehr
lich ascites tumour cells after addition of specific antisera even in doses which
did not produce morphological changes in the cells

Whatever the reason may be for the desensitizing effect observed sn the
present mvestigation the results suggest that the energy requinmg step of the
reactions leading to histarmne release must, actually be inherent mn some
reaction after the lng of the h ! agents to ac
tive sites 1n the lung tissue

Financ al support for thus mvesugat on from harolnska Insututct Sweden and Grant no
A 4063 P E. T National Institutes of Health U 5 A. 1s gratefully acknowledged.
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5-Hydroxytryptamune 1 the Schultz-Dale Reaction
By
Lars Oror Boreus and Barero WesTeRmoLyr
Recesved 12 January 1962

Abstract

Bortts L O and B Westeruots S-Hydrowirptammne in the
Sthultz Dale seachon  Acta physiol scand 1962 5 17-25 —
When anaphylactic smooth muscle contraction (Schultz Dale re
action) was produced 1 sleum and uterus of the rat and gunea pig
2t Jed ta release of a substance which had contractile effect on guinea
pig 1 um but not on aghly 5 H Y senaiuve rat uterus Following the
Schultz Dale reaction the nissues showed no sigmficant changes m
5 HT or lstanune content when tompared to tontrals from the
same ammals However the mdwidual vanation in amme content
was hgh Senwnzed rat and gunea pig tissacs when intubared
with antigen exhibnted no measurable release of 5 HT A decrease
of the very low 5 HT content of rat nterus was however noted s hen
utert from many animals were pooled and mcubated Histammne way
Iiberated from uterus of both rat and guinea pig but not from sleum
1t 1 concluded that 5 HT 13 probably not mnvohed in the Schulz
Dale reaction mn the gumnea pig though it may be partly responsible for
the anaphylactic contraction of rat uterus

It has heen suggested that release of 5 hydroxytryptamne (5 HT) 1s mstru
mental 1 the anaphylactic contraction of gunea pig smooth muscle, 1 ¢, the
Sehuiiz Dale eatiion (Geeer Tl and Tuowesow 1996 Geioer and
Avpers 1959) This conclusion was founded on experments tn whuch miuby
tors of 5 HT had been added to the bath pnior o antigen Attempts to
demonstrate directly the release of 5 HT, however have not proved successful
(Frer and € ARDNER 1958)

All the above investigators used eum as test tissue It has been shown
that uterus releases more hustanunc than does ileum when mcubated with
antigen (Scun 1939) Conuderably more smooth muscle stmulating sub-

2623015 Acta physsol seand Vol 56 17
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stance, 1n terms of hustamine, was released from uterus than from ileum duning
the Schultz Dale contraction (Borfus 1961)

In this study therefore the possible release of 5 HT from these smooth
muscle tissues i guinea pig and rat after antigen contact was studied via both
biological and chenucal assay In some experiments the hustamne release under
the same conditions was also studied, since 1t would seem that the mechanism
of release of these two amunes mvolves a sumilar mechamsm (Moran, Uvnas
and WesterstoLy 1962)

Methods

Female varginal rats (V4star strain) weighing about 100 g and female virginal gunea
pigs weighing about 300 g were used

Rats werc sensitized by injecting 100 mg of crystalline egg alburmin and 1 ml pertusns
vacane (2 X 10 orgamusms/ml) subcutancowsly Guinea pigs were sensitized with
100 mg of the same egg albumin subcutancously and 3 days later with the same dose
mtraperitoneally The experiments were performed 2—5 weeks later, when the animals
were killed by a blow on the head and exsanguinated by cutting the neck The ussues
were removed and kept 1 the suspending medium untyl use

Antigen induced release of 5 HT and hustamine from the sensiized tissucs was i
vestigated 1n two ways

Schult. Dale teckmque (uith bologieal 5-HT atsay) A segment of senstized ileum
uterus or spleen was suspended at 37 Can a 5 mi aerated bath washed by overflow
‘The contractions of sensitized tleum or uterus (the ¢ SD segment ) were recorded by 8
frontal lever on a kymograph drum During the experiment a contiguous tissue segment
from the same animal was immersed 1n a beaker with the medium at 37° C and used 2
a control

An indicator segment  of uterus from a non sensitized rat i estrus phase {rats m
jected with estradiol benzoate 5 mgfkg 2436 hours before use) or a segment from a
non sensitized guinea pig were suspended an the same bath 1n order to res eal any 5-HT
or hustamine iberated from the sensitized tissue by the antigen The indicator segment
was attached to another frontal fever A similar technique has been used by Dworerzxy
(1959)

In the 5-HT experiments the followmg medium a3 reported by Evoeriarot and
Scimane (1960; was msed NaCl 15+¢ ¥ 10\ KCl 56 x 1093 CaCl, 50X
107\ \aHCO, 50 ¥ 10*\M dextrose 28 % 10-3\f and atropinc sulphate 15
X 10-"\{ In the other expenments the suspending medium was Tyrode solution con*
tamning dextrose (56 ~ 10-\M) and atropinc sulphate (15 X 10-4\)

When dose response curves for 5-HT and histamine had been obtamed antigen 10%
final concentration of 0 4 mg/ml was added and allowed to remam n the bath for 3
munutes (higher antigen concentrations could not be used because of scum formanon
in the bath) Any contraction of the indicator segment durnng this period was estimated
1 terms of 5-HT and histarmne zespectively At the end of the 3 minute penod the
antigen was washed out. The sensitized organ was taken out of the bath weighed and
smmersed 1n 01 N HC for later 5-HT and histamune assay The control tissuc was
sumlarly treated

The volumes of drugs added to the bath {5 HT creannne sulphate histamine &
hydrochlonde or egg albumin dusolved in appropnate medium) were 02 ml or less

Incubation technique (with ckemcal S-FIT gssay) Ieum uterus spleen and — i 2 few
expeniments — abdomunal skin were pooled from a group of animals The tissucs were
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Tuble I Histamne and 5-H'T content (means and standard ervors} of slewum uterus spleen and skin
of the rat and guines prg Figures withn brackets denote numbers of determinations made

Histamine (fig/g tissue) 5-HT (ugfg tussue)

Rat Guinea pig Rat Guinca pig

Tleum. 78411 102E16 19403 36108
28) (9 (27) (6]

Uterus 12402 {10) 57116 015002 < 0003
<015 (N (9} Hn @

Spleen 1002 29+07 23405 3705
(25) a2) (24) an
Skin 105412 36£06 083+01 <00l
(24) @) 24) @)

Pooled groups (each group 5—15 ammal) 1 Pooled groups (each group 15 ammals)

cut and put mto 25 ml beakers containing 3 ml of a buffered solution (pH 72—7 4)
contaimng NaCl 154 ¥ 102M KCl 27 x 10-*M CaCl; 90 x 10\ 10percent
Sorensen phosphate buffer (N2,HPO, 2 H,O 30 x 10\ KH,PO, 35 X 10- \f)
and dextrose 56 X 10\ The beakers were slowly rocked 1n a water bath at 37 C.
Ovygen was mntroduced through ca.unu!ae 1 the stoppers of the beakers After an 1nter
val of 10 runutes for antigen (final 1 mg/ml)
was added Al mncubations were duplicate After 30 mun the supernatants were poured
1nto tubes for 3 HT and histanune assay The tissues were immersed in 0 1 N\ HCl for
later 5 HT and histamine determunation

5-HT and histanune assay Tissues for 5-HT and histarmme determnation were homog
emzed 1 01 N HCl The tissuc extracts as well as the supernatants were kept frozen
until assay

5 HT 1 tissues and was d d h by the
method of Bogdanski ef af (19.6) Histarmmne wastested after neutralization of the sam
ples on atropinized (atropine sulphate 15 X 10-#\) gunea pig sleum Its speaificity
was demonstratec by mepyramme block {5 0 % 10-*M)

All 5-HT and histamine values are expressed as the free base

Results

5-HT and histamne content of rat and guinea prg tissues

Durmng the course of the experiments we made several determunations of the
5 HT and histamme content 1 different organs of the rat and guinea pig
‘These eshmations are summanzed 1 Table I which shows the amme content
of lleurn, uterus spleen and skin. It will be scen that the imndividual vanation
was fugh for all tissues The 5 HT content was very low m rat uterus In
gunea pig uterus 1t was still lower not even when organs from fifteen ammals
were pooled and extracted could 5 HT be demonstrated Nor wasit possible
to detect any 5 HT m gunea pig skin
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Table Il Antigen wndu.ed release of hustamine and 5-HT (means and standard errors} from vleem
and wtrrus (SD reacttwn} and spleen of the sensured rat Final artigen contentration 0 4 mgjml.
Exposure time 3 mun Figures wuthin brakets denote members of experments made

Liberated Liberated Histamme content | 5-HT content
contracting contracting (uglg tissue) {piglg tissue)

b b after after exp
(pglg usue) | {pgfg tissuc)
m terms of 1 terms of Control | SD Control  { SD
hustamune >HT stnp stp sthip stup

Nleum | >(001~01) | <(00007—0.004) [ 6712 | 66211 | 23006 |22205
1) 6] un ay

Ttenss | >(001~01) | <(00008—0003) [ ot measurable Mot measurable
[£)] (Y] n {1

Spleen | >(001~0.07) | <(00004—0007) { 13203] 09102 [29x10]31x1¢
1) (6) (10) {0

Release of 5HT and hustamne from rat and guinea prg tissues m uilro

(1) Schultz Dale experiments with rat tissues (Table I1) Addition of antigen to
the sensitized 1leum or uterus caused a Schultz Dale reaction 1 ¢, a rapid
contraction of the organ starting withuin 10—20 sec, reaching 1ts maamum
within 30 sec and followed by relaxation to the ongmnal length after 2 10 6
mm. Sensiization of the anumals was thereby demonstrated No contraction
was chated by the same egg albumin i non sensitized rat ileum or uterus
} During the Schultz Dale reaction a smooth muscle shmulating princple was
released causmg contracnon of an mdicator segment of gumea pig dewrn,
sensitnve 10 a concentration of 1 g o HT per ml and 1 ng hustamme per mh

A ung sub was also rel d from 3 spleen

of the indicator segment began a few seconds after the Schultz Dale contraction
and rose gradually to 1ts The relaxed diately when
washed 3 mun later

To determine whether 5-HT was a constituent of the smooth muscle sumu
laung prinaple the indicator guinea pig 1leum was replaced by non sensitized
rat uterus sensine to a concentration of 02 ng 5-HT per ml and 02 13
lustamune per ml When antigen was added to the bath norelease of contract
1ng substance from the sensitzed issues could be demonstrated in spite of the
ughlh 5-HT sensitine mdicator organ (Table IT) The results mdicate that
3-HT 15 not released into the bath dunng the Schultz Dale reacuon. This
finding 15 corroborated by the fact that the o>-HT content of the antgen
treated slrum and spleen was not sigmificantly lower than that of contrel
segments from the same anumals The 5-HT content of uterus could not be
determuned because of the small amount of avalable ussue from any on¢
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Table HI Antigen induced release of histamne and 5 HT (means and standard errors) from vleun
and wterus (SD seaction) and spleen of the snsitied guinea fug Final antigen concentretion
0 4 mglml Exposure tuse 3 mun Fugures within bracksts denate naunsbers of experiments made

Liberated Histamune content 5-HT eontent
contracting (pgle t ssue) (pglg tissue)
substance after expenment after experiment
(e /g tussue)
m terms of Control sD Control SD
5-HT stup strip stnp strap
Tleum <(00004—0 003) 1293;25] 11817 | 35211 | 39%11
“) (4) (£
Uterus < (0001—000") | 7221 ] 55L20 Not measurable
€3] ) t4)
Spleen <(D0006—0001) | 2808 | 23+04 | 44404 | 3904
[£9) ) [£2)

Table IV Release of fustamne and 5-HT (means and standard errors from sensitt.ed rleam
uterus and spleen of the tat following wicubation witk antigen (1 mgfrl) Incabation tume 30 mun
Figures unttun brackets dengte mnnbers of experiments made

Histamune Liberation 5H1 Histamne contert| 5HT content
per eent Iiberation (Hglg tussue) {feglg tissue)
after ncubation | after wmeubation
Control Antigen Control [ Aut gen | Contro! [Antigen
samples treated samples | treated |samples | treated
samples samples samptes
Tleum | <(0003—02)} <(0003—03) | Not 76£10|76108[09402]10402
{18) measurable (18) (18)
Uterus | 10742 | 368465 | Dot 10£01]08+01] 017 | *009
9 measurable ) 015 | <0
Spleen | 25545 | 40956 | Dot 09:+02|08+02(17404|16403
(14) measurable (14 (22)

Values obtained from uten pooled from 34 ammals
* Values obtaned from uters pooled from 10 ammals.

ammal Ileum and spleen showed no reduction of the histammne content,
while 1n uterus the content was t0o small to be measured

(2) Schulte, Dale experuments wilh guinea pig tissues (Table IIT) That a smooth,
muscle lating p causing of indicator gunea pig
ileum s released from guwnea pig ileum and uterus dunng the Schultz Dale
=y
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Table V Release of hustarune and 5-HT (means and standard ervors) from sensuroed sleum wterus
and sleen of the guanea prg follo.owng weubation with enisgen (1 mgiml) Fncubation time 30 min
Figures unthan brackets denote rumbers of expenuments made

Histamune liberation 5-HT Histamune content | 5-HT content
per cent liberation (uglg tssue) (ugle tstuc)
after incubation after incubation
Control Antigen Countrol | Antigen | Control | Anuigen-
samples treated samples | treated | samples | treated
samgples samples samples
Tteum <01 [<(01-03)| Not 91ﬁu7|ssi12 36£14[37214
{6) measurable (6) (8)
Utens | <(01-03)[ 5817 | Not 68:18(58£16] Not measurable
(6) measurable (6)
Spleen | 142148 [139£40 | \ot 31210{31:£10/46£07]48206
(10) mea.urable (10) {10)

reaction has been shown by Borers {1961) The following cxperiments were
designed to show whether 5 HT 15 a constituent of the contracting substance
Asn the expeniments with rat tissues no release of 5 HT could be demonstrated
with the ighly sensitive rat uterus, though a typical Schultz Dale contrac
tion occurred 1n all experiments on ileum and uterus (Table 1) Further
here was no detectable 5 HT release from spleen Nesther the 5 HT content
10 the hustamune content was Jower in the antigen treated tissues than m the
:ontrols It should be noted however, that the 5 H1 content of uterus was too
ow to be measured

(3) Incubation experiments with rat tusues (Table IV) Stnce the results of the
ichultz Dale experiments i respect to 5 HT release were negative the study
vas ded 1o 1r r3tro L exg 1n which 1t was possible to us¢
ibout ten times as much tissue substrate and to reduce the volume of mcubation
lwd to 3ml Exen here however no release of 5-HT into the medium could be
femonstrated The residual amounts of 5 HT 1n tussues ancubated wth and
sithout antigen were therefore compared It will be seen from Table IV that
here was no sigmficant reduction of the 5 HT content of deum and splesn-
in uterus on the other hand anngen caused a reduction of 53 and 60 prr cent
»f the 5-HT content in tso expenments with pooled uters from 3+ and 10 7218
‘espectively

Hutarune was shown to be released mto the incubation flud from uterus.
from leum however no release of hustamine was demonstrable In the et
of spleen, there was some difference in release values between control an!
intigen treated samples (P = 00,—001) However, the spontancous husts
Tune release was hugh (25 5 per cent)
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(4) Incubation expertments with guinea pig fussues (Table V) Asin the expenments
with rats no 5 HT could be detected mn the incubation fiwd after addition of
antigen Nor was it possible to demanstrate any reduction of the 5 HT content
m tleum and spleen. In uterus — both control and antigen treated samples
— the 5 HT content was teo low to be measured Histamune was released
from uterus into the medum, but no release fram ileum or spleen could be
detected

Discussion

Addition of antigen to sensitized rat tissues in the presence of an  ndicator
segment of gumea pig ilewmn myvanably produced contraction of the latter In
terms of tissve wesght this contracuen was greatest for uterus moderate for
spleen, and smallest for ileum A smular quantitative difference betueen
guinea pig uterus and ileum was found by Borers (1961)

When the mdicator segment of gumea pig leum was replaced with a seg
ment of rat uterus which was about 1000 times as sensitive to 5 HT no
contraction of the indicator was observed. It was apparent thercfore that
contraction of gumea pig leum had not been dependent upon released 5 HT

No anaphylactie release of 5 HT from gwnea pig and ras tissues could be
demonstrated even when ten times the quantity of t1 sue substrate was used
and spectrophotofluormetnic assay carnied out

Release * or no release of a substance are of course purely quantita
tive terms and dependent on the sensttwaty of the method of sdentification
The sensitivity of the rat uterus preparation was very ligh and our negative
results sigrufy that not more than 1 ng could have been released dunng the
penod of antigen contact Tlus release 15 equivalent to less than 0 0> per cent
and 0 04 per cent respectively of the total 5 HT content of the rat sleum and
spleen The corresponding value for guinea pig ileum and spleen 1s less than
003 per cent

Consistent with these negative findings as to anaphylactic 5 HT release 1s
the fact that the 5 HT content of antigen incubated ileum and spleen was not
sigmhcantly lower than that of controls from the same amunals Contrasting
results exaerged for rat uterus however Here the 5 HT level decreased 53 and
60 per cent after antigen wncubanion. It 13 difficult to evaluate the signuficance
of this decrease since the 5 HT content of uterus 15 extremely low and the
percentual values for small absolute differences are accordingly hugh In the
guinea pig 1t was imposstble to demonstrate any 5-HT even when 15 uten
were pooled and extracted A low 5 HT content has likews & been found 1
human uterus (Borfrs Sanpegre and Westernory unpublshed)

Tt scems possible that an rat uterus the decrease of the 5 HT level duning
antigen contact represented an anaphylacnc release v huich mught have con

tributed to the Schultz Dale contraction Since rat uterus is highly sensitnne
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to 5 HT, small amounts of the amune, liberated withm the tissue, would
suffice to smulate the smooth muscle eells to contraction

In gumea pig tissues, however, nothing suggestine of 5 HT release dunng
anaphylas was noted In this species the 1leum and uterus are not very sens
tive to 5 HT, and relatively large amounts would be required for anaphylactic
contraction Under these eircumstances a release would probably have been
detectable in the expeniments

To the question whether or not 5 HT 1s involved 1n the Schultz Dale re
action, there are two main expenimental approaches An attempt to antagonize
the contraction either by means of 5 HT mhulntors or by means of tissue
desensitization with hugh doses of 5 HT before addition of antigen 15 one
approach The other 1s the one used here — an attempt to demonstrate dectly
the release of 5 HT during the contraction

Concl as to the 1 of certam hberated substances cannot
readily be drawn from pharmacologic suppression of the Schultz Dale contrac
tion since the speaficaty of the inhibitors are always in question Furthermore
different segments of the same tissuc vary considerably 1n their sensinty to
antigen (hemprr and TEINDERG 1948)

Evidence obtaned with the method used here would be more relable As
far as we are aware 5 HT lberation duning anaphylactic reaction 1 tatro has
been observed only 1n the uterus and mast cells of the rat (Garcta Arocis
1961) As respects guinea pig, on the other hand, Fink and Garoner (1938)
stated that 1t was 1mpos ible to demonstrate release of 5 HT from sensitized
Iung, uterus or ileum 1n the presence of the highly serotonin sensitine  mouse
uterus The degree of 5 HT sensitivity of their preparation was not, howevel,
stated SanvaL and WEsT (1958) reported that a smooth muscle stumulatng
substance was obtamed from preces of spleen of sensitized gunca pigs, but no
quanttative data on this point were given

‘That antigen 1 titro releases much more huistamune from guinea pig uterts
than from ileum was shown by Scmip (1939) Anaphylactic formation ofa

slow reacting substance 15 also greater in gumnea pig uterus than in tleum
(Bortus and CiAKRAVARTY 1960) It 15 interesting to note that a simulaf
quantitative difference 1n antigen induced release of histamne 18 also found
rat tissue

Our results do not support the view that 5 HT 1s released dunng the Schulz
Dale reaction in the gumea pig However, 5 HT may be partly responnible for
the anaphylactic contraction of the rat uterus

1ag to one of

This work was by a grant from harolinsk.
us (B WesteRsioix) and by grant A4063 P ET from the Public Health Scrner uUsA
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Abstract

MMoran N C B Us~asand B Westernorss Release of S-hydroxy
triptamine and hustarmne from rat mast cells Acta physiol scand 1962
5 26—41 — The release of 5 hydroxytryptamuine (5 HT) and
histamine from rat peritoneal mast cells was studied Major vanations
of amune content per eell were noted Compound 48/80 n-decylamine
polymyxin B phospholipase A and distilled water relrased 5-HT 2nd
hitamne The concentration response curve for 5-HT to 48/P0 was
parallel to that of histamine The number of histamine molecules
teleased considered as a rauo of the number of 48/80 molecules i
the medium ranged from 4 10 over 40 whereas the corresponding
rauo for 5-HT ranged from los then 1 to approumately 2 The
amune release by 48/80 was dependent upon pH and temperature
and took place withun 20 sec at 22 C Certamn enzyme mhibitors
such as alliein (SH group inhibiter) and amnhydnn (NH, group
shibitor) blocked the amme release Dinstrophenol mhubited the
release only i glucose free medium Sodium cyanide 1074\ and
anoma inhibited the release of netber amine  The results suggest
that 5.HT 15 released from mast cells by thr same mechamsm a3 15
hustamine The data are i agreement with previous evdence from
thus b y 12 an A of release af
hntamine by polymer amme releanng agents

The presence of 5-hydroxytryptamine (5-HT) 1n 1solated mast cells of the
normal rat /Bexorrt of of 1955 herer 1957 Gamcia Anocua 1961a) ard
1n the cells of mouse mastocytoma (Ferti Haces and Hizsie 1957, Sjoerosit
% A prelivinary communication of the work was presented at the Fint Internatvnal Pharma
etogcal Mecting Stockbelrs Augu 1 22—25 191 Biochemcal Pharmacology 1% 1 & 157
* Lruted States Public Healt! Senvc  Semor Research Fellow (SF-60) Presrnt sddret
Deoanteaent of Pharmacology Emorv {nwenaty Atlanta Geongpa
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‘Waarkes and Wersseacu 1957 GlARMAN POTTER and DAy 1960 CreeN and
Dav 1960} 1s now well hished labl d suggests that
mast cells of other mammalian species do not contain this amune (SJOERDSMA
et al 1957 Parrarr and WEst 1957a West 1957) Parratr and WEST
(1957b 1958) contend on the basus of ratios of 5 HT to tissue mast cells
and of demonstrations of selective release of tissue histarmne and 5 HT that
even 1n the rat there 15 no uniform evidence that the 5 HT 1n rat skin 15
mast cells

Ewidence 15 also available showing a release of 5 HT in response to chemuical
hustamune hiberators from mast cells of rats (BuarTacHarYA and Lewis 1956
Garcis ArocHa 1961a) and from mouse mastocytoma cells n response to
alkalme tsue extract (GIARMAN et al 1960) (samcia Arocua (1961b) has
alyo demonstrated an antigen induced release of both histamine and 5 HT
from pentoneal mast cells removed from sensitized rats

It 15 not certain whether the two ammnes are released by the same mecha
rusm WesT (1959) 1n a review of tissue amines and mast cells cites a number
of studies the results of which suggest that 5 HT 1s not released from the
tissues of most species by histamine liberators GARcia ArocHa found release
of only 5 HT when antigen was added to mmced uterus from sensinized rats
and also an earher release of 5 HT than of histarmune from the perfused hind
Iimbs of sensitized rats (1961b)

Previous work from this laboratory has produced evidence supporting the
concept that degranulation of mesentery mast cells i suu and ustamne
release from 1solated rat perstoneal mast cells by antigen and by polymer
amine releasing agents 1s dependent upon enzymitic processes {HocserG and
Uvnas 1960 UvNas and Tuon 1960 1961) The present experiments were
designed to determine 1f 5 HT 15 released simultaneously with histamune from
rat mast cells and whether the mechamsms are sumlar Compound 48/80 was
used as a model releasing agent because of 1ts known charactenstics as a
hustinune liberator and because the pattern of release of histamne by 48/80

15 s;milar to that bv antigen (Hocserc and Uvnas 1960 Mota and Ismm
1960)

Methods

Pacharelranof wWis

Muxed peritoneal cells were obtained from male albiio rats (Wistar strain) weighing
200 10 450 g The anmals were anaesthetized with ether and exsanguinated by cutung
the neck The abdommal muscle wall was exposed and a small opening was made
by thermocautery through which was poured 7 ml of 2 buffered solutton (pH 6 8—7)
contaumng NaCl [ 54 X 102M KCl 27 x 10-'M anhydrous CaCl, 9 x 10~
10 percent Sorensen phosphate buffer (Na HPO, 2 H,0 3 x 10-M KH PO
35 X 10-1\) dextrose 56 X 10°M and albumun 1 mg per ml After closing
the opening the abdomen was gently massaged for 90 sec and then widely opened
mn the mudhine by thermocautery The fliud was gently removed with a pipette and
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centnfuged at 175 ¢ for 3 min. The supernatant was discarded and the celts ot
the bottom of the tube were resuspended 1n the huffered solution mentioned abaye
(2 ml of solution per rat} In most experrments cells from two or more rats were pooled

Isolated mast cells were prepared from the peritoneal cell suspension according to
the Ficoll density gradient method desenbed by Uvnis and Tiox (1960)

Incubation Technique

Two ml of the cell suspension were poured tnte 25 ml beakers which wereslowh
rocked 1n a Warburg apparatus at 37 C After 10 to 15 nun to allow temperature
equiLibrauon a rcleasing agent was added Following incubation with releaser for 5 to
15 min the cell susprnsion was centnfuged for 3 mun at 400 g To the supernatant was
2dded 0 1 ml of 2\ HCl and to the celi fraction 1 2 ml of 0 1 N HCl Both samples were
kept frozen until assay

When nhibitors were investigated the eells were premncubated vath mhibiter for
15 mun before the releasing agent was added

VMore detailed methods for certain types of experiments are described 1n the resuls

Vast Cell Counts
Mast cell counts were made by the method described by Bray and vax Arsort
(1961)

Hustamine and 51T Assay
Histarmine was tested on the atropinized (atropine sulphate 15 x 10 *M) guinea
pi1g sleum and sts speaficty d by blockade with o 2 10 ™)
2 HT was di d hotofl Iy by the method of Bocpasski et af

{1956) 5-HT + as shown to be stable at 37 C for over 30 min in the buffered medium
alone and in the cells Also heaung a solution of o HT for 10 min at 45* C caused no
detectable Joss of the amine

All histamine and 5-HT salues are expressed as the free base

Materials

Compound 48,80 prepared as described by BALTZLY ¢t af (1939) and phospholipas
A obtained from bee venom were kindly supplied by Dr B Hogberg AB Leo 180
singborg Sweden

Alliein was prepared from garlic according to CAvaruvo and Bamey (1943

Human serum albumin was kindly supphicd by Dr N Hellstrom of Al hab
Strangnas Sweden

Resrpine phosphate was generowsly supplied by Dr Albert | Hummer [e1:33
Pharmaceuucal Producs Inc Summut N J USA

Other substances such as n-decylamune trypun  cyamde dmnitropheniol and min
hydnn were obtained from commeraal sources

Results
Contert of 5-hydroxytrpptamine and histamune n suspensions of mused pertoneal eells € 4
wsolated mast cclls
Ninety percent or more of the cells removed from Ficoll were mast cels

as judged by their staming reacuon with toludine blue The amountz;
amines recovered from the ssolated cells accounted for 30 to G0 percent
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Table I Content of 5 HT and hulgoune w rat perioneal ¢eff suspensin and w vt mast eells

5 HTpgleat| 55T yug/104 H . pg rat | Hist. 4g/10 | Ravo
n=82 man cefls |ne=82 maseeells | Hie S-HT
n=37 no= 37 nw 82

Mean Zyandarderror § 109 2017 1392020 034 1210052 1B jN s 44
Range 00,8381 022570 35—468{122-589¢ 33—1 03

the content of amunes n the onginal suspension of muxed cells This Jow

buted to the sed mto Freoll of the arger mast
c:lls only auheugh the presence of sorae S-HT and hitamune m other types
of cells 1 the orgmal susp cannot be di d Other eclls in the

pentoncal eell mxture were pnmanly lexkocytes with a few erythrocytes
and unidennfied cells

Aajor vanauons werg ¢ncountered an the amount of 3-HT and histamine
both i muxed perutoneal cells and in solated mast cells Fable I shows the
vanability m amune content per rat and per midlion mast cells w suspensions
of muxed rat peritoneal cells There was also a great vanaton m the rane of
hastamune to 5-HT w daffe sats It was assumed 25 am appr n,
that all 3 HT and histamne exwacted from the muxed cell suspensions was
Tocalized 10 the mast cells since mast~cel! free pentoneal cclt suspenions from
rats contatk no detectable 5 HT or histasune (Monan and WestEamorar
1962) There appeared to be 1o obviows correlation between the conteny of
amunes per rat and the weght of the anmmsls the number of cells or the
season of the year

Time caurse of 48180 iduzed velease of 5HT and Rustamane fram pentonzel cells

The release of both 5-HT and histarune from mixed peritoncal cells took
place m 2 very short penod of tme Fig 1 shows an experument 12 winch the
percentage of amunes released m response to 48/80 after only 4 mun exposure
to the releasmg agent was equal to that resulung from penods of exposure
of up to 34 sun The spontancous release ar the end of the period was 15

o
£ M
H
¥
5

i } Tume course of 3HT and hutasmine release. 5+

om mixed rat pcmoma) cells o —5HTlease £,
mqaso 05 pgml @ ~— Hostsmne releass by
43,80 05 pyie

LY £ =
VIME OF MOBATION MROTES
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AMNES FILTERED ug
(3 HTx10}

g o

Fig 2 Tume coursc of § HT and histamune release

#=FZE fromperfused wsolated rat pentoneal eclls Atar
g0 > row 40 g of 48/80 was rapidly injected mto fun
nel producing anymmediate esimated concentra
ton of 10 pgfml Fltrate collected an 15-sccond
60 samples A () — release curve for 5 HT @~ Re
lease curve Tor ustamne A — “washout eune
wathout cells at arrow 4 pg of reference 5-HT

40 inyected instead of 48/80 B Reference » HT cune
and release curves for 5 HT and histanune a2

20 funetion of time In this expeniment 78 percent
{ of the reference 5 HT was fecorcred and 93 and

97 percent respeetively of the cellular 5-HT and
h was releas

PERCENT OF TOTAL AMINES FILTERED

oleg
30 0 30 €0 90 {20 KO 180

TIME SECONDS

percent In order to determune more preciscly the time required for relese
of the ammes peritoneal cells were placed 1n a funnel hned with two layers
_+of 00 Whatman filter paper Standard mcubation medwm was perfused oser
the cells at room temperature (22 C) at a constant rate The filtrate (frec
of cells) was collected 1 fifteen second increments and analysed for amines
By this method the ume course of release of amnes following addition af
48/80 to the perfusion med could be d d Two hods of ad
minstening $8/80 were used In the first type designed to gnve 1 bnief exposure
to a high concentration of the releaser a single rapid mjection of 18/80 ws
made nto the funnel in an amount calculated to gne
of 10 ug/ml In the second type designed to give a continuous exposure to
the releaser 1 simular rapid injection of 48/80 was immediately followed by
continuous perfusion with a new solution contumng 4880 10 pgfmt Samples
of filtrate were collected for 150 to 180 sec After collection of the final filtrate
the filter paper was extracted with 0} N HCI to provide an estimate of the
total amines n the cell suspension 2s a basis for calculaung the percent
released Fig 2 A llustrates the release cunies for 5 HT and histamine 10
one cxpenment 1 which a single imjection of 48/80 was gnen The amunes
appeared in the filtrate withun 30 sec after addition of the releaser and reached
a pcak by 75 10 90 sec To compare these cunes with the umple  washout
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0o

8

Figr 3 Concentration — respornse cueves of release of
5 HT and histamune 1n response to 48/80 Each pont
vepreseots the mean percentual yedease of 5-HT
O = and huigzune ~—~ ® — Vertical bars rep-
yesent, atapdard eryors figures 1o parenthesss the rum
er of expenments at each concentration. All values
corrected for spontanecus release The results of ex
pertments with bath mixed petitoneal cells zad tolated.
mast cells were pooled i ordet to abtaw the means PR K -

@ azses U 2B 300

BERCENT REVES €
3 & B

48/80 pgsmt
tlog cafe}

of an amine incubation medsurm was passed through filter paper without
cells and the content of 5 HT measured in the filtrate following the rapid
mnyection of a seference amount of 5 HT into the funnel Compansons werg
made between filtrauon of reference 5 HY and released anunes only when
the flow rates i the two instances were comparable Fig 2 A shows that the
appearance and the peak of reference 5 HT are only shghtly earhier than
those of the released amuines Thus 15 sllustrated mere cleashy i Fig 2 B
whuch the percent of the total amunes filtered 15 plotied as a function of tune
It can be seen that the curves for the released amnes are parailel to that of
the reference 5 HT wath a lag of only 15 to 20 sec. Other expertments showed
the same short lag penod Thus the enure release of the ammes m response
1o a hugh of 48/80 (prod: greater than 90 percent release)
ook place withun a period of less than 20 sec at room temperature a graphic
demonstration of the explosne  release of histamune and 5 BT from mast
cells Prehminary experyments have shown that n-decylamine causes an equally
rapid release

Influtnce of dose of #8180 upon the release of S-HT and kistamne

The magmstude of the release of both 5 HT and hutamme from mixed
pentoneal cells and isolated mmast cells 15 d dent upen the
of 48/80 Fig 3 the dose resp 1 hips of both tmixed
and solated celfs Each point represents the mean percentual retease of the
armmne as a functhon of the dose of 48/80 The curies are paraliel but the
percentual release of 5 HT 1 shightly less than that of lustanune However
m some individual expennments there was no difference The dafference w
sigmficant by parced £ test at only two doses {05 gg/ml p <005 1 pg/mt
p < 0001)

The ratio of the number of molecules of anune released from the cells to
the number of molecules of 48/80 {expressed 3s base umts) m the medium
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50
%
g LB \!\,
3
? s \
w ~
H
H
o I Fig 4 5HT 48/80 and hustarune 48/80 molar ratios
g \ as a function of the 48/80 concentration Each point
& \ ] represents the mean ratio of molecules of amne re
e % leased to_molecules of 48/80 (assumed malecutar
3 ~' wemght 170) i four expemments Vertical bars —
2 standard crrors O — 5 HT @ — hstamme Values
e corrected for spontaneous release
o o 5 10
48/60 pg/ml
{log scate)
WITH GLUCOSE WITHOUT GLUCOSE
pd Fig 5 Effect of whibion on

. ¥ 48{80-1nduced release of 5-HT and

6o Tastamine from rat pertoneal cells
8" a0 with and without glucos 1 the
S 2o imeubation medium Cros-hard
o o ed columns 1nd cate release with
z 48/80 alone {1 pgimi) biack col
g 1o umns selease with 48 80 in pres
-l ence ofinbibrtor 1 Alhan 10\
ffw 2 Nanhydnn 10-Af 3 Dno-
L3 4o phenol 10— M 4 Sodum ey anide

z 10~ M \ alues corrected for spon

= 291 tancous release

T T2 T3 & Yz 3 4

decreased wath increasing concentrations of 48/80 The molar ratio of hustarmne
to 48/80 varied from 2 8 to 47 in four expenments, the former at a concen
tration of 5 sigfml and the latter at a concentration of 01 sgfml of 5 HT
In no mstance was a | 1 rato observed In contrast, the ratia S-HT 48/80
ranged from 2 14 to 013 Fig 4 shows thc mean molar ratios 1n selected
expenments at concentrations of 48/80 from 025 to 25 pgfml When the
ratios are plotted as a funcuon of the concentration of 48/80 1 the medium
parallel cunves are obtamed

Influence of pH upon release of amines
Release of both 5-HT and histanune from pentoneal cells i responsc 1

1 prglml of 48/20 was maximal from pH 68 t0 82 but declined sharph wiht
3 g pH For ple 1n one exp there was less than 20 percent
release at pH 54 approumately 50 percent release at pH 63, and betwee®

60 and 70 percent at pH 68 75 and 81
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¢ & Rel as~ of 5 HT and hutamune from polated 5 oo
mu cells 1 4880 1 pgfm) 2 mao 1ygimt after £ o
premcubation with allicin (0-A{ 3 48/80 1 ;g/ml H
after preheating of the cells for 10 mun at 47 C H
4 Phospholpas A 10 pg/ml Values corrected for =
spontaneous release
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A
r 48780 Ipqsml DECYLAMINE 80pg/ml

Fg 7 Companson of the releanng ac
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Effect of other agents upon release of ammnes

n Decylamne induced release of 67 to 71 percent of 5 HT and 8% to 89
percent of b from muxed ] cells at a of 80
pigfml but caused no release at concentrations of 10 20 and 40 gg/ml Poly.
myxn B m one expenment released both 5 HT and histamme i a dose
dependent manner 1 pg/ml releasing 25 and 15 percent of 5 HT and hustamne
respectively, 10 pgfml, 57 and 57 percent and 100 ugfml 80 and 85 percent
Distilled water (mixed cells of one rat i 2 ml of water) released 95 and 96
percent respectively of 5 HT and histarne Incubation of mxed cells for
5 hours i lyopt reserpine phosphate in up to 150 ug/ml
caused release of netther amne

Hocrere and Uvnas (1957 1960} have suggested that the release of hista
mune from mast cells by compound 48/80 15 tniggered by the activation of a
lytic enzyme attached to the mast cell membrane Of a large number of
enzymes mvestgated only phospholipase A was found to cause degranulation
of rat mesentery mast cells We tested two enzymes for their ability to release
5 HT and histamune Trypsin at a concentrahion of 1000 ug/m! had no
releasing action on mixed pentoneal cells Phospholipase A was capable of
releasing both amunes from 1solated mast cells (Fig 6} as well as from muxed
cells

3623015 Acta physnol scand ¥ ot 56
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Effect of chemucal tnhibition upon release of amnes

Selected chemucal inbubutors were tested Alban a sulfhydryl mhubitor
prepared from garlic and shown by HocBrrG and Uvnas (1958) to antagomuze
the 48/80-induced deg 1 of rat y mast cells nhibited the
release of both 5 HT and lustamine in 48/80 treated pentoneal cells (Fig 5)
and from wolated mast cells (Fig 6) The mnhitntion was nearly complete at
10— M\ concentration was less than 25 pereent at 104 M and was absentat
10—\ Alliaan did not mhibat the release of amines evoked by n decylamine
(Fig 7)

Minhydrn thought to block NH, groups w1s similar to alliain i infubiting
the release of both 5 HT and histamine from mixed penitoneal cells 10— M

ion producing nearly pl (Fig 5) with lttle

mhibitory action at lower concentrations

Dinttrophenol inlubited the 48/80 induced release of amnes at a concen
tration of 10~4 \ only 1f dextrose was not in the medium, whercas sodium
cvanide at the same concentration had no blocking effect (Tig 5)

None of the mtub alone n of 10~4 M caused release
of amnes

Influence of temperature upon release of amunes
Uvas and Tron (1961) demonstrated that 48/80 induced release of hista
mune from solated rat mast cells was reversibly mhibited by low temperatures
.and irresersibly mnhibited by temperatures above 44 C In our experiments
the release of both 5-HT and histamine brought about by 48/80 was com
J ;'ﬂc(cl) antagomized at a temperature of 05 C but was restored by rewarmng
- the cells to 37 (Fig 7) In these expeniments the cell suspensions were sncu
bated 1n an ice bath i which the temperature was mantamed at 05° C To
one set of flasks 48/80 was added and after 15 min the suspensions were trans
ferred to chulled tubes and rapidly centrsfuged to separate cells and supernatant.
‘The other sct of flasks was then rewarmed to 37 C before addition of releasng
agent The effect of n-decylamine was also reversibly inhubsted at ths low
temperature (Fig 7)
At the other extreme heating the cell suspension for 10 mmn at 475 C
a procedure which m stself caused no release of amines, prevented the 48 ©
induced release of both +HT and listamine from mixed pertoneal cels
(Fig 7) and from wsolated mast cells (Fig 6) However, the action of
n-decylamine was not influenced by thus treatment (Fig 7)

Release of amines under anoxic conditions

Although 1t has been obsenned that anoua mhubis the 48/00-induced
det \} of rat y mast cells as well as the release of hustarire
from lung tissue (Duamant and Uvsas 1961) from rat diaphrapm (Rom!
scyrep, Viosan and Roaia e Siwsa 1961) and from cat skin (W esteRuotd
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1960) we were unable to demonstrate an mhbition of release of erther 5 HT
or t from muxed p 1 cells by b m an oxygen free
atmosphere For these experiments the solutons were prepared from freshly
boiled water The cell suspensions were placed mn Warburg flasks with 48/80
1n the side arms Nitrogen (or argon) was hberally flushed through the flasks

then bubbled through the suspensions and finally the flasks were closed while
a contmuous strearn of the gas was passing through After 45 mun of pre

ncubation at 37 C 4880 was added from the side arms without opening
the flasks After a subsequent period of 15 nun the flasks were cooled to 3 to
4 C 1n an 1ce bath before openng The contents were then quickly trans

lerred to chilled tubes and rapidly centnfuged Since coohng had been shown
to inhubrt the 48{80-mnduced release 1t was felr that exposure to oxygen during
the brief pertod required for centrifugation would have no effect on the chulled
cells Release of amsnes resulung from the addinon of 10 pgjml of 48/80 was
as great in cells mcubated 1n mtrogen (99 7 percent pure) or 1n argon (5 parts
of oxygen per million) as m air One expenment was performed m which
a mixed cell suspension was meubated at 37 C for 3 hours m a dextrose free
medum before replacing the air with mitrogen 1n order to  exhaust possible
energy ytelding substances in the cells The release of both amunes was compa

rable to that m a control suspension (without dextrose) under arr These
findings confirm the results of Uvnas and Tsiov (1961)

Dascussion

The present demonstration of 5 HT i the mast cells of the rat confirms
the work of others (see introduction for references)

The amounts of ammes m rat mast cells agree on the whole with those
reported by other workers For mstance GarRciA ArocwA (1961a) found 199
g of hustamune and 059 ug of 5 HT per rat 1n the perttoneal washings
heirer (1957) reported values of histamune from 23 to 40 pg per mulhon
rat mast cells and an average of 04 ug of 5 HT per millon cells From the
data of BenprrT ef al (1935) one can calculate about 126 ug of hutamme
and about 08 g of 5 HT per mullion rat mast cells Srmular figures for hista
mune have been recorded {ArcHER 1938 Boreus and CHAXRAVARTY 1960
Lacuvorr and Benprrr 1960 Bray and van Arsper 1961) Table I summa
r1zes the values from a number of our expermments

The varation 1n the amount of amunes and m the ratios of hustamine to
5 HT (Table I) cannot be adequately explamed PArratT and West (1957a)
have reported substantial changes i the concentration of hustamune and 5 HT'
1 the skin of rats — changes which are related to birth weanmng lactation,
[and thyroxne feeding There was no corresponding increase m mast-cells
Tt 1e nagsible that the wide vanations we obscrved could be simularly exp
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The precise localization of histamine and 5 HT 15 believed to be m the
granules of mast cclls Hacry, Barrnerr and Lee (1959) found lustamine,
5-HT and hepanin n speafic les of mouse ytoma cells These
granules were clearly separable from mutochondna and other ntracellular
organelles To our knowledge 5 HT has not yet been localized to the granules
of rat mast cells

‘That polymer amines, such as 48/80 are capable of releasing 5 HT as well
as histamuine now seems certan BuaTracmarya and Lewis (1926) demon
strated release of both amines from the perfused hund quarters of the rat
Garcra Arocna (1961a) has reported the release of 5 HT from rat perstoneal
cells 1n response to 48/80 with results gencrally comparable to ours (sec helow}
as well as by 1, 10-haminodecane Garcia Arociia (1961b) also noted an
antigen induced release of 5 HT from mast eells obtaned from sensitized rats
GrirMax ¢t al (1960) reported concomitant release of 5 HT and histanune
from suspensions of mouse mastocytoma cells 1n response to alkaline tissue
extracts

The mechamsms underlving the release of 5 HT and lustamine from rat
mast cells are apparently the same The nearly 1denuical time course of release
of the 1wo amunes caused by 48/80 the sumilar dose response relationships
with 18/80 the lack of selecuve release of either amme alone by any of the
releasing agents tested the comparable nhubition of release by chemical and
thermal means nd the similar pH dependence all pomt 1o thas conclusion

The lugher percentual release of fustarmine than of 5 HT would mply 2
difference 1n mechanisms were 1t not for the parailel dosc response cunes
Garcia Arocita (19613) observed a similar discrepancy No satsfactory
explination of thus difference 1s yet avulable

Nor 15 1t necessary to postulate divergent mechamsms on the basis of the
Iugher amme 48/80 molar ratio for histamine than for 5 HT The parallelum
of the two molar rano curves as a funcuon of the coneentration of 48/80 1
mdicative of @ common mechanism The simplest explanation of this af
ference ltes an the disparate amounts of the two amines i the mast cells
provided one assumes that the site of action of the liberators (for example
the cell membrane) 15 remote from the storage sites of the amunes (¢ £, te
granules) Thus if a hberator acts by altering the properties of the cell e
brane so that the granules disappear from the cell or by changing the
cellular milien 50 as to promote diffusion of the amines from the Sr“"“k’
and cells the 1mount of amines which the cell loses will be proportionai®
to the amount onginally bound 1n the cell In order to account for the con
centration-dependent release of amines by 48/80 on thus basis 1t scems neces
sary to postulate a quanucal or all or none response ¢ ¢, a certain fracuiot
of the cell population will be sensitnve to a guen dose of 4880 No t\ld“;:
to support these conyectures s yet forthcoming Indeed 1t 13 not known wheth
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5 HT and histamme are contamned withun the same granules of a cell or even
whether they are contamed in the same cells

A current hypothesis regarding the mechamsm of release of histamune 1
response to polymer amune liberators and antigen 15 that of HocrErG and
Uwv~as (1927 1958 1960} They have postulated activation of a lyne enzvine on
the cell surface triggenmg in tum an energy requinng release mechamsm
which would result m hberation of mtracellular armnes Our results pertaming
to the mfl of temp pH and it as well as to the effects
of enzymes on the release of the amnes are n accord wath this hypothesis

Qur nability to intubit 48/80-1induced release of ammes from rat mast cells
by anoxia conflicts with the findings of certamn mvestigators who have used
other preparations {DiaMaNT and Uvaas 1961 rat lung WesTERHOLY 1960
cat skin Rormscmep Vueyan and Roawa E Smya 1961 rat diaphragm)
and who have found anowuc inhibition of histanune release m glucose free
medmum Our findings however accord with those of Uvnas and Tron (1961)
who noted that anowa did not antagonuze the release of histamune from 1solated
rat mast cells These discrepancies the causes of which are not clear bring
to mund the reported dependence of cellular enzymes on ntact SH groups
For mstance according to RapororT and ScuetcH (1960) a pyrophosphatase
m reticulocytes easily loses 1ts actmaty by owdation of c&seuual SH groups

unless the latter are p d by the p of reduced g h (GSH)
GSH 1 turn 15 conscrvcd by the prcscnce of glucose or glucose 6 phosphate
due to the actmty of hexol glucose 6 phosph d and

glutathione reductase SH groups appear to be essenual for the release of
ammes from solated mast cells since the release 1s blocked by SH blocking
agents such as alicin and the mhibrtory effect of alicin 15 antagonzed by
glutathione (Uv~as and Tuov 1961) Furthermore the senstivity of 1solated
mast cells to hberators which activate the enzyme dependent releasing mecha
misms 15 retained only when the cells are wsolated 1 the presence of albumin
which contains SH groups (Uv~as and Tuov 1961) or of GSH (Uvxas and
Tuov unpublshed observations) The lack of dependence of solated mast
cells upon glucose could be due therefore to the fact that the cells under our
expensmental condittons are supplied with enough SH groups to satsfy the
needs of the enzymes of the releasing mechanisms

The release whatever its mechamsm may be occurs very rapidly from
mast cells (our results) and from tissues (FELDEERG and Parov 1951 Paton
1926) and indeed has been termed explosne To judge from the lumited
observations on record however the release of histamine from 1solated mast
cell granules if 1t takes place at all 1s a slow process CoPEVHAVER Nacrer
and Gorn (1953) and Hacew (1954) using dog Iner large granule prepa
rations (parucles which Mota #f al (195%) found to be mast cell granules
because of thewr metachromatic stammg propcmcs) were unable to demon
trate any release of h n gatro by ch Ib such as sulbamd
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The precise localization of histamuine and 5 HT 13 beleved to be m the
granules of mast cells HAGEN, Barrnerr and Lee (1959) found histarmne
5 HT and heparin 1n speafic les of mouse cells These
granules were clearly separable from hondna and other Tul
organelles To our knowledge 5 HT has not yet been locahized to the granules
of rat mast cells

That polymer amines such as 4880, are capable of releasing 5 HT as well
as histamine now seems certain  BratraciiryA and Lews (1956) demon
strated release of both amunes from the perfused hind quarters of the rat
Garcia Arocia (1961a) has reported the release of 5 HT from rat pentoneal
cells 1n response to 48/80 with results generally comparable to ours (sec below),
as well as by 1, 10-diaminodecane Garcia Arocra (1961b) also noted ar
antigen induced release of 5 HT from mast cells obtamned from sensitized rats
Graryax et al (1960) reported concomtant release of 5 HY' and histamine
from suspensions of mouse mastocytoma cells in response to alkalne tissuc
extracts

The mechanisms underlying the release of 5 HT and histarune from rat
mast cells are apparently the same ‘The nearly 1dentical time course of release
of the two amnes caused by 48/80, the sumular dose responsc relationshups
with 48/80 the lack of selective release of either amune alone by any of the
releasmg agents tested the comparable intubation of release by chemcal and
thermal means and the sumilar pH dependence all pomt to this conclusion

The higher p 1 release of | than of 5 HT would wmply 2
difference in mechamsms were 1t not for the parallel dose response curtes
Garcia Arocra (1961a) observed a similar discrepancy Do satisfactory
explananon of this difference 1s yet available

Nor 15 1t necessary to postulate divergent mechimsms on the basis of the
Tugher amune 48/80 molar ratio for histamune than for 5 HT The parallehsm
of the two molar Tatio curves as a function of the concentration of 48/60

d e of a h The simplest explanation of this &f
ference hes i the disparate amounts of the two amines m the mast cells
provided one assumes that the site of action of the liberators (for example
the cell membrane) 15 remote from the storage sites of the amunes (¢ £ the
granules) Thus if a hiberator acts by altermg the properties of the cell mem
brane so that the granules disappear from the cell or by changing the 10t
cellular milieu 50 as to promote diffusion of the ammes from the gramle
and cells the amount of ammes which the cell loses will be proporuonst®
to the amount onginally bound 1n the cell In order to account for the cot
centration dependent release of ammnes by 48/80 on this basis, 1t seems "“o""
sary to postulate a quanucal or all-or none response i ¢ 2 Ccﬂﬂvm r’zﬁ{:
of the cell populanon will be sensitive to a gaven dose of 48/80 No evx

ef
to support these conjectures is yet forthcoming Indeed 1t 15 not known wheth
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weight of the rats and to the amount of amunes n the cells Since no figures
were given a comparson with our observed vanatons is not possible  He
found as did we a consistently greater percentual release of histammne than
of 5 HI' Garcta AROCHA states that the releasc of amnes due to 48/80 and
1 10-diamnodecane (DAg,) was slow 60 percent of the hstamine and 40
percent of the 5 HT bemng released mn the first ten munutes This 1s 1 contrast
to the extremely rapid release that we observed Furthermore s doses of
48/80 were 60 to 100 times higher than ouss Although we cannot define
the causes of this difference 1n rate of release and sensitivity of the cells 1t
seems Likely that his method of suspending the cells i 1sotonic sucrose may be
the explanatory factor Uvnas and Trow ( 1960) have found that cells 1solated
m sucrose do not retamn thewr hist. hout the tsolatton proced
and are less sensitive to the releasmg action of 48/80 than are cells isolated
1 Ficoll Moreover Uvnas and Trov (1960 1961} have shown that effective
release can be ob d with Jow of 48/80 only if the cells are,
th i the 1solaton p: dure and durmg ncubanon suspended in a
medium containing ether serum  albumin or glutathione

Our mability to demonstrate reserpine mduced release of 5 HT from mast
cells 1 z1tr0 could ymply that reserpme does not enter these cells or that the
5 HT 1n the mast cells 13 bound m a different manner {or 1s contamed
particles of different charactenstics) than the 5 HT in the bran the blood
platelets and in argentaffine cells of the small mtesune It 15 also possible
that the short duration of mast cell exposure to reserpme (five hours) is m
adequate kxpersments i which rats were pretreated with a large dose of
reserpine 24 hours before removal of the mast cells showed that the amount
of 5 HT per cell fell to 65 per cent and histamne to 82 per cent of the mitial
level (Moran and Westermory 1962)

Financial suppo t from grant A 4063 P E T from The Public Health Sernce U S A
and from Sufielsen Gustaf och Tyra Svenssons m nne to one of us (B Uvnas) 15 gratefully
ackriowledged
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Distrsbution of Red Cells and Plasma
1 Rabbst and Cat Xadoeys
By
Haxs B Urrevoanw
Recened 30 Janvary 1967

Abstract

Urrespant, H R Dustrebutwon of red cells and plasma wn rabbit and
cat bdngys Acta physiol scand 1962 55 4260 ~ The distribution
of red cells and plasma 10 rabbit and cat kidneys were studied with
regard 1o the cell sep theory — lated by P.
and havrer. Methods for measuring volumes of red cells and plasma
an organs or parts of organs have been erstically exammed The use
©of Cr*t red cells and 189 albumin were found 10 be usefuln measuning
red cell and plasma volumes m sections of frozen kidneys The red
cell volume 15 cat kidneys was found to be 0034 mf and the plasma.
salume 0129 ml per g kidney The ratio between the imrarenal
and the systenuc arterial hematocnits was § 64 for the cat and 0 73 for
the rabbrt The outer part of the cortex had 2 hgher red cefl con
centration than the central part and the medulla displayed 2 hemat
oot gradient wath the hughest walue at the border to the cortex
and the lowest value at the tip of the papitta. The results seem to be
10 accordance with the cell separation theory but 1t cannat be stated
‘whether the separation 13 of such a magrutude as to be of importance
23 a regulatory mechanism of renal function During water diuresis
2 considerable sncrease in the red colf and plasma solumes oceurred
1 the papilia.

The hematoent ratio of the blood s most organs ss different from that
of the artersal blood In ths the kidney 1 no excepuion  the differcnce bang
rather lugh Thus Gizson of af (1346) found the hematocrst of the dog Jadney
to be only 035 of the artenal t Sumilar g with vzr)‘lﬂg
techmques have later shown low hematoerit values in Judneys {ALLEY 2n
Reeve 1993, Lewrs Goopsuw and Scruck 18:2)

42



RED CELIZ AND PLASMA IN RipWEY +3

In 1905 Paprexuener and hixter bricfly reported thar iterpretations
of the cause of the low hematoent mn the kidney and a year later published
full details of the i estigations that thev concluded mdicated that the Jow
hematoert vatues 1 the kadney were exp of an 1
of red cells and plasma 1 the wmterlobular artenies Thus the outer glomcrulx
recened a cell nch blood and the wner glomeruk a cell poor blood They
further assumed that the red cells had to pass through 2 short vascular path
while the plasma had 2 longer pathway {(hixter and Pavpexuenver 1806 2
antd Pappexussver and haoeres 19:6)

On the baus of ther theory they tned to eluadate some physological
senal phenomena of which the mechanisms were unclear Thus they assumed
that the scparauon theory coufd explan the autoregulanon of renal blood
flow and gl the of the ratos of Diodrast
and PAH and the low ovygen tension o the unne {Parrevuenez and hovrer
1996 haxrrr and Parresuemex 1956 a and b)

“Many authors have been mspired by the cell scpamuon theory Most of
them have studied the 1 of an n of red cells
and plasma on the kidney funcuon The resuls of most of these 1m estiganons
id not confirm the oceurrence of a separation

Onlv 2 few workers have attacked the problem by a more direct study
of the actual separation

The asm of the present mveshiganon was 10 defermune whether the dustrt
buton of red cels and plasma sn different regrons of the kidney was consisteat
with the cell separation theory

The fisst part of the paper deals with the methodological problems which
anse n the measurement of the mtrarenal red cell and plasma volumes In
the second part a detarded study of the distrsbution of red cells and plasma
the kdney 15 desenbed  The results are m favour of an mirarenal separation

but do not give any safk about us q on kdney function

PART I

Methods

Operatice pocedure. Rabbits were anesthenzed 2 with Dembutad {Assor) 40
1o 50 mg/kg The left kidney was exposed by a tudhne abdanunat mcwon and freed
{rom the surrounding fat Two loose hgatures were placed around the artery and the
ran A plasuc tube was Ged mio the left ureter and the wnne secvetion was mensured
with a graduated cyhnder

A two per cent solution of a local anestheuc was mjected nto the nisue around
the renal pedscle to block the nerves passng to the kudney

One of the caroud artenies was cannylated and the artenal pressure measured with
2 mercury manometer

Prepevation of rad oactice red eells and plama At least 2 bours before the operation
5 1o 10 ! blood was taken from 2 marginal van of the rabbit ear into a hepannized
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ter zone] Inner zone | Fig 1 The diagram shows the cutting plan for the
slices of rabbut kidney In cat kidney the cortex was

Cortex Medulla cut into 6 slices

centrifuge tube and after centrifugation and removal of plasma 50 to 100 uC of Cr'*
as sodium chromatewereadded After incubation for 1 to 2 hours the red cells were
washed 5 times and 5 to 10 4C ' human serum alburmn wercadded Rabhat plasma
was added to make the total volume up about 10 ml The radiocactiy e albumin solutton
{Radioch: 1 Center A England) was tested by paper elcctrophoresis
(Bix Mar.pEN and Urrenpant 1960) and found to contamn more than 2 per cent
The amount of radioactive albumin vared between 1 and 8 mg
Expenmental pracedure A high scexetion rate of unne 01 to 15 mljaun was produced
v njection of 0 5 g urea and 0 5 g glycine In order to decrease the accumulation

'free radicactive 10dide 1n the kidney 3 ml of a 0 107 M sodium 1odide solution »a$

50 mjected s v as a carmier

30 sec or 3 run after the injection of the radsoactive blood 1nto a ven the kidney
alter rapid ligation and division of the pedicle was placed 1n a vessel contatning 150-
pentane cooled by hquid air Immediately afterwards an arterial blood sample from
the left ventricle of the heart was taken 1 a heparmized syrnge for the analyses of
hematoenit and radioactivity

The kidneys were cwt 1n 2 small chamber cooled with CO, ice into 2 mm thick
shices These were freed from the remaming parts of the capsule and put snto small
glass tubes for weighing and radicactive analyses (Tig 1)

Determination of blood hematoent Artenal blood was centrifuged at 9 600x g for 3 min
(Encuorr 1937) No corrections for trapped plasma were made

Radwactie analyses and calculation of hssue hematoerit The analyses of Crt and
were performed simultaneously m a two channel gamma spectrometer with 2 well
type Nal crystal using the method described by Oarivk and Utrespant (1959) An
automatic sample changer which printed the results was used (Osrrvk and Urrzs
paHL 1960 unpublished) 1n most of the expenments

“The energy channels for counting Cr®! and I'*! 1n the present study were different
from those descnbed by Osrink and Urrexvast (1959) The channels selected ar¢

shown m Fig 2

pn
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Fig ? Gamma energy spectrum of Cr* and I This choice of channcls will guve h ghstabidssy
and counting rates

In one channel (CH} the window was quite open and the mfluence of a long nme
drift was reduced as far as possible The choice of channels was also advantageous
n that 1t gave high countmg rates

In nesther channel were less than 10 000 counts recorded

The stability of the 2pparatus was controlled by counting standard samples of Cr¥*
and I3 at Jeast every hour

For the caleulations of the actiwsties of the .00 nuchdes the following equations were used

Ced/Ce™ = qoe (1)
GO = qu @)
GG =q @3)
for = (9 — qu)f(ae—q) )
Cor = for G1 )]
Cl=Co_Ce I ®

CcTand Q" = counts per mun of Cr*! and I'*1 standards respectively in channel 1T

C Tand G = counts per mun of both Cr* and I™? 1n artersal or kidney samples
1n channels I and II (When the half hves of both nuchdes are long G = N T 5¢
cording 10 Oerink and Urrewpanr 1959 )

for = the fraction of actvity 1n channel II ongatng from Cr*

For details of the denwanion of the equations see Oprinvg and Urrespans (1959)
and Brur, Osrivg and Urrenpant {1929)

The volume of the ted tells 1 the arterial blood samples was obtaned by means of the
foltowing equation
RCV =W Het [[Hct SWae+ (1—Het) SWy] IG]
W = weight of artenal sample g
Heta = hematacrit ratio of artenal blood
SWrc = specific gravity of red cells (1 091)
$Wp = speaific gravity of plasma (1 027)
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30 seconds 3minutes

Blood volume

Plasma volume

volume

Hematocrit Red call

12345678311 12345676890
Slice number Slice numbar
x1g 3 Average results from rabbit kidneys The left diagram shows the result from 5 kidneys

removed after 30 seconds and the night from 8 kidneys removed after 3 minutes For shice
number code sce Fig 1

The volume of plasma wn the asterial blood sample

PV =W (1 — Het,)/[Heta SWre + (1 — Hets) 5Wp] ®
The volumes of red cells and plasma wn the kidngy were calculated as follows

RCOVx = RCV  CodMfCe ! Wi @

PVk = PV Cic'/CL' Wi {10

RCVx = red cell volume of kidney tissue mlfg

PVr = plasma volume of kudney tissue mlfg

Wx = weight of kidaey sample g

Cox!! and CixM=counts per min of Cr* and 191, 1n dney samples 1n channel 11

“The crror of the method was caleslated from one sample counted 10 tumes 1n the
spectrometer The error of a nngle determunation was & 25 per cent of the mean

value
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Fig 4 The accumulation of free radicactive 1odide 1n a cat kidney during osmouc diuresis
The black bars show the total radiactvity and the wh te the caleulated radioactivity of blood
1 each slice. For slice number code see Fig 1 Shoes 1—6

Results

1 The len th of the mixing ime In order to study the mfluence of the length
of the mixing time the rabbit expeniments were performed 1n two sertes In
the first the mrung time was 30 sec and n the second 3 mun and 1t was ap-
parent that there were no differences in the red cell content between the two
senies {Fig 3)

The artenal or venous blood 1n the pedicle of the frozen kidney taken
after 30 sec had the same ratio of Cr* to I'"! as artenal blood taken 3060 sec
later this indicated a satisfactory mrung of both the labelled red cells and
plasma 1n the renal circulation

The calculated plasma volume was small 1n all parts of the kudney 1n the

30 seconds  compared with the 3 minutes expenments Most accentuated
was the difference m the papilla where the plasma volumes were 0 121 mifg
and 0 192 ml/g m the 30 seconds and 3 munutes experiments respectively
The values for the cortex were found to be 0095 and 0 110 mlfg and for the
outer zone of the medulla 0122 and 0 145 ml/g (Fxg 3)

2 Free wdide Fig 4 shows the 1odide 1n diffe
patts of a cat kidney tracer amounts of I“Lmd;dc were gnen1 v 10 mm
before the removal of the kidney If carner 10dide was added the accumulation
decreased The results of the investigation on the halogen distnbution 1n the
kidney are prel y and will be described 1n detail 1n a later paper (Ots-
son ULrenpanL and Warimy)
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3 The size of the labelled particles i plasma Attempts to use particles larger
than rad e alk for labellmg plasma were not successful, but will be
described as they have some methodological value

a Dextran labelled with sodum (s chromate A high molecular fraction of
dextran was labelled with Cr chromate as according to JAkopssoN and Wik
sTRoM (1958) No free Cr?! chromate was found after paper electrophorests of
the labelled dextran

The calculated plasma volumes with Cr® dextran were always much higher
than the plasma ly do d with I9%a]b In the
most favourable experiment the ratio between the two plasma volumes was 2

b Plastic particles labelled uith Br'* JumuiN (1956) used sphencal plasuc
particles contammg a fluorescent dye for a study of spreading in connectine
tissue In my expeniments, the particles were labelled nstead with Br#? and
were composed of 95 per cent methyl methacrylate and 5 per cent methyl
bromne™ acrylate With lauryl sulph as Isifier the d of the
particles was 0 05—0 10 g2 and with sorbitane monostearate (Span 60) 03—
06 p The particles were radiated 1n a nuclear reactor (AB Atomenerg
Stockholm, Sweden) for not more than 24 hours wath a neutron flux of 2 X 10
nXem?<sec! No changes in the particle suspension were detected 1 the
dark field mucroscope after the radiation At higher neutron fluves the par
ticles always aggregated No radioactivity was found 1n the dialysate at dralyss

Before the expenments the anunals were loaded with large doses of non
radioactive plastic particles or Thorotrast (colloidal thorum dioxide)

The calculated plasma volumes were always larger than those found vath
I albumun

Method discussion

| Measurement of red cell rolume Cr® chromate labelhng of the red cell
seems to be a satisfactory method since the hugh radiactvity facihtates 2
careful analyss of the red cell concentration mn tissues

The amount of radiactive chromate that diffuses out of the cells must be
negligible during the short duration of these experments This 15 supported
by the rabbit experiments where no differences of Crs activittes were found
between the 30 seconds and 3 mmutes series (Fig 3 and Table I) The
results also agree well with the values of PApPENHEmMER and BINTER (1998)
obtamed by the chemical analysis of hemoglobin The expeniments with Cr*-
dextran seem to show that free chromate will attach to the Judney ussuc
and the red cells must be carefully washed free from nonbound Ci# chromate

EmERY ef al (1959) n their mvestigation on dogs, used P2 as a red cell
marker 1 to 3 per cent of the radioactive phosphate may leave the cells m
half an hour, and if there 15 any tend for phosphorus to late 10
the kidnty, the calculated red cell volume will be too high This danger maf

1 The plastic patticles were kindly made by AB Nobelkrut Bofors Sweden
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Table I The ralaated ved sell plasma and blood volumes and the ratio of renal hematoonit
nd artenial kematorrt of the total kidrey

Cat osm. dirests, 30 sevonds
Cat antidwress 30 seconds
Cat, water dwresis 30 seconds
Rabb t, osm. druresss, 3 munutes
Rabhbit ose diaresis 30 seconds

not 1 fact be great however becausc there are catnier amounts of phosphate
1 blood LiLtenrisro ef al (1958 2) used Cr* labelled red cells m distrbution
experiments on dogs but ther results do not agree with those of Every et
al Thus the values obtained by EMERY ¢f af for the red cell volume in the cortex
were about 20 per cent greater than those of LILIEVFIELD et af In the medulla,
however LiciexiEn ¢ al found the red cell concentratton to be 22 pcr ccnt
Iugher than did Emery From the published results 1t 15 impossible to
the sigmificance of the difference between the two mvestigations It 15 thus
lkely that the difference in the results depends on dufferent labelling methods
2 Aleasurement of the plasma volume Several methods have been used for the
measurement of the tissue plasma volumes The problem 1s to find 2 plasma
labeller that does not leak through the capillary walls into the extravascular
space or become attached to the walls of the vessels Thus the choice of the
particle size 15 of noportance but the electric charge and other physico
chernucal properties of the particles must not be neglected 1t may be passtble
that some part of the kidney tissue 1s able to take up large particles by a phago-
cyte mechamsm (Ruopmy 19581

Even if the particles are unable to penetrate the glomerular membrane
they may pass mnto the extravascular space elsenhere 1 the kudney Studres
on renal lymph concentrations have shown the same quanhtative protemn
pattern as in biood serum but the concentrations are only about half (Brrs
and Maversow 1960) Swanv et al (1956) studied the albumun globulm rauo
m blood plasma dramed from the vein of bgated dog kudneys and found about
the same ratio mn the last part of the dramed flwd as mn arternal blood On
the other hand Lassen Lonorsy and Livewrmio (1928) found a gher
concentration of 1'% albumun in the papilla of dog hidney compared with I
gamma globulie but only sparse quantitatnve data were given by the authors
Summmng up the results reported 1n the Literature very few facts are known
about the permeability of the pentubular vessels

The transfer of albumin through the vessel walls 1s further discussed below
4623015 Acta phynol scand Vol 56
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3 Radioocts ¢ sphereal plaste parieeles and high moleculer dextran as plasma b
dellers The author s attempt 1o wse particles larger than the albumm mole
cules did not succeed The parucle size vaned benueen 06 and 0 05 g Hoseser
n spite of the wagmtude of the particles great amounts of them appeared
to have entered the extrasascular space or 1o have become attached to the
vessel walls Xt must be emphasized that dunng radanon mn the reactor
some of the Br! ¢could have been spht off from the plastie parneles and ans
ferred to other molecales small enough to penetrate the membrane of the
renal capiifanes but not the celfophane membrane Juuun {1908) stdied
the distribution of sphercal partscles in certam organs and found a largeuptake
w fnver and bone marrow  and a smaff uptale in spleen and fusg butnon
formation was gnen roncerning the accumnulabon in the Jadnes

To judge from the experuments with Cr¥t dextran st seerns quute clear that
thys labelhng method cannot be used because the binding between G0
chromate and dextran breaks down muravascularhy

b The role of free I'™ sadide It must be stressed that even a low concentraton
of free 1 sodide sn blood will yaeld a Jarge amount of thus jon 11 the Ludney
The accumulanon rate 192 edide acoviny of kidney nssue to that of hidney
blood will be 10 or more 1n the up of the papidla but 1w the outer cortex onh
Dorless (Fig 4) Even at a low concentravon of free B jodide s plasma e
accumufanion m the fadney wiif result in an overestimate of the plasma yolume
el thus 1s greatest i the papilla Carner ymounts of rodide will decrea
the accumulation ratw  “ewher Dvery ef of {1999) nor Lnmsrmen Ro®
and Lassex {1928 made any atterapts to reduce the effect of the fres m
wthde an the determunanon of the plasma solume The later howaer 2t
tempted to determune thie content of non protem bound I in hssue howo
genates and found it 10 bt less than 2 per eent of the total ¥ m she tissue
Yut some of the tracer amounts of I 1odide may have co-preciprtated wiub
“the protems How much ths I jodide accumulation will inerease the €af
culated plasma volume ts unpossihle to sas but st may be to @ great estent,
partcabirh m the medullan regons  In both parts of this imesugmton
the error of free 1'% redade was depressed by Joading the anumal with ros
radioactne sedide

¢ The rmame tore The esstence of a tanscapiltany transfer of albumtt
mto the extrn aseular fud of the Adney has been shonn by the conest of
albumun n the renat bonph 1BmE and VAYERsos 19601 These expen@enty
houever did not ¢nve amy information about the rate of tus mranscapillan
exchange Livtensizn Rost and Porroa (19371 found that the coneentratios
of 11t afbumun after 3 mumutes i the dog papilla was 82 per cent of 1 0?
centrason 1 one howr In sy rabbic expersments the content of aibumm:
the papifa increased about 8 per cent when the muxng wae was lengthen
from 30 sec 1o 3 mun In the rest of the hidney the increa.e was about {2 7

<ent
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PappenaenEr and havter found 0 183 ml plasmafg tissue of the total cat
kidney while the author s value is 0 129 mlfg for the cat (¢f part2) and 0 108
mlfg for the rabbit In the expenments of PAppENAENMER and KivTeR 1t
secms to be the longer mrang tme bined with an 1 of frec
I odide that is responsible for the lugh plasma volume Thus st 1s concluded
that a short mixing tune has considerable influence m the determmmation of
the plasma volume 1n the papilla while vanatton i the mixing tune does
not mfluence the red cell volume anywhere mn the hidney

d  The method of removal of the kulney It 15 of great importance to prevent re
distribution of the blood 1 the organ after stoppng the circulation through it

With the techmque used some redistnbution of blood may have taken place
m the ludney from the aime the pedicle was ligated until it was frozen m the
cold 1sopentane

The pressure difference existing between artertes and vemns i the kidney
15 levelled 1mmediately after hgaton of the pedwle by the squeezing of
blood from the artenes into the veins Further cold may wnduce an actnve
vasoconstriction followed bv a redistribution of blood A third reason for a
redistribution mught be due to local volume vanations caused by the temper
ature changes The result may be a more diffuse pattern of the blood distnn
bution compared with that of the intact kdney

In the second part of the mvestigation the freezing techmique was changed
1 order to fix the actual blood distnbution to the greatest possible extent
(¢f part 2) With thus techmque where the kidney was frozen i sifu the vessels
in the pedicle and also the superficial parts of the kidney were frozen immedaately
It was assumed that no sigmificant volume displacements occurred within the
ngid mantle formed by the superfictal frozen parts of the kidney

PART 11
Methods

Operatire procedure Cats were used as expenmental ammals and the narcoss + as
nduced by ether and chloralose was admmistered 11 (60—80 mgfhg m an I per
cent solution)

Unine flow and arterial blood pressure were measured as tn the rabbit experiments

At desateag T e, pebse. w B it thovd i i o e vpsde b
the kidnev was hung up 1n a brass cylimder as shown 1n big 5 The cyhnder rested
on a rmg of foam plastic, avording compression of the blood vessels To make the
chamber so formed watertight a small amount of water glass was poured 1n the
bottom of the cylinder

The hidney was pharmacologically denervated by local anesthesia of the nerves
m the pedicle

Preparation of radioactize red cells and plasma Ymmediately after anaesthesia blood was
taken from the antmal in order to label the red cells with Cr*! as m the rabbit ex
penments

The vontent of free sochde was ehminated from 1he 12 human serum alburmun as
far as possible bv a gel filtration method described by Bire et al (1960)
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Fig 5 The arrangement for rapid freezing of
cat kidneys

Exjenmental procedure. An osmotic diuress was mduced by an imjection of 05 g urea
and 05 g glycine solved n 10 ml saline In 2 expeniments mjections of 045 per cent
sodium chloride solution produced water drurests In the expersments with antidiuresis
Prtressin (Parke Davis & Co Ltd England) was given (0 5—! 0 pressor untt/kg body
weight) All injections were given 11

About 30 sec afier the 1v njection of the labelled red cells and plasma a large
volume of 1sopentane cooled by liqurd air was poured over the kidney 1 the cylmder
Artenal blood was taken from a carotid artery for the analyses of radwactivity and
haematoent ratio

The kidneys were cut up m the same way as the rabbt kedneys with the exeeption
of the cortex which was cut into six parts All Jarge vessels were cut away
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Results

In the cat expenments the mxing time was 30 sec The red cell and plasma
distnbutions at different condinions of diuresis are shown 1n Fig 6 7 and 8

The character of the distnbution curves of the red cells are nearly the same
under the different conditions

The red cell volume 15 relamvely large m the outer parts of the cortex,
decreases in the muddle part and mcreases again in the juxtamedullary region

In the outer zone of the medulla the red cell volume 1s as large as 1n the
outer cortex but decreases progresstvely towards the up of the papilla where
the cell volume 1s only about one thurd of that in the outer zone

The vanauon, of the plasma volumes in the cortex are conspicucusly small
between the experimental series but are larger in the medulla The
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1olume {and the red cell volume) seem to increase remarkably during water
darrests

The hematocnt pattern 1s very charactenstic and 1s found to be similar
m every expenment (Ig 6 7 and 8)

‘The differences 1n the hematocnit v alues between sections 1 and 2 (P < 000])
and between 3 and 4 (001 > P > 0001) are stausuically sigmificant, but not
between 2and 3 (P> 01) and 4 and 5 (01 > P > 001}

In order to obtain the red cell 2nd plasma volumes representatnie of the
total hadney the following calculations were made The mean values of thered
cell and plasma volumes were calculated for the cortex the outer meduls
and the mner medulla respectnely From these and the mass ratios between
the cortex (699 %) the outer medulla (22 3 °}) and the inner medulla {7 3%)
guen by von Mortesporer (1930) the red cell and plasma solumes of the
total Judney were caleulated. The results are shown m Table I

Discussion
Tke ob erved distributrons of red cells and plasma and those predicted accordin?
o the cell separation theory

a The separation of blood i a marginal plasma lgyer and an axial red cell cort
It would be expected that the haematocnt rauo 1n the hidney would be much
Ioner than that of the artenal blood because of the nch content of vessels
with a dizmeter grvang a thick marginal laver of plasma compared with the
axal stream of red cells It 15 impossible to calculate exactly the nL_gm(udt
of the volume of blood which streams 1 these sessels but an attempt at 20
Aapproumate calculauon s described below

According to WEAVER ¢f al (1956, the arrculatory system of the dog ki
can be filled with latex to a volume of 011 mljg ussue These authos
as.umed the volume of the capillan system to be about 003 mlg g7
for the whole dog kidres a blood content of 014 ml g as capilary ¢
cannot generally be filled with latex If thus value 1s compared with the b!ooLd
volume obtained with the smgle mnjection techmque 1t seems to be too smal
Locr~er (1924 found a value of 0293 sl g Liusesrizo o of (197) 024
mlfg and Ociw abt 1937, 020 ml g These i estigations have perhaps 286
underestimated values fsce the discussion below; but i spie of this the bl
olume 1n the capillary svessels seems 1o be of about the same order of siz€ 2
that of the large vessels WEavep s value subtracted from LIENFIELD S walue
will grne 083 mlg,

WEeAVER McGarver and Swaxs (1926) did nof
vessels 1 the medullz an observation that 1s not s aceord with the
of exther this imestigauon or those of Exery of al (1929) and LluL\ﬂHJl’
o af (19282) Thus st scems clear that a large volume of the intrare-

o

t find anv latex filled
e results
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blood must be n small vessels where the axial flow 15 of great mnfluence
giving nise to a low intravascular hematoent The rato between the volume
of large and small vessels vartes 1 different regions of the kidney and thus
further complicates the mtrarenal hematoent pattern

The occurrence of large vessels in the transitional region between the cortex
and the meduila leads here to a relatinely high hematocnt

In the mnner part of the cortex the wide proxumal parts of the mterlobular
artenes and veins contain a great deal of blood with a relatn ely high hemat
ocrit

In the outer zone of the medulla a hugher hematacrit 1s to be expected than
n the mner medulla because of a ncher content of thicker vessels

The caliber of the vessel 15 not the only factor that affects the hematocrit
the linear veloats of flow bemng also of great importance However nothing
1 ¥nown about the vanations of this velocity 1n different regions of the hidnesy

b Dt wswon of red cells and plasma nto separate pathuays If there 1s a cell sepa
ration 1n the mterlobular arteries the blood feeding the outer glomerulr
should be cell rich and further the blood 1 the medulla should have 2 low
hematocrit Our knowledge about the distmbution of the blood after 1ts passage
through the glomerult 1s very mncomplete but on the whole the bleod from
the outer glomerult must flow to the outer parts of the pentubular vascular
system and the blood fiom the inner (juxtamedullary} glomerul to the
wner parts It 1s plaustble that the hematoert pattern exsting 1n the inter
lobular arteries 1s partly blurred in the penitubular svstem

2 Earlier experiments with simlar teckniques Two groups of imvestigators used
a simular techmque for studying the distnbuuon of red cells and plasma m
the dog kdney (Liureneretn ef al 1928a and Esery et al 1959) They only
campared the hematocrit 1 the mner and the outer parts of the cortes and
both found a lugher hematocnt 1n the mner half, LILENFIELD et a (1958 2}
concluded that their results did not wndicate a cell separation according to
the theory of PapPENHEDMER and haxTer while Exery ef o/ (1929) were more
cautious and did not exclude intrarenal cell separation It should be mentioned
however that the resolution of the hematocnt pattern 1n the cortex was too
low and that measurement of the hematocrit 1n a greater number of senal
cortical shees might have given a more correct picture

As regards the hematocnit patterns in the medulla the results of the two
groups are remarkably different While EvEry of o/ found the largest cell
concentration i the papilla LiLtenererD e af found 1n agreement with my
results reversed conditions with the greatest concentration mn the outermost
part of the medulla. The reason for the difference in the results from the two
groups 15 very likely the dxﬂ'ercncc i techniques

of with the single tnyection teckmgue Lriies

FiELD of of (1957 1958 b) and OciwanT (1927) wmeasured the blood flow
and the mean transit times of red cells and plasma through dog lidneys
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From the calculated red cell and plasma volumes they found the intrarenal
hematocrit to be about 089 of the artenal hematocrit At first LiLiEnrEin
et el (1957) supported the cell separation theory but later (1958 b), as also
did Ocrwapr, they rejected 1t

The reasans for the different results obtained with the equilibration method
and the single mjection tect are probl 1 The equilit techm
ques on dogs gave too low hematocnit values because of the accumulation of
free radiactive rodide and extravascular I' albumin Thesmgle myection tech
nique may have given too hugh mtrarenal hematocenits for the following reasons

a Bad muxing i the yenal artery It must be difficult to obtan good mrang
of the streamung blood i the renal artery and the myected labelled red cells
and plasma The laminar blood flow may convey the mnjected blood to only
a small area of the renal vascular tree and the calculated ntrarenal red cell
and plasma vol will not therefore be repr for the whole kidney
(Warte 1939)

b Uneen distribution of the plasma labeller 1n the ¢ross section of the blood vessels
CorLey and Scorr Brair (1958) showed the exsstence of an immobile zone
of plasma adjacent to the wall of artufical tubes and living blood vessels

Graphic  particles and Pontamen blue did not enter this immobile zone
Thus the marginal plasma layer can be regarded as being divaded 1nto an
outer immobile part and an nner region consisting of several mobile Jayers
with higher velocities centripetally When there 15 no turbulence the particles
have to diffuse perpendrcularly to the long aws of the vessel mn order 10 be
distributed evenly With large particles the diffusion 15 slow and mn the single

“wmjection techmque an even distribution 1m the cross section of the vessel 5
never reached Thus the question of an uneven distribution cannot be neglected
¥, Itseems probable that both the equilibration and single njection techmques
"on dogs may have been liable to errors and that the ratio between renal
and artenial hematocnits hes m reality between 049 (LiiEnsierp etel 19583)
and 089 (LiLIENFIELD ¢t ol 1957) These values should be compared, with
the results 1n the present mvestigation 0 64 for the cat and 0 73 for the rabbit

4 The site of the cell separation wn the kidney PAppENHEIMER and RINTER P°5]
tulated the scparation of red cells and plasma m two regons of the renal
vascular system

a m the imterlobular artertes and
b i the peritubular vessels
a The separation 1n the nterlobular arteries finds support 1 numcm“;

expermments of PApPENHEIMER and RINTER and m the mvestigation prescnth
here Itwasalso shown that the blood dramed from the subcapsular veins OI
cat kidney has a higher red cell concentration compared with the ar!m::
blood and that this difference 15 abolished at low arterial blood presst!
(ULFENDAHL 1962)
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b The p of the di of the postgl ular blood flow mto
two parallel eirculations a short cell nch and a long cell poor route 15 more
hypothetical The hypothesis seems to have been onginated for two reasons
to explam the large difference of average velocities between red cells and plasma
(the veloaity of the red cells was calculated to be more than 2 5 tumes that of
plasma) and to explain among other phenomena the vanaton of the ex
traction ratios of PAH and Diodrast

The calculated average veloaty of the red cells in this mvestigation 1s 1 8
tmes that of plasma 1n cats and 15 in rabbus Ths difference m velocities
between the red cells and plasma may be explamed entirely by the axal
flow (FAnrazus 1929) and does not necessitate the existence of a short and
long vascular pathway Another explanation of the eloaty difference 1s
discussed below

Without knowing any details about the diersion of the blood flowing from
the glomeruli 1t may be concluded however that the outer portion of the
peritubular vascular system recetves blood from the outer glomeruli and the
mnmner portion from the mmner glomeruh According to the topography of the
vessels 1t 15 probable that the blood through the outer portions has to travel
a shorter distance than that through the mner portions Thus should accentuate
the difference 1n the average veloates of cells and plasma if a separation
occurs m the interlobular artenes Thus there seem to be several possible
veasons for the veloaty differences between red cells and plasma

Kavter and Pappesurner (1956 b) found that the extraction rano of
PAH and Diodrast d. hed wath di g h and this was con
firmed by Troweso~ et af (1957)

‘The former authors suggested a by pass of plasma through the postglomerular
shunts during low artenal hematocrt thus partly depriving the tubular celly
of their supply of PAH The latter authors did not believe 1n an intrarenal cell
separation but could offer no explanation of the differences of extraction
Tanos

If we accept the of a n the lobular artertes the
followmng explanation may suffice without requining a postglomerular sepa
ration

The excretion capacty of the outer nephrons 1s smaller than that of the
inner nephrons When the arternial hematoent 1s low the supply of PAH or
Diodrast to the outer part of the cortex is large and exceeds the transfer
capacity of the outer tubules and thus the extraction ratio of the total kidney
will be lower at low than at hugh red cell concentrauons

5 Dutribution pattern duning different functional conditions Very httle 1s known
about the amount of blood flowing through different regrons of the kidney
Kramer and collaborators (1960) have worked out a photometric method
for measuning red cell and plasma flow m the outer cortex and the inner
medulla They found that not more than 2 per cent of the total renal blood
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flow passes through the inner medulla of the dog kidney The lack of an auto-
regulation of the blood flow in the iner medulla 15 a verv mteresting result
It should be mentioned that one consequence of the cell separation theory
will be a lack of autoregulation in the medulla

TiURrAu ¢f ol (1960) found an imncreased medullary blood flow during both
osmotic and water diuresis and THirAU (1929) explained this as beng due
to a decreased viscosts of the blood m the papila dunng diurests His ex
planation 1s based on the ncreasing alburmin concentration towards the tip
of the papilla found by Lasses ef ol (1958) and on the findings of GoTr citats
and MyrLie {1929) of equal osmotic pressures in medullary blood and unne.
In the concentratmg kidney the osmotic pressure of the blood 1n the papill.
should nerease and thus also the viscosity Contrary to the findings of Lassey
et al 1o plasma concentration gradient seems to fave been found an this
study either mn diwretic or anudiurenc states

It 15 of course verv doubtful whether 1t 15 possible to correlate the blood
flow with the blood volume 1n an organ Butnes ertheless 1t should be discussed,
whether the blood tolumes found here m different functional conditions
are compatible with the only two previousim estigations on the determnation
of the size of the blood flow mn the medulla at varying diuresis {THURAU
e al 1960 and LiLresrizrd Macanzmt and Baver 1960) T marked n
crease 1n blood ivolume during water diuresrs mav indicate an enhanced
blood flow in the medulla Such an assumption becomes nore plausible
with the knoi ledge that THURAU f af found a greater medullan
blood flow duning water diuresss On the other hand I found no differences
1n the blood solumes of the kidneys dunng osmotc druresis and antdirests

hile THLRAU ¢ of found an enhanced blood flow during osmotc diuress
SAUENFIELD #f al (1960) however armved at the opposite result

The problem concerning the blood flow 1n the medulla — and other parts of
the kidney — 15 not vet sohed and will without doubt be subjected to numerous
mesti ations m partrcular regarding the counter current mechanism and
the autoregulaton of the blood flow

1 wish 1o thank Mrs Racaimp Tott and my will for th ir invaluat fe techmcal asst

The amvcsugat n was finaneially supprried by the M dical Faculty of Lippsala Lnt s ¥
and the Swedsst \au nal Associsti n zzam t Heart and Chest Disrases”
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H 1t and Hemoglobin G ation 1n Venous
Blood Drained from the Quter Cortex
of Cat Kidney
By

Hazs R Ursevpano
Recenved 30 January 1967

Abstract

Urrespanr, H R and A lob, n tenous
blood dratned from the outer cortex of eat kidney Acta physiol scand 1962
5 61-—69 — The cell separation theory of PapprauemER and
KaNTER for the intrarenal blood flow was studied m cats by measunng
red cell concentration in subcapsular vens on the renal surface and
1n artenal blood The venous blood taken from the subcapsular vein
was assumed to be drained from the outer parts of the cortex. Hema
tocnt values aud h were higher
at blood pressures above 75 mm Hg 1n blood from the subcapsular
vemns than n arteral samples Below 75 mm Hg no difference was

found Control howed that the most probabl
of the high red cell concentration in blood drainmng the outer part of
the cortex was the ofan of red cells

and plasma but the extent of separation was not clear

ParpensEBier and RNTER s cell separation theory for the blood circulation
n the kidney based upon a pure hemodynamuc concept postulates a separa
tion of red cells and plasma in the interlobular artenes (PappENkEDER and
RanTER 1905 and 1906 hasTER and PAPPENHEIMER 1956 2 and b} Thus the
nner glomerul recene a cell poor blood and the outer glomeruh a cell nch
one As the medulla 1s nutnified from the 1nner glomeruli 1t wall get the cell
poor blood. Also postulated was a p lar diversion of red cells and

plasma 1nto separate channels, a short-curewt for the red cells and a long-
arrcut for the plasma

61
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Fe 2 The design of the pressure nansducer
1 Tressure chamber made 1n Perspex 2 phosph
bronze membrane 3 metal pmn connect ng the
t+ o bronze membranes 4 second phosphor bronze
rembrape 5 four stramn gauges cemenited to the
membrane (1) 6 rubber packmg ring 7 Luer
Tock. male connection Al Lined parts ase made of
chrommm plated brass

An exposed subcapsular vemn was punctured with a kmife and blood could freely fow
Jut an to the surface of the kidney In some cases the e was cannulated with a small
glass capillary and blood was taken from the capillary for analysis The back flow from
the renal vem was ted by the of the actual sub lar vemn by the
method of heat coagulanon Tig 1 shows the anatomical conditions the straight
arrows mdicate the obstructed parts of a subcapsular vein

Before the vein was punctured 1t was controlled that blood from the surroundmg
tissues was hot streaming 1o the region of blood sampling or that no ussue fwd was
squeezed out from the renal tissue

“To obtamn arterral blood samples one of the carotid arteries was cannulated with a
polyvethylene tube

To be able to vary the blood pressure in the renal artery an adjustable clamp was
placed on the abdomunal aorta just under the dsaphragm In other experiments the
blood pressure was reduced by bleeding the ammals High pressures were induced by
ggection of blood from a donor cat or by myection of dextran

‘The mean artenal blood pressure was registered mn a feroral or mes ntenc artery
For the recording a pressure transducer of 2 strain gange typel a DC-amplifier (Radio-

meter PH\M 22) and an o recorder (Vanan G 10) were us
1n some of the no

\ 23 made for infl diaresis whate
mn other expeniments an osmotic diuresis was induced by intravenous injection of 05 g

urea and 05 g glycme In some experiments adrenabne was qven 1 v in order to rarse
the artersal blood pressure

The pressure transducer was bult n the Institute and 1ts constructson 15 seen 10 Fig @ Four
strain gauges (Phulips PR 9711 120 ohm) 3 cre cemented to the second phosphor bronze mem
brane two on eachside 2nd we ¢ connected m a Wheatston bridge wh ch as upplied with
2 solts DC This very cheep transducer 55 hawever not suable fo dynamsc measy cments
due to 113 high volume dusplacement (73 mm /100 mm Hg) The tmearsty vares f om one (rans
ducer to another but s generally satisfactory up to 300 mm Hg
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Table 1
d The dufic between b Het, or hem
oglobin HDb of blood from subcapsular veun
and arteries
BP < 75 mm Hg BP > 75 mm Hg
Nfean Sigmfis “Mean £ of the
of the differ-] difference
ence
Basal unnc seerction, HCt —13, P>01 12, P <000
Basal unne seeretion Hb 03 P>01 98 P <0001
Osmotic diuresis, Het 01/ P>01 37 0001 <P <00
Afier mnjection of adrenaline Het —_ — 71 P < 000]
Table IT
The cuffe between b and Job
concentration of venous renal blood and artersal blood
BP < 75 mm Hg BP > 75 mm Hg
\fean Stgmficance of the | Mean S gaificance
differcnce of the differ
oce
¢ Femoglobun concentration 25 P>01| —23 p>01
¥ Hematocrit —34 001>P>0001 ] —52, p<oot

> 001) At blood pressures below 75 mm Hg the differences decrease with
decreasing blood pressure.

In the expenments with osmotic duress the results were sular to those
1n the expenments with basal urine secretion mentioned above (Table I)

Enven after raising the blood pressure with adrenaline there was a hematocnt
dufference between blood from the two sources This 1 spate of the hkely d¢
crease 1n renal blood flow by constriction of renal s essels

In the expeniments where blood from both the large renal vein and a carod
artery was analysed the Hb from the two sources were foud
10 be the same. This was however not the case with the hematocnt that showed
lower values in the renal vein at both high and low artenal blood pressre
The results are shown m Table 1T
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Discussion

According to v MorLENDORY and Scuroper (1930) the cortical senous
blood 1n cat kidneys flows away through two separate venous systemas The in-
ner part of the cortex 1s dramned through the profound cortical vewns mto the
arcuate vemns and the outer part through the superficzal cortical vcins 1nto the
subcapsular vens

Thus the venous blood ot d by the p of these sub i
verns, 1s assumed to be representatne for the outer cortex

The objection will perhaps be made that the puncture of the vem changed
the hemodynamic conditions due to the following reasons If the puncture
caused a decrease in venous pressure i the actual vewn then there should
consequently be an increased blood flow in the adjacent part of the outer cortex
and the blood flow should partly be diverted from thenner cortex to the outer
one through the anastomosis between the profound and the superficial venous
systems Thus the blood taken from the subcapsular veins should not be con~-
sidered as beng derved from the outer cortex only, but also partly from the
mner cortex Such a diversion of the blood flow caused by the experimental
techmque should imply that the duffe mh and Hb
tion between the superficial blood and the artenal blood mn mtact kidneys are
greater than those found 1n the present expenments

Factors causing the difference 1n Hb concentration betueen artersal blood and blood from
the outer cortex A hemoconcentration takes place when blood 15 passing the
glomeruli The volume of the glomerular filtrate 18 about 20 per cent of the
plasma volume flowing nto the glomeruli which means httle more than a

10 per cent reduction of the blood volume But about 82 per cent of the filtered
volume 1s assumed to be reabsorbed in the prowamal tubules (WALRER ef of
1941) and thus the net reduction of blood volume 15 decreased to 1 or 2 per
cent The actual volume reduction 1s perhaps stll further reduced by a reab-
sorbtion of water 1n the distal tubules

The hemoconcentration by the lymph flow 1s also very small and can be
neglected (LEBgie and Maversov 1960)

The most plausible explanation of the larger Hb concentration of the venous
blood from the outer cortex seems to be the occurrence of a separation of red
cells and plasma 1n the interlobular artenes

Factors causing the difference wn hematocrit between artenal blood and blood [ from the
outer cortex The hematocnit dufferences may depend upon the following factors

1 Decreased water content of the blood after filtration 1 the glomeruli

2 Change of 1on concentrations

3 Increased pCO, and decreased pO,

4 Cell scparation in the interlobular arterzes

ad 1 The mfluence of this decrease must be small for the same reason
as duscussed above for the Hb concentration



68 HANS R ULFENDAHL

ad 2 The change of 10n concentration and osmolarity of the blood dunng
1ts passage through the cortex 15 apparently, small according to several m
vestig: on the 10n n the cortex (Wmrz 1996, GoTrscHAL,
and Mvyrre 1959 and Bray 1960)

ad 3 The experimental data given by Jacksow ef al {1954) showed that the
hematocrit of the blood was not influenced to any greater extent, when the
pO and pCO, were ck d within the physiol 1 himuts, however at
tugh pCO, and low pO;, they found a swelling of the red cells Due to the very
large blood flow through the kidney at blood pressures over 75 mm Hg, there
would seem to be only small differences 1 pO, and pCO, between the venous
‘blood and the artenial blood 1n the cortex and, thus, the hematocrt differences
found 1n this investigation cannot be explained by a swelling of the red cells
Moreover the swelling should increase with decreased blood pressure which
did not happen
SwaNN ef al (1956) stucied the hematocrit of the renal venous blood and
found 1t to be the same as that of artertal blood Further the control expen
ments of this mvestigation did not show any larger differences in hematocnt
or Hb concentration (Table II)
]
ad 4 The occurrence of a separation of red cells and plasma 1s then the only
possible expl. for the lugher h 1t found 1n the superficial
venous blood at a high artenal blood pressure
The extent of the cell separation ParpeNsEnER and hanrer (1956 a) postulated
= large difference in hematocnt between the blood supplying the most super
and the most profound glomerul: With an artenal blood hematocrit of
145 therr postulated values for the blood m the most superficial and the most
.profound glomerul: were 0 80 and 010 respectively From these values it 1s
possible to calculate the average hematoent of blood flowing from the outer
and the mner half of the cortex if the hematocrit at the border between the
two halves 1s assumed to be 045 they are found to be 063 and 028, respsc
tively Ths gives a difference of 0 18 between the blood from the outer cortex
and the artenal blood. The quotient of this difference and, the artenal hema
tocrit 3 039 The same quotient 1n this investigation 15 about 010 2t tugh
bload pressures but this quotient may be too low due to the diversion of blood
discussed above It must on the other hand be pownted out that the values of
ParpeNEDER and Kivrer are hypothetical and that they may be too hugh-
Esen 1f the results of thus investigation partly support the cell separation
theory, little can be said about the influence of the cell separation on the r¢
function It may be that ParpevuenER and Ravrer have overesumated the
mportance of therr theory but on the other hand it 13 1mpossible to agree “:‘h‘h
other authors who totally deny cell separation and 1ts consequences Thus the
discussion of the quanutanve importance of cell separation for renal physiolog)
35 still hughly speculative.
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Abstract

BiL A Autonomic nervous control of uveal blood flon. Acta phymiol
scand 1962 56 70—81 — A study was made of the wnfluence of
the autonomic nervous system and 1ts transmuttor substances on the
vascular resistance UVR influencing the blood flow through the uvez
1n rabbuts and cats The results were analyzed and interpreted on the
basis of an @ f and y receptor concept Electrical stumulation of
the cervical sy 1 duced derabl; m UVR
1 both species 1nd: a 1 drenaline given
satraartenally did not change ZVR n any of the species Nesther did
1aad of adrenaline after p with dibenzy}
There was then no mdication for j receptors Acetylchaline given
1 a reduced UPR m both the species indicating y receptors These

P could be d nerther by of the cihary
ganglion (expeniments only 1n cats) nor by stimulation of the cervical
: The herefore seem not to be mnervated by

any of thesc routes Results indicate that the flow reactions 1n the
chorord were about the same as those within the anterior uvea

The autonomic nervous system and, 1ts transmittor substances influence the
major vascular beds 1n the body 1n a way that 15 not clearly understood It has
been poimnted out however that many apparently contradictory findings
might be explamed on the bass of an @ - and y receptor hypothesss (Al
QuisT 1948 1958 Greex and Kepcitar 1959) It should be ponted out, 138
the reccptor concept 15 a working tool and does not refer to any anatom
structures

Alpha receptors, according to the receptor hypotheus produce vasaconsﬂ:C
tion They respond to adrenergic drugs and are considered to be mner:;:
by the sympathetics as they may be activated 1 some way by sympathe

70
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sumulation Beta receptors, which are not inneriated produce vasodilatation

for adrenergic drugs Fmally gamma p produce dul. and
respond to chol Some y 38 are mnervated that s
they may be d by chol pathetic or parasympathetic fibres

whle others seem to lack innervation

Great differences m distnbution of t ¢ receptors have been reported (For
review see GREEN and REPCHAR 1929 )

The purpose of the present work was to study the uveal vascular bed 1n
rabbits and cats with regard to the @ £ and y receptor concept It was of
mterest to determne which of the virtual receptors are present m the dafferent
major partsof the uvea how they can besumulated and finally tomake arough
determination of therr umportance for the vascular resistance UVR mfluencing
the blood flow through the uvea

UVR was defined as (MAP IOP)/I where MAP 1s the mean artenal blood
pressure (m a femoral artery), JOP the intraocular pressure and I the uveal
blood flow The pressure in the arterres entenng the uvea 1s defimtely lower
than that i a femoral artery (see Duke ELpEr 1926 Semer 1937), while the
pressure 1n the vems leaving the uvea under most conditions approumately
equals the JOP (Bux 1962 2 b) Therefore the vascular tree the receptors
of which were nvestgated ncludes the uveal vessels and some of the extra
ocular part of the artenies supplymng the uvea but not the extraocular vems

Methods

The arumals employed were cats weighing 1 8—3 4 kg and albmo rabbits weighing
18—29%kg

Cats were with chlorof hal. and h was d
wath chloralose urethane given 1 10) Rabbits were ancsthe
tized with a barbiturate (Vetermary NembutalO Abbon 1mpial dose 0 75 mifdg body
weight) grven L v and was taned with small add: dases given
when required In the search for possible f and ¥ receptors some expeniments were

with mduced and d with urethane (uurtial dose 10—

13 gfig body weight) In most experiments in rabbits the eye was also anesthenzed
locally during the preparation procedure (4 per cent cocaine 1n 1otome salhne)

Tracheotomy tubes were nserted 1n all animals to ensure a patent airway The am
mals were placed honzontally on one nide Hepann (1500 Ufkg body werght) was
given t v to prevent coagulation of blood and agueous humour

The agtenior chamber was cannulated and 1 most cxpenments, the mtraccular
resare W valulized W 20—35 mon. Bg oyt & YevPing Menumeer The acrual

pressure could be ds d with a pressure transducer (Elema EMT 490 A,

volume dssplacement 0 07 mm?/100 mm Hg} The nonmal intraocular pressure m rab-
bits and cats d under general 1s about 20 mm Hg (Becker and
Coxstaxr 1926)

The mean artenal blood pressure was measured 11 2 cannulated femoral artery by
means of a pressure transducer of the same type as desanbed above

The blood flow through the ivea was determined with both indirect and direct
methods described 1 detail elsewhere (references below)
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For direct determmnations of the blood flow from the uvea i ¢ats almost the whole
uvea was made to drain 1nto a polyethy tube duced nto an Teral venous
plexus This gives 2 marked redsstribution of the blood flow from the eye but changes
the state of the vessels within the eye very httle (Birr. 1962 c)

For direct determinations of the blood flow through the uvea i rabbuts one of the four
vortex vewns was opened and in some experiments cannulated The total uveal blood
flow was determmed as four umes the flow from the opened vemn Under most condi
tions thus procedure 1s adequate (BiLt, 1962 a b)

For ndirect determnations of changes 1n choroidal bload fow 1n rabbits and cats 2
calorimetric procedure was used The method was a modification of the heated thermo-
couple principle of Gmss (1933) and 1ts apphcation for studies 1n eyes was reported
eatlier (Brus. 1962 d €)

When the blood flow was determined with direct methods the blood collected was
returned to the antmal via a femoral vemn Losses of blood from the system were com
pensated for by intravenous mnfustons of a dextran solution (VetridexO, Pharmacia)
Graphuc recorders (Vanan G 10) were used for all regustrations

In the study of the o p ! was perfc d either with 3
stimulator constructed by CaTroN MoLyNeux and ScHoFELD (1957) or an AEL Labo-
ratory (A Electrome Lab Model [04A) Vath the former

stimulator, frequency and voltage could be varred the pulse shape was part of cot
densor discharges With the latter stimulator rectangular wave pulses were obtamed:
Frequency voltage and duration could be vaned In the search for y receptors oalf
the AEL stimulator was used
1 ] {tnter el de distance 2 mm) were used to sumulate the
sympathetics The electrodes were attached to the superior cervical sympathetc gan
glon on the side of the eye under study or to the sympathetic cham just below the gan
ghon The chain was cut some nmullimeters below the lower electrode (I!shvuld bemen
twoned that some munor part of the sympathetic fibres supplying the eye do not pass
through the structures sttmulated See HOLLAND vON SaLiyan and Corrivs 1957)
or sttmulation of the cihary ganglion silver electrodes (mnter electrode distance ! 1m)
re employed The ganglion was stmulated only tn cats It was exposed 2nd ssolated
1ts central in 2 manner Ily the same as that described bv AR
MaLy (1959) In all 1 the L was d until fow
attained a rate which was approamately steady for 1 mm
In some experuments for 1 a mjections an omega shaped polyethylene tube nes
mterconnected 1 the common carotid on the side of the eye under study Iruewﬂ'”f
were performed through a second polyethylene tube mtroduced through the wall o
the former tube with 1ts tip ponting aganst the blood flow direction In other €¥pe?

ments the superior artery was lated and made through ‘:’i
vessel into the common carotid 1o d the ad of these tech E":Kd

blue was myected with the same speed as the agent under study and it was obse
af 1t reached the eye e
I of @ receptors Electnical V of the cervical sympathetics wuh
procedure used to reveal the exstence of a receptors The intensity and duration W 2;‘
d, le were 1 to give at the different frequenct
employed As a rule 3—7 volts and 1—5 milliseconds proved sutable
Inestsgation of B receptors Two procedures were used 1n the search for tors
One was to give 1 sopropylnoradrenaline 1 2 wathout previous blockade of @ EP Y
Thus drug affects essentially § receptors (see Greew and Reecar 1959) The o it
was to give adrenaline1 a after blockade of @ receptors with 5—50 mg/kg body o8

of dibenzyline (phenoxybenzamine)

these receptors
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Fig 1 The effect of sumulation of the eerical sympa 1)
thetics on wveal blood fow in rabbits The uveal blood 4
low was determined as four times the fow from an opened >
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Fig 2 The effeet H
en the blood flow through the choroxd s rabbats Tbe cho— g
rmdal blood flow was determned waith a TImetric pi v
cdure The flow values are grven as pcrcm(ol‘r.heﬂuw
prmt belore the stumulation was started,
o = X

STMAATON FREGIENCY

In estigation of y rmptm Axrn,lchohn: was gven 1.a o demonstrate the presence
of y receptors fibres were searched for after
dibenzyhne blockade of the a receptors For techmical reasons vasodilatator fibres
i the orbrtal parasympathem: were looked for onl) 1n cats The abary ganglion con

tains both fibres Th effects of the former
were blocked by rscrpmc pretreatment. Rosews and Romm (1961) have shoven that
after such of nerves both ad an

fibres produces essenually cholinergic effects The reserpinc was grven subcutaneously
for 2—3 days before the actual cxpenments in doses of I—4 mg/kg body weight.

In the search for innervated , receptors sumulation intenuty was vared from 1 to
20 volts duration from 0 1 to 20 msec and frequency from 1 to 100 pulses per sccond

Results

a YI[!PIL’YI

Sympathetic stimulation wn rabbits In five eyes with artificially stabilized intra
ocular pressure total uveal blood floww was determined at stepwise increased sum-
ulation frequencies

In cach exy the flow d d when the were sum
ulated the effect increasing with increasing stimulation frequency unuf a fre
quency of about 25 per second was reached, A further increase 1n frequency
did not further reduce the flow Fig 1 presents the results obtained.
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Fig 3 The effect of sumulation of the cervical sympa
thetics on uveal blood flow in cats

) E) o p
STIMULATION FREGUENCY

The mean increase 1n UVR caused by a stimulation frequency of 25 pulses
per second was 136 £ 29 per cent
In 12 eyes the relationship between local chorodal blood flow and the stmulz
tion freq was d d, and 5 exp were ptable from &
techrucal pomnt of view Fig 2 presents the results The mean mcrease nvascular
resistance opposing flow through the choroid, as determuned by analogy t0
UVR was 161 & 30 per cent There was thus no essential difference m the
eaction to maximum patk 1 i the vessels of the ar
erior uvea and those of the chorod
Sympathetic stimulation 1 cats In 6 eyes the total ureal blood flow was measured
1t stepwise increased 1 freq at a stabihized lar pres
ure The uveal blood flow d d with 1 frequenty
wvithin the same frequency range as 1n rabbits, as demonstrated 1n Fig 3 The
nean increase in UVR caused by a sthmulation frequency of 25 pulses PE*
econd was 138 4- 16 per cent In two expertments qualitative changes 1
ocal choroidal blood flow were also determuned These experiments show
hat the chorordal blood flow changed m the same direction as total uveal blood
low during the shmulations

P receplors

1a of 1sopropylnoradrenaline at a stabilized antraocular pressure
i not change the blood flow through the uvea as long as the artenal bi o
pressure was constant Doses large enough to cause a reduction m arteral b
pressure gave a decrease 1n uveal blood flow secondary to the PY&“’; -
The drug was ad d mn doses from 0 1 pg given over

to 100 pg given over 10 sec
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Fig 4 A. Responses 1 theal blood flow 1t pressure and artenal blood pressure to ace

§lchslune myected st the common carotd supplyng the cye under sudy The weal blood
flow was determined as four times the flow from an opened vortex vem ental
rabbat,

Adrenaline given1 a 1n doses from 0 1 ug over 3 mun to 100 pg over 10 sec
did not essentially change U R after admumistration of dibenzyline although
adrenaline reversal 1n blood pressure reactions was produced mn all expen
ments In these cxpenments acetylcholine anjected 1 2 produced vasodilata-
tion which made 1t certain that the dibenzyline had not deprived the uveal
vessels of all tone In rabhuts 7 eyes were mvesngated for B receptors 1 cats
8 eyes
Y Ylt(pl!)'!

Acetylcholine and uteal blood flow n rabbits Acetylcholne given 1 2 n doses
of 001 pg produced an increase 1 tofal ueal blood flow 1 all of 5 eyes investiga
ted The largest increases were obtamed with dascs of about 05 g given over
2—3 mun There was then an increase 1n uveal blood flow of about 100 per
cent in several expeniments this m spite of 2 ssmultaneous fall 1n artenal blood
pressure UT R was thus reduced to less than 50 per cent of the oniganal value
The change occurred arrespectine of whether the intraocular pressure was
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Fig 4B Responses n chorodal blood flow intraocular pressure and artenal blood prossure
acetylcholine ntected into the common carotid supplying the eye under study The Lhumd::
blood flow was d d with a ‘The flow values are gngn a8 P
cent of the flow present before the mjection commenced Experimental animal rabbit

h or not Fig 4 A presents the result of an experiment 1 whuch the
Yntraocular pressure was not stabilized

In 5 eyes the reaction 1n local chorordal blood flow was determuned Also mn these
expenments acetylcholme produced increases mn blood flow which were of the
same order as 1n the above expermments Fig 4B g

Acetyleholine and uveal blood flow 1 cats In cats acetylcholne given 2 n"l
1n the same doses as m rabbits produced large reductions 1 Ul PR Smlarly
to the condition 1n rabbits the changes were rather vanable However, 05 /’f
given over 2—3 mm as a rule reduced the resistance to less than 50 per clﬂ;
of that mtially present Reductions of up to 25 per cent of the yrutial vali i
were produced m 2 of the eyes Fig 5 shows a typical result Inall 5eycs ‘I\oid
mvestigated In 3 experiments the effect of acetylcholine on local chorordal D) .
flow was mvestigated and the drug was found to produce 2 considerable 1

case 1n flow
« Innervated y receplors in rabbats and cats In neither of the species did gnm\:{:
t1on of the cervical sympathetics after blockade of a receptors produce & e
crease m UVR In spite of very large doses of dibenzyline the usual respo!
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Fig $ Response 1n uveal blood flow intraocular pressure and artenal blood pressure to acetyl
chole njected 1nto the common caretid artery supplymng the eye under study Experimental
ammal €3t

was a rather shght increase Experiments were performed in 5 rablnts and
5 cats
1

of the aliary 1 cats produced contraction of the pupi!

even to mtense mross wsthout notably changing UPR These expenments
were performed in 7 eyes

There was thus no evid for either path
nervation of the y receptors found n the uvea

1c OF P patk m

Discussion

In rabbuts the mean artensal blood pressure at the onigin of the cihary arteries
1s about 15 mm Hg lower than that in a femoral artery (unpublished obsersa
tions) In cats the pressure in the ophthalmuc artery 1s to much the same de
gree lower than that i the aorta (Duke Etner 1926) The difference 1n pres
sure 15 no doubt mfluenced by flow through tissues supphed by the same ar
tenes as the uvea Changes 1n vascular resistance 1n these tssues therefore will
tend to alter the pressure 1n the altary artenies and thereby the uveal blood

flow It seems probable however that normally the aliary artenial blood pres
sure 15 httle infl d by this h

ag antense 1ctton within
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Erprr (1931) to be restricted to the capillaries The present findmgs mdicate
that, if present, B receptors withun the uvea have very hitle mfluence on the
blood flow under the conditions of study It seems possible that some of the
effects observed by the earlier investigators were, 1n fact, due to venoconstriction.
y receplors "The earlier Iiterature concerning the effect of the parasympathetics
on the uveal vessels was very indefimite There was not even agreement on the
effect of acetylcholme {ACh) on the vascular resistance within the uvea
CoLLE ¢t al (1931) working with dogs reported an mcrease m 1ntraocular
pressure after adnunistration of ACh to the uveal vessels and this was looked
upon as evidence for a vasodilatatory effect of the drug Wupka ard LeoroLy
(1926), however 1n rabbits found no change m the diameters of the larger
choroidal vessels resulting from admustration of cholinergic drugs, which was
d as d agamnst a dul. y effect of such drugs on the
uveal vessels These authors may also be consulted for a review of the earlier
Iiterature
The present findings demonstrate conclusively that ACh reduces the vascular
resistance controlling uveal blood flow The negative findmgs of Wupka and
LeoroLn, quoted above, make 1t scem Likely that ACh, as in the case with
path Iation affects lly the vessels in the decper layers of
the choroid and those within the anteror uvea
The fact that stimulation of cholinergic fibres to the uvea did not produce
vasodilatation suggests that normally ACh liberated within the eye does not
reach the uveal vessels sensitive to it
It was somewhat surprising that the large changes m iris position Pmd““d
%y 1 of the cihary hon did not cause a change i the blood flow
igh the uvea There 1s hittle reason, however to suspect that ins contra¢
" reduced the blood flow through this part of the uvea masking an snereas¢
1n flow through other parts
Fig 6 presents schematcally the receptors found 1n the present stu
the autonomic nerves supplying the uvea

dy and
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Continuous Recording of Arteriovenous Differences in
Concentration of Radioactively Labelled Substances
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Abstract

Berimn ML Contrmuous recording of asterovenous d fferences 1n concertro-
tion of radisactiely labelled substances Acta physial scand. 1962 5
82-89 — A umnit has been designed for continuous measurement
of d mn of rad 1y Iabelled
between two flnd systems. A transistorized dufference ratemeter
was used. Tests and calculations were performed 1n order to obtan
an of the t of the 2pp The
umt appears to be swtable for continuous measurement of arterio-
 enous concentrauon dafferences 1 brologic tracer expermments.

C of the rad 1ty of blood by means of santillz
tion detectors or Gexger Muller tubes 15 a well tried procedure. Practical &f
- are encountered however i measunng artenorenous (2 v)df
Jcrences 1 radioactivity  If the artenial and venous mtensities are m
wath two separate detectors and the difference 1s calculated from single re.d
1ngs on the ratemeter recordings the accuracy wall be low Moreover adjust
ment and of the o cf Is are tedious and time-consuming
‘With the zpparatus described 1n this paper an attempt has been made to i
prasve the accuracy of and to sumphfy the procedure for such ‘measurements b
incorporating a specially designed difference ratemeter The method 15 3P
pheable to radiation pulses measurable with solid sanullators In order to test
the accaracy and speed of response of the apparatus and thus to obtamn 21 1%
pression of 1ts charactenstcs 1anous tests and calculations were performed:

Elertromz app Sor 4 ty o
Fiz lgnesad p of this app The artenal .
the venous blood 15 pumped through polvthenc sprrals placed in of above
envstals m sanollanon detectors. The pulses from the detectors ar¢ amp.
and led to d The pulse freq from the detector for art

82
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3 5
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SCINTILLATION

OETECTOR. puLSE

FOR AMPLIFIER, HEIGHT

YENOUS BLOGD ANALYSER
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Fg 1 BXocL diagram of the apparatus.
D L — Santdlation Counter head Type 623 with a plam phosphor 44 yom x 25 o
I

— Santllaucn Counter head Type 653 with 2 well fype pheephor 44 mm x 51 ram
il the tole 190 x 27 7 .

T D L.~ Wide Bapd Amplfier Tyge 6
i Buctear xnmpr. ot R vl overlczding Lincar Pulse Amplifer Type NE
52

5 Philips-type P

& Nuclear Enftryn W Singlecbannel diferenal Ful.e Heaght Eelector NE 5102
7 See text.

8§ Hopeywell 906 Wiscorder

blood 1s measured by a ratemeter The difference between the pulse l'n:qu:ncnn
from the detectors in the respective ch Is 13 comp byasp
dyffe The htudes are
nel oscillograph wath optical recording on direct devel pa
per In pnnciple well crystals and pulse herght zma!yzcm shou]d be uscd fur
both channels but for the present purpose fa y results were ob
with different types of crystals amplfiers and discrmmnator systems

The raterreters and the recorder are calibrated by means of 50 cps pulse
generators built into the meters The of the scintillation de 18
matched and cahbrated by filling the spirals with a standard radioactive salu
tion ~— ntensity up to 10 times the level to be measured — and adjustng the
position of the spiral in the well crystal untl the detectors are equally sensitrve,
The background levels for the difference ratemeter and the arteria! channel
meter are deterruned by recordings before and afier each reasurement.

‘bya Tosch

The difference pulse ratemeter

The difference i pulse frequency between two sources may be measured
with digital tech when high will be ob: d This mcthod =
comparatively expensive however If the difference 1s formed from analogue
representations the respective pulse rates will be measured wath an nocuracy
of a few per cent and the accuracy of the difference pulse rate will be low rene
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Fig 2 Block diagram of the d:fference ratemeter

cially 1f the mput frequencies are of simular magmitude The described difference
ratemeter utilizes combmed digital analogue techmque and gives reasonable
accuracy at reasonable cost Sold state elements (transistors etc) are used
throughout the apparatus

A lified block d of ther 1s shownin Fig 2

Pulses from the two detectors are fed to mputs 1 and 2 of the apparatus The
counter, which consssts of two bistable multivibrators and a diod matrnx serves
as 2 memory with a capacaty of three pulses Pulses on input 2 fill the memory
and pulses on mput 1 empty the memory When the memory 1s empty, pulses
on mput 1 pass to ratemeter 1 Sumilarly when the memory 1s full, pulses on
mput 2 pass to ratemeter 2

It should be noted that when more than three pulses are recerv ed on the
lower rate input between two consecutive pulses on the higher rate mput, 2

will be sent to the ratemeter which normally 1s nonoperative This means
cancellation of a few pulses will take place after the ratemeters, where the

‘ufacy 18 inferior Such a situation occurs very rarely however and should

t affect the overall accuracy to a notable degree

If pulses reach the counter from the two mputs with a time dufference Jess

an the recovery tume for the counter unit one pulse 15 lost The possibiity of

ch a comadence 1s shght however Moreover the pulse loss will affect botl

put channels to approximately the same degree The nfluence on overall

should ly be negligibl

Arsuragy and reprodusibilagy of rad:

The precsion with which the radioactvaty of the arterial blood and thea v
difference m radioactivity can be determined 1s dependant upon a number of
factors These are the stabihty and recording characteristics of the clectroniC
apparatus, the accuracy with which the tracings can be read the uncertainty

d wath the rand of the rad decay and the errors 1y olv

1n calibrating and adjusting the apparatus

“The total errors, including all the mentioned factors for both channels uer;
studied 1n 9 experiments wiuch the spirals in the detectors were filled wit!
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Tub'e I Denration from expected oalue 1n the arterial ckamne ()

Deviation{ Test no

Mean,
deviation.
1 2 3 4 5 6 7 B g
Period 1 —~55 +13 —15 —65 —60 —69 ~49 —18 ~—30 _19
Period 2 —57 +28 —19 —69 —44 -56 =78 —I4 —50

a solution of 1 The solution gave about 1,000 cpm 1 the ratemeter of the
arterial channel and a three hour run was made In order to study the tendency
to dnift the recorded amphtude was evaluated for one pertod at the begrnnng
and one at the end of each run The intenaity level (1 000 cpm) of the I**%solu
tion was chosen because 1t was thought to he mn the lower part of the measunng
range of the apparatus The radroactive intensity of the test solution was deter
mned m each expeniment in a well cr) stal Since the detectors were cabbrated
before the expeniments the plitude for the gal of the

P
artenal channel could be calculated The difference between expected and ob-
served amplitude thus represents the sum of the errors for the measurement m
the well crystal and the measurement in the tested channel As the size of the
first error was known the difference constituted an index of the accuracy of
that part of the apparatus Sice the expected amphtude for the diffe
channel was zero the recorded deviation fiom zero was the error i difference
measuremernt

The difference channel was also tested by filing only the spiral of the artenal
detector with the test solunien The deflechion of the galvanometer was then
recorded for 24 hours The deviation from the expected galvanometer amphtude
was read for 10 parts of the tracings each representing a pertod of 20 munt at
mtervals of 11/2 hours

The tracings were evaluated by measuring the distance from the baseline for
50 pounts 2 mam apart These 50 pomts represented a 25 nunute recording cor
responding to 10 cm on the record The standard deviation and the mean of
the 50 readings were calcwlated The values for standard deviation were com
pared with the calculated d due to rand of the rad. decay
The Jatter was calculated according to

- v
2RC
where ¢ 1s the standard deviation, A the number of pulses per umt time and

RC the tme constant Sumularly the standard deviation due to decay ran
domness for any pomnt on the difference ratemeter curve 13
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Toble Il Deviation from zero wn pereent of the input signals to the ratemeters

Dewation| Tet na. Mean
T 2 3 &+ 5 6 7 8 9 |

Period 1 —14 —10 —20 —17 ~96 —07 401 —26 -—20 15
FPenod 2 —15 453 —20 412 ~44 434 =39 412 ~—45

where N, and N, are the respective numbers of pulses to the anputs per unt of
ume The standard esror of the mean of the spot values was calculated aceording
to Scinrr and Evans (1936)

This method of reading the tracings was compared 1n a special expenment
with another method (the levcl-estimating method) which mvolved the fol
lowmng procedure With a ruler a line was drawn to represent as exactly a¢
practicably the mean level of a curve representing a 10 min record The dis-
tance between this Ine and the basehine gave the required mean

In all tests the detectors were calibrated and matched at equal sensitivaty
with a standard solution of known strength giving about 10 000 cpm 1 the
ratemeters The background level of radioactivity was recorded before and after
each test for 20 mun For both channels 1t was between 400 and 500 cpm The
ume constant for the ratemeters was set to 30 sec and the charting speed of the
recorder to 42 mm per munute One cm on the record thus represented 100
cpm from the ratemeter

, :qf the tests
" Table I shows the d from theexpected readingsin the artersal channel
n mne experiments The mean deviation from the expected amphtude w25
} 9 % and imphes the presence of a systematic error as well as random errﬂﬁo
The differences between the values for the two periods separated bya? I
hours snterval are not 1nd e of any derable dnft tend 1n the app3
Tatus
The deviations from zero 1n the difference channel 1n the nine cxpenmenty
expressed 1n per cent of the activity 1n the detectors are shown n Table "l‘
Only 1n exp 5 was the deviation too large to be attnibutable to randomness "{
the radioactuve decay The readings for the two periods provide no evidence b
an appreaiable dnft tendency 1n the channel

The standard deviations for the tracings from the artenal and dufferenc®
channels were closely correlated to the caleulated scattering due to randomnes
of decay m radioactivity It was not possible to show by statistical methods 3;3
difference between these standard deviatons and the values calculated
decay scattering

Fig 3 presents the two
and the level-esumatng method, 1n an expenment with varying

methods for evaluating the tracings the spot method
activity Jeve
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LEVEL ESTIMATING

Fig 3 Comparuson of the spot method
and the lesel-estumating method 1n an
experiment with varymg actiaty Jes els

SPOT
2 4 6 8 10 12 m METHOD

The values are closely correlated which indicates that hittle loss of accuracy 1s
to be expected when mean values representing 10 munutes or more are deter
muned with the level estimatng method

Speed of response

The term “speed of response  1s here used to denote the capaaty of the appa
ratus to reflect rapid changes in a v difference The speed of response varses
nversely wath thevolume of the sprrals and directly wath the rate of flow through
them — the more raprd the flow and the smaller the volume, the greater the
speed of response The most important factor n this respect however 1s the
tume constant of the ratemeters which can be selected from the senies 0 3 3 and
30sec or | 10 and 100 sec

If 1t 15 assumed that a 13 1m Iib when the amphtude 1s
within 06745 ¢ from the true value the time to establish equiibrium can be
obtamned from the equation (ke et al 1946)

£=RC (1/2 log 2 NRC 4-039%)

‘The error 1s proportional to |/N{RC Therefore the lowest hme constant
that can be used 15 determined by the radioactunty of the blood and the re
quired accuracy As the blood concentration of the substance under study will
asa rule be dependent upon the purpose of the expenment thehming factors

for the speed of response are the of the 11 and the
speafic actvity of the labelling 1sotope 1 a
Hovw the responsiveness depends on the damping 1n 2 =

1 Fig 4 whichshows the amphtude and duration of a square wave ngnal that
produces a detectable change in the tracings under the conditions n the tests,
1 e atalevel of actity guang 1 000 cpm ‘and with a time constant of 30;::1
A detectable change has been defined as one that exceeds 3 tumes the 5§an 1a
deviation at the actvity level i queston. The can be red as
a sumple RC arcuit with the tume constant RC. The charge ¥ on the e
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Fig 4 Relationship between amphitude and duration of 2 signal that can be detected n the
artenal channel and 1n the difference channel when the differcnce 18 zero and n the difference
channcl when the difference 18 cqual to the arterial actvity (actwvity in venous channel = 0}

At il AV

3 dfr
cpm  pm
1000
Fig 5 Record from an experument
soogioee 1nwhich the arterior enous ;i‘:germce
800 for I 1-d odrast v as measured across
b0 W Wi 2 rabbit Judn y .
800 A A = arteral concentration O
‘o T n.diodrast

top blood pressure temperature.
urine flow and time in minutes.

a0 A AV = arteriovenous difference
o i " E‘ Ay The arrow denotes an intravenoss
ot-2o0 B0 LB | 4 injection of mactive diodrast R
¥ ¥ maming tracings repretent from the

0 -

1

15 then ¥, (1 — e*/%¢) where the potential difference across the crcuit at

tme £ = 013 ¥, IfV =30 wehave ¥y = 7 f_:"c The diagram shows the

3 h

T between the amplitude and d of a signal that can be de-
tected m the artertal channel and 1n the difference channel when the differcnc
15 zero, and 1n the difference channel when the difference 15 equal to the artenal
actvity (1 ¢ the actity 1n the venous channel 1s zero)

Examples of application of the method
Fig 5 shows the record from an experiment i which the a v difference for
diodrast labelled with I was measured across a rabbit kidney The upper
ratemeter tracing shows the artenal concentration and the lower thea v
ference for It diodrast The decrease n difference 1s due to an ntrayenous

injection of mactive diodrast which 1s indrcated by the arrow
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Comments

‘The tests showed that the observed fluctuations in the tracings from the arte-
naland the a v difference channels were mn close agreement wath the theoretic
fl due to the rand of decay mn rad Nor was the accu
racy apprectably lower than that usually specified for ratemeters The manu-
facturer states an accuracy within - 3 per cent for the ratemeter used m the
arteral channel The obsersed values support the view that the total accuracy,

luding calib and hing p d 15 well withn £ 10 per cent
The relesant figure 15 probably more than — 3 per cent and less than = 10 per
cent.

In biologic matenal the v as a rule are derably greater than the
errors with swhich we are concerned here The apparatus therefore would scem
to be sufficently accurate for purposes such as study of uptake and excreuon
of radioactively labelled substances under varying condations 1n organs where
withdrawal and return of blood can be effected by catheterzation

In the tests of the apparatus 113 \was used as radiation source Provided that
the basic conditions in the tests are unaltered 1 ¢ actvity level an the detectors
1000 cpm above background level and 1 background level 500 cpm
the results of these tests can be applied to most other , -emtting 1sotopes The
tendency to disenmumator and high tension dnft mght assume greater mnport
ance with 1sotopes having a , ray energy spectrum differing from that of Tist
In most cases the effect of the dnft can be counteracted by suitable choce of
‘oltages for the ph ltupliers and d:

Probably Little 1s to be gamed 1n accuracy by rassing the level of radioactivity
The scatter due to the randomness of radioactive decay 15 not a major compo-
nent of the total error By increasing the radioactivity the measuning range of
the apparatus 15 altered but 1ts accuracy 1s unaffected On the other hand the
speed of response can be ¢onsiderably increased since a nise m radioacavity
permuts 3 corresponding decrease m the time constant The posibility of acs
celerating, response 1s limited however and for high effciency 1 this respect
1L 18 necessary to use another method such as contnuous drop collection wluch
permuts the measurement of radioactsy ity m each drop (SODERBERG 1938)

The author 1 indepted to \Mr Bea.
design of the difference Tatemeter

T Lixpexe at The Roval Insutute of Technology for the
o
sututet 15 gratefully acknowledged.
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Abstract

Ryp G Protectue effect of bretylum on notadrenaline stores 1n organs
Acta physiol. scand 1962 5 60—93 — The noradrenaline con
tent of the Liver heart and kidney of the gunea pig was mereased
after 2n P 1 dose of 50 mg bretylium, given 1/2 to 4 hours
previously No increase was found 1n the bran In hver spleen
and heart the d 2cton of- pine on drenaline was par
tially prevented by bretyhum, but no effect was noted 1a the kidaey
and bran. In organs analyzed 24 hours after iyection of bretyhum
the amounts of catecholamines did not differ from the controls

Boura and Green (1999) found that bretyhum speafically blocks the ffect
of adrenergic nenve sumulation, without 1nterfermg wath the parasympathet
nerves Accordmg to these authors the depressant action of bretylum s located
penpheral of the sympathetic gangha. The failure of adrenergic nenve sul
ulation to produce an action 15 not due to blocking of the effects of adrenaline
or noradrenaline simce both ammes show cnhanced effects after bretylum
as 1 the case of hol after p 1 neurosection. For thest
reasons 1t has been assumed that bretyLium prevents the releasc of the neuro

After ad of bretylium for several weeks Boura et al
(1929) found no depletion of the catecholamine content of tssues of cats b“‘"
Gren (1960) has reported that some depletion occurs m spleen and heart @
cats. Furacort and Rurrekar (1960) found no sigmificant alteration of the
catecholamune content of guinea pig atna after exposure to bretylium 13 BC“;‘
expenuments  The present expeniments have been made i order to stuo}
whether the stores of catecholamines m sanous organs 1n sno are mfuen
by brenliumm short term experiments

ad
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Teble I Moradrenahne p, (kg n guinza } g ovgans

Organ Controls ¢—4 hows Tnerease
(n =35} after 50 mgfkg prr cent

bretylium toslate

(n=13)
Heart 13 =0066 19 £0H 4% P = <000
Spleen 072£0094 093::013 3% |P=2>01
Radney 034 0020 0490031 #4 |P=<002>001
Beam 029 0016 025+ 0029 - —
Liver 017+ 0009 031003 82 P <0000

Table I Aoradrenaling 1a 1ilg organ

Organ Controls 24 bours After aeserpine
@=5) after resexpine and brecybuzm
(n=5) (a=7)

Heart 13 0066 <00, 017 =003
Spleen 0722 0054 <005 020002
Hudney 031 £ 0070 002+ 001 0022001

T 029 £ 0016 <00, <00
e 01720003 <001 003200

Methods

Brery lum tosylate was grven wtraperstoneally 10 aqueous solution i one dose of 50
’;f’*? 10 guinea pigy weighing 300—500 ¢ The animals were sacnficed with a blow on
b “ neck 1/2—4—94 hours after the myection The organs were dissected out immedia

cly weighed and ground with a muver after addition of 5 volumes 5 per cent trchlo-
;‘:ﬁﬂgc alcrd and extracted for 15 mun After filtening the residue was thoroughly washed
pHe 323“?8 of 5 per cent tnehloroacetic acd and the combined extracts adjusied to
PHES-S with 1N \aOH The catecholamines were adsorbed on an alumina column
e ﬂwnh Sm10 5N followed by 2 m} 0 25\ acetic aad The catecholanunes were

In uonmetncally according to Evter and Lisiagxo (1961)

e second series of anumals brety L was admiustered 1 p o gunea pigt in a dose
of30 mgfkg One hour later 0 » mg/kg reserpime (Serpasil D Caba) was gnen followed
™o doses of breryLum tosylate (Darenthun kindlv gnen by Dr M. L. A BOURA,
Beckenham) 20 mg/kg each after 6 and 20 hours respectivelv After 24 hours the animals
were klfed and the catecholamine content of the organs determuned as described above

Results
1 Bregylum
Table I md that the drenaline content 15 derably mereased in
the biver the heart and the kidney after the admunsstration of bretyhum. Also
the spleen showed an increase of noradrenaline on an average 32 per cent
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20r1g/g NRACREMLINE

O coTrRoL
18 AFTER BRETYLUM

Fig 1 Noradrenahine content i vanes
organs of gunea pig before (empry cdl
umns) and after bretylium 50 mg per kg
mtrapertoneally (smped columns) wih
standard error of the mean.

Thus inerease, however, was not sigmficant but 1t should be noted that the
E was high o effect of bretylium was noted on the bramn Simnce no difference
was observed between the group killed half an hour after the mjection of bre
tyhum and the one killed after four hours all values were treated together The
admmistration of bretylum did not seem to have any consistent effect on the
adrenaline content of the organs

In organs removed 24 hours after the injection of bretyium no difference
catecholamune yalues was found 1n companson with the contrel figures

2 Bretyhiwm and reserfane
The well known effect of noradrenaline depletion after reserpine is seen i
e IT which also shows that the mjection of repeated doses of bretyhum to
,cgerpxmzed guinea pigs counteracts to some extent the noradrenalme deple
tion caused by reserpine alone The above effect was noticed n the Iner the
spleen and the heart, whereas 1n the hidney and the brain no antagomstic cﬂ'tff
of bretylium could be recorded Changes 1o the amount of adrenahine as 2 resut
o admimstration of bretvlum to the reserpimzed ammal were obsenved onl
n the Iiver m which a small but statistically significant mcrease was observed-

Discussion

The findmg that the amounts of noradrenaline 1 organs from gumnea P
can mnerease after the admimstration of brets hum suggests that the argan stors
presumably 1 the adrenergic nerves are normally 1n a state of slight depletion
Thas mght occur as a q of latory mfl chucfly of refex
ongn perpetually releasing adrenergic transmutter substance as evidenced li"'
the constant finding of di line 1n unne If the ensung release from ¢
adrenergic neurons 1s prevented for instance by bretyhum, the stonng P"":;
might be assumed to proceed up to the storage hmuts Since no dufferences W it
found between the noradrenaline values 1 organs analyzed 1/2 and 4 lm“ur
afier the wjection of bretyhum 1t may be assumed that the stonng proces
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complete within 2 short time The results obtained by 1 urer and Uppen (1951)
who fourd increased amounts of noradrenaline in several organs of the cut after

4 of vanous hol p s may be mterpreted m the

same w. ay

The lack of effect of bretyhum on the cutecholamne values in organs ana
Iyzed 21 howrs after the d that the bretyl effect 15 of rela
tvely short duration I'his 1s also n keeping with the results obtamed 1n other
lands of experiments (BoLra et al 1939)

A possible explanation for the nability of bretyhum to influence the ete
cholamines 1n the brain might be that bretylium does not pass the blood brun
barner Thus Boura et al {1960) 1fter irgection of MC-labelled bretylinm in eats
found only a slight accumulation of this substance 1 the bran

The action of t 1 on the depl effect of 10verpine on
the catecholamune content 1n organs may be expluned on the grounds that the
gradual leakage of the arunes from the stores after reserpine 13 slowed down by
bretyhum An action of %! 1d ed by the intraven
trcular route agamst reserpine has recently been reported by Nonrton and
Covrvirre (1961)

Supported by the Office of Acro Space Rescarch Unit d Stat v Alr 1 ree 1t rough us Euro
Pean Office contract AF 61 (052) 303 to U S v Tuler
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From the D of Chintcal Bioch y and Physiology
Rungl Vetennarhogskolan Stockholm 51, Sweden

Blockang of the Thyroid Response to Cold by Local
Warmung of the Preoptic Region
By
B AnperssoN, L Exnyax © C Gars* and ] W Suwosten?
Recesved 5 June 1962

Local cooling of the preoptic region was recently found to cause a cov
spicuous acti ation of the thyraid gland with the development ©
marked core hyperthermia (ANDERssoN ef al 1962 and b) On the basis of
this observation 1t was postulated that the preoptic heat loss center  (Macot¥
et al 1938) normally exerts a tomic mhibition of the release of thyrotrophic

ne from the pitmtary Due to wmactivation of the heat loss cente
"’:ll’xnng cold exposure and hypothermia this inhibation would be removed 252
Tink 1 the metahohic response to cold Further evidence for the assumpton
would be provided 1f 1t could also be shown that local warmmng of the preop®
region blocks the thyrmd response to cold, especially sice this response
been shown to be mediated via the hypothalamo pruttary axis (G v Eute®
and Hormeren 1956) The study reported briefly in the followang shows that
such 1s really the case

By a special techmque of high frequency warming between two bilaterally smplanted
silver plates, 1t was possible to raise and to mamtan at a constant Jevel the temperatuf?
of the preoptic region of a goat for long periods of time This techmigue wall be descril .
1 detail later During the entire study the goat was placed in 1ts normal epyronme™
(coltared 1n a metat cage at a soom of 16 t0 18 C) Thyrod functo?
was studied using the plasma protein hound I8t (PBI®) technique

In the first senes of experiments cold stress was mduced on 3 conSg“':}‘l:
n

days by the rapid admunstration of 4 5 { of 1ce water into the rumen i
first day (Fig 1 A) this was done without warmmng the preoptic region
He
Postdoctoral Ressarch Fellow Disinon of \ewrological Discases and Blindaess U S P

Health Servsce e
+ Postdoctoral Fellow Divwon of Bofogical and Medical Sciences U § Datonal Sac

Foundation.
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Fig 1 A Thyro d response {plasma PBI ) to rummal cooling (RC,

B “Tnbibition o the 1oq ns(:by preopuc)warmmg (preopt w) to 408 C. Note subsequent
Tise 1 plasma PBI * and onset of shivering when preoptic warmmg was stop;

C. Rumimnal ¢ooling repeated without preoptic warming The dose of carrier free I * (60 mucro-
curie) guen 3 days prior to the experiment Tume of day recorded on abscissa

Fig 2 Dununished release of PBI  into plasma during preoptic warmmng followed by an 1n
ereased release and a rise of body temperature on cessation of preopic warming Sixty micro-
€unc carrerfree 1 gaven at the arrow

temperature of the ammal first fell about 5 C but started to nise again within
an hour Duning the fall and the first part of the rsing phase of body tempera
ture the amal shivered and the release of thyroid hormone was mcreased as
indicated by a conspicuous rise 1n plasma PBI! The body temperature again
reached pre—cooling level after 6 hours However on the second day when
rumnal cooling was performed duning warming of the preopuc region (to
408 C) the reacuon of the ammal was entirely different (Fig 1B} The
plasma PBI'™ first fell and then stayed at a low level dunng the 6 hours o
preoptic warming Throughout this period sh g was letely supp d
and the body temperature continued to fall (to 31 C) When at this point the
Preoplic warming was stopped the onset of shivenng and a marked nse of
plasma PBI™ occurred To test the reactiaty of the pituitary thyroid system,
rurminal cooling was agan performed without preoptic warmung on the third
day (Fig 1C) The response was very much the same as that m the sumilar
expenment on the first day

In another expenment the thyroidal effect of preoptic warming was tested
as early as 11 hours after the adminsstranon of 1% : ¢ durg the rising phase
of plasma PBI™ (Fig 2) The room temperature was 17 C and no additional
cold was apphed to the goat The temperature of the preoptic region was
raised from 39 7 to 41 2 C and mantamned at thus level for 6 hours Dunng
Preoptic warmung the plasma PBI* ! ceased to nise and the body temperature
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From the Departments of Chmecal Biochenustry and Physiology,
Rungl. Vetermarhogskolan Stockholm 51, Sweden

Blocking of the Thyroid Response to Cold by Local
Warmung of the Preoptic Region
By
B Axperssow, L Esday, C C Gare! and J] W Sunosten?
Recerved 5 June 1962

Local cooling of the preopuc region was recently found to cavse 3 con
spictious actvation of the thyroid gland concomtant wath the desclopment of
marked core hyperthermia (AxpERSsow ef al 19622 and b) On the bass of
this obsers ation 1t was postulated that the preoptic “heat loss centes  {Macors

al 1938) normally exerts 2 tonic mhibition of the release of thyrotrophic

from the pitwitary Due to wnactivation of the heat loss crater
,.A’mng cold exposure and hypothermia this inhubition would be removed 212
'link 1n the metabolic response to cold Further evidence for the asumptios
would be provided 1f 1t could also be shown that local warmng of the preopte
region blocks the thyroid response to cold especially since this response has
been shown to be mediated via the hypothalamo-pitutary axs (C v Evis
and HormGren 1956) The study reported briefly m the following shows that
such 15 really the case

By a specsal technique of high froquency wapming between two bilaterally umplasied
silver plates, 1t was possible to ratse and to mamtain at 2 constant level the temperature
of the preoptic regson of a goat for long pertods of time Thus techmque will be descri "

1n detail later Dunng the entire study the goat was placed mn sts normal ¢a¥
{collaredin 2 bolism cage at a room P of 16 t0 18 C) Thyrod funcped

was studied using the plasma protein bound I (PBI'?) techmque

]
n the first senes of expersments cold stress was wduced on 3 wﬂsg“':}‘m
days by the rapid adminustration of 4 5 { of 1ce water mnto the rumern. ﬂﬂ:
first day (Fig 1A) this was done wathout warming the preoptic region. -
3
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From the D of Ph 1 Rarolinsk kholm Sweden

Effect of Phlorizin on the it Vitro Release
of Histamne from Lung Tissue!
By
Bermin, Drascanr
Recer ed 16 February 1962

Abstract

Duasant B Effect of phlorzin on the n mitro release of histamne from
lung tissue Acta physiol. scand 1962 56 97102 — Histamine
release was mduced from sepsitized guinea pig lung tissue by anhgen
and from non sensitized rat lung tissue by compound 48,80 Phlor
1z (10-°M) had no apparent mhibitory effect on the histazmne
releasing reactions when chated under mtrogen 1 the presence of
56 x 10\ glucose When the glucase concentration was decreased
to 7 > 107\{ phlormin (107\M) whibited histanune release under
nitrogen 1n both reactions to the same extent as did mtrogenation
mn the absence of glucose Under mtrogen the enhancmg effect of
glucose was progressively hibited by increasing concentrations of
phlonzin. In both reactions s mbibitory effect decreased with
nsing glucose concentration The results are interpreted to mdicate
that phlonzin mhitats histamune release mamly by mhibiing the
transport of glucose

Glucose counteracts the inhibitory effect of rutrogen anowz on the m zro
release of histamune from vanous anumnal tissues This has been reported to
apply to lustamine release mnduced by Ascans extract (Diamaxt 1960 1961)
by compound 18/80 (WestTERmOLM 1960 Diasaxt and Uwnis 1961 Roti
scup Vicaan and Rocms e Sieva 1961) by anaphylatoun (Rorascrzn
and Barrero 1961} and by antigen antibody reaction (MoussaTene and
Provoust Danos 1961 Rotascrto and Barreto 1961, Drastant 1962 2)
In view of these findings the effect of phlonzin on hummme release chcxted
under nitrogen was nve d Phlonzin 1s dered to act on
the biologcal transport of glucose an extensive review of 1ts action has been
given by LoTseeren (1959)

A prelimunary report of these results was presented at a meeting of the Swedish Sotiety for
Allergy on 30 November 1961 1n btockbolm.

7693015 Acta phynol scand ¥ al 56
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HISTAMINE RELEASE (%!
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PHLORIZIN (M) PHLORIZIN (M)
Fg 1 Fig 2

Fig 1 Effect of phlorizin (16-5\ — 10-M) on histamine release under nitrogert from guinea
pi lung tissue induced by antygen in the presence of glucose ( ——-- =56 x 1071\
=7 > 10 M} One experiment each dot represents a single test Fuled terangle =
histamune release under nitreg n wathout gluco ¢ or prlenzin

Fiw 2 Effect of phlonzin (10~ M— 10~ M) on histamine releasc under mirogen from
lung tssue induced by compound 48/80 tn the presence of glucose { ———o 56 X 1074
=7 X 10~M) Two experiments each dot represents a sngle test Open and filled
triangle = histamune release under nitrogen without glucose or phionzin

at

Methods
T tamune release was chated from sensittized guinea pig lung tissue by antigen
~d egg albumin 1 mg/ml) and from non scnsitized rat lung tissue by com
4 alnd 48/80 (35 pug/ml) under the influence of mtrogen otygen and glucase as de
“ibed earher (DiavanT and Uvnas 1961 Diamant 1962 a) In all experments the
lung tissue — cut nto small preces — was mcubated for 15 mun m air 1n the relevant
experiments  phlorizin was present m the mcubavon medmm dunng this perx
Introduction of mtrogen or oxygen followed and when relevant addition of glucos
15 mm later the histamunc releaser was added After a further 20 mun (during €of
tinued nitrogenation or oxygenation) the mcubation fluid (phosphate buffer mitial P
7 1—73) was withdrawn The final pH was determmed electrometrically {Beckmar
pH meter model G) Histamine was assayed on atropinwed guinca pig lleum The
assay was not affected by phlonzin in the used The relesse
13 given ag a percentage of the total histamme content of the lung tissue All v
are corrected for the spontaneous histamine release

alues

Materials
D dextrose anhydrous {analytical reagent grade Mallinckrodt Chemical Yworks M
York USA)
Phlorian (Dr T Schuchardt and Co  Mumich Germany)
Cyitalli.ed egg albumin (hebo AB Stockholm Sweden) 1—0%
Ovygen and mtragen (Aga AB Stackholm Sweden) The nutragen contained 0
per cent umpurities (part of which consisted of oxygen} Dr D
Compound 4880 (Leo AB Halsmgborg Sweden) supplicd by the courtesy o

Hogberg
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Fig 3 Effect of phlonan {107 M —
73 x 10~ \1) on histamine release un
der mt ogen m the presence of 7 %
T0- M ghacose 1nduced by antigen Srom
gumnes pig lung tsue( ~——cs) and by
Compound 43/80 from rat Jung tssue
(—=—) On experzment with each
Listamine releases €z h dot represents
asugle test Open.and Alled tangie =
Tustam nc release under mitrogen with
out ghicose or phlonzin

o STA NE RELEASE, (%)

O 104 2 0% R0 @0t S0 7507
PrLoRizIN WY

Resnlts

Phloszzin 1n concentrations rangmg from 10-5M ta 10-M, had ne ebvious
effect on histamne release ehated under mtrogen m the presence of 3 6 X 10 3\
glucose as shown m Fig 1 (antigen and guinea pig lung tissue) and Fig 2
(compound 48/80 and rat lung tissu¢) When the glucose concentration was
decreased to 7 x10~*M on the other hand 107°M phlonzmn reduced the
Tustarune release m both re.ctions to almost the same values as those obtatned
under rutrogen m the absence of glucose

In the presence of oxygen but without glucose 10~*M phlornizin had ne -
hibitory effect tnot shown 1n Figs 1 and 2) In the presence of oxygen ind the
absence of glucose and phlonzin 11 per cent of the total histamine content
was released by anugen from gumea psg lung tissue Under wdentical conds-
nons but in the presence of 10-°M phlorizin the value was unchanged The
correspondimg tustamine release from rat lung tissue induced by compound

48/80 amounted to 17 per cent mn the absence of phlonzin and to 18 per cent
1 the presence of 10 *M phlonzm
Under mtrogen the enhancing effect of 7 X 10-4Mf glucose on both

was prog ly lost with nsing concentrations
10 N—75 ¥ 10~ (Fig 3) In both reacttons 75 x
18 phlonzin completely mhibited the effect of glucose whereas2 5 x 10—\
phlonzin produced about 50 per cent inhibition

The wnbubstory effect of 25 x 10-*M phlonzin on the huistamine release
chierted under mtrogen decreased with nsing glucose concentration {18 ¥
T0M--28 « 10-*M) as shown m Fig 4 (antigen and gumea pig lung
assuc) and Fig 5 (compound 48/80 and rat Jung tssuc)

releasng
of phlonazin 1
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ISTASINE RELEASE pgd

. Tie 4 Effectofglucose (18 » 103 —
28 X 10~\1) on histamine 1 leasc under

nitrogen  anduced by antigen from
gumnea pig lung tisue 1a the abswence
—————s+} and 1n the presence {| ———=)
of phlorizin {2 o > 10-4\M) One expen
ment  each dot represents a single test

©comdx o7 I -5
GLUCOSE (ot} 1© mgimd
34
3
b
a2
&
w
E
Fig 5 Effectofgluco e (18 7 107N~
Y] 28 ¥ 10-2M) on hustamine relcasc under
’ nitrogen nduced by compound 48 89
from rat lung ussue in the absencc
{ ~—— ) and in the presence ( ——=)
of phlorizin (25 ~ 10~4\M) One expert
ment cach dot represents a single fest
QoBax o7 ) 28
GLUCOE fobt) (O5mgmy

Discussion

According to Lorspricn (1929), much evidence now ponts to & membrane
ate where phlonzin binds a glucose camer with a hugh affimty 1 a number
»f cell types  In hus opinion, the inhibitory effect of phlonzin on acrobic utsh
ration of glucose and on owudative phosphorylation (Suarmo 1947, Mact
1906 KEeLLer and Lorsperci 1999 2) as well as the finding that phlorizm 18
Juces swelling of mitochondna (et LEr and Lotspeicn 1959 b), appear to be

secondary ph lung from phl induced changes 1 cell and
hondrial t permeability’  (Lotsepicu 1929) In the pf;:‘uc“'

ymyestgation 1090\ phlonz‘m lacked any inhibitory effect on hustarune ¢ :
under oxygen 1n the absence of glucose an observation which applied to both
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antigen induced histamine release from guwmea prg lung ussue, and compound
48/80-1nduced histamine release from rat lung tissue This finding supports
the mterpretation of the effect of phlorizin given by Lorsericn Thus af phlor-
1z1n acted primanly on bl reactions inlub of }
release should occur under the e‘(pcnmcntal conditions . question

Under mtrogen 1n the presence of 56 X 10 *M glucose 10-*M phlonzin
had no apparent effect on the Justamne releasing reactions mvesugated
When the glucose concentration was decreased to 7 X 10~4M the hustamine
release 1n both reactions was reduced by 10 M phlormzin to the same values
as those fo\md under mtrogen in the abscncc of glucose Earher studies of the
effect of p on phylactic release from guinea pig lung
tissue were pcrformcd 1n Tyrode solution (which usually contains 56 x 10 SM
glucose) and n the presence of air These factors probably explan why phlor-
1z1n was reported to have only a weak iniibitory effect (Austen and BrockLE-
nursT 1961) or none (CHAKRAVARTY 1960) 1n concentrationsabove 5 X 10 3M

Opinions are at vanance regarding whether phlonzin competes with glucose
for a monosaccharide carrier on the cell membrane 1n a competitive or 2 non
competitne way In the kidney of the dog (Lorseeic and Woronkow 1958)
and the Ehrlich qsertes tumour cells (CRANE Fierp and Corr 1957) 1t has been
reported to act non competitsively Recently however Manour and Ruriakr
(1961) showed that 1 the rat ntestine phlorizimn mbubited glucose absorption
competitively The present investigatton concerned the mhibitory effect of
phlonizin on histamine release (as related to the enhancing effect of glucose)
and not 1ts action on glucose transport a fact which complicates interpretation
of the effect of phlorizin Despite tlns the findings suggest that its mechanism
of action 15 competitive rather than non competitive

In the present mnvestigation evidence 1n favour of the actton ot phlonzin
on the transport mechanism of glucose was obtamned by the finding that the
glucose concentration of the incubation medwm (ongmally 7 X 10 4M)
decreased less in the presence of phlorizin duning mmcubation than 1n 1ts absence
This was tested 1n some expenments (Diavant 1962 b) by determinmg the
glucose concentration according to the method of Hucest and Nrsow (1957)
It cannot be determned from the present study whether or not phlonizin — 1n
addition to mhibitmg glucose transport — affected the histamme releasing
reactions 10 questton by mnhibiting glycolysis According to Snaemo (1947}
however phlorizin has no such effect on minced cortex of rat kidney Whatever
reactions may be mvolied the net effect of phlonzm will be a decreased

anaerobic breakdown of glucose and ad 3
release The present results therefore suppon the suggestion that adequate
utilization of energy yiclding, sut 15 of if the b

releasing reactions myestigated are to proceed

In the presence of 7x 10 *M glucose almost 1denucal dosc response re
lations werc obtamned with v nious concentranons of phlonzin with respect to
Justamune release under mtrogen induced by antigen from guinea pig lung
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ussue, and by compound 48/80 from rat lung tissue This could 1mply that, im
both systems the energy requining step 15 equally sensitive to changes 1n the
amount of high-energy T ds available M 1t argues 1n favour of
the possibility that the energy requinng step 1s common to both reactons

Thus mvestigation has been supported by grants from Arbetscirkeln Diabetika and from
Rharolnska Institutet Sweden and from the MNational Institutes of Health (A 4064 C1)
U S A. for which grateful acknowledgement s made
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Comparison Between the Effects of Glucose and Sodium
Succinate on the mn Vitro Release of Histamine from
Guinea-Pig and Rat Lung Tissue?

By
BerTIL Drssant
Recesved 16 February 1962

Abstract

Drasaxt B Comparison between the effects of glucose and sodium suc
cinate on the wn vitro release of histamane from guinea-prg and rat lung tissue
Acta physiol scand 1962 56 103—111 — Hstamine release ehiated
under mtrogen ancxia by antigen from sensitized guinea prg Iung
tissue and by compound 48/80 from non sensitized rat lung tissue was
enhanced by the presence of glucose but not by that of sodrum suc
cnate [n the presence of oxygen sodium succinate as well a3 glucose
cnhanced anngen mduced bistamune release from gumea pig hing
tissue In contrast, lustamsne release from rat lung tissue induced by
anugen as well as by compound 48/80 was not enhanced by sodium
succinate 1 the presence of axygen whereas glucose was effective
m both reactions Possible reasons for this species difference are dis
cussed 1n the hight of the suppoution that the histamme refeauny
reactions mvestigated depend on adequate utiization of energy
yrelding and of high

BY

The enhancing effect of glucose on vanous m wre hustamune releasing
reactions mhubited by oxygen lack has been reported 1n several investigations
(for references see Table I) Among these reactions are anaphylactic histamine
release from rat and gunea pig lung ussue and compound 48/80-induced
histamune release from rat lung tissue In the presence of oxygen the two latter
reactions were also found to be enhanced by glucose (Table I)

A pr lununary report of these results w21 presented at a meetng of the Swedish Socety for_
Allergy on 30 Nosember 1961 1n Stockholm
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Table I Efeats of g'wose ord sucrnas 01 hastam n gelezse 10 21 10 eored under riimpen eed
5320 o5 seprrte? o gl rsesigatons

Referener Histarmuze Speases, Tisue | Efecr of
refeaser
Gluogse e
gemrrd medem

Drasast {1950 19,1} Asans extract Rat luzg -

Wasrruou (19 0} Compound 47120 | Cat sk ~

Drawaxy and Lvwas (1968) Compound 4320 | Rat lung -

Romamo e d (1%1) Compound 43/20 { Rardaphregm -

Maresatens sud PRovorsy Davow

{toe1)

Draseaws (1952 ) Antigen Ra. tung -

Aovssarenr and Faon over Davow
(19 1)

Romrscrmp and Barzsro {(1971)

Draseass {1%23) Annonn Cunespglog ks

Rormiceno 2nd Bazzero (141) | Arapinhtonn | Gusea-pg hng -

Saeemat wes™
gensted prSen

Saasexr et af (J90) Antigen Guopea p g bzg 0

Glugme 12 017
grnr.od medi=2

Deaanr (190 12 1) Ascoms extract Rat iz -

W osTranoru (1%0) Conponzd 53180 | Gt swn o
nseaxy zrd Ui 195 Conpound 43 o0} Rat g hut
Trscenb ef gf (1%}, Compound 47 0] Rat diapkragm bl

Yaseasarz e el (1950

Duasany (152 2y Anugen Guneapig lung T

Sucrie. BT
geasurd el

Morssarcar and Provoryy Daxox
97

Yavamsr g el 190, Conprund 42 £0 | Guarapg log 8
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contrary, have any enhanemg effect on histamune release from guinez pig lung
tissue when mduced by compound 48/80 although the oxygen consumption
was mereased These observations were put forward as evidence of a differ
ence between the mechansm of action i histamme release by anugen and
by chemscal hustamine releasers (Moussatent and Provoust Danoy 1957,
Y avasaxs Muraoka and Expo 1960) In the guinea pig however compound
48/80 1s g 1t dered to act non enzy dy (H and Uvnas
1957 Borers 1960 a) whereas anaphylactic lustamne release 15 usually
believed to 1nvolve enzymatic reactions

An account 1s given 1n the present paper of a rems estigation of the enhancing
effect of sodium onh )! reactions known to nvolve
enzymatic processes as Judged by their actration by glucose

Methods

Histamue release was mduced by antigen (crystallized cgg albumn 1 mg'ml) from
sensitized guinea pig and rat lung tissue and by compound 48/80 (35 pgfml) from
non sensitized rat hung tissue using methods described chewhere (DeaasT and Uvnas
1961 Dramsavt 1962 a) In all expenments the lung tissue — cut into small preces
— was mcubated for 15 nun pror to addition of the hustamune releasing agent. The
cubation flwd (phosphate buffer mutial pH 7 17 3) was withdrawn 20 min later
and the final pH determmed electrometrically (Beckman pH meter model G) Glucose
and/or sodium succinate was present from the begmning of incubation Duna,, the
whole 1acubation peniod  the lung tissue was exposed to axygen or nittogen  Histamne
was assayed on atropimzed gunea pig fleum Sodm succinate (i the concentration
used) did not affect the assay The histamine release 13 gnen as a percentage of the
total hustamune content of the lung tissue All values are corrected for the spontaneous
histamune release Each type of expermment was performed 2 to 4 times mean and
individual values of duplicate samples tn one representatis ¢ experunent are shown

Materials

D dextrose anhvdrous (analytrcal reagent grade Mallnckrodt Chemueal Worls,
New York, USA)

Sodym sucenate (Hoplun and Williams Ltd. Essex England)

Crystalli-ed eg albumn (hebo AB Stockholm, & eden)

Ouxygen and mtrogen (Aga AB Stockholm Sweden) The mitrogen contamed 0 1—0 3
per cent unpunties (part of which consisted of oxygen)

Compound 48/80 (Leo AB Halsingborg Sweden) supphed by the courtesy of Dr B
Hogberg

Results
Fig 1 shows the effect of equumolar concentrations (5 6 » 10-\1) of glucose
and sodium succinate on histamine release under mtrogen ehated by antigen
from guinea pig lung tisue and by compound 48 80 from rat lung hsue Dln
the absence of glucose as well as of sodium sucanate no hxstau:me release
was induced by antigen from guinea Pig lung tissue on an average m the pres-
ence of glucose 17 per cent of the total hustamme was released 1 the presence
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Fig 1 Effect of glucose { 6 x 10n\g
and sodium suceinate (56 x 100\ on
histamine release under nitrogen “1n
duced by antgen from guinea pig lung
tssue and by compound 48,80 from rat
lung tissue Aean and indwidual values
of duplicate samples 1 one experiment
with each histamme releaser are shown
1 No glucose or sodium succinate

2 Glucose

3 Sodwum succinate

4 Glucose + sodium succmate

HISTAMINE RELEASE [%)
~

Tz 3 & L2 3 _a
GUNEA PG _ay
ANTIGEN COMPOUKD 48/60

3

FLERSE ()

4

Fig 2 Effect of glucose (56 x 1024}
and sodum succnfatc (56 x 107\)on
histamine release under oxygen indu ¢
by antigen from guinca g lung ‘;’:H
and by compound 48/80 from rat lung.
tnsue Mean and induidual values b
duplicate sarmples i one expeniment wi
each hustamine releaser are shown

1 No glucose or sodm sucemate

l 2 Glu ose

8

3 Sodiwm succunate
4 Glucose -+ sodaum suctinate

T3 3 Z 3

Gurea pr A
aNTIGEN conroL @ 4380

of sodwm succmate less than 1 per cent and n the presence of both glucose
and sodium succmnate 16 per cent Correspond values for } P
release induced by compound 48/0 from rat lung ussue amounted to o
2 and 29 per cent Under anoxic condinons sodium succmate :\r\&ﬂ !
neither enhanced histamine release nor influenced the enhancing ¢
glucose 1n the reactions mvestgated
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Fir 3 Effect of glucose {36 x 107\) and sodium succmnate (56 > 107*M) on histamunc
celease wnrder oxygen induced by antigen from guinea pig Jung ssue and by ant~en and com-
pound 48/80 fram rat lung tisue Mean and wdividval values of duplicate samples in one ex
Penment on each hustamine releasmg reaction arc shown The lung tisue was pre-cxposed to
mitrogen for 33 mun (without glucose or sodium succinate) and rewncubated under oxygen after
ashing

1 “\o glucose or sod um suctinate
2 Gluco e

3 Sodwm succipate

The evperiments shown m Fig 2 were performed in the same way as those
m Fig | except that mrrogen was replaced by oxygen Anaphylactic husta
mune release from gunea pig lung tissue averaged 21 per cent in the absence
of glucose and sodium succinate In the presence of glucose (o 6 X 10-\[} 28 per
cent of the total histamme content was released 1n the presence of sodium
succinate (96 < 10~ M) 31 per cent and in the presence of both glurese
and sodwm sucenate 43 per cent The corresponding histamune tele se elic
tted by compound 48{t0 from rat lung tissue amounted to 25 33 25 and 32
per cent respectively Thus under oqygen the anaphylactic histamne release
from guinea pig lung tissue was enhanced to a greater degree by sodium
succinate than by glucose optunal activation beng obtamed when glucose and
sodium sutcinate Wert present concurrently m the medium Compound 48/80-
induced hustamine release from rat lung tissue was on the contrary enhanced
only by glucose and was il d by the p of sodium

A smaller difference than that shown s Fig 2 was ometmes obeerved
between the hisrammne release ebated under ovygen from rat lung ussue b

d 48/80 1n the presence of glucose and mn 1ts absence It was show

1n an earher study that when rat and gumea prg lung tissue were pre incubate
under nitrogen mn the absence of glucose for 3o mn, t
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release under oxygen in the absence of glucose dimimished whereas under
oxygen n the presence of glucose only shght mnhibitory effects were noted
{Diamant 1962Db) To obtan a larger diffe between the }
release under oxygen 1n the presence and absence of glucose which would
permut better evaluation of the effect of sodium succinate rat and guinea pig
lung tissue were pre incubated under nitrogen for 35 mun without glucose or
sodium succinate After washing with substrate free phosphate medium the
nssue was divided, and remcubated under oxygen with the usual procedure
Three experiments of this kind are shown in Fig 3 When gumea pig lung
tissue was exposed to antigen under oxygen in the absence of glucose and
sodium succinate 4 per cent of the total ustamune content was released The
value 1 the presence of 56 x 10-\ glucose was 10 per cent and in the
presence of 56 X 10-*M sodium succinate 17 per cent In rat lung tssue, the
corresponding figures were 3, 13 and 1 per cent after exposure to antigen and
13 28 and 9 per cent after exposure to compound 48/80 It 15 evident that
the } release was enk d by glucose 1 all these reactons Sodwm
succinate had a greater actinating effect than glucose m an.phylactc release
from gumea pig lung tissue, whereas 1t fatled to enhance the release from rat
Iung tissue when elictted by .ntigen as well as by compound 48/80
Glucose was found to decrease the final pH of the meubation medwm by
about 02 umt 1n all expeniments indicating an accumulation of Jactic aad
No change m the final pH was on the contrary, produced by sodum succinate
any of the experiments

w ! Dascusston
" The present investigation supports the view that the lustamne releasin®
reactions investigated mvolve some energy requining step Theoretcally lack
of hugh energy p ds and quentl b of 1 releasc
can be nduced m several ways These problems were discussed i 2 recent
paper m the Light of the effect of pre-exposure of rat and guinea pig lung
tissue to anoxe glucose free cond PriOr t0 €xp to compound 48/80
Ascanss extract and antugen under various metabolic situations with oxygen
mitrogen and glucose (Dravant 1962b) It was suggested that adequatt
utilization of energy vielding substrates and of high energy compounds may

o
be of fi for the } ! reactions in Question This sug
gestion 1s borne out by the present 1nvestigation Dasos

Add 1 enid was d by Moussatciti and ProvousT DA
. duced

(1961) They showed that the enhancing effect of glucose on antigen 1 ”
hustamune release from guinea pig lung ussue elrerted under nitrogen “ed
correlated to the glycolytic actwity of the tissue (as judged by the mcrnsor
Qe mduced by glucose) They further observed that i the presence

amine
mono-todoacetate, glucose enhanced nesther Q¢ not anaphylactic hust

relcase
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Yamasaxs \Muraoka and Expo (1960) stated that under nitrogen anowa
sodium sucanate lacked any enhancing effect on anaphylactic hustamme
release from gunea pig lung nissue This was confirmed in the present
vestigation and was also shown to apply to histamme release eliated by com
pound 48/80 from rat lung tissue In these expeniments the enhanang effect
of glucese 1ly when b with sodiam served as a check
that nstamne release could 1n fact take place under the anowic expenmental
conditions used It can therefore be luded that sodum has no
effect on histamme release under conditions where 1t cannot be metabolized

Yamasaxs et al {1960) further noted that m the presence of oxygen ana-
phylachc histamme release from guinea pig lung tissue was increased more by
sodium succinate than by glucose Moreover, m the presence of both sodium
succinate and glucose the mcrease was greater than that produced by sodmum
succinate alone The present study confirms these results with respect to
anaphylactic histanune release from gunea pig lung tissue Histamme release
from rat lung tissue — mduced by antigen as well as by compound 48/8¢ —
was not, on the contrary found to be enhanced by sodium succinate in the
presence of oxygen This finding lends support to CrakravArTY 5 (1960)
suggestion : ¢ that a species difference exists between the rat and guinea pig
with respect to histamne releasing reactions from lung tissue

The reason for the species difference noted 1n the present mvesthigation 1s

so far unknown In the presence of sodium succinate the oxygen consumption
of guinea pig lung ussue mereases (Movssatere and Provoust Darov 1928
Yanmasaxi e ol 1960 Crakravarty 1961) In rat lung tissue a sumlar in
crease m oxygen consumption was observed 1n the presence of sodium suc
amate (Diamaxt and Freonory 1962) These observations indicate that 1n
the lung tissue of both species oudation of sodium sucanate occurs with a
resulting formation of hugh energy compounds This 13 borne out by the finding
of LEE Yu and Burstem (1960) t ¢ that sodmum succmnate (as well as glu
cose) besides g the oxygen P also d the
triphosphate (ATP) and phosp content of cat papillary muscle Con
sequently the species difference noted m regard to the enhancng effect of
sodium succinate on histanune release cannot be ascribed to sodium succinate
not being metabolized m rat lung tissue

In previous from thus lak

¥ (see HocrERG and Us nas
1957 1960 Borrts and CHAKRAVARTY 1960 Boreus 1960 b Uvnas and Tion

1961 Uwnas 1961 Drasany and Uvvas 1961) evidence has been presented
showing that the histamine release from tissues — mdvced by antigen antbody
reaction and by chemical (compound 48/80) and tiologically occurnng hista
mune releasers (dscarts Cyanea) — 15 the result of enzymatic reactions taking.
place 1n the mast cells which thereby undergo morphologtcal changes The
histamne release from vanous tissues and from isolated rat mast cells as
well as the morphological changes in mast cellssnsitu caused by these agents
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are, on the whole similarly affected by factors influencing metabolism This has
led Uvnas (1961) to conclude that the mast cell 1s the site of the metabolc
processes necessary for the release of hstamne’

The mability of sodium succmate to enhance histamne release from rat Jung
tissue noted in the present mvestigation could therefore be explamed on the
following assumptions Rat mast cells — 1n contrast to those of the gumea pig
— mught lack the prerequisites exther for uptake of sodium sucanate from the

N

ot for ats utl m energy generating reactions Another
reason mught be that i rat mast cells the postulated energy requining stepin
the leading to | release cannot utilize energy (ATP) gener

ated m mutochondnia through the oxidation of sodium sucenate Although at
present, this 1s only hypothesis 1t opens up mteresting aspects for future work
In those investigations dealing with histamine release as correlated to meta
bolie reactions 1n minced tissues, 1t hag generally been assumed that the oxygen
consumption of the tissues reflects the metabolic reactions of the mast cells
The present finding that sodwm succinate does not shmulate histamune
release from rat lung tissue despate the fact that the oxygen con umption is
creased (DiaMaNT and 1Ripmoim 1962) emphasizes the possibility that such
an assumption may not be valid Only aneghgible part of the total metabolism
registered could probably be accounted for by the mast cells of the issues
It 15 therefore suggested that before any conclusions are drawn from discrep
ancies between histamne release and oxvgen consumption of swhole tissues the
vesults should be confirmed on isolated mast cefls with special regard to the
" atent and utlization of ATP n these cells at the time of exposure to st
~ releasing avents

s
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gratefully acknowledged

References
Auvstex R F and W E Droceesumss Anaphylaxs m chopped gunea pig Jung If B¢
of the k release of hust; ¢ and slow reacting substance by cm;x’n
dibasic abphatc acids and whibiton by monobasic fatty acids J exp Med 1961 !
541557 ”
Borets L O A corrparison of mast cell reactions in the rat hamster and gumnea pg
phrsiol scand 1960 a 49 251~-260
PBorzts L O Or studres on the
Icta hystol scand 1960 b 48 431—438
BJZZ; L {)’and N Citakravarty Tissue mast cells histamine and slow reacung substioc®
i anaphylactc reaction n guinea pig Acla fhysiol scand 1960 48 315—322 -
Cranzavarty N The mechanusm of histanune release 1 anaphylactic eaction i1 &9
g and rat Aca physiol scand ::g(l) 48 146166
Pers comm
g:?:: gnnf \nfiuence of anoxia and glucose on histamne liberation caw ed by 2 prcr!
w0 fscans qus A ta phynol scand 1970 50 Suppl 175 34

mast cell reaction n zito 1n the guined




GLUGOSE, SUCCINATE AND HISTAMINE RELEASE 11

Dustast B Histanune release ehiaited by extracts from  fsans suis — smfluence of oxygen
lack and glucose Acta phissol scand 1961 57 8—92
Draast B Ob on shyl; and 48/80-induced histamune release
from guinea pig and rat lung tissue i sitro Acts phystol scand 19622 55 1195
Dusmast B Further observations on the effect of anewia on hustamune release from gunea
p g and rat lung tissuc i sitre deta phvsiol scand 1962 b 56 1—16
Diamant B and B Freonorm To be publ 1962
Drautast B and B Uvvas Evidence for encrgy requinng processes 1 histamune release and
mast cell degranulation i rat tissues mduced by compound 48/80 4cta physsol scand 1961
53 315—329
HoosERG B and B Uvnas The mechamsm of the disruption of mast cells produced by
compound 48/80 Acta physiol seand 1957 41 335—369
Hocpere B and B Uvnas Further observations on the distuption of rat mesenter; mast
cells caused by compound 48/80 antigen antibody reaction lecsthmase A and decylamine
dcta physiol scand 1960 48 133~145
Lxe h S D H lvand R Bursrexv The effect of ouabain on the oxygen copsumption
the lugh energy phosphates and the contractil ty of the cat papillary muscle 7 Pharmacol
1960 179 115—127
Moussarcat H and A Provotsr Danov The effect of succinate and malonate on the chermucal
release of histarme from gunea p g lung slices Aaturasssens Aaften 1927 44 637—638
Movusstacnf H and A Provoust Danov Influence of sodwm succinate and malonate on
the histamume release 1n the anaphylactic reaction 1 mstro Arch Biockem Buophys 1928 77
108111
Moussatert H and A Provotst Dasov Influence of anacrobic glycolysis on release of
Justamune 1n the gumea p g and rat anaphylact ¢ reaction i vtire Aatare (Lond ) 1961 197
361—367
Rortscrmp A M and ] U Barrero Effect of metabolic inub tors on the release of histamne
by anaphylatoun and by antgen m nit ¢ Expenentia (Basel) 1961 17 555—556
Rothscp A. M T Vucsan and M Rocns £ Sumva Metabolic studies on the release of
Iusta nine by ompound 48/80 s the rat diaphragm B chemt Pharmacol 1961 7 248~ 255
Uwvas B Nechanism of release from mast cells Chemotherapra 1961 3 137--149
Uvas B and T L Tuon Evidence for enzymatic release from 1solated rat mase cells Exp
el Re 1961 23 45—57
Westenoiy B The wfluence of anowa on 48/80-induced hustamume selease from cat sk n
Adta physiol scand 1960 50 300—305
Yastasant H § Muraoka and k. Expo Energy metabolic aspect of histamne relcase .
anaphylaxss Jap F Pharmocol 1960 10 21—79




From the D of N logy and the Lab y of Clinical h

Acta physiel scand. 1962 56 112~-119

The University and the Sahlgrenska Hospital Coteborg Sweden

A Method for Study of the Interrelation Between EEG

112

and Blood-Brain Barrier Phenomena
By
S Fropmark and O STEINWALL
Receved 19 February 1962

Abstract

Froomaxk, S and O Srerswar. 4 method for study of the wterrela
tion between EEG and blood braw barner phenamens Acta physiol scand
1962 56 112—119 — An expenmental procedure has been elabo-
rated to facilitate selective cffects exerted by ageats applied witha
the cerebral vessels on LEG and blood brain barner phenomena In
rabbits short term (less than 1 munute) perfusion of one hermsphere s
performed via the ipsilateral internal carotd artery with a pressurc
adjusted so as to obtain displacement of the Blood Thus displacement
15 controlled by inspection of the pial vessels through a trephinc open
g The techmgue amphes control of the actrve conceatration 19
Ioto of the applied agents and of the application tme hencegraded
mBuences pear the threshold levels can be obtamed

Structural and metabolic considerations make 1t concewvable that
low grade damage of the blood bram barrier may be produced with
no sigificant effect on the neuronal actmty as reflected m EEG
(except for the brief mfluence from the blood depnvation) After
such damage int of sustable subr un
able to pass the mtact barrer may give rise to unilateral EEG changes
and thus reveal the defective barmer function [wo model expent
ments are reported The first one shaws that umilateral blood depriva
tion per se (for about 2 mun) exerts a marked but reversible effect
on the EEG without damase to the blood brain barner as tested by
antravenously injrcted trypan blue The second experiment llustrates
an attempt to induce barrer damage without sigmficant changes 1
the EEG
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The cl:cmcal activity as observed 1 the EEG & essentally generated in
and thus p fy reflects the state of the neurons It bas
not heen shown that the gha cells actually produce electrical phenomena of
dyrect sigmificance for the EEG see Tasaxx and Cranc (1998) hut they no
doubt exert an induect effect on the EEG by sirtue of thewr deasive influence
on neoroual metabolism 1 2 see Hypfy {1960) The mterposiion of ghal
clements between neurons and bram capillames strongly suggests that the
pernascular gha 15 mmvohed m the regulation of blood brawn exchange of
substances This does not necessanly mean that the specal phenomena
generally accorded to the blood bram bamet cmttpt are solely ghal effects
This concept probabl a of mecharusms the back.
ground of which way be found s different structures and metabohe factors
1 2 sce Browas {3955) Dosane (1961} Evsteow and Srzmavarr (1961)
Tscrmor {1961)

Correlations between the EEG and bload brain bamer phenomena have
been reported by many mvesbgators ¢ @ Pravos etal (1945} Amn (1949)
Broar etal {1951 b) Fuspereirs and Case (182)) Gonserre (1996)
Pureura etal (1958) Purrersand Camswciagn (1960) The ypresent tech
mgue for experments on rabibats has brenclaborated i crdcr 1O penetrate the

4 of Tt d effects on ! acuvity and barner

funcuons

Durmg FEG recording vartons agents ar apphed wathm the blood vessels
of one hemusphere  the other serves as a control with respect to EEG aswellas
to the mfluence of the apphed agents on barnier funcion Speaal astenton
has been directed to the achiesement of a reliable control of the concentraton
i foce of the applied agents as well as of the appheation time By that meaxns
mfluences near the threshold jevel can be obtmred and this presumably
favours the of d 1l on exther the barner or the LEG
In the present paper the expenmental procedures and two dustrate expers
ments will be reparted and discussed

Experrmental procedures

Adult rabbus i urethane ansestbesia were wsed Blood pressure was measured by

mmm of a mescury manometer connected to a femoral artery  In some expenments the
and the Y rate s &re i ty recorded

FFG 1 ondng et prelamnary sials with different types of dlectrades chiondized
steer screw 10 mm 1 length weet lound most suwable The sorev s were apphicated
wntraossealhy wihout tyun to the lamma terna of the bone becawse pressure Jesians
cash occur at prdurat appbeavon ¢ven 1 hen the dura s intacs Further fixation and
wolation <§ sh eletirodes s as obiamed + nh plastie coment. The elearodes were sy
mrincathy placed on T the hemuspheses anteniorly over the moter yegon just 1 front of
the w3 cawcnana and postenacke ovir the acaptal segon The disiamee from the
miil 1 s about ¥ mm Fipolac eecordine with an eghtchannet Grase FT'S machine
wa uird

B~87WM> 4 ta phy wl cand Fof 55
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Intravasal apphcation of a.ents The appheation of agents within the vessels of one
hemsphere was performed actording to a techmque developed by Bromax and OLssox
(1948 1956) and modified by STErvwALL {1058} The solunion was ingeeted thronh #
Pplastic catheter secured m one common ¢arotd artery after Ligation of 1ts proxmal part
and ats external branches The mnjection presoure was kept at the blood pressure level so
as to obtaw displacement of the blood from the spsilateral hemphere This was ton
trolled by inspecting the pral vessels through a treplune opemng with the trangparent
dura feft mtact The injection time was hept within 30-—15 sec Afterwards bload from
the other arteries supplving the arcle of Willis recirculated through the perfused
vessels In the event that luehly towic agents be emploved a reduction of their concentra
tiont 1 the general circulation mught be attaned by drainage from the external jugular
vem during the injection

The apphed chemical solutions were approximately neutral and 1sotonic and were
filtered before mjection When the applicanon time 15 bept within the narrow hauts
mentioned the concentration of the novious agents primarily determnes thewr effect
whereas the mjected volumes (usually between 5 and 10 ml) are of minor importance.

Testing the state of the blood bramn barner In order to ascertain whether or not the satra
vasal application of the agents induced 1nhibition of the blood bramn barrer sustable
ndicator substances which are unable to pass from blood to brain under normal bamer
conditions were mtroduced 1nt6 the gencral arculation In the current experiments the
indicators were chosen. from among the group of amon dyes and other organe 4cids
discussed by Stemvwaly (1961) The effect on the EFG wis studied as a funcponal
mdication of the state of the barner Furthermore the brams were serutinized post wortem
to reveal any stamng by the intrasitally appled indscator dyes The ammals were
Jalled by exsangmnation and the cerchral vesseh nnsed with sabme under one Tetee of
pressure for one minute befare removal of the bram

Comment The described procedurc for wntravasal apphcation of solutions

sthin ane hemmsphere muolves an obvious mnterference with the cerebral blood
stipply by the occlusion, of one caratid artery and the bref blood deprvation
dunng the mjection

Occluston of one carotid artery 1 rablnts brngs ~bout Qure
have been thoroughly studied see McDosarbd and +
and O (1960) hrure {1961) Through the well
the 1psil 11 ¢ 18 pplied
systematic blood pressure may ncrease up to 20
occluston of one caroud artery mduces only
type m the EEG In the present series this
of both carotid arteries ar unilateral acclusio
blood pressure by about 50 per cent {by me
no sigmficant effect on the EEG in our .

The deprication of bivod from one heymsph
obviowly gnes mise to anovic effects eallng
mnfluence on the EEG By 1terated controls
been found that such blood deprivation by ik
glucose unuformly induces umlateral depres
of the frequency pastern after 20 w30

effects which
) g

1 . 1 \
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wrore than 80 seconds the EEG changes disappear wathin half a runute alter
the was d These effects this need nat disturb the
mterpretation of the more protracted changes dens edd from cheme L influences
when certan nowous agents are myected

Wath a technique similar 1o the present one Broor ztal (1951 a 1921 b}
studied EEG and bloed bram barrier cffects howerver without control of the
tlood expulsion which wath our method 1 checked by 1mspectson through the
trephine opening In other methods of prnnepally the same tvpe stress has
been Jard upon mummizmg mterference wath cerebral ctrcidaton, To that end
the agents have been myected divectly in the streammg blood of ane caroud
artery by means of a very thun veedle {Swouzu et ¢f 1952) or antroduced via
a catheter secured wmn a branch opening mto the carobd trunk (\fcDovatn
and Porrer 191 Rommarser and Janvi 1958 Rovir o of 1960) Al
these methods obviously pernut distinet umlateral mfleences but they are not
designed to yreld control as to the concentrauon of the apphed agents m foco

Urethane anesthesia bias been employed m most expermments This drug was
chosen because 1t 1nduces 2 contmuous anesthesa at a level where alerting
effects may canly be obtawted by external snumnh These vanatsons m alertness
often enhance the asymmetric EEG changes sought. In our opimon thus type
of anesthesia has uo wnherent draw backs for the curvent expenments

Model experiments

1 Effects of undlateral blood depr ation

An adult rabbit werghmg 2 2 kg i wrethane anesthesia was used Regustra
ton of the blood presure reacton at temporary clampng of the caroud
artertes showed an elevaton of 510 mm from 90 om Hg

Symmetne EEG records were abtained before and after catheterszation of
the telt carond aner Ranger s solution (with glucoss 1o 023 9,) was myected
twite through the carond catheter causuag bloed expulsion from the left
hemusphere The fisst myection (20 mf) lasted for 55 sec In the EEG depressed
awplitndes and an merease of slow waves appeared 20 see after the start of the
myection These changes were houted to the left side and disappeared promptly
when the ingection ceased Ten mmutes Jater a sccond injecion (40 ml) was
adsmunistered for 2 penod of 2 mun (Fig 1 A By About half 2 mmure after
the start the same tvpe of left eided EEG changes commenced and gradually
mereased gaving rise to a pronounced asymmetry with very slew waves {1—~2
© 3 while the night side showed arousal effects At termunauon of the myecuon
distinet changes on the left side perssied for about one munute and a shght
asvmumetry was visible for at least another munute An 1v iryection of 18 mi
trvpan blue ¢4 9,1 was started 20 see afizT the end of the carend njection {Fig
1 ¢ The EEC dunng the remaming 15 mun of the experiment was symmetric
and without any noteworthy fearures (Fig | D) After exsangumnation and
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Fig 1 EEG efects snduced by btood deprivaton from the left hemusphere (urethant anesthessa) A Svm
metnic record with alerung effect obtamed at the start of inpection (see arrow) of Rxﬁ;;dl
solution vaa the left internal carotsd artery B Delta activity over the left hemusphere aficr v
deprnation for €0 sec. C Persisting left-sided EEG changes 2 mn alter anjection during 1
admunstravion of trypan blue D Symmetrical EEG pattern obtamed at the end of the expene
ment (about 20 mun) (F O brpolar fronto-oecspital feads)

w»t  of the cerebral vessels the bramn was removed Nao staming of exther
chmsphcrc was observed

Comment This type of expenment demonstrates how wmilateral tschemsa
affects the EEG without simultaneous mfluence on the blood bram barner 1o
acxd dyes In addition to such analysis of sschenua effects per sz 1t 13 possible to
study how one hemsp} p ly sub; d to sct of varymng dura
ton reacts to certain intravenously given agents ¢ g analepuc drugs
comparison with the other hemsphere

2 Lffects wnduced by the organtc aerd Urobon®

A rabbit weighing 1 8 kg anesthenzed with urethane showed 2 5)7’;
metne EEG (Fig 2 A) before application of Urckon (sodium acctnzoa;cn
Via 2 carotid catheter 14 ©, Urokon (6 ml) was perfused through the tn
hemsphere for 45 sec The EEG recording startng 4 mm after this chd::d
showed essennially the same symmetric pattern as before (Fig 2 B) Tenyun! oy
after the carotid myecuon the general cireulation was loaded with UTkond p
1y mjecton of 12 m) 40 9, solution A few munutes later the EI'G s ‘1{1)“;\!'1:\‘
marked asymmetry with domnance of slow waves on the left side cspccli ; o
azrousal sumulations About 10 mun after the 1+ injection frequent spi
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SYIMCRE pas o gs gy A C dpie Botentals on the IR sufe staruy
admmuggmﬂ of 17 mi 40,

sestig EEG but asymmetne arousal effces K Flat lne
second vy injervon of Uroson (40 B (FO b

tugh amphiudes were abserved on the same sicl
vamshed withyn g heur bue alerung syl 1
e poase (Fig g By Asecond s mection of Urokan (13 mi 40 9, was per
farmed about ¢ Bours after the firse About 15 mup ater 2 marked depression
of the amphtudes practically down (o gar hines occurred on the left side,
while no signseans wafluence could ba seen on the migh side (Fig 2 F) As

57 40 mi of Wpan blue (03 5} was guentv m mo
Portions before ang after the secong Urokan admansmation The rinsed brain

showed madecate degree of Stamnng by tevpan blue bmsted o the teft hemus
phere

e (Fig 2€) The abnormahties
tll evoked transient asymetri

Comrient Fram earhey fvestigations the \ ray contrast mediam Urokop
s durm acetrzoate; w known o cause barsier damage /Brawav and Ossson
1948 ang 19,4 Broor etaf 1955 3} When smyected yia the caroud artery m
the concenration qnd with the technigue used here this damage could be
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expected to be of 2 low degree (STENVWALL 1958) and primanly affect the
structures responsible for the barmer function This supposition 1s in agreemert
with the observation that the EEG in this phase of the expeniment did nrt
show any significant changes Afterwards when a large amount of Uroken was
admmistered 1v this polar compound could 1nvade the hemisphere with the
defectine barrter and cause marked influence of the EEG on this side Thus
Urokon m this expermment played a double role as local barmer damamng
agent and as wdicater of the barrier defect In either or both of these roles
Urokon may be replaced by others of a large group of organic amons mcluding
many dyes (STErvwaLL 1961)

Analogous studies on orgamic cation compounds are mn progress at our
laberatory wath the purpose of supplementing the mformation on selectie
barrer mhibition (STEINWALL m press) as well as developmg chmcal methods
for testing damage to the blood bram barner (Fropsark 198 1962)
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expected to be of a low degree (StemNwarL 1958) and primanly affect the
structures responsible for the barner fi Tlus supp 15 1 ag

with the observation that the EEG in thus phase of the experiment did mat
show any sigruficant changes Afterwards when a large amount of Urokon was
admimustered 11 this polar compound could invade the hemsphere with the
defective barner and cause marked influence of the LEG on this side Thus
Urokon 1 this experiment played a double role as local barrer damoging
agent and as wdicator of the barrier defect In either or both of these rols
Urolon may be replaced by others of a large group of organte antons including
many dyes (SteiNwaLL 1961)

Analogous studies on orgamc cation compounds are I progress at our
laboratory with the purpose of supplemcnuing the information on sclectine
barrier inhibition (STEINWALL 1n press) as well as developmg clinical methods
for testing damage to the blood bramn barrier (Fropsars 1958 1962)
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Later the value of the rectal temperature as index of the regulated body
temperature has been doubted {ef reviews by Graxt 1921 and Haroy 1901}
MeAp and Bovsarito (1949) for instance found that the rectal temperature
measured simultanously at different depths under 1 wnous conditons of warm
mg or cooling of the body showed considerable differences The lowcst tem
perature was found at a depth of 20 cm and the authors suggested that this
was due to 2 local coolirg caused by venous blood coming from the skin of
the Jower extrermties

In the studies on temperature regulation dunng exercse (\ierses 1938)
the rectal temperature was measured at great depth (20—25 cm) In the present
Investigation 1t was therefore planned to study the rectal temperature at
different depths dunng work at different environmental temperatures and to
compare the results with the temperature measured 1n the lower oesophagus
This temperature was considered by Gersraspy Svert and Crassron
(195) to reflect the temperature changes at the central temperature receptors
Coorer and hesvon (1957) found that the deep cesophageal temperature
“as very close to the temperature of the aorta and Cartstes and GrRoumy
{1957) that 1t was a good index of the heart blood temperature

Methods and Procedure

The rectal temperature was measured at four depths (12 cm 17 em 22 em and
27 cm from the external anal sphincter) by four copper constanten thermocouples
mounted 1 2 6 mm syntheus rubber tube The 27 cm thermocouple was soldered to
2 silver knob (8 mm 1n diameter) which protruded 4 muy from the tip of the tube and

't other three thermocouples 1o 3 siher cylnders (8 mm m diameter) which 1 ere
€xposed through the surface of the rubber tube as + mm 13de nngs The copper wire
Consisted of 10 % O | mm strands The stranded constantan wire (8 X 0 18 mm) senved
2% 2 common lead for all four thermocouples and was connected to 2 common reference
thermocouple from which the stranded copper ware led to a selector switch

The possibility of an error due to heat conduction along the wires between neigh

uring thermocouples was tested by placmg the thermocouples one 10 each cell of
2 waterfilled box The cells were separated from one another by msulating partitions
and the water was Lept thoraughly mixed The test showed that lowenng or clevaung
e temperature 1n one ccll 05 10 1 € influenced the measurement from the thermo-
€auple 1 the neighbounng cell by only a few hundredths of a degree cenugrade

The b was d by a copp h p
soldered 10 a 4 3 mm mlver knob at the tp of a 4 mm rubber tube This thermocouple
%as wnserted through the nose and swallowed to a depth of about two cm above the
duaphragm 1 e a distance of 45—50 cm from the nostrl The exact distance was in
€ach subject determined by means of a rocutgenclogical exanunation In some of the
= the 1 s by a umilar le The
Feference thermocouples were tied to the bulb of a mercury thermometer which was
kept at 37 G 1n a thermos botile and read at each meysurement The thermocurrent
%as read on a Cambnidge Spot Galvanometer placed on a vibrauon free support.
The cabibration was performed 1n a st rred thermoregulated water bath with each
single thermocouple being fastened to the bulb of the mercury thermometer The
9673015 Acta physiol scand ¥ ol 56
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calibration was done at 5 C, 20 C and 30 C and was frequently checked The mea
surements of the body temperature are considered to be accurate to about = 0075 C,

The work was performed on a hroGi bicycle ergometer 1n which the saddle had
been replaced by an armchar In experiments in which the work was done with the
arms the subject sat on 2 high stool and the pedals were replaced by handles The
respiratory metabolism from which the heat production was caleulated was deter
muned by the DotcLas-bag method.

In some of the experntments the subject breathed air saturated with water vapor at
body {deep h 1) P In these exp the subject 1nspired from
4n aluminium cylinder (30 cm long and 25 cm 1n diameter) The steam was led from
a Lettle of boiling water through two nylon tubes to the cvlinder 1n which an arrangement
of screens wmsured a thorough mixing of the water vapor and the mspired air Coarst
adjustment of the mspired ar to body temperature could be obtaned by regulaung
the heat supply to the boling water while precise adjustment was obtamned by 2n
electnc fan which was started (either manuallvy or automatically from a thermustor
placed m the air stream) when the temperature rose above the desired value Tt wa
not possible to regulate the air temperature when using the ordinary respiration valves
of metal but low heat capaaty valves made of plastic proved to be applicable In
order to establish the proper temperature gradsent from the saturation cylinder to the
mouthpiece, before 1he subject was connected an austream (7 liters per muute) w28
provided by means of 2 water suction pump

The expenments were carmed out 1 a climatic chamber 12 which the temperature
even durmg heavy muscular exeraise could be mamntamed at any desred Jevel higher
than about 5 C The relatiie h was d d by an asy ehrometer
and found to 21 erage about 70 9, at 5 €, 50 % at 20 Cand 25 % at 30 C corresponding
to vapor pressures of respectively 46 78 and 79 mm Hg At these vapor pressures a1

dzeqs of the duced sweat was obtained 1n all experiments except 13
we prriormed 81 20 C In the exper doneathigh 1 tempx
fan was used to produce an air movement of 0 2—0 3 m/sec around the subjeets

and about 05—1 0 misec at chest heght At 30 C forced air moyement durtog
work wnflucnces the calone demand of the environment only shghtly as indicated by
the small effect on the heat loss by radiation + convection from the subject (MELEN
1938)

The subjects who were young male students (age 19—2+ years) armed at ":;
laboratory 1n the morming and sat for 15 to 20 munutes 1a the ergometer chair wi!
the thermocouples 1 place before the start of the work experiment.

Results

Fig 1 shous rectal and oesophageal temperatures in experiments with 2
work mtensity of 900 mkg'mmn performed at the three environmetal temper
tures 5 C 20 C and 30 C on subject T N\ The rectal temperature was mc—‘;
ured at 12 17 22 and 27 cm depth and the oesophageal 1cmpera(ur=dl\;
abose the diaphragm The pomts on the curves represent in all three ﬁgon“
the averages from 4 exp It 1s scen that at thus work intensity there ::!hc i
small and unsystemauc dafferences between the rectal temperatures a:ﬂ E{mm
depths. This can also be seen from Table I wihich contams the rsm'; e
the “ teady state (20 to 60 mun after the start of work) at 9%0 g;[;dt
with 4 subpects Table EI which presents the mezan differences betw
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Table I Rectal temperature and d ep oesophagus temperatyre from steady tate of
work (a erages of measursments from 50 f0 60 mun after start of work)

Subject | Room|Heat [Num |Tm & G Mean| Toes, | Tant
temp |pros | ber TRee} O |-Tow
G |duc fof c I
ton - Jexp  |12¢m|17cm|22cm)27 e
Cal}
mn
Work with [ J R 5 ) 688 | 5 |3816 3802 (3812 [3816 |35.45 |370r [ o
the legs 900 20 | 900 [ 7 |3812 3805|3806 |3810 [3508[37.8> | 0B
mkg/min, 40 825 | 5 13815 (3808|3813 |3806 [3811|378¢| ON
38 11+|3786
EA 5 1790 | 4 |3837 3824 3837|3834 | 3833|3805 0%
20 J790 | 5 Jsaa1|3s19 {3841 3827 |3037 |3238 | o
30 [79 ) 4 |3834)3806 3823 [38.04 [3219 |3786 | OB
3828+{3796
TN 5 | 779 | 4 |[3826]3825 [3820 |3896 )8.27 | 3797 0:;
20 | 764 ] 4 |3823[3821 |3834 (3834|3828 [9789 0!
30 [774 | 4 |3836 3829|3832 [s832 3030|3797 OB
38294|3793
CH 5| — | 5 )as07 38083803 [3807 3806|3780 ;l:;
20 — | 5 |3v9{3s0s )0z [3703 |3799 {27! -
30 | — | 5 [a7os]3708 [s708 {3794 5797 |63
3801% 3778
oy s
Tnsp awrsat | T N 20 1763 | 4 13870 )3863 3867 3864 3565 3.91; g"
with water| E A 20 — | 2 |[3800|38.32 [3826 {3819 |58 2|77
vapor at
body temp
—00
Work vih| TN | 20 | 656 | 6 |3752]3764 {3741 )3753 |37 50 ;;ﬁ o
the arms | E A 20 753 | 2 |3799 3276 {3750 {3767 |3773 |37 67 |75
450mig/ |FZN| 20 [710 | 3 [3746 |3766 [3760 |3751 375
min L

12
rectal temperature at each of the four depths and the mean rectal ;:2:;
ture (average of the four measurements) from 57 exp at 900 mkg/mn pms e
on 4 subjects further shows that the scatterng of the mcasurcm;‘m“nm
different depths 1s extremely small In the recovery penod the ¢
between the rectal temperitures measured at different d:-p\hsh \\m:rk er o
of the subjects found to be considerably Jasger than dunng the »
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Fig 2 Rectal temperature al
fmu- dcpllu (12 cm 2 17em 318}

en o 77 em -4} and decp
oqophagau temperature @
Work itenst, 430 mkg per

mn (Am work) Sub) o TN 7
Environmental ~  temperature
0°C Average of results from
6 experiments 36

Duning arm work (see Fig 2 Table I and Table IT) the rectal temperature
measured at the four depths differed more than dunng leg work and the
easurements at 27 and 22 cm depths tended to show lower values than at
the lesser depths The number of experiments with arm work however was
rather small (10—11 exp ) and two of the subjects (E A and F Z N ) showed
dso dunng leg work relatively large diff between at
duifferent depths

The cesophageal temperature 1ncreased much faster during work than the rectal
temperature Both m subject T N (Fig 1) and in the other subjects studied 2
new level was reached after 15 to 25 min of work This temperature level was
from 023 C to 039 C lower than the rectal temperature at the end of
the work period (see Table I although the rectal temperature 1n some of the
subjects was still shgh!ly In exp: with arm work also (Fig
2) the nise of the h d much faster than that of
the rectal tcmpera!ure At the end of the work period however the two tem
Peral\xrcs were about cqual (Table I and Fig 2) In the recovery penod the
d much faster than the rectal temperature
m bolh lunds of work the resting level being approached in 10 to 15 mm

Table I Mean difference betueen rectal temperature measwements wn four depths and mean vectal
temperature (azerage of the four measurements)

Depth number Mean s$D S E
m em [+ Cc c
Work with the Jegs » 57 +00% 007 +0009
900 kg fmun 17 57 — 0038 008 o00n
22 56 + 000 006 + 0008
27 57 ~ 0013 006 2 0008
Work with the arms 12 n +007 o1t 0081
450 g mun. 17 10 +010. 015 +0047
22 n — 0067 016 2 0020
7 10 —0073 016 £ 0031
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c
38
Fig 3 Rectal temperature at
four depths {1Z em 4 17emx,
389 22 em o 27 ¢m ) deepot
sophageal temperature @ and
sublingual  temperature A
74 Work ntenuty 900 mkg per
i {Leg work) Subject T N
Environmental  temperature
20 C Inspired air saturated
375, with water vapor at body tem
perature  Average of results
from 4 expeniments (Sublingual
385 Lemperatures average of resuld
e e — from 3 experiments )
ma
[4
f~e

10| Fig 4 The temperanure gradient
theough the ocsophagus dunng work

(900 mbg per nun) Abscissa Dutance

from the routine place of measurcment

* Just above the duaphragm Ordinxte
/ i Temperature diflerence Subjeet T N
|3 Environmental temperature 20 C.
° o C Subject breathing room a (M0 <
periments;

e M) Subjcc)t breathung aur saturated with

5 water vapor at body temperature {76
® o s 0 15 20 ol

ares found 1 18

The difference between rectal 1nd oesophageal temperat
byect nspired 247

work was not dimumshed in experiments in which the su
saturated with water vapor et body temperature (Fig 3 and Table ) T2
subject T N both rectal and orsophageal temperatures 1er¢ ncreased about
03 C morc than in the normal expeniments while 1n the other subject
(L A) water vapor breathing did not affect the temperature Jesels

Tig 4 shows measurements of the temperature differences between the
standard measunng, pomt just above the diaphragm and pownts at dm’crrm’
distances from thus 1n the oesophagus (o exp at a work mtensity of 900 m¥e
mun) The measurements were performed from 30 to 60 mun after the start
of work In 3 of the experiments the subject breathed air saturatad with waief
vapor at body temperature It 15 scen that in the lower part of ocsuphi‘z‘f
the temperature differences are very small and not mfluenced by hreathing
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water vapor Fite cm from the normal place of measurement the difference
in temperature 15 only 015 C Higher in the ocsophagus the temperature
difference dunng air breathing 1s much larger At a distance of 12 cm 2bove
the normal level of measurement the temperature has decreased about 12 C
In the experiments with water vapor hung however the do at this

distance 15 only 03> C and sull higher 1n oesophagus the temperature 13
mcreasing

Discussion

As d mn the d 1t has been d (Meap and Bon
MARITO 1949) that the temperature in the deep part of the rectum 15 influenced
by 2 cooling effect of venous blood returning from certamn parts of the skin
and the authors ded that rectal p be d at a
depth of not more than 10 em In the present expenments with muscular
eseroise performed with the legs there were no systematic differences between
rectal temperatures measured at depths of 12 17 22 and 27 cm and generally
there was only a very small deviation 1n the measurements performed at the
different depths (Table I and IT) In some of the experiments with subjects
E A and F Z M though somewhat larger but unsvstemanc vanations
were found In the following discussion therefore the mean rectal temperz
ture calculated from the at the four depths has been used for
companson with other internal temperatures

The mcrease of the oesophageal temperature to the higher level dunng
work and the decrease to the resung level m the recovery penod eccurred
much faster than the corresponding changes 1n rectal temperature This s
probably due to a large heat capaaty m proportion to blood flow of the tis
Sues surrounding the rectum while the temperature of the lower oesoph_gus
better reflects the temperature of the blood 1n the heart and the aorta This
assumption agrees with the findings of Coorer and hexvon (1957) and

RISTEN and Griorsy (1957) that i resting man the deep ocsophageal
temperature 15 a good index of the aorta and the heart blood temperatures
and of Merrerre (1950) that the temperature changes in large blood vessels
duning work occur faster than the channes i rectal temperature

The oesophageal temperature was at the end of work (5060 mun) con
siderably lower than the tectal p Jthough the rectal p
had not yet reached a plateau It might be thought that this difference 1s due
10 2 coohng of the oesophagus caused by the air flow through the respiratory
Passages Craxnston GERBRANDY and Sxerr (1924) found that in the resting

d the 1n the 30 cm from the lips was 05
lower than at 2 depth of 47 cm and further that a hypen cnulation for 30 sec
lowered the temperatures considerably In the present experiments a tempera
ture difference of 1 5 G was found between upper and lower part of the oesopha-
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Table I Mean 4 Tat st and mean 4 To 5 at § € 20°C and 30 C 1n * steady state’
of wotk of 908 migjmn

A Treet 1 = Single Tieerad ~ mean T*hecat and A Toe = Single Te  — mean T*oa
where angle Tieeat 15 the average of the steady state mesurements at {2 17 22and 27em
dephts a0 cach expenment and single To 53 the  steady state  value of To u in tach
experment Mean T*Reer 1 and mean T*0 4 are the mean of the “sicady state  values of
Tr ¢120d To  obtamed at all environmental temperatures for each subyect {of Tablel)

aumb ¢ Mean SO sL
c c c
{ 5¢C i8 + 0030 on 2003
ATr o1 20 G 21 — 0005 01z £003
lac 18 —00% on 00
5¢C 18 + 0036 on =00
ATo ¢ 21 —0009 010 2000
3 C 18 —0040 010 zom

gus during wark at 900 mkgfimun (Fig 4) and, 1t scems possible that ths
large difference 1s caused by the continuous high ventilation {about 50 hters
per nunute) Thus possibility was examuned 10 experiments m which the subject
breathed arr saturated with water vapor at body temperature It appeared
that the major part of the temperature grad: was el d by breathing
ater vapor The temperature 1n the decp part of the oesophagus howerver
amed unchanged Furthermore 1n the ‘steady state breathing water
or did not duninish the difference (Table I) between the rectal and the
esophageal temperature This temperature diflcrence the cfore can not be
due to 2 cacling of the oesophagus In expertments in w uch the work was
performed with the arms rather than the Jegs 1t was found (Fig 2 and Table
1) that duning the steady state  of the work (50 to 60 mm after the start of
work) the oesophageal temperature and the rectal temperature Were about
equal It may th be luded that the diffe between the two
temperatures during work with the legs results largely from an clevation of
the rectal temperature above the general mternal temperature, and the fact
that the rectal temperatures during leg work were the same at depths from
12 10 27 cm can best be explamned by assunung that 1 Jarge prt of the ccmcnku
of the pelvic cavity 13 equally heated by venous blood returaing from the wor
ing muscles The temperature of these were shown by Asusey and Bt’):
(1943) to be considerably hugher than the rectal temperature Ths mnchm;e
further cxplains the earher finding (Aswtsses and Mpusen 1947) that at 8 c
same level of heat prod the rectal p  increases more dunrg
Jeg work than during arm work o
Ta the expeniments where water vapor at body temperasure was n ’mnml
was possible to measure the sublingual temperature without the measy!
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being wnfluenced by a coohing of the oral cavity due to the respiration Under
these conditions it was found, in the “steady state  of work, to be coual tn
the vesaphageal temperature (sec Fig 3) Since the deep vesophageal tempe
rature an the  steady state  dunng arm work was found to be about equal to
the rectal temperature and dustng water vapor breathing to the sublngual
p the orsoph 1 ternp duting woth under these condinions
seers to be a good mdex of the internal temperature of a large part of the
body Whether the oesophageal temperature under normal conditions of
m which a derable cooling of parts of the upper thorax and
the neck takes place {¢f the farge temperature gradient Fag 4) 35 a sansfactory
index of the temperature which mfluences the central thermoreceptors i the
brain cannot be stated definetily  Studses of this problem are i pragress
The rectal temperature 15, 1 agreement with earher studes by Nrzisen

(1938) pracucally mdependent of the ! temp which
vaned between 5°C and 30 C Iakewsse the oesophageal temperature is
Practically inds dent of the temp of the On an average

both the rectal and oesophageal temperatures were at » C 4 few hundredths
of'a degree higher and at 30 C a few hundredths of a degree Jower than the
mean temperatures {see Table 111) The difference between the rectal tempe

Tature and the ph 1 temp was also p fly the same at
different 1 P 5 2 that the 1p i the
working muscles p bly 15 al.o fly :ndependent of the ding
temperatures
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Abstract

Luvosows T and E Mouse Luworows The efects of adrenaling
and glucose on the content of Ingh-enzrgy phosphate esters in substrate depleted
eascular smooth muscle Acta physiol scand 1962 56 130—139 — The
metabolism of Iugh energy phesphate compounds was studied 1n
substrate depleted bovine mesenteric artenes after addition of glucose
alone and adrenaline plus glucose under anaersbic conditions
deternned was the lactic acid production 1n the suspension solution
Glucose raised the content of ATP ADP and CrP as well as the
lactic aad production From the lactic acid production esumated
comcdent increase m the synthests of high energy phosphate com
pounds  approumately onct hird was demonstrable in the muscle
Adrenaline stimulated the lactic acid praduction further simultane
ously with contraction of the muscle

Only a mumor proportion (18 per cent) of the cafculated
amount of high energy phosphate compounds produced cauld be
recovered however m the muscle the remainder was thought ©
have been consumed for the muscle contraction The creatine
phosphate content of the muscle did not mse after addiion of
adrenaline On the other hand the ATP clovation tended to be
greater and the ADP content lower than sn the experiments with
glucose alone The results are considered 1n relation to those of
previous exprnments which indicate that tone promoting drugs are
capable of stiraulating the contraction process and the carboliydrate
metabolism via scparate mechanisms

Inyestigations mto the effect of tone increasing drugs on the camdm:l;:
and carbohydratc metabolism of vascular smooth muscle idicated t!m;d d;:m
a close correlation between the stmulating cffects on the energy P;d ‘:mde
and those on the contraction process cach of those two factors cou

130
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certam expenmental contitions be selectnely mhibited (Luaonowy and
Morsse Luwniiors 1962 a) Moreover, the energy consumption dunin., musey

far was 2 1y high It was calculated that a total con
trzction of vascufar muscle 13 onlv fo a very small degree effectuated va the
preformed  hugh-energy phosph ¥ ds For a 1 contr ction

the mu.cle must draw upon a continuous energy production (I usptoLs and
Marye Linniorst 1962 b)

The above conclusions were based largely upon quantitatie estmates
faunded i turn an the lacue aaid prod of the 1 p 1
souree of error i these caleulations was the possbibiny that the muscle dd
not uthze, for the contrachion process the energy resnlung from factic and

d but nstead d 1ts hagh energy phosphate compound ron
tent and in thas way stored a part of the energy produced ~— The following
experiments which were conducted for the purpose of confirming or dis-
counting this possibility disclosed no  uch storage of eh energy phosphate
compounds The results d that the d energy

4

P p g i of the carbohydrate metaboksm was
reflected m an elevation of the aderosne tphosphate content wherea the
consumption of lugh-energy phosphate compounds zssociated with the muscle
contraction Was reflected 1 2 fall of the creatine phosphate content

e experiments were perfnrmed on bovine mesenteric artenies which were
ulyected to advanced sut depl under b & for the
Purpo e of reducing their content of his h energy phosphates ta such a degree
that resynthesss of the latter would be clearly demonstrable Glucose or
adrenaline plus glucose was then added and thr effect on the phosphate
metabolsm was studied

Methods

Although conuderable advanres bave been made durig the past decade with
fespect to determination of diff rent orgamc phorphate esters n tssue extracts ¢he
mtthod sull tmolves 2 number of problems In the fint place 1t 15 often difficult to
$¢parate complerely the diffevent phosphate compounds secondly these compounds
Are unstable parucolarly in acd miiew and thirdly they occur 10 such low cancen
raons that determinanion 1s difficult, especially 1p the case of smooth muscle Expen
M atson the latter are complicated moreover by the Iumtted amounts of ussue av alable

for analysis partcularly an exp where both the togic and p
Teactions of the mustle preparatons are 10 be studied Of the tkree methods available
-~ <k wath 100 exchangers and enzvmatic or paper chro-

™atographic procedures — we chose 10 use the last mennaned simee it 15 not only
Suited for mnute amounts of substanes but permuts extensine separavion e emploved
the paper chromatographic method descnbed by GerLac DoRING and FLecRENsTEN
(1938) The general mode of procedure was as follows (for derads cide the last mentoned
authors)

Bovine mesentenic arterics were obtaned from abbatoir matenal “unc speamens
3pprowmately 101 mm Ing 15 mm wide ard 08 mm thick were taken from a
Himogenous sepmer t of artery and mounted 1n small plasc frames so that the



132 LENVART LUNDHOLM AND ELLA MOIME LUNDHOLM

was uniformly distnbuted They were then smmersed 10 20 mi glucose free Tyrode
solution saturated with IN; at 38 C Changes tn length of the preparanony nere
recarded by an isotonsc pen with 2 load of 10 g and with a ratioof | 10 Afier 60
mm | ml 10 per cent glucose was added to 3 of the preparations and glucose plus
adrenalme at 3 concentration of 2 10~ 1o 3 of them After a further 10 nun alt prepa
rations were removed from the argan bath rapidly chulled 1 a msture of ether and
carbon diowide snow and weighed Sumilarly treated preparations were thereafier
combned 10 groups of 3 and ground with sand n 2 small tced mortar ARer extraction
with 4—5 ml trichloroacetic amd the extract was centnfuged

Creatine phosphate {(CrP) Of the measured amount of extract two 05 ml sampla
were taken for duphtate determmation of creatine bound phosphate ad medum Eccreres
and Ecarerov (1929)

Total phosphate Two 01 ml samples were taken from the extract and burned with
30N H,5C at 180 C on a sand bath for at least 3 hours If at the end of that time
a brown coloration persisted 30 per cent hydrogen peroude was added i drops untd
the solution was clear The samples were then subjected to phosphorus assay Control
solutions with a known P content were simultancously tested

Organic phosphate {excluding creatyne phosphate) On a 20 by 45 cm sheet of Whaiman
™o 1 chromatographic paper 008—0 09 ml extract was applied with a microsynage
about 18 ¢m from onc cdge (A) and sub to descend by for
1820 hours at 20 C with sohent 1 a conmisting of 40 ml di woprapy] ether 30
n butano! and 20 m! 98 per cent formic acd Inorgame phosphate and ¢reatine boun
phosphate moved away from the starting Iine fowards edge A while the organically
bound fraction remainced at the starting Line The filter paper contawung ths fracuon
way cut out and after 1ts area had been measured was momerated with HISO &
above and the P content determuned The P content of a piece of clean filtes papes

“equal s1ze was concurrently determned and from the difference between the twd

the amount of orgamic phospt was caleulated Duplicate
. carnied out in each iostance
s Adenasine inphosphate  diphiosphate and hosphate (ATP ADF AMP) On anothes

sheet of Whatman No 1 chromatographic paper two doses of 0 08~0 09 extract wet®
applied at pomnts 18 om dastant from odge A followsng which chromatography w3t
done as above ARes approamately 30 mm drying the paper was cut awdy “{”;‘d‘
2 cm above the starting point counting from edge A This segment which contain
wosgame and creanne phosphate was discarded The rest of the filter paper o0
tawnng organic phosphate at the starting pomt was subyected to descending cheo-
matography with salvent II a Chromatography this ime was done i the directon
of the opposite edge (B} Sohent 11 a had the fHllowing composion

18 mg B-ox: quinaline dissolved sn 8 mi e1hanot 25 ml n propanol 27 mi ”
30 mi 25 per cent ammonia 10 mi distilled water and 02 ml 01 M EDT \un nqumw
solyton The chromatopraphy proceeded for 33—36 hours at 26 C Muer dring o
30 nun the filter paper was agawn subjected fo descending chromasography ‘h’;l o
with sofvent 11 b for 24 hours 2t 26 C The composition of solvent 11 b was 33 fol O“d
5 mi ethanol 23 ml n propanocl 30 mi n butarat 30 wl 23 per cent ammonia 2

10 ml duulled water The hic paper was thereafier rednied

1 butanef

When the chromatographuc paper was ifluminated hy a mercury Jamp ““”;f::
ermisston of 263 myt 1t was possdle 1o localize the nucleotides The paper 3 ’:dvuh e
agawst 3 thi screen brushed with o ilm of cadmum sulphude which ﬂunrhmlhr e
Murmnated with uliraviolet hght Since the nucieotdes absorbed this hghe m"ﬂ\e
a8 dark spots whien the paper was viewed through the Muminated scrr

prared and the phosphate content determuned 3% abare

spots thus delineated were cut aut
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Fig 1 Effect of adrenaline on substrate
dep eted, glucese treated mesenteric ar
tertes The preparat ons were suspended
1n ghicose-free Tyrode salution under an
acrobic condittons for 60 munutes, after
which glucose plus adrenaline 2 1
was added,
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The nucleotide spots which 1 no case exceeded three had the same Ry values as
ATP ADP and AMP Add 1 d I ch hy of the observed
nucleotide spots with solvent 111 was also attempted but no further division or reduc
tion of the phosphate content could be ohtaned It 1s possible that the phosphorus
compounds designated as ATP ADP and AMP wcluded, to a certam extent, other
bigh energy nucleoudes If so the method 1s mot senstive enough to reveal those
compounds mn extracts from smooth muscle

The method permutted d of a of 1y 10 ug nu
cleotide P per gram muscle (= 0 1 gmoles ATP/g) Below this value not only were the
nucleotide spots invisible under dlumination wath ultraviolet hght but the P content
of the chromatographuc paper (about 007 gg per cm?) mterfered greatly wath the P
determination Assays of solutions containing known amounts of ATP ADP and AMP
resulted m 93 per cent recovery

Tnorgamc phosphate was determined by subtracting creatme and orgamic phosphate
from total phosphate

Unspeafied orgamic phosphate was esumated from the difference between orgamic
Phosphate and ATP ADP and AMP

Phosphate deterounation was done 2d modum \MarTes and Domy (19+8)

The lactic acid content of the suspension solution was determuned ad madim Fresoe
MANY and Grasser (1933) The avalable amount of tnchloroacetic acd extract from
the muscle did not suffice for estimation of the change m lacnc acd content of the
muscle  thus only the lactic acd released 1ato the Tvrode solunon was determuned

Free reatine v-as determned by the method of Exwor and Stocxex (1948)

Results
Tone The effect on vascular tone 15 evident from Fig 1 Following the
imtial spontancous nse the tone gradually fell Additon of 05 per cent
glucose after 60 mn possibly mhibited this fall somewhat but caused no
contraction  After adrenabme 2 10¢ plus glucose the muscle contracted
2ppreciably and at the end of 10 mun had contracted by an average of
19 mm.

Lactic Aad Production Quanutatne esnmation of the lactie aad production
could not be done 1n this v estigation since only the Jactic aad m the Tyrode
solution was determined The amount of muscle extract was not sufficient
for determination of vanauons in the lactic acd content of the muscle From
the results of sumular carried out p ly {Lv~orowy and
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Table I The effect of glucose and glucose 4 adrenaline on the phosphate metabolism and lactic arid

Total Tnorgame | Creatine
P P P

Hmoles]g fmolesg Hrooles/g
Normal muscle {n = 6) 127 =071 | 556409 | 056005
Substrate depleted musct {n = 11) 1646.£074 | 11372076 | 0694016
“Glucose treated muscle 1610£091 | 10532129 [ 100202
Difference glucosedepleted - 0842105 | 031201
Glucose + adrenalime treated 15634 06¢ | 10212082 | 013201
adrenaline-depleted - ~1164 065 | 00301
Dufference | _grenalime glucose - 033508 | 0794007

p< 00l

P = phosphate p = probability that the effect was due to chance

Mormse Luvoroim 1962 b) 1t may be estim.ted that the total f.etic aad
production after adrenaline taking 1nto account the varations n lactic aad
content of the muscle would have been 30—50 per cent greater than that
determmed here The recorded values for Jacnie acid production after adrenahne
glucose were therefore mimmum figures Subject to this resenvation Tablel
that the lacuc acid production increased, after glucose by 43
es/g and after adrenaline by a further 12 gmolesfg The increase was
tically verifiable

Phosphate Metabolttes

Mormal  muscle Table I shows the averages (n = 6) from a run of expert
ments performed on mesentenc arteries which were kept for 60 min i o‘g
genated Tyrode solution containing 0 1 per cent glucose The values for the
vanous phosphate metabolites are m close agreement with those from sl
expenments on smooth muscle (LANGE 1950) In our table however
content 15 aindicated 1 umoles per gram To obtain the ATP or ADP con;ﬂ:l
m grmoles/g the values must be divided by 3 or 2 as the case may be Astnl lr;:.
observation was that even under aerobic conditions and with 2 sublif(’;l;
.uppls such a large amount of the nucleotides consisted of ADP and byl
In this respect 2 certam difference betw een smooth and strated muscle app(mc
10 exist {¢f ¢ g FLECRENSTEMN of ol 1954) Determination of free crﬂo p
ad modum Exvor and STochew (1918) showed 2 mean content of 47 “;e
pmolesfg (n =6) Not more than approximately 10 per cent of tpc L::;” .
m sascular muscle was phosphate bound Since the amount l: xnt i
phosphate 1n sascular muscle was also strkingly igh (56 pumoles’g) ¥

tomil
the P
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production of mesenteric arferies

Orgamc P | ATP ADP AP Unspecsfied | Lactic and
-crp P 3 3 argansc P | product on
Hmolesfg paalesfg Bodlefg piractesfg pmoles'g pimolesfg

782106 | 216044 184£ 050 124024 33 £15 -
4431058 | 0201012 101050 191.L048 127 =063 6o 054
480101 1042077 210072 087 =015 078001 [ 112X 163

036089 | 0832026 | I0p£03¢ |-1052043 136213
p<o01 p<001 p<00> p<oot

4794081 | 165202 | 104016 | 1o1ro038 | 097083 | 12292 187

03309 | 142031 | 002039 {091 L021 - 523 1,53
p<001 p<COL p<001

~001£081 | 062=03> [-103£060 | -D1s £ 038 - 1182046
p<00>

well be asked whether under more favourable and “bas.] conditions a
greater propornion of creatine and phosphate would not have been estenzed
Worreneercer hratse and Wanier (1958) m expeniments on heart found
that the more refined and meticulous the techmque the greater the proportion
of creatine esterized they reported a maximum value of 50 per cent The
question 15 of mterest and requires further 1 estigauon

Substraty depleted muscle With sub depl and bic cond:
the ATP avd ADP content decreased but the AMP content increased 1n
relation to normal muscle The values mdicated 1n table T are the means
from 11 experiments Exen orgamc phosphate d d whereas
phosphate mncreased Since however the two groups of preparations were
from dufferent mesenterse artenes no direct compartsan 15 possible The changes
showy by ph ph ol under b & and sub
deplenion are well known from expenments on other types of tssues

Glucose treated muscle Following the addition of glucose resynthesis of ATP
2nd ADP occurred whercas the AMP content fell The CrP content mereased
The content of orgamic phosphate teaded to nse + hule that of morgame
phosphate tended to fall In these two mnstances however the changes were
not wigmficant Here too the pattern was typical m that additon of glucose
led to paryal of the high y phosphate compound

It may be asked to what extent the ncreased lacuc aad production after
addstion of glucose was ntilized by the muscle for resynthess of ns high-cnergy

hosp! P ds With the fc of 1 mole Jacuc aad from glucose
I eq~P (luigh-energy phosphate bond) 1s synthesized In biologic terms
ATP contains 2 eq ~ P per mole while ADP and CrP each contamn | eq~P
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It can be computed from these values that after addition of glucose the ~ ph
content mcreased by 142 pieqfg concurrently with a nisc of 4 36 gmolesfg i
the determunable production of lacuc acid  Approximately one third of the
lactic acid elevation after glucose was thus utilized for resynthesss of high
energy phosphate compounds

Muscle treated with adrenaline plus glucose Resynthesis of high-snergy phosphate
compounds was observed after adrenaline plus glucose as well as afier glucose
alone, though certain defimte differences were demonstrable Of most signfi
cance was the fact that the creatme bound phosphorus content did not inerease
n the adrenal p the duffe between adrenaline and the
glucose experiments bemng, m this respect statsucally venfiable The ALP
content, on the other hand, tended to show a greater increase 1n the adrenaline
than i the glucose expeniments while the converse was true for the ADP

content The effects © p ly were not My venfiable
ADP
‘When the g ATP " Iculated 1t was found to bave

creased 1n 9 of 11 experiments The mean value in the glucosc test was
079 £ 023 and 1n the tests with glucose - adrenaline 164 4032 The
increase 086 4 027 (P < 001) was statistical significant, which indicated
that a synthesis of ATP from ADP had occured in the adrenaline experuments
The total synthesis of ~ ph in the latter expeniments was 10 pmolefg
while the ncrease in lacuc acd prod d to 553 pmolesfy
Although the Jactic acid production was 1 18 zmole/g greater in the adrenaline
11n the glucose experiments the recorded synthesis of hugh energy phosphat®
, onds was 0 42 preq/g lower Nor was the content of other unidentified organ

phosp P rably higher 1 the adrenaline cxpenments
d d,
when D with the sub pleted prey
Discussion

The pnmary aim of this mvesugation was to ascertain whether the stmv
lation of the carbohydrate metabolism mnduced by tone incrcasing drugs w36
associated with an elevated content of ugh-energy phosphate compounds of
whether these compounds were utihized by the muscle dunng its con(r&\fu":
process The latter seemed to be the case for even though the lactic M;\c
production was at least 1 2 pmoles/g greater 1n the adrenaline than l: L
glucose experiments the synthesis of high energy phosphate bonds was 04 €1

lower A hypothetcal possibility was that adrenahine mduced synthesis 0:

readily hydrolyzable phospt pound which was subsequent) d:lrm'uﬂﬂ

as morganic phosphate No signs of such behavior were manifest hov;:w
Al

1t 1s more difficult to account for the observed relauve shufts 10 the -
hosphate fr after ad 1 According to the classic coﬂlfr’““
the muscle utilizes ATP primanly for contraction after which ATP “‘“’
sunthesized from ADP with the aid of CrP in conformity with Lot
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(1935) reaction CrP - ADP — ATP -} Creatine Nova, husy and Larpy
{1954) using ATP creatine transphosphorylase from skeletal muscle found
that the equilibrium m this reaction was influenced by the pH and the Mgt++
concentration A pH fall shifted the equbbrium to the nght : ¢ towards
an mcrease of the ATP content as did a rise in the Mg** concentration —
Smce 1 our experiments adrenaline simulated the lactic aad production of
mesenteric artenies and also rased the lactic acid content of the muscle 1t
was probable that a certain pH fall occurred after adrenahne It may be asked
how great a pH fall was required for a change in the AIP CrP content of
such magnitude as that observed 1n the adrenahne expertments Calculation
CP_ADP
ATP Cr
Table I on the assumption that Cr = 4 7 umoles/g gave a value of k. =043
for the glucose experiments and of 0 09 for the adrenahne glucose experiments
From the data reported by \opa et 2/ (1954) 1t may be computed that such
achange of K will coincide with a pH alteration of 0 6—0 9 umits If therefore
ATP creatine transphosphorylase from smooth muscle has the same pH optima
as enzyme from strated muscle — as 15 suggested by Geicer s (1926) studies
on fowl gizzard — a pH al of the ab d de could
account for the change 1n the ATP CrP concentrations Since however such
PH changes after adrenaline have neither been demonstrated nor are a grion
probable this explanation of the observed changes 1n the phosphate fractions
13 hardly plausible

The possibility that an d amount of nucleotid charges was formed 1
order to neutralize positive charged adrenahne taken up by the muscle (review
Hacex and Barenerr 1960) was considered The total charge mn experiments
wath glucose was 1220 weq/g and w expeniments with adrenaline + glucose
1174 peqfg Thus explanation of the observed effect seemed thus not probable

The view that ATP s primanly utilized i muscle contraction and 1s second
anly resynthesized with the aid of CrP has been critized on the grounds
that the contracnion process 15 not demonstrably accompanted by changes in
the ATP content It has been possible to show howeser an mcrease of the
norganic phosphate content m connection with muscle contraction at which
an as yet umdentified phosphorus ester »s broken down Creatine phosphate
1s assumed to be capable of rephosphoryhizing this hypothetical ester (for
Teview zide Davies Cam and Deriinva 1929) It has been shown that creatine
phosphate may be synthesized by muscle extracts even n the absence of the
adenylic acid system (Cori ef al 1956) — an observation which suggests that
Creatine phosp may p pate 1n the phosphorylation p more
direetly than via ATP—ADP

Boax (1936) found that the abihity of smooth muscle to exert tension was
dependent on the CrP content but not on the ATP content A sumilar finding
was recorded by Csapo (1960) Lanoe (1935) reported that adrenalme and
10623015 Acta physiol scand ol 56

of the apparent equhbrnum constant h = from the values m
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acetylcholine while contracting smooth muscle from rabbt stomach rased
the ATP content From the aited mvestigations as well as our own, 1t might
be surmused that the contraction process m smooth muscle was associated with
utilization of CrP Concurrently however, synthesis of ATP took place One
15 tempted to hypothesize a connection between this latter effect and the
stimulation of the carbohydrate metabolism wiich 1s produced by tone
promoting drugs even when the contracting effect 1s blocked The metabolism
of lugh-energy phosphate compounds 1n vascular muscle would accordingly
reflect, via elevation of the ATP content the stumulation of the energy produc
tion to which such drugs give nise and via depression of the CrP content the
sncrease of the energy P which 15 d with muscle contrac
tion Further investigations 1nto the metabolism of high-energy phosphate
compounds in smooth mu.cle on selective shmulation of the contraction
process or of the carbohydrate metabolism might well shed additional fight
on this problem.

$ie are gratrful to the assutance of Mr “AxDOR 1 awos and Mr IncE Jonan Syrensx
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The Effect of Electrical Sttmulation
1 Nucleus Ruber on the Response to Stretch in Primary
and Secondary Muscle Spindle Afferents
By
Bo ArpeLBERC
Recewved 24 February 1962

Abstract

ArpersrrG B The effect of electrical stimulation 1 nuclens ruber on
the response to siretch n primary and secondary muscle spndle afferents
Acta physiol scand 1962 56 140—151 — In cats anesthetized
with Nembutal the activity 1n muscle spindle afferents was recorded
m thin dorsal yoot filaments The conduction v loaity of each fibre
recorded from was determined The value of 72 mfsec was used for
separating primary and secondary afferents The effect of electrical
stumulation 1n the red nucleus on the adapted discharge to a steady
stretch of the muscle under study was tested It appeared that while
the actiity 1n primary afferents was as a rule strongly nhibited
the secondary discharge was only slightly or not at all influenced
by the rubral stimulus The dynamie burst of activity 1n primary
afferents seen dunng the appheation of a slow extension of the
musele was also studied The rubral sumulation as a rule caused
an mcrease m the dynamic responsc although the stauc discharge
was mhibited before as well as after the applicatton of stretch The
results are discussed i relation to anatomucal and physiological
knowledge about muscle spindles The conclusion 1s reached that
the red nucleus has an mhubrtory influence upen the gamma supply
to nuclear cham intrafusal fibres but does not affect the motor
annervation of the nuclear bag fibres

In a previous mvesugation (ArPELBERG 1962) it was shown that the ed
nucleus depressed the afferent discharge from muscle spindles 1 muscles ¢
the contralateral hundleg This depression was shown to be due to miultio?
of efferent gamma discharge s

Yt was noted duning the course of these expeniments that oceassonal spn
could not be mfluenced by the central strmulus
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It 15 known from hustological investigations (Bovn 1958 193 1960 1961
Barier and Ir 1960) that the muscle spindles consist of mtrafusal muscle
fibres of prinaipally two different types nuclear bag (NB) and nuclear cham
(NC) fibres These authors have also shown that the two types of intrafusal
fibres have separate motor mnervation and that the sensory mnervation of
the fibres 1s fundamentally dufferent The NB fibres are thus suppled almost
exclusively with so called prmary sensory endings although some secondary
endings may be found m the myotube region of these fibres The \C fibres
on the other hand have a primary mmnervatuon as well as the majonty of the
sccondary sensory endings

It was considered possible that the red nucleus mght exert inhubition upon
one type of gamma ¢fferents only erther those destined for NB fibres or those
runming to NC fibres For thus reason 1t was decided to mnestigate the rubral
cffect upon primary and secondary muscle spindle afferents

Methods

15 cats anesth tized with Nembutal were used for the experiments \uscle spindle
activity m the nght gastrocnemius or the semutendinosus muscles was recorded n
thin dorsal root filaments The was
as that deseribed by Arprrserc (1962)

Every dorsal root filament contamung a functional single fibre was tested 1n the
following manner

1 The response to a muscle twitch caused by 2n electne shock to the muscle nerve
way recorded The pause dunng contraction (MATTHEWS 1933) served as a entenion
for muscle spindle afferents

2 C veloaity was d by the latency of the spihe over
the distance muscle nerve — dorsal root which was measured alter each expenment

Y Vhen ¢ the d veloaty no time for the mutiation of
the impulsc at the stmulating site was allowed for

3 The behawviour of the afferent discharge duning a rapid and then mamtaned
stretch of the muscle was also studied According to the type of response the afferent
fibre was classified as having  dynamic and static  sensivaty or “stanc  sensitmity
only By dynamic senswitv 13 meant the ability of a receptor to react phasically
to the change in stmulating intensity and thus respond with a burst of actity at
onsct of stretch For most flaments this classificatton was made merely by bstenung
to the loudspeaker while pulling out the muscle by hand or with the aid of an appa
ratus which will be descnbed below In some cases the result was recorded on runming
film (100 mmysec)

4 The effect of clectrical sumulation 1 the red nucleus was tested Usually a load
was then applied to the muscle 50 a8 to set the receptor recorded from at a fairly high
Ievel of actvaty The spindle was alwavs allowed 1o adapt to the load for several
thnutes before the rubral cffect was tested Thus the effect of the central sumulanon
was observed wath a stauc discharge as indicator

When studving the cffect of electnical stmulation 1 the red nucleus the discharge
of the fibre 1 as recorded 1 successive sweeps at intenals of 07 sec which usually
had a duration of 160 msec As a rule twentv sweeps were taken for each Sbre OF
these the ten first were controls while the rest senved to mvestigate the effect of rubral

the same
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Tig 1 Photograph of the pulling device used
for extending the muscle A 1 acam rotaung
1 the dhrection of the arrow T he upward and
downw ard movernents of the lever 8 govern
by the cam curve i transdeered 1o the stnag
T which stretchics the muscle The rateof
stretch 1¢ adjusted by changing the fength of
the fever at € The serew D can beused 1o
stop the feser befors reaching the bottom of
the cam curve and thereby atio the fength of
pull may be vaned

stmulatton By counting the number of spikes 1n the sweeps before andd dunng stms
latien the effect could be expressed in per cent
In the beginning of every evperiment the strength of the stamulos 1o the red puckeus
was adjusted so as {0 vield maamal snhibition of the discharge sn a primary afferent
with munimal motar effects seea in the preparation Small movements of whiskers,
cars and eyes were sometumes caused by the stmulus The sensite eyograph used
for checking on muscle tension never rev ealed any sanations 1 feonon accompaning
the central stimuluy
In six of the cats the cffect of rubral sumulation upon the dynanuc sesponse of
primary spndle afferents was studied For this st was of great importance that rate
and amount of extenmon should be praperly standardized Theeefore 3 spead 3P~
praratus was used designed by Mr L Strow and buit by Mr 1 Avpzesoy Sung!
Vetennarhogsholan T pulhing device the mam detasls of which are shown m Fig §
consusted of an electric motor geared down to about onc revolution 1 ten geconcs.
The gearbox drove a cam (A} which mfluenced a Jeves (B) 10 which the sting 8 the
musele was attached By varving the length of the lever {at € Fig 1) the rate of
pull could be changed The length of pull was set by a screw (D) stopping the laet
before 1t reached the bottom of the cam curve The design of the cam tune Wil such
that a lnear pull was achirved The stnng from the pulhing device was always con
pected to the muscle vsa the myograph sprng and each change 3R strctch of the
muscle was therefore vecorded on the sereen
By changng the rate and degree of stretch the optimust wennty of stretéh for
ecach spindle imesngated could be achieved Therehy a cleascut denamic 1o
to stretch was regutacls obtaned ecorded
The dyname response 1o siretch 1 primary muacle spindle afferents was It e
on runming Bim (100 mm sec! Laually four control recards were phatograph
each affcrent The effeca of rubral stimulation was then studsed tn another faur "Wx -
The frequency of the discharge in the fibre was deterrmned on the film by W“"r:(h
(he number of impulses in successive periods of 91 see “This was made before 3t
began duning the applacatin of streich and abo for a short Le after completion ¢
ekt When making the dugrams prosenied below the mean frequenef et
cotrespending parts of the four records for each filre were used ALY
“The myograph used w1s the one prevously desenbed (Arvestra 1967) R
raum sensitivity 8 § gram load on the myograph 3pring gase a defles

of the myograph beam

tion of
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Fig 2 Responsc to different sumuli 1 onc prumary (A, B E, G) and one secondary (C, D
F H) muscle spmdic afferent A and C show the pause m the e durng muscular
contraction faused by electrical stmulation of the muscle nerve Time 20 msee Calibraton
for myograph beam 200 g

B and D e the latencies of the primary (first spike m B) and the secondary (second smaller
spike 10 D) afferent spikes recorded in dotsal root on clectrical stimulation of the muscl~ nerve.
Conduct on dustance 107 mm Time 1 msec E demanstrate the beha 1our of the dus-
charge 1n the two afferents during the appl cauon of stretch Myvgraph calibration 400 g
Gand H how the imhub tory effect of electncal sumulation 1 the red nucleus on the discharge
1n the two affe et fibres In both cases the three first sweeps are controls while the three fol

lowing were obtaned during rubral sumulaton (note sumulating artifacts) Time cach sweep
comprises 160 mscc \Myograph calibranon 10 g

Results

1 The rubral effect on the stauc discharge of primary and secondary
afferents

A total of 65 muscle sptndle afferents were analyzed according to the above
mentioned pnnaples If the dividing line for conduction veloaity between
primary and secondary spindle afferents 1s set at 72 mjsec (Hewr 1954) 1o of
the fibres studied were secondary and 20 prnimary

In Fig 2 1s shown the reactions to the tests appled for one pnmary (A B
E G} and one secondary (C D F H) afferent Records A and C demonstrate
the typieal spindle discharge in both cases with the pause dunng 2 contrac
uon of the muscle B and D are the records for conduction 1veloarry det
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Fig 3 The inhibtary effect of clec
trical sumulation n the red nucleus

on the z(ijxschnrg: ofa pnm::r (A and
[ ) sec  a secondary (B) ending The curves
Impfsweep oo were obtamed by counting the umber
H of spikes in [G sweeps before 10 sweeps
—_— anng and 10 sweeps alter the peried
3 Th o
Z 4 8 8 W 12 1% 15 1p Jpsec
Aiokibition
7
B
PR
otre ‘, Fi, 4 The inhibitory efiect of the
° Ay 4 rubral stimulation in 65 muscle spinale
P +  affcrent fibres plotted agamst conduc
° g T4 e tion velocuty of cach fibte Plus symbols
o 4 byt indicate fibres responding with a
10 * namic burst during application of
0% %0 0o h stretch of the musele Circle symbols
2 L] hd mBec  indicate lack of such responsc
30 40 50 60 70 80 90 100 o 150 130

T In both cases the conduction distance was 107 mm The lateney of

2% msec for the primary and 246 msec for the secondary afferent yields
- tonduction veloaities of 87 and 43 mfsec respectively

In Fig 2 E and F 1 illustrated the behaviour of the discharge 1n the two
fibres dunng a rapid and then mamtained stretch of the muscle The primary
afferent discharge (E) shows a burst of activity during the dynamic phase
Upon completion of stretch 1t rapidly adapts to a new level of actrnty shghtly
above the wnal one The secondary discharge (F) yields no burst during
the dynamic phase of stretch but rapudly changes ats level of actity to 2
new higher frequency which only slowly adapts as stretch 15 maintamned This
difference between primary and secondary afferents first noted by Coorer
(1929 1961) was found to be a constant feature of the whole materaf of
fibres Coorer s observation confirmed by Luvorere and Winssury (1960)
Harviy and Marriews (1961) for deefferented spindles and by Jansey and
MatriEWS (1961) for spindles with mtact efferent mnenauon thus also by
the present results seems to provide a firm basis for differentiauon of primary
and secondaty spindle aflerents

Fig 2 G and H finally illustrate the response of the primary and the econdar}
afferent to electrical sumulation of the red nucleus Only si< out of the wenty
sweeps recorded for each filament are shown A clearcut difference 1n degree
of inlubition of the actvity 1n the 1o fibres 1s evadent n fact the priman)
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discharge was intubited by 55 ° while the frequency of the ducharze 3= the
secondary fibre only decreased by 17 ¢, The mhibunry efiect of 7u 2l sunr
lation on the discharge 1 the two fibres shown in Fig 2 wallurracd graphe.
cally m Fig 3 Also the actvity 1n ten sweeps after the strmlau 2w e®

The findings demonstrated m Figs 2 and 3 are typical f- the mmpvmity
of the ipvestigated spmdles In Fig 4 15 presented a dragram where t5 - per-
centage of miubition for each fibre intestigated 1 plotted azairst errducts 1
veloaty Plus symbols mdicate fibres responding with a dynamic by to
stretch It 1s evident that the majonty of pnmary afferents re ealed dynarur
sensitivity while the secondary did not

The most mtcrcsxmg feature 1n the dwmgram of Fig 4 15 hovrer, the
marked i the inhibitory mfl exerted by the red
nucleus on the discharge in primary and secondary spmdle affrrent. [he
mhibition of primary afferents ranged between 4 and 64 % with a mean f
29 9, while the corresponding figures for dary fibres vere 0 and 2% /4
with a mean of 89, The mhibition of the secondary discharge 1 1 fact
often so small that it may be due only to random frequency vanatioms The
fact that the circles i the diagram without exception fall above the zero hine
and that some of them show definste inhibition 1s clearly in favour of 2 gentine
though small effect also on the secondary discharge

2 The rubral effect on the dynamic discharge of primary afferents

Dunng the course of the expeniments Jansex and MatrHews (1961} pre-
sented results d to which the d and stanc p of the
Tesponse to stretch of pnmary spmdle were d 11 led
by their gamma fibres The authors suggested that the NB pnmaq endings
would provide the dynamuc and some static senstvaty while most of the
static sensttivity would be served by NC primary endings Experments by

Granty and van pErR MEULEN (1962) lend themselves to a similar anter
pretation

This hypothesis made 1t interesting to study not only the effect of rubral
stmulation upon the stauc discharge of pnmary and secondary afferents but
also to pay special attention to possible effects on the dynamuc burst as seen
m prmary afferents at onset of extension

The eflect of rubral iz upon the d to stretch was
studred 1n 10 prumary spindie afferents It appeared that allhough the adapted
static response to a given amount of extension of the muscle was always
hibsted by the red nucleus the dynamic component was affected 1n quite a
different way In most of the afferents studted the dynamic burst sigmficantiv
increased dunng rubral stimulation In some fibres the burst was pracuically
unmnfluenced but a decrease 1 dynarmue sensitivaty was never obsenved

In Fig 515 shown results obtained 1n two different spindle afferents The
afferent studied m A and B had a conduction veloaty of 90 mfsec and 1t
statsc response to stretch was mhubited 16 ¢, by el i m the




BO APPELBERG

[ R TS 70 P
Jpefas sec
1o
1+ B
‘ e
< —
B T 7 5 YT
Imofotxec
n
5
Cc Fig 5 The effcct of elecuncsl
s slr:ml:ihlmn 1 the red nucleus on
the dynanue response in two pn
e Y7173 mzdrycmmd: spindle .lrmn? A
% 0] "y i represcat the control re
™~ ! " TH10¢ ords for the two fibres Ban
shaw the effect of the rubral sim
s ulation Each pot s the cunes
was obtamned by calculating the
" mean of the number of impul
J 10 corresponding 0 1 se¢ paritind
-1 0 yfferent film secords The rreich
applied extend d the muscle 123
P
e mm The timecourse of the &
— cension 1s indicated by the oblique
jne m cach dsagram

14 B T E] 75 1ec

red nucleus In the control records the mean values of which are diagram
mancally represented 1n A the response to the slow stretch apphied was seen
to have a rather small dynamuc P Durning rubrat
stimulaton the dynamic response increased (B) The increase in this casc Wad
22 9 (calculated by comparning the top of the dynamic burst with the mean
discharge before stretch) It was further noted that as the new stretch was
maintamed the dynamic response rapidly adapts but at the end of the cune
presented there 1s sull enough of 1t left to mask the tninbition of the state
response Inhubition was not revealed untid streteh had been mantuned for
1520 scc

The spindle afferent represented by the two cunes i C and D of Fiz 5
behated 1n 2 somewhar different way The conduction veloaity of this fibre
7 misec and the mhstnson of its discharge before stretch was 13%

was
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Fig 6 The behaviour upon release of stretch 1n one prmary (A B C D) and one secondary
(E F) afferent
A 'and B which are contumous records sere as controls for the primary afferent Durng G
;{nd D, the red nucleus was sumulated i

ote between G and D) about 3 sec were omtted when making the figure During th
o e e 3 el secord for the secondiaty bre T F ot et rhioes
was stimufated

During rubral the d burst was d 3 9 The dy
response of this fibre was however of a very phasic character and was rapidly
cut short by the rubral 1 {D) The mlub of the static disch

was m this case already scen 01 sec after completed extension The static
d was then inhibited to app: ly the same degree as duning the
period preceding the stretch These findings indicate that the dynamic response
may sometimes have a static p ding the
over several seconds

An interesting observation which was regularly made 1n connection with
these experiments 15 demonstrated n Fig 6 w tich shows the behaviour upon
release of stretch 1n one primary (A and B) and one secondary (E) afferent
As was first observed by Apriax and ZoTTERMAN (1926) 1n the frog and later
demonstrated mn mammals by Marraews (1933) the activity of primary
spindle afferents 15 for a short while depressed when the muscle 1s suddenly
released from a strerch (A and B) The actiity then gradually returns to a
level corresponding to the new length of the muscle In secondary afferents
on the other hand this depression 18 generally very small or lackin -

h

of the burst
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was first desensbed by Coorer (1929, 1961) for spindles with an ntact gamma
innenanon and confirmed by HArvEY and Matriews (1961) for deefferented

spindles
When the red nucleus was stmulated simultaneously with release of ex
tension 3t app d that the red 1 freq of discharge upon release

was much more marked for the pnmary afferent (C and D) The discharge
1s seen to drappear wholly for several seconds Still more nteresting 1s the
fact, that also 10 the secondary afferent (F) a well marked depression upon
release apy d upon q 1} m the red nucleus

Effects simlar to those described 1n Fig 6 were noted 1 all ten primary
afferents mmvestigated and also 1n 3 sccondary afferents studied 1n this way

Discussion
The mamn result of the present msestiation 35 the obserianon that the
discharge m secondary muscle spindle afferents 1s far less susceptible to iy
bition by stimulation in the red nucleus than the pnmary afferent discharge
In addinon 3t was found that the dynamic and stanc components m the
response of primary afferents are differently influenced by the rubral sumu
Iation
It has been shown previously (ArpeLnerc 1962) that electacal sumulation
m the red nucleus decreases the discharge in gamma eferent fibres The
~ “bres are motor for the mtrafusal muscle fibres in the spindles There
st must be assumed that the intrafusal fibres beng deprned of thar
.ntor annervation during rubral stimulation will refax ¢ ¢ the tenson m
»these fibres will decrease Thereby also the afferent discharge from the sensory
endings on these fibres will decrease
The obsenation that electrical stmulation of the red nucleus causes 2
decrease of the pnmarny static response and a simultaneous ncreasc of the
dynamic ndicates that these two components have different ongmn wathnt
the spindle  The fincings therefore supplement the results of Janses and
MarmHEws /1961 and GRAMT and vAs DER MeeLes (1962) The red nucleus
evidently inhibats the gamma actvity to one type of ntrafusal fibres only
namely the ones from which the static component of the prmary espome
ongmnates From anatommcal iesugauons 1t 15 known that primary ’“‘:
secandary endings occur together on \C fibres while primary endings d"m‘":‘hc
on NB fibres (¢ f the schematic drawing of a spindle i Fig 7) As only A
primarn afferent discharge 15 Jmown to reseal a dynamic component 10 st(x;n
3t 18 reasonable 10 beliese that this component emanates from primaty en 1::
on the \B fibres Loth pnmary and sccondary endings on NG fibres uﬂdu!
other hand rospond tomcally to stretch It may thus be con:lud:dm %
eleetrical sumulatton in the red nucleus snhibits the gamma cischarg
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Fg 7 Schemauc drawing of a muscle spundle
coupled 1n parallel to two extrafisal muscle fibres &
The spmdle cons sts of 2 NB fibres (1o the Ieft)

and 3 NG fibres (to the right) P s the prumary
afferent fibre from the spmdle S the sccondary
affetent Two of the NG fibres are shown lacking
secondary endigs This 1s 1 agreement with
anatomcal knowledge

Extrafusal hidre

S Mysgraph

fibres thereby decreasing the discharge of prumary as well as secondary endings
here

As a result of the parallel coupling between the two types of mtrafi.al fibres
{Fig 7) a relaxation of the NC fibres will increase the Joad on the \NB fibres
This seems to explam the merease in dynamc sensitivary caused by the rubral
sumulation

The load taken up by the NB fibres as the NC fibres relax will not only
tause an increase of the dvnamsc sensitvaty of the NB primary endings It
will also cause 3 shght inerease m the discharge of sccondary endings n the
myotube region of the B fibres If 1t may be assumed that thesc endings
respond tomcally i contrast to NB primary endings thus may serve as an
explanation of the fact that the over all sccondary discharge s much Jess
winfluenced by the rubral sumulus The decreased actwity of NG secondary
endings wall be counteracted by a simultaneous increase of NB secondany
endin;

The different behaviour of the discharge i pnmary and secondary afferents
upon release of streich 1s difficult to explam The strong depression of the
prman, discharge (Fig 6 A B 1s likely to depend upon an mability of the
msrafusal Sbres underiving sonieally acine pamary endings to follow a raped
change in extrafusal length Dunng rubral sumulation the \C fibres wiil
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become still less efficient 1n changing their length and therefore the depression
upon release will be exaggerated (Fiy 6 C, D) and marked also m the
secondarv response (Fig 6 F)

The fact that the discharge 1n secondary fibres shows a considerably less
slowing when stretch 1s released (Fig 6 E) suggests that some of the secondary
endings are situated on ntrafusal fibres which follow extrafusal length changes
more rapidly Provided that the myotube region of NB fibres may be assumed
to have such properties secondary endings here will tend to counteract the
depression 1n the discharge of NC secondary endings

In the present interpretation of the results the secondary endings on the
myotube regtlon of the NB fibres are assumed to play a very important role
and this part of the NB fibres 1s supposed to have ct 1sties quite dif’
ferent from the bag region and also different from those of the NC fibres
An alternative hypothesis would be the assumption of a third type of intrafusal
fibre with secondary endings only, elastic properties different from the NC
fibres and a gamma supply which 15 not influenced by the red nucleus

The results obtamed 1 the present investigation thus strongly ndicate that
the red nueleus exerts an mhbitory action upon the gamma supply to the
NC ntrafusal fibres The consequence of this 15 a lowenng of the static senst
taty of pnmary endings Due to the mechanical couplmg between the intra
fusal fibres the static y of y endmgs 1s infl d to 2 much
less degree and the primary dynamuc sensitivity 1s increased or uninfluenced
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Distrabution of Intravenously given Cholesterol-4-Ct
between Rat Serum Lipoprotein Fractions
By
Esno hapviven and MaTrs MIeTTINEN
Recensed 27 Febroary 1972

Abstract

Rarveees B oand AL Muprroves  Dustnbution of mireenously guen
Cholestersl-4-CH bebween rat serum Uipoprolen fractors Acta physiol
scand 1952 57 132—106 — Dustnbution of cholestesol-4-CH 1n
alpha;, alpha, and beta Lpoprotein fractions separated by paper
elrctrophoresss was studied from 2 minutes to 55 hours aficr intrz
venous admimstrauon of cholesterol-3 €4 i Tween 20 saline emul
sion. The percentzzn of cholesterol-$-CH4 1o the Lipoprotan fracuons
was about the same as the percentaze of ch tly d d
cholestrol in these fractions The distribution was not changed with
tme. Dunng the fit hall hour afier the myection of chuiestrrol
$-CH the aanty i zll fractions decreased rapidly but after the
snutial dechine the apparent turnos er time of cholesterol-4-C1* i the
diffrrent bpoproteins was about 52 hours Thes findin~y support
the view that the chol 1-3-Ch pounds formed
were wrue hpoprotans

Dstribution of aralls gisen cholesterol-$ 14 1n paper electrophorencal
separated alpha, zlphe, and beta bipoprotens of rat serum 1 about the ﬂ-"‘;'
(harvives and MIETTINEN o be published, as the distnbution of chermeal™
determned cholesierol 1n these ipuprotein fractions (MIETTIVEN 1957) Te
2pporent tumoier e of cholesterol-4-C* gnen orally to the rat was €3
mated 1o be zbout 79 hours 1n alpha, alphz, beta and chvlorugol fractions
(hamsmnes and Mrerraes  unpublished) g

It was considered worthwhile to study the distnbution of mummm‘}‘
oven ch Sesterol4-Ct briween the serum Lipoprotens ard to follom €
duszppearance of the labrled compounds thus formed

152
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Toble I Fstimated relatwe specfic actintest of cholesterol bound n the d fferent Ipoprotesn
Sractions

Time after ¢holes- | @ a B “Chylomtcron
terol-4-C g ven
w
2 munutes 27 292 30 1416
30 manutes 46 54 80 pin3
8 hours 30 30 28 106
24 hours 18 19 21 89
32 hours 18 19 23 as
48 hours 18 18 19 12.2
56 bours 13 09 17 59
Total rad of the bound ble bp d divided by the amount

of cholesterol 1n each fraction determmed colonmetnically {Micttinen 1997)

Material and Methods

Male rats of Wistar strain weighing 200 10 300 g were caged indwidually and gwen
a stock diet for 3 weeks ad Tirdurn Then the rats were fasted overmght, Around
8 oclock on the folfowing mormng 2 gc of cholesterol-# G 1n a Tween 20 saline
emylsion were 1npected y under ether h m the tail vem The
chalesterol-+-C* emulston was prepared accarding to MErER SreErSTEIN and CHAIROFF
(1952) A benzene solution of cholesterol-# G4 (Radioch, 1 Centre b
England) contaimng 8 e of actwity w 126 ug of cholesterol was taken to dryness
A drop of Tween 20 (pol 1 1

y sotbitan was first added and
the cholesterol was dissolsed

1n ethanol The ethanol was evaporated on a steam bath
and the viscous solutton of cholesterol in Tween 20 was then diluted 1o 2 ml of volume
with saline Two msnutes after the injection the first blood sample of approvimately
1 151 was taken under ether anesthesia from the tail pro¥umal from the site of mjection
Blood samples of 4 rats were then taken from the tail ven 02 8 24 32 48 and 56
hours after the 1njection of the cholesterol-# G emulsion Blood samples of another
5 rats were taken 05 9 25 33 49 73 97 145 169 193 and 217 hours after the m
Jecuon of 08 pe of the cholesterol-+-C1 emulsion The fractonation of the serum
1 was carned out dmg to the paper b method of NxxiLa
(1954) as modified and deseribed elsewhere (MErmven 1957)

The electrophoress paper was cut mto stripes confainmg albumun plus o, glob 1
L9 4 o, Wpoprotem o, giobuhn plus o, bpoprotem P globulin + § bpoprotem and
the arca around the starung hine contaning chylomictons The stripes were boded
n 10 /o ethanolic hOH for 2 hours The unsapomfiable bpid was taken up m pe
troleum ether and washed with 50 / ethanol and water The unsapomfiable hpid
was transferred to steel planchets and assayed for radioacuwity using a thin mca
window Gesger tube (20th Century EW 3 H) and an ERCO Automatc Scaler N 530 F

Results

In Fig 1 the total radivactivity found 1n the unsapomfiable hpid fraction
of a; a, and P and the chyl o fracton (== the residual
radioactivity in the serum lipid fraction absorbed around the starting hine of
11623015 Acta physiol scand § ol 56
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Fig 1 Actnty ume relauonship of ¢ a and 8 hpoprotein and  chylomicron fracions of
rat scrum after intrasenous injection of cmgmd"@ ¢

the electrophoresis paper) 1s shown as a function of time Relatne speaific
P

m the lipop are p d in Table T It 15 noted
that the residual radicactivity not bound to the hpoprotens 1s very small
already 2 mun after the int us ad: of chol 14 C* Dunng

the first 30 mn after the cholesterol-4 Ci injection the decrease of radwactvity
15 rapid and thereupon slows down very markedly (Fig 1)

‘When the disappearance of the chol 1 label was followed for a fonge?
period of ume as shown in Fig 2 1t was noted that the mode of disappearan<®
was not strctly linear when plotted on senuloganthmc paper Dunng the
ume intenal from 25 to 145 hours an apparent turnover ume of the &
Iipoprotein cholesterol was estmated as 52 hours

Discussion

rolod € an the Lipoprote®

The percentage of wntravenously given chalestes 7 cho-

fractions 1s about the same as the percentage of chemically determin .
Jesterol m the same Iipoprotain fracuons (Mrerraes 1927) and also the $3



RAT SERUM LIPOPROTEINS 155

out per 100 s

ormpl

R doactivty of the

ST 2 @8 72 88 2 144 wa @ 28

H after | ton
plot of of of a,, ¢ and Bk
B Lhylormmn fractions after 1t avepous myeetion of cholesterol4 C

when cholesterol-4-C ¢ 15 gnen orally (RARVINEN and MigTTNEw to be
published) Already 2 minutes after cholesterol 4 C'* was given intravenously
1t was found to be distributed between the lipoprotem fractions in the same
way as cholesterol accordmng to chermeal analyses 15 distributed and a rmnor
rmduc of radioactive bpid only was found m the serum not bound mn the
Furth the d 1 chol 1-4-CH actaty 1n the
hpupromn fractons dunrg the first 30 minutes 15 very Tapid and parallel
with the decrease sn the residual radicactinty m the serum
These findings seem to indicate that the uptake of cholesterol-4 C* did not
oceur 1n the liver but was acomplshed in the blood atself either wathum the
vascular systcm or dunng thc period when the blood samples taken were
bemng prepared for electr In fact WHEREAT and StapLe
(1960Q) fuund that cholestcml-«l cu m a Tween 20 dupersion exchanges re.dily

with the cholesterol of rat plasma hpoprot:ms mn vitro Oun the basis of elec
trophoretic  ultracentnifugal and

1 evidence they concluded
that hus was @ true isotope exchange and that the physical properties of the
hipoproteins were not altered L g labeled chol

show ed idenucal SF values when v.omparcd with 1solated \mlabclcd lipoprotens
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From ihe Instiute of Occupational Health, Helsnki Finland

Effect of Eth on the Transport of Chol 0]-4-Ct
1n Rat Lipoproteins
By
Towo hawvoves and Vet Vet
Recer ed 27 February 1962

Abstract

Rarviven E and M Mrerrrses  Effect of ethiomne on the transport
of cholesterol # CY 1n rat Lpoprotens Acta physiol scand 1962 56
157~161 — Ethionme adminustratton to female rats resulted m a
sigruficant increase n the radioactivity of the chylomicron fraction
after mgestion of cholesterol4 C** On the other hand ethionme
admunstration resulted mn a markcd decrease 1n the mcorporation
of wto the a; 1 fraction after ngestton of
cholesterol G In the normal rat 70 ®, of the radiwactivity con

tamed 1n the serum was found in the lipid of @; hpoproten whereas
w the ethionme rats a trace of radioactvity only was found m the
a; fraction There wore no sigmificant differences in the activities of
the @y and B Lipaprotem fractions between the ethionine and control
Tats It 13 corcluded that Iner damage b) cthuionine resulted 1n a
spearfic nhibition of the of ay I

A bver damage produced by cthionne admustration 1s known to reduce
serum cholesterol phospholipids and fatty acids (FErvserc eof al 1924} and
both the high and low density hpoproteins approumately to the same extent
m the dog (FENBERG ef sl Wanc 22l 1938) In the rabbit a relatne decrease
n the @ hpoproten and an mcrease 1 the § Lpoproten — chylonmeron
fraction after ethionine admnsstration has been noted "\ ane ef a1 In man
serum @ lipopratein 1s reparted to be low 1n kver dreaes (Eper and Russ
1902 harener and Stater 1952 N\maurs 193

In the rar effects of ettuorune on the blood lipids and lipoproteins hasve
not been studied Howerver 1t has been reported that ethiomne 15 able to
induce a faty bver (Farner Srupsov and Tarver 1920 Farper hocn
WesEr and Popper 1931) and to nubst hepatic protein synthess m the
female rat (Fareer and Corman 1938) Thercfore 1t scemed s orthwinle to
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fid out what effects et} mine might have on the trarsport ¢ choles ol tr
the | poprotans in ths sprass

\xterial and Methods
Temale 123 of the Worar s ran wartu-g 0 10 LN g werr camrd 1ndnAalte
and Fren 3 5 ock det £ 3 weeks 38 [ hadem Dunog thr apmoer the B
frd Wik gatam finar and wa o1 .
On the fist 2 second exmemmrrtal day the ethion ae £33 ware goen &l 3

ntra wrionnal toyctions of 0tz of Dlectaomire dpol wd n 2 ml of nler 30
Qam 3pm and 10 pm On e thrd and fourk day 247 ar rcioos of 30 52
of ettuoriae were g1 vn dad ar9ar and 3 pm On the £0h day D zrx of ehien
were gnen 1p at farn

Ti - comtrol 123 were gnen 1p trrrtions of 2 mi of saline accord 22 19 th s
sehedll

Trtmern the £t and scond das all ras were £ ted overmstt aod fd o B
scond das 2t a8 ul of <ol mrodd-C sn 2 g of graham Sour TB
ot crol wss s ot «d by the Rars xbemnal Certe Amenham Englad. l”»‘;:
{erol3-C% was & vl o 1 ether and poured an 1+ dn flar Then the €0
was made to a pate In adding water The 13y ate the paste 12 atout aa bow I~

Elaod ramples of aprrowms ey 1l were takrn under ether aaesthests Lml
il at 3 prm oo th sond trough the £5th dav rnnmumo!drﬂ':ﬂ s
procmns was camed it a cord rg to 1l e paper cletront oreue method of r“;;‘
{193, 13 modshed by Mirrreses 17 The electrop’ oress papeT W3S cut 1210 7
epnaimng Alburin phus 2 gl bdia phus g, bipooro 57 @, globulin Pl @ Lo
P slobula P £ hoopro an and th - area around the sarueg £7¢ contan.ng &
s THesnpywere boled 19 10 ethanche ROH for 2
Led was talea wp 12 prirstrum ctt v and washed with 50°, e
vater Tie umsapor@abl Lpd was tten transferred 1o 5 ol planch ets T sH)
£or radioacuvity by usng a thin mica window Geoer tube (20th Centuy

and 20 ERCO Autgmauc Scalr ™ 530 F
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Table I VMean radwactirties contamed n the unsapomsfiable lipud of the bpoproten and chovlo-
mucron frastions of the ethtonnz and control sals The values are wmiweighted means wtludo g afl
values from the 2nd to the 5th day expressed w counts per 100 sec per 0 5 ml of senom

Fraction Fihronune racs Conttrol rats Probabil] » of total actrty
determn = 11 determin = 7 ry of
differ
Meaa Stand. | Mean Stand. | ence eth | Ethuo- | Countrel
dev dev tompe vs} nne
control
{t test)
Alpha 1 57 31 1291 1193 001 9 ki
Alpha 2 22 12 33 171 “Nenc 18 13
Beta 221 152 187 189 None 34 14
Chylomueron 25.3 101 131 69 002 39 7
3 rats 2 rats
Laser 6% | 685 | 740 | 8] ~ame ] ~ —

At 3 pm. on the fifth day the amumals were killed- Their Iners were excised and
smmersed in ethanol The Dyers were then boded with 109, ethanohe ROH for 2
hours The unsapontfiable hpid was taken vp 1o petroleun ether and washed with

0 ® ethanol and yv-ater Samples of the unsapomfiable Iipid were then plated on steel
planchets and counted The counts were corrected for mass absorpuon.

Results

It 15 seen from Fig 1 that adminstration of ethionine to female rats fed
to an mncrease in radioactnaty of the chylomseron fraction after grng chales
terol~t C* orally The radwactiaty of the chylomicron fraction of the ethionine
rats was significantly hugher than that of the controls (Table I)

On the other hand 1t 15 seen from Fig ) that admumstration of ethiomne
resulted n a marked decrease 1n the radoactieaty of the a, hipoprotemn fracuon
when compared with the control group The difference 1n the actnaty of the
, fractions betw een the ethionine and control group was sigmficant (Table I)
In the controls majonty of the radioacuvity contained m the Lipoprotemn hpid
was found n the g, fraction whereas m the ethiomne rats a trace of radio-
actnaty only was found i thus bpoprotemn fraction

In Fig 2 the radioactiates of the a, 2nd § hipoprotein fractions are shown.
There were no significant differences 1n the activities of the @, and B fracuons
between the ethromne and control amraals

At the end of the the

s g m the hvers of the
ethiomne anmals did not differ sigmficamty from those of the control antmals
(Table 1)
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35 W ]
L R e
Fig 7 Semibganthmie plot of the rad aactninet of my ano 11 popro en fractions in eibuonise

and contn 1 rats aftet in abe of ehalestrrol 4 O

Discussion

The present results show that under the influence of ethionine a trace onlv
of cholesterol-t G actnty 15 incorporited into a, hipoprotein after the 17+
gestion of the labeled cholesterol On the other hand 1n the control group
1 lirge myonty of the cholesterol-d (1 activaty contuned in the hipoproterns
was found n the o, fricton Similar findings wath normal rats have beent ¢
ported elsewhere Rarvisrs and Murrsex (1962) found that 60 to 70 per
cent of the cholesterol-t C4 actnaty contamned m the Iipoproteins was 1+
eorporated a0 1 fricton ater ort) admumstranen of the cholesterol-$ Cft0
intact male rats Chemical analyses further andicate 1 similar dustribunon of
rat lipoprotetn cholesterol with a, fraction carrying about 60 per cent of towa!
terum cholosterol (Mirrraex 1957) Thus the distnbution pattern m the
cthiotune ansmals departs very dusunctly from the pattern normally found as
to the distribution of cholesternl between the different lipoprotemns in the rat

Turthermore 1t was noted that the ethiomne group had a sigmificantly
harher actsity wn the chylomcron fraction than did the control ammals
Tlus tndicates that the ethiomne rats had a suffiiently large supply of choles-
ierol-4 C* 10 the ver in order to synthesize hipoprotams containing labeled
“halesterot On the other hand 1t seems Likels that a I er dumaged by ethoure
nay not be capable of trnsfernng cholesterol from the chy fomicrons to th
1, lipoprotem  According by the chylomicrons loaded with cholesterol-4-C*
<cep on aarculiting in the blood streim It has been reported by Ou\‘tc:w\d‘
Srorer and Borestrow (19613 that chylomerons labeled with patmitic 26
1-C* when myected 1nin rats with Iners damaged by etluonne disappear 2¢
a rate twice as slow s 1n normad rus

Tt was shown by I Arner and Cornan that ethiomme miubuts the hd““:
synthesis of proten an the rat Thus n the ethionine ammals a cund:::d
may exst it which the protein maety of the g, lipoprotemn s lacking .
therelore the labeled cholesterol cannot be taken up by the a Ipoprof
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The hsers of both groups studied had very sumlar levels of radicactivity
so 1t 15 unlikely that the relatnely Jow labelmg of the ¢, fraction would be
due to an fE supply of chol 1-4-C at the site of synthests of the
@, hpoprotein  Furthermore there were no signtficant dufferences 1n the a;
and f hpoprotemn fractions between the cthiomme and control group This
Tay be tahen to ndrcate that 1n the ethiorune amumals a rather normal supply
of cholesterol-t C was available at the site of synthess of the o, and 8 frac-
tions The same was probably true with the site of synthests of a, ipoprotein too
It has been mmphed that ethiomune may facilitate fat absorption since an
creased chylomicron counts were noted m rats with ethiorune induced fatty
Ivers (Towere 1996) As to cholesterol, no iformation 1s available on any
effect of ethuomne on its absorption In the present study, the radwactivaty
contaired 10 the chy! fraction of the ath ammals did aig
exceed that of the control rats whereas i the o lipoprotemn fraction the
difference 1n radioactrvity between the ethiorune and control groups was in
the opposite direction Thus 12 15 evident that the chylonucrons cannot be
used m ethionine animals as an mdicator of absorption 1 any quantitatve
sense

Supporttd by grants from $ gnd Juséhrus Foundahon and the State Commusston for Science
Finla:d
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Competitave Effects of Sympathetic Control and Tissue
Metabolites on Resistance and Capacstance Vessels
and Capillary Faltraton in Skeletal Muscle
o
Davn M Lrwnt and Seeras Mreteasors
Rece vnd § \aeeh g

Abstract

Lanws D 11 and 5 Metiasotn Comie it ¢ o5 (1 of srmpa bt
sonteal ard burns vetadels o ex sesssam v and capoc ance cessels and ¢ filary
Forara i ddele al musle Acta phvnaol scand (W7 56162183 —
Reduction 1a resional Llood e to skeletal muscle wmpatrs and
eventually abolshes the rapanses of the rastance and capaciance
vexsels to both svmpathetse sxworonstnctor nene tibre actnation
and dose sntraartenal afusion of | noradernatine The resistance
respomse dechina maee rapi iy and 13 abolnhed earlier than the
capacitance reaponse  Ihe moare severe the degree of fos  reduction
the more rapid 1s td « dectine and the shorter 1 the tme to abnhtion
of beth responses lacreased frequenes of nerve sumulnon and i
crea ed dosae of noradrenaline produce greater reponses and can
profect reactinsty temperanh agamst the effects of flov reduction
Thas protection n greater for the capacitance reaponse than [ r the
resstance ropease How reduction atw impairs § recapallany sesist
ance o a greater degree and more eapydly than postcapillars coust
ance I'hiy interferer with and eventually aboluhes the vormal alality
of th nenves O decrease tnean capidlan hydrostatis pressure and
thereby  caise a net saward movement of extrava cular fud
Retenuon f postcapsllany roastance responte besond that of pre
capian rosults eventualhy in an oummard mosement of flud on
acrve stmulatien The data andicate that precapifian responscy
{precapflany restance vewels precapillan sphiacters) are more
under the influen e of local dilzting metabolic factors than are post
capillany responses (posteapiiiany resistance vessels major capacitance
sveasels) which 1 turn are more domunated by extrinsic nen ous 1€
tors These olsersations provide a more prease undenstanding of the
regulation of the Iocal circulation and may aid n explunmg the £
ture of the circulator desangement an shock
1 Fresent adleess Phitad i bia Ceacral [Eaptal Thlsdelptea P2 on
duning the tenure of an Establ h 4 In eugatorship of the \mer can Heart Associat
2 Special Feflowship of the Nats 1al fnstuutes of Hiralth

LS4 Work done
and

162
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In 2 previous from ths laboratory {Merzaxver 1960) it
was shown that ik of the fbres to the
fund part of the cat produced sxmuhanmus!) a decrease 1 regional blood
flow and a decrease m the volume of this part The decrease m blood flow
was due to the response of the resistance vessels causing the wellknown mcrease
1m vascular resstance The decrease i the volume of the hind pare was found
o be due o two factors The fiest factor was the vesporse of the capactance
1essels causng an tmmedsate and rapsd decrease 1 the volume of blood present
m the regpon The second facwor was & slow but continual transfer of fud
from the extravascular space to the venous return from thus region, coused by
a drop m mean capiflary hydrostatic pressure

The that netve i o 4 mean
capiilary hydrostatic pressure provided 1 addiuon, some wnformation on the
sues of the semstante Tespomse In thus expenmental design o whech both
arterial mfow pressure aed venous ontflon presure were held constant a
decresse 1 mean capiliany hydrostane pressure eould be cansed onh by a
relatnely more pronounced ncrease m precapiifany rwsmncc than m post
capdlary f one ders the rano  precap
capdiary resstance  then, stmulation of all regronal syxnp:nheuc mwcm,
strctor fibres mereased thus ratio

It wag further shown that all the effects noted namcl\ the respouse of the
resistance vessels the change w precapdlany to rato
the resposse of e capantance \tssels and thc mward filtration of extra
sascular flimd were augmented with anereased frequency of nenve sumulanon.
The frequencies employed were those found previously (Forxow 31952)

{Ceraxprx 1921) 10 be an the range of the nonmal operating discharge rate
of the svmpatheuc nen ous svstem.

From the observauons on vascular reactiaty noted above gquantatne
wformaton on the vatious vascular responses to sympathenc \asoconstrice

tor nenve . bas been ok i under the o af “rarmal
nutriuenal flow

The present study was designed 1o examane these same \ascalar Tesponws
when nutnitonal flow 10 the hued pore alone was reduced below normal Ths
had a two-fold purpose First 1t was thoughe that by providing such a chalienge
b metalvdion, of Wa vase whvrmaton wwdd be gaused on &e wwmal
corspenton betw een sy mpathetic nervous actnanon and any metabolic factors
that rughe affect sascular reactiaey Second at was felt that such a reducuon
1 blood flow by simelating the regonal situanon m certaan acute patho-
physiological states {¢ g shock) rught shed Ught on the posuble alieration
thereby of the \anous vascular resp [ fibre

From the maas mvestigatons that hae bceu carned out on the subject of
shack it ss clear that ab m the penpl 18 are of smpormnes.
@ this syndrome  Howeser thers appcus 1o be as et no umform
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re, wdmy ather the pathogerens of the derangement nor even s speafic
niture (Crer 1%1) O interest an this reyard, 1 the face that vartually alf
of the studies have focused upon the restance respos e There 15 1o bods of
ity an the effect of shock on the other s 1cular responses of the penpheral
arcufaunn

Some of the dary from ths study were discused by Forxow (1962) and
a prelimunary full «eale repart has been grven (Mettasorr and [rags 1962)

Method

Olnenvations were made on 60 cats ranmrg 1n weight from 23 10 39 kv anesthn
uradintrasenowh with a mucture of chioral me (not mere than 50 s~ kx) and urethane
{tot more than 100 mg kg) In mont expeniments artfical sesmmation was pven at 3
level suffient to just barcly suppress spontarcoun breathing A detaded descripoon
of the expenimental tectnique and the method of analvus of the recordings has been
prosented previously (Mrrzasors 19%0  Racfly the hund part was completely so-
Taten! from the upper part of the animal at the level of the hips, Yeaving muact onl
the atxlomumal aorta the udetior caval ven and the lumbar sympathetse nerve trunks.
The itestines were remned Tight Ligatures were placed about both ankles and the
hase of the tail The va cular bed that remaned sepresented almost entrely skeletal
muscle In a fow experiments the hind part was slinned to provide an almost pure
skeletal musele preg In some expenm 1eflex adrenal medullary secretion
was prevented by Ligaung the nght adrenal gland and denenvatng the left,

For measurement of blood flow a drop recorder operating an ordinate wnter {Ci
srxtr and Rasree 119 was sierted 1n the infenor vena cava 3 hch was the sdle

itflow from thehind pyrt Wath thu recorder the herght of the ordinate 33 anversely
trlated to the blond flow To calibmate the blood flow the return from the drop 1=
scorder was temporanhy diverted into a graduated avlinder \Measurements were made
immediatels before cach nene sumulation and at the pont of maximum sEponse
duting exch sumulation

To record changes in th volume of the hind part 1t was enclosed m 2 watef filld
emperature regulated plethvsmograph By thus means phasie changes 1n both regot
blood volume and tn regional extrasascular flud volume could be determined {sec
below) In a fow cxpenments changes in regional bload volume were mcnurrdH::’
multancously by an other technuque for this the ammal s red blood eclls were lab]
with radicactin e chromium (Cr™;  \ anations in resiona) blood yolume § ere reco
by external momtonng of the hind part (sce \nLaD and Mertasors 19%67)

The attersal wnflow pressure to the land part was measured from the inferot m:é
entenie artery  The venous cutflow pressure of the hind part could be setat am desy
level by altering the height of the drop recorder abose hears level The artepal pressure
of the fore part of the animal was montored from a carotd artery Jsmp

Regonal flow reduction to the hind part was obtaned by means of a saa ;mp
placed around the aorta just § rouumal to the inferor mesentehic artery With ths o
40y destred degree of o reduction to the hind part alone could be produced s
adjustments of the ¢lamp \ ere made to mantamn a constant inflow l:lf”““ roxt
cach nene sumulation The lumbar sympathetsc trunks were section nf‘ :SP““‘
mately the med abdominal level The penpheral ends 3 e bar ganslion
sumulated with a bipolar platinum elctrode at the lesel of the fourth lumbar g&
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Fg 1 Skeletal muscle preparation waight 550 g Cat 32 kg Chloralose-urcthane Effect of
reduction m regional blood flow on reuistance and capattance vescls and net transcapillary
ton exchange to lumbar sympatheuc vasoconstnctor nerve fibre sumulation at 4
ympulses'sec (A—11) The ressstance vesel responses are reflected 1n the changes m blood flow
“The values for peripheral resistance (PRU) are shawn as well as the percent change i resistance

cawsed by nerve sumulation The capactance sessel

are andicated by the imtial
d docrease m the volume curve and the effects on cap lary filtrauon are ind cated

rap by che
later slower and eontinuous changes 12 the volume curve durng nerve sumulation

At thus Jevel the sympathetic trunks contamn virtually all of the effereat fibres to the
hind part Supramawumal voltage (5 volis) was used o insure exaitation of all fibres
The duration was set at 3 msec. V arious frequencies within the physiological discharge
range (0—20 impulsesfsec} were uwsed Atropinc was given iniravenously 1 all ex
penments 1 a dose suficent to block the action of the sympathetic choluergic vas-
odilator fibres (Lywas 1960)

n expenments mn which the vascular responses to noradrenaline were tested thus
agent was admimistered intraartenally to the hund pars through an ndweling cannula
1n the tall artery

With this techuque phasic changes in blood flow blood volume and 1a net trans-
capillary flud exchange nduced bv sympathetie vasoconstnctor nenve fibre shmu
lation or noradrenaline could be recorded continuously while at the same tme the
pressure drop across the vascular bed could be kept constant.

In each expenment the responses of the vascular bed to nerve sumulauon (or nor
adrenaline) were tested first at the normal flow level then repeatedly dunng the penod

of reduced flow (which was kept at a constant level) and agam after release of the
aortic clamp



166 DAVID I LTWIL AND STEYAN MTILANDIR

wasrrduced € e dalfcf et [f 7 438 mn The um fr m 331 310 mn s antahenn
N te the deehung reactivity T ehe soudtance ant capacitance veseely d inng (e et 1eof
M owrelocte a 1inng pere ts B tleough I3 dere s a deching € rate o £ innaed movemm?
of extravawndar 141 AU F thred n ot change in eap llary filtraten an T at} therewan
o itwan! mosem nt of lwd 0 nerve stumutanan Wath retaraticn £ control presiure there
wa partial rece sery of all repon er {sning the penedd < Freactne byperemes (C3 and eomplet

peenery atH b lran ncocll ey nt wasdetermined ata boande

Results
1he reaults will be considered i two parts The hist part compares the
renctnaty of the resistance and eapratirce vescls The second part dels
with the rite and direction of transcipiltany filtraon From this utihzing
the concept of the filtration coeflicient the induced chnge i mem caypllany
presure 18 derned and this i turn s wsed to determne the 1o of pre
capillary to poste il resistance

1 RIACTIVITY OF RISHTANGT AND CA5 ACITANUF IVESFIS .
[ General pattern of resp nse Iig 1 shons the ornal recording nh(‘1::\‘:r

from 2 typred experiment o s huch the regrontd lLurmbar ¢y mpatheh cons r"““

fibres were stunulited at a frequency of | see for short antery 4ls Ihe resp
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to nerve sumulation were obtuned first duning the penod of normal nutm
noral flow {(control A) then repeatedly (B C, D E F) durieg the 134 muin
m which flow was reduced to approxumatels 50 ¢, of the control value by par
nal occlusion of the abdorunal aorta and firalhy followiny, release of the a
ortic clamp (dunng re.ctne hvperemuz, G and then, at cortrol flow H)
For reacons of the mutation of «pace the record from 33 to 110 mun h..s been
omtted However responses obtained dunng this period have beer included
1n those succeeding figures denved from the expennment presented in Fig 1
The respories of the resustance vessels ~re indicated both by the regional
resistance values {(PRU) and by the percentage changc m nsxst:mcc The Te-
sponses of the capacstarce vessels and the net
were obtaned from the voluwe cune As has been csmbhshcd previoush
(MeLLAXDER 1960) the munal rapid declire in the volume curve represents
the amount of blood squeezed out of thus region and indicates the response
of the capacitance vessels It should be noted that the 150t0pe monttonng
method descnbed above has confirmed this interpretation The later more
slowh changmg portion of the volume curve reflects changes 1 pet capdlan
filtration A detailed analvsis of this latter portion of the curse1s gnen i part
11 of the results

From Fig 1 A (control) 1t can be seen that vasoconstnetor fibre actvanon
at 4/sec mcreases regronal vascular resistance from 15 1 to 44 1 units (mmHg!
ml mnil00 g ussue) and produces an mitl rapid decrease m volume of 27
m! These responses are of about the same order of magrutude (for thus size an
wmal) as noted 1n earher expeniments on skeletal muscle (Mettaxoez 19%0) n
which vascular reactivity was well mauntaned It can be een from the figure
(B—E) that reduction i regional blood flow 1s assocrated wath 1 dechmung
reactmity of both the resistance and capacitarce vessels At F there 1s hardly
am resistance response remumng while there 1s sull 1 nouceable capacitarce
respone Artenal blood pressure mn the fore part of the arumal remamned at
the control level throughout the pertod of flow reduction © the hind part
In other sumilar expenmerts 1n which flow reducuon was suffiaentls pro-
longed there occurred a i! bol of the vessel response
followed some wme later by the disappearance of the capacitance vessel re-
sponse When the aortic clamp was released at 134 mun there occurred wnimtal
penod. of teactne hvperemaa duswng « hach pacnal restoranan, of bath, tesst
ance and capacrtance vessel resp was ot d (G Soon thereaft
there 1v-as a restoration of controt flow with nearly complete recovens of both
responses (H Recovers of both vascular responses folloy 1ng release of the
clamp indicates amorg other things that the nenve fibres were not damaged
as a consequence of repeutne sumulavon In this connecuon st should also
be roted that v 1th of normal L flow to this region
repetine sinulauons evoke at all umes for several hours responses of both
resistance and capacitance vessels approumateh equal to the 1mtal valu
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Tiz 2 Reacti ity of reatarce ant eapaaitance venels te sascon tnctr fibre stmulation
Data talen from experiment sbamn an F 2 1 Note the early and ta,n § dechine in the res s.aaee
tryxmir which goes on ta urtual atcd ion durnng the prex § of flow reduction (partal acrtx
occlusion) The decln in the capacitance resporse 1 much $ms pronounced Note alw fe
€ very of both responses foll mang 1el ase of 1 sortic clamyp

In Fig 2 the responses of the resutance and capaorince vesscls as roted
m Ly} have been expressed as percentages of the control values By com
panng directly the reactinaty of these two different vascular sections 1t €an
be clearly seen that the tme-course of the changes in reactivity is very dff
terent  There 1s an immediate sharp decline 1n the reactnan of the resistance

Is which goes on then to lmost complete abohition In contradisincho
"4 thus the loss of reactiaty of the capcitinee sessels 15 much more gradual
Parucularly striking 1s the ramdity of the erly loss of rercunity of the resist
ance vessels as eompared with the capacitanee vessels Thus as cn be scen
in this figure after only 3 min of flow reduction only about 40 %, of the resst
ance response remaned wihile the capiatance response hiad not decrcased
atall
Since the values obtuned 1t the lower pressure and flow are necessanly
on a dierent poruon of the pressure flow cume 1t could at first glnee be
considered posuble thit mechameal factors mght be present which could 10
some extent explain the rapid decline m the reststance response Thus can "
shown not to be the case by mesuning vascular reactinty at the anstant o
flow reduction In expeniments i which this ks been done the results hoe
sndicated, without exception 1n even somewhat greater merease 1t mmancz
response than that seen 1t the normal pressure with htde or no dxfrcl;;r::n‘t
the capaatance response However withun 1—2 min despite contmucs g
sumulation, the rest tance respouse declines markedly The significan s
ths 18 discussed below  Viewed an dus light the control \alues uscri;:mm
study of amvthing tend to undercstimate the degree to which flow
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ng 3 Effect of variations m the degree o ﬂow reductron on the reactn ty of the resistance

vessels to Note that the more severe the flow
Tore 120 4 1 toe deshint i b responses At all flow leyels resistance response
eclnes more rap dly than capacitance response

reducmm the

de

feres with the reactuvity of the vessels to constnctor fibre act:
vation
Fig 2 also shows that dunng the peniod of Teactive hyperema the response
of the capacitance vessels approached more nearly the control value than did
the response of the resstance vessels Even so thus degree of recovery of the
resistance vessels was more than that usually seen In the succeeding penod
of normal nutntional flow both vascular responses have returned to approt
tmately the control values
B Effect of different degrees of flow. reduction F1g 3 shows the vascular responses
expressed as n Fig 2 obtamed 1 three different typical expenments 1n all
of which the nerve fibres were exaited at a rate of 4/sec The regronal flow was
reduced to about 3/5 of the control valze m A to 1{2m B and to {51 C
and i all three experiments was maintamed for approamately 7> min At all
three levels of flow reduction the pattern of response was similar m that there
was a more rapid declime 1n the reactivity of the resistance vessels than in the
capacitance vessels As expected when flow reduction was sufficiently pro-
langcd the greater the degree of flow reduction the shorter was the ume to
PP of bath the r and capaatance responses In every ex
the response d d much earher than the capaa
tance response
Table I based on 19 exp shows for 3 ranges of flow reduction the per
centage of the and after 5 mun
and 60 yun It should be stressed however that the indnidual ammal df
ferences are great The numbers therefore can only be considered as rough
averages Furthermore indindual varmnons should not obscure the fact that
126 3015 Acta phys I scand Vol 56
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Table £ fect of vaneus degrees of fls ¢ srduction om the senstance end capacne meppones 13
Frrpatiolic sting Tation ot f 'are

Fraction of Numbier of | forrent of control respotse terastung a. end of
tre | flowe
rortying PR min of o teducuon | 60 mn of flow red sction
e Rev Capars R ©
repense Teponse repoae Tesponse
318 2 a o 15 6
12 7 19 9 5 41
1S 10 4 o~ 0 %

1 esery ane of 60 exp the resistance response dechned more rapidly and
faled errhier than the e1paoitnce response

C £ flet of different frequenaies of ner ¢ strrslaticn \s mentioned n the itro-
duction 1t has been shown (MrLrannrr 1960) that the response of both the
reustance and capacitance vessels at normal nutmtional flow, mereases yath
ncre wing frequency of symp ithetic sumulition over the phyvsolopical range
(1 ¢ 0—20 impisec; \More preasely, the maximum response of the resstance
sewscls 1% Teached 4t 3 rate of approwmnitcely 16 imp sec while the maxmum
response of the ciprcitance vessels is obtuned as low a3 68 smp/sec.

The observations of this study indicated that 1t any frequency of vasocon
stnictor henve fibre activition 1 the phvsiologieal range the general pattem
of response of the resistaince and the ¢apacitance sessels when regional flow
was reduced was the same 15 that described Aborve in section A To prowde
some quinutanve snformaton 2 more detaled imesngauon hias been
carried out companing, in the syme Aimal the responses of both vascular ¢
tions te low frequency and lugh frequency sumulation The lower frequency
chosen W13 2 or } impisec wiich may represent Jow to moderite actvily of
the sympitheuc system Expeniments performed at $isce form the bulk of
the data 1n this report The higher frequency chosen for companson was 10,5
since 1t M1y be thought to represent near maximal discharge of she sympathetic
system 1m the intact ammy) (FoLnow 1955) lig +showsa typcal cxptnmt“':
10 m ammal m which the responses of the resistance and capacitance vesse
were obtimed 1t both 2 wnd 10 1mpjsec For purposes of comparison th
sponscs at 10sec hwe been expressed 15 pereentages of the control \J:::
obtaned at 2jsec As expected 1n the control period both v ascular respo i
sere greter at the hugher frequency than at the lower one Comparisot
the two caprcitince response cuses reveils thae at all umes during the p":hc
of flow reduction the responser 1t the lugher frequency was greater than at‘ .
lower frequency Furthermore at the higher frequency st 8 endent ““:ncc
gkes 1 Jonger time to reach abolition of this response simlarly the rt::;n“
response at the Iagher frequency was greater and the pme to disipp

he 1€
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nme

Fig 4 Effect of varations in the frequency of vasoconstrctor fibre sumulation on the reactivity
of the ronsiance and capaciinee vesscls Comparison of sesponses to 2 and 10 ympfsec 1n the
same amumal with flow reduced to 1/2 of control The responses have been as per

centages of the control values obtaiped at 2 1mp;sec The responses at 10 impjsec arc greater
than at 2 umpfsec with the except on that after 108 mm the resistance response 1s aboluhed
at hoth frequencies For any gwen frequency the resistance response dechnes more rapidly
than the capacitance respense Note that the snercased reactvity obtamed st the higher fre

Quency 14 more p olonged for the capacitance response than for the restance r For
example it takes approxamately 100 mun for the capacitance response at 10 ympysee to dechne
to the control value obtained at 2 mplsee wh le for the resistance responsc this level 1s reached
after only 1> mun of flow reduct on

longer than at the lower frequency Howeser the difference between the
response at the higher frequency and that at the lower frequency was greater
for the capacitance vessels than for the resistance vessels The effect of the hugher
frequency on the time to abol of the two was too The
higher frequency prolonged the ume to abolition of the capaatance response
more than for the resistance response
Thisisrotshownin Fig 4 but hasbeen dc[cmun:dmolhcrsmularcxpcﬂu"tru
Two features of the cunves in Fig 4 deserve emphass First, moving to the
lugher frequency dunng the peniod of regional flow reduction yields greater
vascular responses than can be obtamed at the lower frequency with rormal
nutrwonal flow For both vascular responses this 1s only temporary but the
length of mme dunng which this 13 mamfest 1s greater for the cap crtance
Tesponse th.n for the reustarce response Second from the pomnt of viet of
maintenarce of the control level of reacuvity seen at the lawer frequency,
moving to the hi ter frequency provides agam temporanly some deeree of
protection of both v scular responses against the effects of regional flow re
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Fir 5 Tire 10 reach prak repens dunng nene s wtlanon (§amn se Dt ake foo
expenmert shown in b g 1 N te that the numbers on 11~ ord nate are P tied froz abose
downward. Dunrg the pry od of flow redsctian the €1 e 0 reach prak respers mereases 1
bx t} srctions but more 30 for the rou tance vessels

duction. Fig 4 shows that at takes approumatels 100 mun of flow redurnon

for the crpacitance response at 10 sec to fall to the control Jevel at 2 sec. The

corresponding decline m the resistance response cven though st sarts 3t 2
’hghcr level takes no more than 15 mun.

D Tire to veach peck resporse dunn  ner~e abirulot on Tig 1 shows that regonal
flow reducuon dinunushes not only the absolute magntude of both the ress
ance and capacitance resporses but tlso alters the rate of developmert of
cach response dunng the ume of nerve sumuhwon In the control pen
nerve sumulation causes an abrupt increase i resistance which reaches mac
mum very quickh and then plateaus Dunng the penod of regonal flow
reduction the increase in resistance on nenve stimulation s more gmd“al ard
the ume to rexch peak response prolonged Sumilarly, for the capaatanc
response 1t can Le seen that during the perod of flow reduction there 152
decrease 1n the rate at which the capacitance vessels emprs Fig 7 based o8
the same expenment as Fig 1 shows the ume to reach peak sesponse for cach
nenve stmulavon. During the pertod of flow reduction the ume to reach S

7 on nenve for ther vestels increased more rept
than for the capacitance vessels. In the control pariod and soon after xtklf‘h
of the aortic clamp the ume to reich peal respanse ws about equal for bo!

-ascular sections
¥ E Fffect of Iroradrenaline. Fig G shows data from a typical (._‘pcnmfﬂn‘:‘
which the resp of the and cay ce svessels to close 10
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e CAMCTIANCE VESSELS.
onmev0 RESISTANCE VESSELS
s

F g 6 React wity of reswstance and ca
pacttance vessels to close intraartenal
infusion of 1poradrenaline (4ugfkg
hand partjmun) The pattern of re —
sponse 15 sumlar to that scen with -

nenve fibre

SATINT 7 CONTHOL MIPONST
2
s

artersal infuston of noradrenaline (4 pg/kg of hind part/mm) were tested As
can be seen the pattern of response 1s sumilar to that observed with nerve
1} It was also d

d that the dosage of noradren
ahne but sull m the physiological range,: ¢ up to 5 ugfhg/mm (CrraNper
1954) protected the vascular responses mn the same wav that mcreased fre
quency of nerve sumulation did Tt could also be shown that lasger or ‘pharma
cologreal doses of noradrenaline could ehiat vascular responses of both the
resistance and capacitance vessels at a tune when nerther nerve sumulation

nor physiol, 1 doses of drenaline did

Spmmary

Reduction 10 regonal blood flow to 2 skeletal muscle remon of the cat decreases
the reactivity of the and cag vessels to both vasoconstnictor nerve
fibre i and to doses of ds ‘The decrease m reac
tivaty occwrs m both the absolute magmtude of the responses and n the rate of develop-
ment of the responses If fiow reduction 1 suffictently prolonged the responses of both
vascular sections wall be abolished Dunng the penod of fow reduction the rate of
dechine of the resistance response ts more rapid than the capacitance response ‘The

greater the degree of flow reduction the more rapid 1s the dechne m both responses At
any degree of flow red 1ncreased [

of nene or increased
dosage of noradrenaline by producing greater vascular responses has the effect of

protecting  these responses termporanly against the effects of flow reduction This
protectne effect 1s greater for the capacitance response than for the resistance response.
Restoration of flow to normal 13 assoarated with recovery of both vascular responses.

II REACTIVITY OF FRECAPILLARY AND POSTGAPILLARY RESISTANCE 1 ESSELS DN
RELATION TO TRANSCAPILLARY FILTRATION EXCHANGE

A Effect of nerve stimulation on capnllary filtratwon exchanoe and correlation with
resustance and capacitance responses

As has been shown previously (MerLaxper 1960) and as can be scen in
Fig 1 A vasoconstrictor nerve fibre activation cawses a net movement
:
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Fig 8 Caleulated chang i mran capllary presure on nerve stmulation (3 1mp se® Daa
abo taken from exprnment stown o hig

pressure shightly more than 10 mmHg With regonal flow reduction there
w1s n ymmediate and pronounced imparrment in the abihity of nene sty
on to lower men expllary prossure At the end of 112 mun of flow reducuon
ability was completely lost and 14 mun later nene stimulaton increased
cin capillary pressure 2 mmHz Aficr release of the climp nene sumulanon
s agan able to decrese mean capilliny pressure Thirteen munutes after
release of the clamp the value obtamed was approumately the same as the
control value (1 ¢ @ mmilg)

It should be noted that in some expeniments nerve sumulation late 1 the
penod of flow reduction was able 1o increasc mein capillary hydrosat
pressure as much as 4 mmlg I

C Ifiect of precapullary to posteapullary resustance ratio The resstance vessc
can be divded 1nto two consecutne sections a precapillary and a postcapillan
one, Precapillan resistance can be defined as (mean artenal inflow pressur®
mnus mean capillan hydrostauc pressure)flow and postcaprllary m“‘;““f
as (men capiflany hvdrostatic pressure munus venous outflow pressure) "“
There 1s evidence to mdicate that vasoconstnctor nere fibre actation ::.;
ereases both pre and postcapiilany resistance (MELLASNDER 1960} (B:;O“
and DePasquate 1961, In tiis preparation with constant artersal }:xdm-
pressure and venous outflow pressurc any change 1n mean capilany

nge
stanic pressure nduced by nenve sumulanon must therefore 1mply 3 Clh;“i
sn the rauo of precapillary to 11 {¢f \MELLANDER
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fig & Rat o of precapiliary sesstance to posteapiliary sesntance Eficcr of flow seduct on an

\te raho at rest {sohd hne) and on the ability of vasoconstrictor fitire stunulanon to change
ghus ratio (dashed hine)

Consideration of the precapillary to postcapiliary resistance rauo affords an
wnanediate mught mto two important and mterrefated factors Fust 1t gaves
wformation on the refatwe magmtude of these renstances Second thus ratio
3 A major determumant of capilfary hydrostatic pressure and will Yherefore
derectly affect capillary filtration exchange

In this study artenal wflow pressure venous outflow pressure and the
change sn mean capillary pressure on nenve stmulation were measured To
calculate precisely the rato of precapiliary to postcapillary resistance one
ueads to Lnow w addiion the mean capiflary pressure befoze cach nerve
stmulation Fas the purposes of tus study an exact quantitation of this ratio
way not deemed essenual Rather amterest was focused more on an approst
tnate evaluauon of the effect of flow reducuon on the knmm ahxmy of nerve
sumulaton to ncrease the ratio of precapillary o p p

Values for mean capillary pressure at restn the comml pcnod were assumed

using the daca of previous workers (Farpesueiver and SaTo Rivera 1948)
At the unser of flow red there

PP d to be o change m
mean capilany pressure as judged from the sicady deviauon of the solume
cane from uovolumetne  Lowenng artensl wnflow pressure sometmes
caused a decrease wn mean capiilary pressure or did not change mean capiliary
pressuve In most cases however \dn:n artmal wnflow pressure was reduced
there was an d DUt ar

that mean capllary
pressuve had ncreased This perhaps paradowcal finding which appears fo

be due 1o a rek mamly of the ¢ pilfary vessels will be discussed
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more detail in 1 subsequent commumication Of interest ton, and of particular
stupmrtance for thiss study, 1 the olnenation that not onfy was the new lesel
of cxpillary preswure etablshed very shostly after the snstitution of flow re
duction but 2fso 1f the degree of flaw reduction was not subsequently altered
then capillary pressure underwent litle of any further changes

To construct the curves shown sn F1g 9 the folfowing was done The values
obtained for artenal inflow pressure and venous outflow pressure from the
expenment shown in Fig | werc used wath an assumed men eapillary pressure
of 30 mmlig to armve at the rino at rest in the control period The cune
of the rin at rest (solid line) dunng the penod of flow reduction, was obtaned
by using the observed artenal and venous pressures dunng this penod with
the new Jevel of mean eapiflary pressure This fatter value was denved from
whatever changes were noted 1n the volume cun e following the institution of
flow reducuon (sce vbove) The data from [1g 8 on the effect of nenve sum
ultion en mean eapillany pressure have been used 1o obtamn the curve of
the rtio dunng sympathetic sumulttion (dashed line) The sohid hne shows
that reduction in remonal blood flow was wsociated with an almost immediate
decrease i the precipillany to posteapillan resistance rato From the dashed
fine 1t cin beseen that wath flow reduction there was 1 decline in the abality of
vsaconstnctor nens e fibre actin auon to inerease the precapllan to posteapilany
resistance rito This proceeded 1o the point at which nenve sumulagion fuled
Alter the rto (at 112 mun) and Dbeyond this nerve sumultion produced 2
decrese an thus ratio With relexse of the aortic clamp the alality of nene
sumulition to inerease the ratio was restored

These otservations indicate that regional flow reduction has a more marked
difator effect on precapilary reuistance sessels than on postcapillary resustance
vessels Turthermore flow reduction mterferes more wath the response of the
precapillany section to vasoconstrictor nene fibre actnaton than with the
posteipillan, secton "

D Iffect of canous degrees of flou reduction freguencies of rer ¢ stemulation 4%
dosages of { noradrenalive Lxperiments have demonstrated that the more severe
the regional flow reduction the smaller was the mward transfer of extravas
cular fluid on nenve stmulaon Swmularly the Fulure of nenve sumulation 1
Alter net capitlars filtration transfer tnd the immediately following phenom
enon of an outward movement of flnd on nene sumulation were rcaclm
snore quickly the more severe the flow reduction From this 1t fullo“‘sr‘lhe
she more severc the flow reduction the greater was the impurment o e
alnlity of nerve sumulition to decrease mean capillary pressure and t%mc; .
the ratio of precapillary to posteapillany reustance At any given cﬁ;mga
flow reduction increasing, the frequency of nerve stmulation by pro\xh ;

d 1nward fil 1 1 the ume dunng whic
marg profounce teration 0PI
fluid transfer occurred The pattern of response of capillary ﬁ'tr:‘ o s
sological doses of noradrenaline was sumlir to that seen with ne
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uon It also appeared that larges doses of noradrenaline could produce an i
ward movement of flud at a ttme when nerve samulation and  physiological
doses of noradeenatine caused an outward motement

The effect of diffe freqs of perve t and dosage of norad
reralme on flud movement dunng the phzsc of outward filtration ¢on
cewvably of imp e m pathop fogical states wall be dealt with 1 more

detart 1 a subsequent communication,

Suromary
of the nene fbres 10 the sk:hta\ moscle of
the cat and close  infusions of hiysiol L doses of produce
2 mere 1 merease i precapllary than sm p pllasy
(v ¢ crease the rana of p laxy to Thus causes 3 xe

duction 1, mean capillary pressuce and results i 2 net snward mot ement of extravas
zular faud Reduction in regionat blood fow smpars the deselopment of precapiliany
resistance more so than postcapilary resstante Therefore dumng the pertod of flow
reduction  nerve stmulation causes less of an ncrease 1n precamilary to post-capi!
lary rosistance fatio less of a decrease m mean capiflary presswre and a smaller net
1oward capiilary fliration If flow reduction 15 sufficiemly protonged z point is reached
at which nerve stimulation does not change the rato of precapiliany to postcapiliary
sesistance with the result that there s then no change m mean eapillary pressure
nd no cffect on the net transfer of capilary flusd Following thus 1t ean be seen that
nerve sumulabion will getually cause a decrease m precapiliary to posteapiftary ressst
ance sauo resmlung m an increase m mean capiliary pressure and a net ourward
maoyement of flnd

The greater the degree of segvnal flow reducton the swaller 16 the snereass

o p 1atio o Bere ig and the more rapdly

13 the pomt :c:xhed at “hmh aerve stmulation causes an outward Mmasement of captd
fary flud At any degree of flow reduction the }ughcz the (’rtq_uenw of nenve stnula
ton the greater s the mcrease m the ta rauo
with a comseguent prolongation of the penod of time duning which ncr\c stunulation
can cause a net inmard movement of extravaseular flud

Geaeral discussion

1 Generol consderaiions and aspects of normal eontrol ‘The effect of sympatheue
vasoconstactor nenve fibre acuation on any gven vaseular bed i to produce
a number of respontses which play separate and distinct roles in carculatory
homeostasts In addition ta the wellknown and extensiely studied merease
m sesistance to blood Bow there are also the equally smportant decrease
capacitance {velume of blood 10 the refon) the inerease in the ratio of precapd
lary to postcapillary resstance and with thi the change m net capdiary
flration transfer The prnapal value of the technigue wsed 1 ths study 15
that it permsss 3 simuliancovs apprassal of all these vascular responses and thus
provides more detaied inft than has p

tabl
been .
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Reductan w Weod supply 15 kaonn o occur 1 certun vascolar beds n
chuding skelet! mucle sn 1 viney of arcumstances Tt oceurs sa the normal
when there s redutribution of Llood flov {e g chinges in pirturey and als
in certun pathophyuatomiend states (¢ 0 shoek) (Sarmerers Sapmrsties and
Reror wrs 190 (Seextr? and Rorrr 1961) 1t o 2+Bo known that i such
cwrcumnstnces there 13 3 reflexly neressd 1etinaty of the sympathetie vasocon
strictor systems {r g Nen 1963 Therefore it w s deemed worthwible to
sestigate the effeet of reduction i remanal blood flow on the atuduy of the
svmpathetic s voconstrictor siene fibres 0 ebet the 1bove mentoned vas
cular rexponses 1n skeletal muscle

1t b been shown an s studs that reduenon 1a regmonal blood flow to the
sheletl muscle of the eat interferes wath the normal alslity of the svmpathene
Sasocemtncton o sncrease regional zes stance  deerease capacnante M
cteae the precipliney to posteapiling teustance fatwo  decroase mean
capillary Invdeostaue pressure and theraby cause 1 pet smward movement of
extravaseular flusd

It seems menst kely that the charge i vascular reactingg avocated with
seduction sn regional blood Aow i due to a relyne accumulanon of meta
bohites as will be dicussed 1 mote detul below Itorould be argued g2t
certun ather factors raght be rexp hle Fadure of of the
sympathene nene smpulie mght seenr but dunng shock there a5 evdence
to indicate that the svimpathetsc smpulse traffic 15 not mterered sath (¢ £
N 1962 Triuma to nenves from handling could result in fafure of response
to electnieal tanen The d that restoranion of flow rosults
= recovery of sespanses fatsfictondy rules out dus possibidin  compare Fig

A and 1 H, Taiure of release of the § t
at the adrenerpic nene endings would to some cuent explamn the results
obtaiged However nemther such a phenomenan nor any of the other 3yl
mentioned {actors eould explun seteanon of the caparstance response w the
face of a markedh redueed restance respomse Fig 2

Since the obxenauons made daning the period of reduced regonal blood
flow are necessandy on a different part of the pressure flov curve than dunng
the control pertod 1t smght at first glance be consdered that the dhfference
n responses esprecaally ressstance could be a purely mechanical phenomenoi.
Thus <cems hughh unlikels for several reasons Trom a mechamucal pownt ©
view, Fesstanes sesponses 3% a reduced pressire and lowered fiov should bt of
Anytlung greater than ar a igher pressure (Foraow and Orere 1959) Ths
fact was also established in the present expersments by showng that resistanes
resporses ehicated at the wstant of flons reducuon were somew hat greater th;:“
the control value This means that the calewlations made here using the n

sponse at normat pressure 33 the consrol value are consenvame i the C‘:on
auon of the rapdsty of dechine of the resistance responses during flow reduct it
It should further be noted that very shortly afier the onset of flor reduc
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there was 1mnstead of an increased resistance a marked decline tn the resist
ance response to nerve stmulation Neither the above mechanscal hypoth
esis nor any other mechamical factor occwming dunng the penod of reduced
flow will explain the progressive dechme mn all of the responses and their eventual
aboliion Ths 15 especially so since great care was taken to mamtan a con
stant arterial pressure throughout the period of flow reducton
1t 15 known that products of tissue metabolism have the effect of relaxing
vascular smooth muscle Since reduction of blood supply to resting skeletal
muscle kept at a constant temperature can be expected to result as mentioned
above 1n a relative accumulation of metabohtes , 1t seems logreal to conclude
that 1t 1s this factor which 1s responsible for the impaired reactuvity to vaso
constrctor nerve fibre ‘The exact h by wlhuch the vascular
smooth muscle becomes progressteely less reactive and the specific agent (or
agents) responsible are not known at this time The term accumulanon of
metabolites 15 used here to express a change in the environment of the vas
cular smooth muscle and does not deny that a deficiency of some nutrient
{or nutrients) (¢ g oxygen) mught be mmportant The alteration m reactiity
might be explaned as a balance between the constricting effect of the nerves
and the dilating action of the metabohtes The metaboltes may also alter
the ability of the smooth muscle 1tself to respond to the transmatter substance
‘The observation that reduced blood flow yields responses that are not only
smaller but markedly less rapid 10 their development (see Fig 5) 15 perhaps,
more in favour of the latter interpretation
Ths study has demonstrated that the decline 1 the resistance response 1s
more rapid and that the tume to abolition 1s shorter than for the capacitance
response  Further 3t has been shown that precapillary resistance declines
more rapidly than postcapillary resistance and the tme to abolition also 15
shorter Since the major resistance vessels are located in the precapllary
section of this vascular bed (z ¢ smaller artertes and arteroles) and the
major capacitance vessels i the postcapillary section (mainly the veins) a
general conclusion can be reached that the precapillary functions arc more
sensitive to the it of bolites than the
From a consideration of the effect of reduced flow op the filtration coefficient
a more precise 1dea as to the relatine sensitnity to metabobites of two of the
precapillary functions can be deduced There 15 evidence to indicate that
the tone of the precapillary spuicters deternunes the size of the capillary bed
open to flow (FoLxow and Merranper 1960} (Rewkis and Roserr 1962)
Therefore changes in filtration coefficient which reflect changes i the size of
the capillary bed will reflect changes 1n the tone of the precapillary sphincters
Ithas been found 1n this study and 1 another one from this Iaboratory (CossoLp
ct al 1962) that with reduction 1n blood supply to skeletal muscle there 15
an almost immediate increase n filiration coefficient Sumilarly Ceraxper
and MArio (1962) have shown in newborn mnfants that the reflex decrease
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i himb blood flow induced by lowern, aml i € was
with an inerease in the filtranon coeflicient Al these data indicate that with
reduetion an blood flow there 1 a relixation of precapillary sphincters Since
thiy occurs more rapudly than the decline in reactiaty of the precapilary
resist nee vessels 1t would appear that the precapilliry sphincters are more
senmtne to the accumulation of metabohites than arc the precapillary revstance
vessels Conporn et al nlsn olmserved that with reduced flow the reacusity of
the precapilliny spluncters to nerve stmulation was rapidly interfered with,
The results of the present study sndicate that this too occurs more rapidly
than the dechmng reactinity of the precapitliny resstance vessels and 15 a
further point in agreement with the statement regarding the relatine sensitinty
to metabolites of these two sections The major part of the precapillary ressst
ance hies tn the small artenies and artenoles The action of the precapillary
sphuncters nomally makes up 1 very minor part of precapillany resistance
Thercfore 1n conudenng the section responsible for changes m precapiffary
resstance the action of the precapillary sphincters can be vartually neglected
Trom these observations 1t ean be suggested that of the vanous secuons of the
vascular bed an skeletnl muscle the section most senutne to the action of
locally produced metabolie factors ss the precapillary spluncters Next most
serative are the precapillary resistance sessels and least sensine the post
eymllary section (1 ¢ postexpillany resstance vessels and major capacitance
vessels) Fhe present datn do not sugsest any more detailed differentiation of
sensitivaty wathin this last nuned section
1t could be argued that the observed differences 1n the rate of dechne of
exctnaty of the varous vascular sections were due to fictors other than
- « In scnsuvity to the accumulition of metybolies For example
pinephrine 1n small amounts is known to dilate resstarce vessels with hetle
et on capaciance vessels (MeLLasprr 1960) It as thercfore theoretically
rossible that relewse of epiephnne fram the Advenal medulla could nterfere
sith the resistance response and not the capratance resporse during lumbar
vmpathetic sumulation This possible explanaton for the results obtamed
sas ruled out by showing that the pattern of response of the various vaseular
ections was exactly the same when reflex adrenal medullary secretion Was
himinated  Activation of sympathetic vasodilators which act 1 tlus regard
wmilar to cpmephnne (Tornow Mertasper Opera 1961) was ruled out
s a possible factor by mtravenous admimstration of atropine Just before
ortrol nenve sumulaton 1 a dose sufficent to block the action of du‘S(:
ibres It 15 possible that the effect of reduced blood flow 1s different in \655;6
1 the skin than 1n vessels in skeletal muscle Luven though the paws and d
b were excluded in thus preparation there mught be sufficient skirt rcnim’:zg
1o produce the overall results seen This possibality was ruled out by s :;" he
that i the pure muscle preparaton the pattern of response wos exctly
same 25 that 1n which some shin was left
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‘Wath normal blood supply, activation of sympathetic vasoconstrictor fibres
causes a net mward movement of extravascular flud Ths 15 brought about
by the fact that nerve stimul llary Tatwy ely

1.

more than p Y e with 2 g fall m mean capillary

hydrostatic pressure It has been shown n this study that reduction 1n regronal

blood flow interferes with the ability of the nerves to cause an mward move

ment of flud This ss due as has also been shown here to the fact that re

duction 1n regional blood flow more profoundly affects the development of
1

T than p pillary 1 It should be clear that
thas alteration 1n flnd movement 1s only in amount at first and not 1n direction
However 1 flow red 15 d for a suffi ly long period of

time the reactwity of the precapllary resistance essels but not the post
capillary resistance vessels will be so compromssed that nerve stmulation 1n
stead of decrezsing mean capilliry pressure actually raises 1t At this pownt
nerve strmulation produces an outward movement of flud whech 1s a change
m the directton of flud movement In this case therefore there would be 2
loss of flud from the circulation Such a loss might however be regamed via
the lymphatics with one mmportant determunant of this being the action of
the muscle pump

The change 1n the direction of transcapillary fluid movement on nerve
stimulation also gives mformatton on the relative duration of the precapillary
and postcapillary resistance vessel response Qutward movement of fluid
caused by an imncrease mn mean capillary hydrostauc pressure can only be
brought about mn this prep by a rel ly greater develop of

W than p llary Since this oceurs at a time when

on nerve sumulation 15 very nearly completely abol
whed 3t suggests that at this pomt precapillary resistance may be virtually
abalshed It1s hikely that all or nearly all of the resistance increase then resides
1n the postcapillary section and therr reactinity 15 therefore preserved for a
longer penod of e than the precapiilary resistance vessels The fact that at
this time there was stll a response of the capacitance section to nerve stumu
faton (Fig 1 ¥) 15 mn further agreement with this view The capaaitance
function 15 mamly postcapullary A constriction of these vessels must mply
some mcrease i resistance to flow and therefore m thrs respect they are part
of the postcapillary resistance vessels All these data lead to the conclusion
expressed earhier that the length of time that the reactmaty of a xascular
section 15 preserved duning regronal flow reduction 1s dependent 1 large part
upon ats location with respect to the capillary bed

It could be argued that the of 1L

p P Y T mght
be due to factors other than of resp to nerve i
¢ g sludging ncreased tissue pressure increased collotd osmotic pressure ov

alteranons m blood viscosity Dunng the relatiely very short peniods of nerve
1L seems ble that changes in tissue pressure collod

b4
total resistance increase
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esmouc pressure or blood visconty eould oecur in Amounts to approach signif
cance There 1 no question but that slud,ing might have occurred 1n same
of the present expenments as scen by a shight progressne rise in residual
flow resistance dunng the persod of reduced flow  Studging appears to be
more promiment in posteapillary ves els than in precapiliang vessels (Geon
$961) If ths 13 the case, sludging would manmifest atself as an outward move
ment of fluid independent of nenve sumulition This has been seen 10 a fow
expeniments However, 1n expeniments in which no signs of sludging were
eudent nenve sumulition did exaetdy the same thing as when sludging was
appwent  Therefore the daty of this study strongly suggest that the outward
filtration associated with nenve stmulation s produced by the action of the
constrictors on the smooth muscles of the posteapiilary resistance vessels
The data obtamed in thus study m1y posnbly be 1pplied to ad abso in the
mterpretiton of certun physiologieal phienomena nnt directly studied 1
thus imvesngation Finst 1t nmught be expected that prolonged actnation of
sympathenic vsoconstnictors would be assocrated with an il resistance
response, which with the concomitant reduction i flow would tend to become
less pronounced with tune It would aleo be predicted that there mght well
be no significant Alteration 1n the magmtude of the capacitance response with
ume Second the decrense in skeletal muscle vascular resistance with exerase
suggests that despite the associated great ncrese in flow  there may bea
‘relatne accumulation of metabolstes If this 13 the case then there mght
well be 1 decreased rerctnity to sympathetic nene actisanon more pro-
nounced for the resistance vessels than for the capacitance vessels This would
have the effect of munimizing any tendency of nenve acinaton to reduce flon
Jto tlus active tissue but =t the syme tme the mamntenance of an wnereased
- tone of the eapratance vessels would aud venous return This situation 1 per
haps simular to that seen in thus study durning the phase of reactive hvperemi2
though 1t 18 not eertam that the metibaltes e necessanly the samesn these
two circumstances With release of the nortic clamp there was a marked 1
erewse i blood flow with only a shight inerease in the volume of Llood preseat
in the region It can be scen from g 1 G and from Fig 2 that dunng this
period nenve activuton 1s more effectine on the capacitance vessels than zﬂ
the resistance vessels A recent study from thus department (RjeLLvER 1967)
on vascular reactinity i exerasing skeletal muscle 15 in agreement with the
thests stated here
1t 3s wellknown that the regultton of the local ciculanon is to a great extent
under the influence of the locally produced mesabolites The evidence f"’l‘;‘
tus study 1ndicates that this can be more definitely localized 1o the prccafj "
lary poruion of the vascular bed The manner in which the me(:\b:zhm OI::“m
on the prempnllnr} section 1s such as to h
of metabolites tends to increase the blood supply to the region
reduces the concentration of metabolites The action of the me

which 1 tur?
tabolites on the
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precapillary section seems to be at least twofold First the action on the pre
capillary resistance vessels has the effect of imncreasing the blood flow to the
regton Second the action on the precpillary sphincters has the effect of dis

tributing the availzble blood over a greater portion of the capillary bed than
1 normally open In d to this the p pillary section s less
domunated by metabolites and 1s rather more under the control of extrinsic
{¢ ¢ nervous) influences This 15 also 1n keeping with the concept of home

ostasts since the capacitance vessels play httle 1f any role in local crrculatory
regulanon but are more 1mporiant in central «rculatory regulatton and
especially in the maintenance of venous return Indeed were the capacitance
vessels as sensive to metabolites as the resistance vessels local arculatory
regulanon could concer ably be less readily manageable since the blood brought
to the tissues would tend to accumulate there

It would appear that one function of the sympathetic vasoconstrctor fibres
15 to bring flnd 1nto the arculanon from the extray ascular space by mereasing
the ratio of precapillary to posteapillary resistance Smnce the precapillary

18 more nfh d by 1 ) 1t 1s clear that with
the accumulation of metabolites there 15 necessarily a tendency to mmpair ths
function of the nerves Despite thus impairment the neurogemcally mduced
increase m precapillary resistance 3s still greater than postcapillary, so that
for a very long period of ttme with interference of blood supply the action of
the nerves causes flud to move mto the arculation Furthermore, the m
crease n the filtration coeffictent brought about by the relaxation of the pre
capillary sph tends to comp for this

B Patho-physiolo scal d: It s d that the observations of
thus study can be m part appled to an examnation of the effect of certamn
pathophysiological states in particular shock on the vascular reactity in
skeletal muscle One reason for this suggestion 1s that the levels of reduced
regional blood flow studied here were chosen with a view towards encompassing
the levels of skeletal muscle blood flow observed i vanous degrees of hemor
rhagic shock (¢ g SAPmRsTEIN SAPIRSTEW and BREDEMEYER 1960)

In this connection 1t should be emp} first that the p used
here 1s certainly not a shock preparation though 1 both cases skeletal muscle
blood flow 15 less than normal Second the suggestions rased here wall be the
subject of another communication in which the effect of hemorrhagie shock
on vascular reactivity in skeletal muscle has been shown to be very sumlar
to that produced by regional flow reduction

It 1s known m shock that arterial blood pressure and sheletal muscle blood
flow are reduced and that there 1s an increased activity of the sympathetic
vasoconstrictors (\eiL 1962) Consider for this discusston, the effect that
these alterations would have on the vasculature of the skeletal muscle and
for the present assume that they are the only factors of signuficance A Justt
fication for this assumpton 1s that 1t permuts an analysis of the peripheral
13623015 Act physiol scand § ol 56
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airculation uninfluenced by other factors which factors, ho sever, can be
added to the analyny as they are mvesu.ated
Consider, first the situation 1n which the derins ement as shibt The reduced
reactiity 10 sympathetic activaton of the resstance vessels would tend
compensate for the reduced flow and i this, would be aided by the increased
senous return provided for by the mamtained capaaitance respanse and the
smward movement of extravascular flud  These latter two would be brought
about by the increased actinity of the sympatheties Concevably the compen
sations could be suffiient to restore the flow to the pont 1t which all vascular
responses would be normal and the derangement thereby overcome
With a more senious derangement 1t 35 possible that the compenuators
would not be complete, but that the increased level of sympathetie activty
could provide a stedy compensatory influence that would effect a balance
between the effects of the reduced flow and the action of the neryaus system.
In this case while reactiity of all regienal vascular sections would be Jes
than normat there mi bt not be o steadilv dechimng rewctinaty  Furthermore
1ny tendency tiward dechming sascular reactssies could be counteracted by
increasing, the frequency of sympathetic discharge
In the most severe statr gt could be conndered that the compensatiors
are madeqguate and the dechinng sasculir reactnan goes unchecked In this
cise, with eventual abolition of precapillary tesponses a turming pont occurs
at which nerve rctnation mnstead of providing an increase i arculatng bl od
solume actually ¢ wses a loss of fluid Some 1dea as 1o the magntude of sucha
loss may be suggested from the datr obtained in this study For example from
~ g 7 (126 mun) trcan be seen that a pointis reached at which wath nervesumula
won fluid leases the arculation and enters the extrasascular space of the skeletal
muscle at a rate of shghtly more thin 004 ml mini100 §, tssue In onc hours
” e there would have bren added 24 ml of flmd about exch 100 g musde
2 volume hardly detectable grossly as edema Yer in this perod of umein
an average sized human this would deplete the arculation by almost one ltes
of luid The extent to which thus flurd might be brought back mto the arcy
Tauon via the lymphatics 13 not known I the acuon of the muscle pump 1
impared as 1t would seem to be n profound shock then the abalin of the
Jymphatics to seturn this fluid to the arculation might be compromsed
The change 1 the direction of flud movement due to nene act
would appear o be one ertical pomt i the surisaf of the orgaaum Lp
this pomnt the vanous effects of the sympatheuc vasnconstrictor system o e
muscle vascular bed all appear to be operaung in a manner to compensstc
for the shock At thes pomt however sympathetc acuvaty actually is 35““’}‘?
a decompensating, manner 1f such a train ofevents occurs m shock ths Pons
nomenon thay offer a means of resohing the vanous discrepant obscr:al’l
ont the efficacy or lack of eficacy of sympath and symp!
agents (for ref sce Serrey and Wer icER 1961) (Locy 1962)

ation
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Anuther decompensatory factor evpected sn the later stages of shack 13 the
Joss of seacouty of the capautance vesseh W ith normal natrioral flow thas
study has dem d that 1 h v actvauon
ta skeleta) muscle will decrease the volume of the capacitance section by 2p-
proxumately § 7 mif100 g tissue Farlure of this response . an average sized
humasn cowld therefore account far 250300 md af blood whuch could be
pooted an thus tisue Fusthermotz the actual amount pocled would be
greater than calculated here of there 1 any didatation of the capacitance
section beyond its basal state

This study bas been supported by & graat from the Swedish Medieal Conneld Sweden by a
grant from she Nanonal Instiutes of Health Bethesda USA (M 5675) ang by a grant from
the Schoot of Aeropace Medicine through the Exropean Office Atrospace Research Usited
States ur Foree (AF EOAR 6147} The authors are indebted to Mus Ana Margret Stenson
for invaluable techmeal asustance
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Acetate Metabohsm in Isolated Eprdidymal Adipose
Tissue from Obese-Hyperglycemic Mice
of Different Ages
By
Bo HeptmaN Stic Lagrsson and Sioruin WESTMAN
Rece ved 5 March 1962

Abstract

Herway B S Lagssov and 8 Westsan  Acetate metabolism ;.
wsolated eprdidymal adipose tissue from obese Bypergheemc muce of different
aurs Acta physwl scand 1962 56 189—19 — The utlzanon of
Q] acetate was studied 1 1solated epididymal adipose tssue of
adult mice with the Amencan vanety of the obese hyperply cerme
syndrorae A lower lipogenesis from acetate was found m. these
animals compared with thexr leant httermates In both types of mce
thete was 2 tepdendy for decreased acetate conversion with ieregstag
age 'The considerable higher number of fat cells per umt wet weight
1 the lean Litermates was pot accompamed by any wcrease of the
ussye mitrogen  The re<ults obtained emphasize the value of also re

lating tiochercal data to the number of fat cefls 1n @ gwen amount,
of tssue

As a consequence of the current general opimon that the adipose tissue s
the major site for the conversion of carbohydrate into fat 1t has been suggested
that a metabolic anomaly of the fat celly mught be the cause of the obesity
m the Amencan vanety of the obese hyperglycemsc syndrome 1n muce (Caris
TO1HE o @l 1961 2 Boturgip Paxsov and Avers 1960) Morphologieally
this type of abesity was not accompamed by any apparent increase in the
number of fat cells (Hertsan Tarjepar and Wesrvan 1962) Smce ar
creased capauty of the wmdwidual fat cell for } fatty auds and
neutral fat 1s a possible mechanism operating 1n the obese muce our present
study has been confiped to the m ritro metabolism of ¥C-1 acetate 1n the well
defined epididymal fat pad As the of th d depend.
ent on age muce n two different age groups have been compared
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Table I oM acetate con erted wn different fractions of the epdidrmal adipose yssue expressed
per 100 m, wet werght

“fean values 2 § E. The number of ammals studied 15 mdreated wathin prackets.

Ammal | Age | gV acetate uthzed per 100 mg wet weight
(b en Neutral Fatty Upper Tasoluble
dioude far acids phase residue
o
(z) | 5 ) 1924021 | 5616072 [ 019620023 053£003 | 0132001
(an 10 1604014 | 4692239 | 020730090 | 032007 042 -+020
A0
z) | 5 | 1382013 | 0se010 [00502 0008 089 zo0s | 022002
(12) | 10 | 1462019 | 046008 | 0057+ 0013] 042 L009 | 033004

3 After exclusion of one ammal with extremely «mall fat cells the Fgures were carbon di
oude 1.57 4 016 peutrat fat 244 + 089 fatty acds 0121 - 0027 upper pbase 0.32 £ 003,
and ansoluble residue 0.26 £ 003

The tissues were washed 1n physiological salme to remove radioactive contanunation
from the medium Tissue hpids were extracted with chloroform methanol (2 1)
which the tissue fragments were homogenized The extract was punfied by the “salty
wash method of Fores Lers and STanrey {1957) to remove the non iipid radio-
active matenal In the two phase system obtamed the neutral fat and the free fatty
acids remamned 1n the lower non polar phase while the methanol together waith the
water soluble compounds (¢ g glucose pyruvate acetate and glycerophosphate) col
lect 1n the upper water phase The upper phase was retained and after drying measured
for radicacuvity Separation of free fatty acds from neutral fat was done according
to Borestrov (1952) The fartv acds after saponsfication with an ethanche sodium
bhydroude and acdificanon of the solution were extracted with petrolenm-ether The
two petrolcum-ether extracts thus obtaized contaimng either the neutral matenal or
the free fatty acds were washed with 50 alcohol evaporated, made up to known
volumes with fresh petroleum ether and mounted on lens paper-covered aluminum
discs according to ENTEwstas e af (1949) After the extraction of ipids the rest (= in
solublle residue ¢ g protews nucicoprotems nucleic acids and mucopolysacchandes)
was dissolved in 01 N NaOH for 24 hours at 20 C and transferred to planchets for
measurements of radicactivaty

Results

The wesghts of the animals and epididymal fat pads oxigen consumption
and the ussue rutrogen are shown 1 Table I There were no charges m body
weights with age the AO mice weighing almost twice as much in both groups
The weights of the epididymal fat pads wn the younger AQ muce were approw
mately doubled both as compared with the corresponding AN mice and the
older AO smuce Whle there was a shght mnerease m the eprdidymal fat with
age in the AN muce (t =208 P~ 005) a sigmficant reduction was noted
n the AO muce {(f =337 P < 00l) In two of the 10 months old ACY



192 RO HILIVMAY, STIC LARSSON AND SIGHILD WESTMAN

Table U pAl wetate conc sted wn differert fractions of the epididymal od pose tiurae per my 1
nirogen a1 the 5 monthy old ammals The figures ore colculuted on the basis of Tables Iand It

Mean values 2. S L. The number of animals stuied 15 yodicated within brackets,

Animal | Age {1\ acetaze utthred] per mg tisue Mtrogen
th
(mthe) Carlion Nceutral Fauy Upper Insoluble
dion Ie fat acds phase resdue
AN
{un 5 NEOHIM3673 26501 1202 0.3 | 3050028 4 1122010
Ao
() 5 804 %050 6n3sors| as0x00t | 50303 [ 1232007

Table IV The number of fat ells per mg et werght as well a3 the ppNf a qta 2 con eted 12
o frrent fractions of the epndudymal adif e tissue per 10° fat eells
Aean valyes = § F. The number of animals studied 14 indicated vothin brackets.

Anm Age | Fateells B\ acetate uul red per 10° fae oclls
mal | (ot e Ry | Cben | Sewn | Fany Upper | Tnsaluble
B | qonite |t ards phae | resdoe
AN
(3] 5 15530z g9l zo0z[isizonfoos_ooos|otizooi] 003200
"o 10 16 5718]6%_005]04 £004|00 220003|002x00 | 00182001
\0
[ 19 5 § 2531 2/5/056:003/0362000]00% £0001]033:£003 00"0i0°‘3’
e 7 (B 10 34352 339(053~007(0 18200400 20003{013£007| 0 140:£00™
eelit

* After exclu on of onc ammal \ ith extremely small far cells the figures were fat s
€431 £ 1688 carbon d oude 029 & DO+ neurrd 3t 041 = 00> fatty acuds 00 70
upper phase 00F + 00? and insoluble restfue 0019 X 0012

the most distal parts of the cprdidymal fat pads wese of a more yellow colour
with a harder consisteney .
The results ot i when the epdidymal dipose tissue was incubate

with ¥C-1 cetate are shown 1n Tables II—IV In Table IT the ralues hﬁ‘;
been cxpressed as ¢\ acetate comverted per 100 mg wet weight In thc,
months old amum s there ws less radipactivity m the CO, (¢ = 221 P < OOJn
neuteal fat (¢ =647 P . 0001) and fary acids (#=1096 P < 000{}‘;“E
(he AO mice On the other hand significint higher values were found 1 -
AO muce for the total amount of radicactivity in the upper phase Slull’at
one of the 10 months old AN mice duplayed extremely small cp:dlc;x)'!:\ﬂ

cells (see below), the mean values for the AN muce 1n this age group hate
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CARBO 1 DIOXIDE NCUTRAL FAT  FATTY ACDS

D
[

M ACETATE UTRIZLL

UPPER PHASE  INSOLUBLE RES DUE

%

4t ACETATE UTILIZED

Fig 1 Acetate conyersion tn o o by epidilymal adspose tissuc from 5 and 10 months old AN\
and AO.mmice Each bar represents po acetate converted per total epididymal adipose tissue
The values are calculated on the bans of Tables { and 2 The L nes represent the standard
ervor of the mean = 5 months old AN muce B3 = 10 months old AN mice B = 5 months
old AO mice [~ 0 months old AQ muce

been presented after exclusion of this ammal Since the relative mtrogen of the
epicdidymal far pad 1s stnular 1n 5 months old AO and AN muce the differences
are virtually unchanged when the results are expressed nstead per mg tissue
tatrogen see Table I1T

The amount of acetate converted as expressed per pair of fat pads can be
seen in Fig 1 Irrespectine of age lower values were noted 1n the AO nuce
both for neutral fat and fatty acxds the lowest incorporation being seen 1n the
10 months old group In the upper phase fraction a proportionally very high
value was found for the 5 months old AO muce Compared with the other
anmmals the young AN ruce incorporated only about half as much exogenous
acetate 1 the insoluble residue

Considerable differences were noted 1n the mean fat cell volumes bLoth for
the mdmadual antmals and ako between the AN and AO mrce Thus the
average number of fat cells per unit weight was more than twice as high 1n
the AN muce Since a particularly high number of fat cells sn a 10 months
old AN muce was associated with an extremely high rate of acetate uulzation
1t scemed worthwhile to study the posstble relatton between the metabolic
findings and the number of fat cells per unt weight s can be seen mn Fig
2 {—D where the indinadual values have been plotted for the 10 months
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old ammals a positive correlation apparently ewsted at least for the neutral
fat and fatty acids On the other hand there was no correlation between the
acetate metabohsm and the mtrogen content see Fig 3 The metabolic activaty
per 10 fat cells m the AN and AO mice are given m Table 4 There was
als0 1n this case 2 lower acetate mcorporation 1 the neutral fat fraction for
both the 5 and 10 months old AO mce (P <0001) On the other hand
the formation of radwactive CO  was twice as high wrrespective of age n
these animals Except for the msoluble residue a lugher age was associated
with a tend towards d d unlb of exog: acetate both for
the AN and AO muce Thus the value for the neutral fat m the 10 months
old AN muce was less than one third of the value for the younger AN muce
(P < 0001)

Discussion

CurrstopRE JEANRENAUD Maver and Rexorn (1961 a) recently reported
that the glucose metabolsm 1n the solated epididymal adipose tissue was
depressed m the American varety of the obese hyperglyceruc syndrome m
mce ether when expressed on basis of umt mtrosen or wet weight On the
other hand the mcerporation of acetate carbon nto fatty acrds was increased
1m young ammals when the tendency to obesity could first be detected (Curs
TOPHE ¢t al 1961 b) Since the latter findings have placed considerable emphasi
on d lipog: as the factor responsible for this type of obesity, 1t
seemed worthwhule to perform additronal studies on the acetate meorporatior
nto fatty acids and neutral fat in the epididymal fat pads from mature obest
muce of two different ages

As appears from the present data no wmcrease of  zifro lipogeness wa
found m the adult obese arumals as previously reported for mice with nuplen
obesity On the contrary a lower acetate utihization was noted for our AOQ
muce both for the ncutral fat and fatty acd fractions To what extent th
discrepancies observed with regard to the acetate utihization 1n the youn;
AO mice with developing obesity and those with a fully established obese
hyperglycemuc syndrome were due to different condihons of incubation 1
dafficult to assess It 15 worthy of note that the conclusions of CHRISTOPHE ef
{1961 b) are drawn essentially from experyments where no glucose “asa.c(dm
to the medium When these authors mncubated epididymal adipose tissue fi -
six AQ ruce 1 the presence of glucose the T
both obese and non cbese
nc;l‘;}:es ::;rskc:; gx:l:xcl:jyn :al the alloxan diabetic ammal to synthetize faty

ry to ther decreased ability to oud I
Whle the Embden Meyerhof pathway of glycolysis 15 supposed e szt
ummportant for ipid h the b P h pp;zth‘:.oab{;;: hl‘:ﬂ
% n kedl the rate of Iy on T

1 because 1t produes
reduced triphosphop leotide the co fi r N
Y ~

Lpogenests was mn fact equal n

f
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the formavon of [itty acids (Lasebos 1907, Suersten and Fagay 1928 3
B) Tt v shown wath glucose hbelled in the C-1 or C-6 positions that apart
from the overall depression of glucose ut hosph

the hex phosy
puhwty wat not pinculily affected an the adipose tssue of the obese
hyperglycenuc mice (Crirastornr efal 1%1a) The durunished hpid synthess
observed 1n the present investigation as howeser, in 1greement with the current
concept of 1 close connection between the metabolism of hipids and glucose
The posstlality of marked dullerences s hpageness of the adipose tsue at
the onset of the syndrome wnd when 11 13 wel) established 1 further supported
by the 1m 12 0 obsenanons by Bates NMavrr and Natss (1933) These authors
demonstrited that the sery young obese mice retuned approuimately three
umes more MG an carcss bipeds than the lean controly after admumstration
of Irbelled acetaite The corresponding fiqure for the mature obese mice was
only 1bout 30 ©, hngher than for the AN mice §t 1s probable that the reduced
m ritro hipogenesis in the manifest obese hyperglycemic svdro ne reflects the
actual situition i £ o In an attempt o estunate the totnl dady Layy aced
synthesis Zowzrry and Mawrr (1959 reported only about three times as
much ity 2ad synthesis from wetate in adult AQ mice 1w AN muee
Lhus figure 1s very low in view of the abundance of adipose tssue 1n the obese
mice \ore thin 90 °, of the excess body weight in these animals was ccounted
for by Nt the total £1¢ cor tent of the AG mice being, 628 « 13 °, compared
with 79 2 09 ®, for the AN mice (Bures of ol 1995
The depre sed Ibelling of the fun rad fricuon 1 the AD muce 13 wot
shely to be due to 1 mneresed dilution of M*Careetate siwce the pool of endog
s acetite has been reported to be of the same order of size in fed YO+
¥ & AN muce (Zowrrny and MR 19090 It s also worths of note that
sie formiuon of rdwactne €O, was not correspondinghy reduced  Ie view
of the complex charcter of the insoluble residue no conclusions ¢1n be drowvn
2as regardsthe higher vatues found for thus friction 1 the AO muce The ame
speaific defect previoushy found m the proten metibolism of the bner m the
ohese hyperglycemuc syndrome (Hertsian Larssos and Westaras 1961 might
also st 1n the 3dipose tissue The tendency twards decreased avetate i
corporttion mto €O, 1nd hipuds with 1ge m both the AQ and AN muce s
accard with previous findings o the rat where the adipese tssue had 1 signifi
cantly greater metabolic rate n young 1s compared with old ammals (Bex
Jawsy e al 1961} Since also the adipose ussue from the A\ muce wes subject
to metabolic chinges with age this further stresses the umportance of using
the lern siblings 15 controls for studies of the AQ mice :
\awsuatt and Lagel (1960) reported that dunng the onset phase ©
obesity the relatne nitrogen content of adipose tissue from AC xmc; s\:“
only 30 ¢4 of that of AN mice With older mice the disparity tends to disap~

to
teally siauficant duffirences were recorded m the staf
na diffes

pear, so that no staus
phase of obesity Our observations are n essenbal agreement snce
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ences were noted Jor the tissue mtrogen of the epdidymal fat tissue i the
5 months old animals 1 spite of the considerable greater number of fat cells
pet umt weight m the AN nuce {¢f Heuwuaw o al 1962) Because of the
different number of cells ¢ ¢ metabohc urits withun 2 given amount of ep1
didymal adipose tissue the metabohe actnity has been expressed i terms
of the number of fat cells In relating the results in this way the most promnent
findmg was the conmderable lugher oudation of acetate in the AD muce
Howeser mn both age groups the acetate meorporation into the neuteal fat frac-
non was stll fower in the AQ mice as compared with the AN mice

The umpbriance of expressing metabohc data m relaton to the number of
cells was evadent when the indsvidual values were plotted in diagrams Thus
there seemed to be a positive correlation at least for the neutral fat and fatty
aads The great wndiwidual differences found m the AN mce with regard to
the number of epdidymal fat cells per umt weight emphasizes the muportance
of considersng the biocheraucal data with regard to the marphological findings
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Hzecy
m1y be a purely mechamenl effect, 1 ¢ extension of the muscle fibres above a
certun himit my lead to an ancrease 1n force of contracuon followed by a
gridunl decrease nd re extension until the previous limit 1s reached when
an increase agun takes plice The importance of the rite of the extension for
the generition of the wives 13 1t present not known Rerrrr (1962) has quite
recently 1n expenments with sumulated papiilary muscles of guiner pig heart
observed mechameal after contractions ( Nachkontraktionen ) without any

manifestation m the electrogrim After ad 1on of dihyd b He
proposed an ncreise of the intracellular calcium as a possible cause of this
phenomenon

The 1mation of the present waves mayv however be due to 4 lability of
myocardial function 1s 2 result of the loss of potassium 1 the myocardium 1t
g thatin the provoked unstable state 1 force development in the contractile
paratus 1s sensifne to changes 1n the fiber length This mught be due to 2
auon between the potassium transport over the cell membrane and the €x
nsion degree of the muscle cell Thusthecellular potassium environment might
be one factor determining myocardial contractile force Mezvitee and horot
(1958) suggested 1n their study of the role of potissium in the stimulanon and
{

¥ of the my dial fi that p could 1 some way €X
crase 1 tngger cffect on the contractile mechamsm The disappearance of
tam

such a possible ‘trigger effect with 1 myocardial potassiam loss below a cerd
entical fevel might provoke the automauc  self oscilfaung and probably me
chamical regulation of myocardial function described here
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Effects from the Pyramidal Tract on
Spinal Reflex Arcs
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A Luvperc and P VOORHOEVE!
Recerved 8 March 1962

Abstract

Luyspeeré A and P Vooruoeve Effects from the pyramidal lmrl
on spinal reflex arcs Acta physiol scand 1962 56 201219 —
effect of stimulation of the scnsonmolor con:x on spwal rcﬂex arcs

d 1 cats with from moto-
peurones and with conditioning of monosynaptic reflexes Stmu
lation of cortex enhances the followmg synaptic acuuns 1 moto-
neurones Ta y Ib FRA

Tubttory to flexor and to extensor
The effects are mediated by the pyramidal tract which presumably
exerts an excafatory action on interncurones of reflex arcs Stronger
stumulation of cortex evokes synaptic acttons in motoneurones with
exc tatory action domunaupg o flexor and wnhibitory 1m extensor
motoneurones There was frequently evidence of mved exaitatory
and nhibitery effects 1n extensor motoneurones and mbubitory action
sn Revor motoneurones was also found It ss suggested that these

actions on moteneurones are due maumly to activation of Interneurones
of spinal reflex arcs

FRA m

In cat the pyramudal tract exerts actions on alpha motoneurones via mter
neuroncs and has no monosynaptic conmections with alpha motoneurones
(Lrovp [941 SzextAcoTmAr ScriMErT 1941 BervmarD and Bomy 1954
()n.umzks and Lrv 1957 Hern Puittees and Porter 1961) Lrovp (1941)

d that the 1 three neurone are reflex discharge 15 facih
tated at an interneuronal Jevel by volleys i the pyramudal tract In this paper
1t will be shown that actinity n the pyramidal tract enhances the synaptic
actions (exertatory and mhibitory) evoked from different classes of prrmary

Fellow of the Jan Debkerstichting

14623015 Acta physiol seand § of 56
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A OF 130 e "/eflru < cortes DR
VRN RS R s ;ﬁ@' Bgzn
i Jrw L T
—_r———— e e
L] oF SO 1 4 corty

Driw swe

Fiv 1 Intracellular record PR ant nal postinaty (depe lanzate n) being s alled upwardy
with ;uerorlectrc 1oy fillng with 3M KC1 from Z (guql:nrnem ut-ml u"{(\i"(‘) lnir}‘:vm a
plantans (D—F) motoneurone The | e and righe traces in each recor | were tak nostmul
1aneou Iy at duff rent speeds Lower traces 118 A—~C and upper traces in D—F were recarded
frem the L6 denat Yoevenry 2one In A { Dand § are of own the responses evoked by stimu
fati nof tf e eep per neal nepve of 130 (N anl () maumal {5 greup Is and 30 uma
thresh TH (D an ) F) Topectinely Banl | were ol tamed on smulsnion of the senvonmator
X with trasns of b stimu Ta Cand Feombin: §stimulation of corees an't deep peroneal
neRe was we

fferents and ot will be infesred th this 1 due to wn excttatory 1ction on mter
nearones of spinal reflex ~res A prelminany report of some of the findings
has been guen (1L prire and Voormoryr 1961)

Methods

The ecperiments were made on 20 cats under Iight anaesthesia from pentobarbutal
fwum A large number of haindlimt nerves and an some experiments also forehmb
as expoced on the contralateral side

recorded in the ventral rooty (mndhmb) o in the muscle nerves (forelimb) In 7 expent
ments intracellular recording was made from motoneurones with clectrodes filled with
M AQlor 06 \IR, 50, solution Graded conditioming stimulation « as used to dif
ferentrate between different afferent svstems (Fectes Lectrs and Luapsers 1997
Foctrs and Tosnnene 1959, The sumulus strength 1s expressed i nultiples of
threshold strength

Cortical stmulation was performed with a movable ball electrode {usualhy cathod
but anode 1n ane of the excpriments with sumulation of the forelumb arca o Lvive
stos and Pimiiies 1957 and Hege of of 1961) the yudifferent electrode beng plac:;(
1 the temporal muscle When not atherwise mentioned the bal electrode was plac
wn the centre of the hatched area in the postugmond gy rus in 1 1 3 Square wave pul ‘;
with a duratian of 0 1~-0 5 mse were used and the current needed to evoke hmna
achions in motoneuroncs was usually about 05 mA\ For myestigauon of actions on
motoneurones cuerents up to | 5 mA were used < the

The lesons made were controlled 1n unstamed frozen sections In all figure:
records consist of many superimposed traces
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r.g 2 Tatracellular mnrdmg (upper traces) wath a microclectrode filled vath 3V KCl from

of the P group (BSt) Upper traces are triphasic
Fccondmgs from the Lo orsal root entey zone. A F are tespomses evoked by stmulation of
the quadr ceps nerse {Q) at the mdicated stumnlus strengths expressed as multiples of threshold
for the Q nerve In the corresponding records G—L the same Fomuls are preceded by a tram
0f 6 stumul 1o the sensormotor cortex M shows the effect of tortical sumulation slone
gives the EPSP evohed by sumulation of the postensor biceps semitendinosus nerve The anscts
& ve the size of incoming volley from Q as a functon of stumulus strength (upper graph) The
Tower graph shaws the he ght of the IPSP 1 relation to st mulus strength without (¥ ) and + ith
(O) cond nomng sumulat on from cortex

Results
1) Iz actions

It was vegularly observed that the miubstion exerted by weak group [ vol
leys on the monosynapnic reflex discharges from antagomst muscle nen.es could
be enhanced by stumulation of the sensorimotor cortex (¢f Luwbeexrc and
Voormoert 1961 Fig 1 Fi, 5 below) The conditioning stmulus strength
was alwavs chosen 5o that 1t was subthreshold for evoking ynaptic dis
charges and mawumal Ia volleys were used only when they failed to evoke
a ynapuc reflex discharge Hence the facil from cartex must be
cxerted on the Ia inlubitory pathway and this was confirmed 1n expeniments
with mtracellular recording from motoneurones (Fig 1 and 2) The effect
was found on the Ia mhibiton to extensor and flexor motoneurones of knee
and ankle muscles but was most easily demonstrable on the Ia action from
the ankle flexor nerves to ankle extensor motoneurones This Ia action 1s
often absent or weak (Eccres and Luvpeerc 1929 a) but appears when
preceded by cortical sumulation (Fig 1) Record A shows the effect of a
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F 2 3 Threff a1 2f eomvad at mulzun
e the ¢ aiprocal I inbsb ton from the
d rp prronral (DF) nenve on gastroe

AR $rruses (UGS mem mvnapt ¢ bt
FIRCA T T et Theew tu g solieg f om DF
~ war 4 Led st 8 rergth of Tdtmn

it eheld aal an o entry o theead
preceded G (-8 soltev b 1 trsec The
ffret of 3 surroli 1 th wmonmewr
€ 1trx 15 P by cueel (7)) wheren
Ty cravs () thow theyr ) Iation witho t
v’”/ € ruical stmulstion Jatenabioa the o
e i are brawern thefinl o calseos
'\:!m and the snl Lated ronosmaptic re
x

1y b - ~ T e

Fir 4 Draw ag shewing the cort o3l asess from wl ch entascezent
was evohed om setipe xal La ind b tem of 1on eynap e sefies d
[ charges an Bl (medial posenor e 13 the posa gomd
Fyrus) and s Dol mb {the Lateral area 1o the toronal mymue The
action 16ted gn f ool b was € o drep peroncal to pantranrmms

solrn 354 sn Lol eab fe e besn brackn fo camut baserale v
eedal  Ja the funlimb 1 mononnap s reliex d acharge war
1ec srded from the ventral rort o tfe Sor Gribrevord ng wat cueds
f mthe muvl wene and the monoemapt ¢ teflx war ovked by
wezk stiewlation af it e nene

maxirmal fa deep peroneaf 1D acliy B the effect of a trun of 6 sumul
ta the sersonmotcr cortex and record © the fa [PSP evoked by the 1a DP
solley when cond d tn carucal faumn In some ankle extensor cefls
a small ka IPSY was found even withom corueal snmulason as in the plantans
1) cellof DY Fiz 1 When the Ia wolles from DP was preceded by cornal

rmulatin sn 1 a much larger fa IPSE was evoked than in I

I motoneuranes of knee Bexors and extensors and of ankle flexors cortical
umulatin did not usuedl increase the size of maximal fa IPSP but there
was abmost invartably an effect on 1PS1 s evoked b submaxsmal I vollos The
records sn Fig 2 were taken from o motonewone of the postenor biceps
serutendinosus BSt nuckeus and shrw the effect of solleys in the quadnceps
(Q) nere evobed at the strenghs ndicated Detween commesponding reeords
of the upper and mddle rowy  The fa voliey was maximal ar the sumufes
steength of 15 bines ireshodd The 1P5Psan G L were obianed with cortieat
sumulaton and m comparsson with corcesponding secords s the upper
yow it 13 clear that there » 2 large increment s the submaumal IPSPs The
effect 15 summarized an the Dwer of the o graphs an the figure and 'b;
upper graph shows the relatiun between sumulus strength and the Slltl‘;
the Ta volley The facfnat v zcuun on the fa IPSF m Fig 1 and 2 ean
aecounted for af 31 15 assumed that sumulanon of cortex evokes exesgaton
acuon m the 1 mhibston imicrncurones and henee fachiates transTassion

from the pramary afferents to these saterneurones
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Fig 5 Simultaneousrecording attwo  — ——
d fferent sweep speeds m the S ventral

m the gast ocnem us-soleus
(G S) nene {upper traces) and from

t ¥

reflex and B the eflect of a condition ™ joP 1w
ing maximat group Ja volley mn the i
deep peroneal nerve The
1ng records in Cand D show the effect
strength of the first volley from G S
was mcreased as appears in the tripha

o0t Of the monosynaptic Tefiex dis  © \:- te ® ctarD v
=

the L, dossal root entry zone {lower

of a tram of 6 stimul to the sensory

sic recordings In E—H the same ser es

was repeated {ollowing transcct on of

the contralateral pyramid (drawing)

ARer pyram dal section single volleys

were suffic ent to cvoke the G S mono- o r

charge evoked by a double volley (in.

9 e e =t
e

traces] A shows the uncondrtioned test

motor cortex Cortical shmulat on de- © N

creased the height of the testreflex vort  temt omoop

from G S (not shown 1n the Fig ) and st

to evoke the reflex :n Cand D the

synaptic test reflexes

10mec Smiwc

Fig 3 shows the tume course of the facihtatory action from cortex on the
recipracal Ia mhibition from the DP nenve of the G S monosynapuc reflex
Enhancement of inhibition occurs 1 8—10 msec after the first conditionung
stmulus This latency agrees well with the latency of about 9 msec found
by Lloyd (1941) for the onsct of facil evoked by L of the
pyramud m the medulla on three neurone arc reflex discharges

Fig 4 shows the cortical areas from which the facilitation of reciprocal fainhy
bition of reflexes wasob d at shghtly suprathreshold sumula
tion of cortex Action on Ia IPSPin motor nucle: of the hindlimb was evoked
from the medial hatched area mn the gyrus g effects
1n the forchimb from the more lateral area 1n the corenal gyrus With stronger
smul eflects could be evoked from much larger cortical areas and this was
also found for weak stumul: if the anaesthesia was hight Cortical effects on the
monosynaptic test reflexes were imvestigated m the same expeniments and
were always cvohed from the same areas

The facihtatory effect from cortex on the Ia inhbitory pathway 1s mediated
by the pyramidal tract as i3 proven by the finding that the action disappears
after section of the pyramud (Tig 5) On the other hand after a section through
the brain stem spanng the contralateral pyranud (as illustrated 1 Fig 11
for actions evoked from group II afferents) the effect on the reaiprocal Ia
mhibition remained  Attention was also ginen to the problem of whether
cortical stmulation could interfere with the monosynaptic In excntatory path to
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Fig 6 Intracellular recording with a
maeroclectrod  filled with 3 M KClfrom
a plantars motoncurone  [he left and
night traces 1n each record were taken
nmultaneowly at different speeds The
nene to flexor d mtorum longus (FDL)
was sumulated 19 A D 1in A and Bata
strength of 1 4 times theeshold in order to
cvoke a maxuimal [2 EPSP in Cand Dat
1 74 temes threshold which was maumal
for group I Stumulatic n of the sensorimo-
tor cortex 13 shown an E. B and D were
obtained with combined sumulations of
cottex and the FDL nene The upper
traces were recorded from the Ly domal
oot entry rone

Fig 7 The effect of cortical sumulavon
on thc bibitory action exerted by &
group § volley Trom flexor dinterum
longus (FD!I ) on the monosvnaptic reflex
recorded feom gastrocnemius-soleus (G-5)
recordrd simultancoudy at two sweep
peeds A shows the uncondtioned test 1€
flex from G S B th cffect of a condt
toning volley 1n the nerve to FIIL, ool
ed at a strength of | 40 tumes thrshold
In the corresponding records G snd D
there was 1n add ton a train of sumelt
Biven to the sensorimotor corteX

toncurones  With mtracellular recording the effect of cortical sumulation
mvesti,ated on the 11 FPSP in motoncurones Only 1 one cell of 22
}sllqalcd were we able to detect a clear cut effect as s illustrated m Fig 6

tie records were obtamed from a pl-ntans motor

onymous cffect from I'DL  Corteal
potenual (F) but reduced the size
m g 6 could be accounted for
action 1n interneurones mediiting
fibres from group I fibre of f1
were however not able to

m about 15 motoneurc

2) Jb actions

When employing the 1w
1t 1s more difficult te anal
1a pathways The reason {
may 1nfluence transpussion
to alpha motoncurones {(H
group I volley usually «

and shaw the heter

did A postsynaptic
B The effect

exextatory

ryup Ta

We

YA
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Fig 8 Tntracellular recordug w flled w th 3\ Kl from two gastrocaermius

vith

sobeus motoneurones {A—G and D—E) The nerve to fiewor digitorum longus {FDL) wax
smulated 1n A and é at a strength of 155 times threstold slightly submaxunal for group 1
The sensorsmotor cortex was stmulated 1n B and 1n G i combmation with the FDL nerve
The PSPs 1n A and G are resersed IPSPs The IPSPs i D and F were evoked on stumulation
of the plantarss (P1) nerve F in combmnation with cortical sumulation The effect of cortieal
st mulation alone 18 shown 1 E The lower traces in A—C and the upper traces in D~—F were
teco ded from the L, dorsal voot entry zone

A Q21 B corlex c corfex +Q

- e e e

R NSO, - 1, %

FFmee Frre
Fig 9 Intracellular record ng at two sweep specds (Iower traces) from  deep peroneal moto-
n urpne with a m croclectrode filled with 3\ KCH [he lower traces were recorde | from the
L dorsal root entry zone The quadnceps nenve was sumulated at a strength of 21 umes
threshold in A and G B shows the effect of 2 tran of 6 sumuli apphed to the sensonimator cortex
and G of combined sumufation of cortex and Q,

mhibition could result if the Renuhaw mhibition evoked by the monosynaptic
rexflex h was enh d by cortical 1 However this source
of error was avoided 1n some experunents i which single conditiorung volleys
falled to evoke monosymaptic reflexes This was the casc 1 the experiment
of Fig 7 (record Aj The test reflex (evoled by a double volley) was from
the gastrocnemuus soleus nerve (G-$) and when conditioned with the shghtly
submaumal group I velley from flexor digitorum longus (FDL) (the mnterosseus
nerve removed) there was inhibition to 93 9, (A B) After sumulation of cortex
there was inhibition to 70 9, (C D) In all hikelihood the effect n Disdueto
corucal facilitation of Ib inhubitory mterneurones  Further evidence of cortical
effects on Ib acuons was found i, d

with
from motonteurones In Fig 6 already been referred to above record Cshcm;
the unconditioned heteronymous EPSP 1n response to a maximal group 1
solley from FDL In D Fig 6 following cortical sumulation the decay of
the PSP 15 much faster than in € Presumably this 1s due to a Ib IPSP evoked
after a latency of 1 3 msec whach 1s superumposed on the Ia EPSP The cortical
effect on the Ta EPSP 15 shown in C and there 15 no change i its time course
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A "
oot Fig 10 Sunultanenous recording a1
| s "*.;'"\ two different speeds of the mrmzmy
— — naptic test reflex from gastrocnemius-
T . T POV soleus (63-5) A shows the uncond:
< eortas o contes KDL 1ant tioncd test reflex and B ihe condion
oy ;,ng (ﬂ;cl of a volley from th neneto
" exor digitorum longus {FDL) evoked
————— — R at a sumulus nm\i‘dx!ol’ 91 umny

——p—— threshold At thisinterval a FDL grou
I volley had no effcet. The (nn’tfponf

e
3 ‘ ’
eat FOL o mr:( rtmnhrm C and D show the effect
l ofa train of 6 corucal stimubi Cortical
— —! stimulation drereased the test reflex
- pm————
S —

— fiom € § (ot shown i Fig ) and the

. o tes " o P st reflex n C and Dwas evoked by 2
tet FOLoMst masimal single group I volfey whereas
submatimal stimulation of G S was

—_— — used 10\ and nedln E—-H lhelume

— series was repeated ollowing & lesion

n the |p¢h“|‘rml dorsat part of the

1635 Toow lateral funicle as shown in the drawmg

compared with A Records A C Fig 8 were obtuned from a G § motoncurone

A and I show reversed IPSPs evohed by 1 shghtly submamal group I vollev

from FDL The records in D T are Iihewsse from a G S motoneurone and the

Lr:hlbuot) potential in D ind T were cvoked on submaximal group I sumulation

the plantans nenve The IPSP has 1 fateney of 1 4 msec and must be attnb-

. «1to Ib fibres A similar fialitation was found for Ib snhibtory action
voked from the nerves to C S and Q

There was also occrsionally evidence of facihitatory effects on Ib exaitatory
actions Tlus 15 dlustrited in Tag 9 obtaned intracellularly from a DP mo-
toncurone An almost maximal group I volley from quadriceps fias no action
1 A but when supported by a train of 6 cortical sumuli the same volic)
evoked an EPSP (central latency 1 9 msec) which can be aseribed to 1b fibres
(¢f Ycores ef al 1957)

Ib actions are difficult to analyse i the mtact anaesthetized ammal breaus¢
Ib actions in this preparation are effectnely suppressed (HoruQuist and
Lunpsrro 1959) In none of the expeniments in which pyramudal sccuon was
made were any I actions uncovered by  cortical sumulanon Though we have
not been able to prove by this technique that the effect lustrated 1 Fig
7—9 15 mediated by the pyranmdal tract there can however be Little doubt
that this 15 the cise since 1t was evoked from the same cortical areas fustrated

t
d the strength of cortical suimulaton required was the same as tha

m Fig 4 an » the nest

needed to facilitate Ia inhibition and the reflex actions described X

section
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Fig 11 Sunultaneous recordwg at two
ditferent specdsy of the monosynaphc reflex
evoked from the postenior biceps semiten
dinosus perve BSt d(umm— mc‘ug The :;
iment was made on a cat having the N
oo Stems transected as shownn drawmng © | "' h Ry {,
T the mid medullary region A shows the  mmwee—
uncondstioned t st reflex B the effect of a b
LU

° ‘corte ofDL € 3t}

condat oning yolley = x‘)}ff) nerve to ioxor
digatorum_ lons evoked at a
vfe‘ng\h of 5% %:x”x\:: theeshold  The coree _,\.J_
‘ponding recordsin G and D show the effect e

of cortical sumufauon Cortical stmulstion — —— s
1ncreases the size of the test reflex of & and. e ¥

10 obtawm the test reflex and in Gand Dt e

BSt volley was @ creased ¢f sze of group

I volley m A and C

———

3 detwns from the flexor veflex afferents

‘The flexor reflex afferents (FRA) consist of group 11 and 111 muscle affer
ents cutaneous afferents and gh threshold jont afferents (¢f Eccrxs and
Tunoeero 1929 Howuguist Luxnserc and Qscar.son 1960, Hotagvise and
Luwpeerc 1961) Fypennments were made on the effects from the FRA both
with usage of the monorynaptic test method and with intracellular recording
from motoneurones Fig 10 shows the small inhubinon of the test reflex from
the nerve to G S (shown alone in A) of a conditionmg volley in group I and
11 afferents from FDL The inhibitory action was evoked from high threshold
afferents since 1t appeared when the strength was raised above group I When
preceded by cortical L much larger it was ob d (C and
D) but there was also a discharge on cortical 1 This disch which
15 almost 1dentical in € and D (slow left secords) must have gien activation
of Rensh and 1 D could be due exther to facalitanon
of iterneurones m the path from FDL to ar of mter
m the Renshaw mbitory pathway In other expeniments the icrement n
mhibition was obtamed without any ventral root duscharge beng caused by
the combined conditioning of cortex and high threshold musele afferents s
has already been illustrated in Fig 7 for Ib actions Records E-H Fig 10
show that cortieal sumulation of the same sirength has no acton after a
fesvon wn whe dotsal pans of the fateral furocle seterraplmg Wt pyramtal ract
1t was also shown that the cortical effect disappeared after section of the contra
lateral pyramd  as has been wlustrated for 1a effects m Fig 5

Cortical effects were snvesugated on the actions from high threshold muscle
afferents high threshold jomt afferents and cutaneous afferents on mono-
synaptic test reflexes from extensors and flexors [ nhancement of mhubition
from all these afferent systems of test reflexes to extensors was found 1n almest
all of the expeniments Effects from the FRA on monosvaaptic test reflexes
from flexor nerves were however much more uncertain. Small effects were

b d but not regularly The expl for this may be that volleys 1n
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Tig 12 Intracellular rreosdings fupper traces) at B aperds Wi a microcleatrode filled
with 3M RCl fimm & motancurone of 11 £ postenor hicepr-semtendinotus grovp The lower
traces weee recarded at the Ly doral coot entn rone The perie to gasgocneny is-saleus (G-S)
watsmulatest an § and € at & wrengih of 1€ tmes thirediald and i 5 and b at 40 time
shrest (14 Hand £ af ow the effect of enrticad stimufanion afone an { € and Fof comb nrd suma
fatrcn of eartry pad € 6 nene C—1 show the effecr of stronger stimulanon of the sepen
motat rartex ] obtamed afterwards, shows the 1a IPSF from () and b the masimal 1a FPSP
from B9t Ihe reensd 1o 1 was of tained afier wd Iranal from the cefl The eabbration in £
15 comman far A~} and § and e cabibration w § fir G,

the F RA ma1y evoke exatttory wnd minbitory action in flexor motoncuranes
and that both acuens may be faciitated from cortex (¢f below) Another
factor may be that the suppression of the flexor reflex Are which iy most
marked m the decerebrate state s o found m the anaesthenzed aumal
with antact bram (Howngvisy g Tusnsere (9590 A section of the brass
em sparmg the pyramds groes large relewse of fralitatory rwcuon to flexer
tnhibitory achon to extensor motonenrones so that an ammal with ths
& vartually 15 spinal with respect to the transmutabihity of the flexor refiex
T Tuo experments were made on animalks with this kind of lestons and @
both of them corneal stimulition g w ¢ rise to » markedly augmented facihtation
from the FRA on flexar monosynaptic test reflexes (g 1§) There was hke-
wise i these preparations wiubition from the FRA of monasynapue refleves
from extensors
With itraccllular recording a1t was confirmed dhat cortical sumulation very
ofien augmented exatatory md inlubitory post synaptic potenuals evohed
from the TRA The records 1n Fsg 1217 were taken at the opumal intenat
to display the effect It should be noted that in no case was the faciliaon 2
rebatnd ph wajg hng dep Fig 12 shows she effect on
the EFSPs esoked by volleys 10 the G § nerve 1 a BSt motoneurone The celt
was located at the miargin of the G 8§ nucleus and the mitnl negatin e pormtml
{downwards deflectzon) s A € D and F s the Ia focat ficld potential Mut,h
53 shown 1 the extraceliular record i L In A and G obtaned at shS‘“{
submaxmal group 1 strength there 1 ewidence of a Ih LPSP wath ar;‘ ON:!
(shown by arrow} after a lateacy of 18 msec At 40 tmes threshold there
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Fig 13 Intracell darrecordiag (upper traces) from Pt <o tex cortex Pl
2 gastrocnemus-soleus motor curone with a mitro-
electrode filled with 06 M B SO Lower traces
are tnphasic recordings from the L, dorsal oot
entry zone The plantanis nerve was stunalated at
31 umes threshold 1 A and C and at 120 times
threshold 10 D and F B and E show theeffectof g ¢ gx

|
|
2{

{
;i

cortucat sumalat on alon and G and F of eom  aii oy et €712 P

‘tined sumulation of coriex 2nd the plantans s

nery werc
Y LI L

Fig 14 Intr cellular record g with ms .

croclcetrodes filed with 3\ RQI froma s—.ﬁuﬁ e,

postenor b ceps-semutendingsus motaney

Tone 10, A~—C and from 2 gastrocnemius haenanl —

solras motot eurone iy D—~F The sural lemv

(Sur) rene was sumulated ;n Aaad D B 9 < ., 2

and E show the effect of cort cal tmulation . s

alone and C and F of combined umulatior S0 aane 22eweton

of cortes and 1§ ¢ sural neve at the steeagth. s
that was used to obtam the correspondiog ~
recordy A apd D Lower traces are tri T vt T e ——
Pha ¢ recordings from th L dorsal voot

ey zone R

hardly any late EPSP 1n D but when condinoned by cortical stimulation (Fy
the G S volley esokes a large EPSP (latency 3 6 msec) which can be attnbuted

1o group I fibres Hence diaung group 11 Y action
to fiexor motoneurones can be facinated from cortex Record G H and I
show the excitatory action evoked n this by cortical \!

a1 ncreasimg sirength Record § was taken afierwards and shows that the rea
procs) la IPSE from the Q nerve was sult in the hyp-rpolanizing directian
Faalitauon of group 11T exatatory actions to flexor motoneurones was also
common and 1s illustrated in Fig 2 record L

There was hikewise ephancement of the mhibitory actions evoked by group
11 and T1I volleys in extensor matoneuranes Fig 13 shows the effect of volleys
n the plantans (P1) netve on a G S motoneurone At the sumulus strength
of 11 tmes threshold neither the d d (A) nor the cond: ©
P1 vollry evoked an IPSP A P1 volley evoked at 120 umes threshold gave a
small late IPSI 1n D which was wcreased when conditioned by a tram of
corneal shmuli (A

Fnhiancement of the recaprocal synaptic actions evoked by cutaneous solleys
ss shownan Fig {4 Records A C were ok i from a BSt The
sural fierve was sumulated 1 A and C at astrength that was justaboy e threshold
for action in this motoncurone when tested without cortical sumulaton €.
shows the mcrement 1n the EPSP on corucal condioming Records D F are
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* ® 13

P N i
_ Fig 15 Intracelialar eecord ng mwuh raucrer
% [t ] ?_‘??Ac electrodes flied wiih 3V KU from 3 deep
v 3 [

Pt neal motoreurone ;m A~Cand froma
®3 tnenemiosaolens molnneurone 1 Do
SN nsimnre 1 The posterior nene 1o the knet jout
o Lmaerena e (e wae stsmtated @ & G, 1 and F
W e B and | show the effect of eottical sumaly
- M tom xione and U and ¥ of comb ned sum-
v ulsunn of cortex and the Jant nene Upper
Py traces were secordsd fram the dorsal root

-~ eatey rone

N ] P Fig 1€ Intracell ar peeandsng from 2 deep peronet
Soint cuter Teatts Wl pnoneurane with 2 microclectrode flled with 33

it P RO The pocterior nen e ta the kuce ot wannm

fzay ulated a5 the same strenseh i A and L Bsbows the
boooromme  JEC s O efize of thmulanien of the scptonmoioe tortes with
-V a tram of 6sumuli an § G combined sumalauon of

4
O cortes and yoant nerse Uppeer traces ane tophas ¢
recardiogy from Qe L domal oot entey zone

from 1 G S motoneutone and reveal = corresponding freiditation of the
Inbtary acuon
The reciprocal flexion reflex acuons can lso be cvohed from volless m
Bl threshold jowt afferents {Fectes and Lunonera 1909 a} and also these
actions were freduated from cortex as 1s ifustrated in Fig 15
Aparns from she remprocal achions discusied 1bove volleys in the FRA @
~ ohe smiubunory acuons m apsit flexor ones {Ecoies and
wro 959 2 Horugust 1nd Loaprfro 1961) We hase occasionally
ed also that minbatory acuons from the TRA can be enhanted afier
~orueal stmubtion Thes s sllustrated for the effect from the josnt nesve m
Fig 16 but was found 1o for actions from dugh threshold wascle afferents
and cutancous Hfferents  Invesugaton of the cortical effect on these ssnbitory
actions i flexor motonetrones wat however difficult because of the fachtatony
effect fram cortex on the exettatory path fram the FRA o flevor meloncuranes
(¢f record L Irg 2) Tor this reason we are not sn the posion (0 stafe s
cortical stumulanon facslitates the ininbuory path from the TRA to fexot
motoneusones 1o the same extent as the other paths from the TRA 10 1p%
Iateral motoncurones
Impulses an cutaneous afferents can evoke awatory sction m spuilateral
extensor motor hucles (Hacnarts 1952) and with intracetlular recording 3t
wwas obserted that alsa these actions could be enhanced by stmnlation of the
sensorumator cortex This is dllustrated sn Fig 17 with recording from 2 G-§
motoneurone and sumulation of the sural nerme
In olt the figures i scetions 1-~3 the effects from cortex
optimal sntervals between earneal and penpheral shmulation

are 1lustrated 3t
In all mstances
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Fig 17 Intracellular recording vatham
croelectrode filled with 3M ACl from a

5 Sor
The sural nerve was stumulated at the same -

strength 1n A and C. B shows theeffectol At oyl Vi

sumulation of the sensortmotor cortex alone

==
2nd G the effect of combuned stimulation of ,

fortex and the sural nene RecorssAoD |

were taken duning passage of a depolanizing . 3 .

current (4 X 107 1 order to prevent re
sersal of the IPSPs and the eflect from Q

taken after records A—C shows that the %ﬁ ! T
TPSPs were 1 Byperpolanzing directon  ~— i e
Record E shows the maximal Ia EPSP from

the G-S nerve Lower traces were obtawed '—i/—

fom the L, dorsal oot entry zon

Fyg 18 The effect of cortical stumsalatiors o —

(5 stmuls shown by arrows) on the mono-

synaptic test reflex discharge from gastroc

nenuus-soleus (G §) 1 the upper graph 3 20 E] ]

and i the lower from postenor biceps- 3507 MSEC

semutendmosus In cach mstance 100 on 300

th o dinates represcnts the unconditioned

amplitude of the test monosynapue reflex / \
X
/

Condit oned amplitude of test eflex, ex
pressed as percentage of control amplitude
11 plotted as a funct on of time wterval be

ecn the first coruical st mulus and the
‘monosynaptic test reflex. The o cunes
were obtan d 1n the same expeniment with
the same strength of cortical

cortex+ 85t

T 1 2 30

1t was carefully determined that the effect from cortex was facilitatory from the

onset and that the action illustrated was not a rebound facshitation to a preced
ing mhibitorv effect

4) Effects on alpha motoneuronss

The primary aim of this mvestgation was to examme the action on the
path from the primary afferents to the motoneurones but some obsen ations
on the synaptic actions evoked m motoneuranes by stronger stmulation of the
sensorimotor cortex are of mterest i thus context A comparson of the effect
on monesynapuc refletes from extensor and flexor nenves reveated that the
exatatory effects were much more marked to flexors than to extensors The
cunves mn Fig 18 are representatine Monosynapte test reflexes of equal height
+ ere used to obtamn the two curves and the mnal small facthtaton of theex
tensor test reflex 1s followed by irtubiron This inkub tory effect could be

much more marked than in Fig 18 With intracellylar recording inhibstor
acuon was found 1n many exten.or o

At corueal
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Fig 19 Tk e Bular record 138 Rl edectrod 5 i N—] are from an antcesor bicrpw
emimembranonzs mn oneutone and thase 1 30O from a gastracnemuus Bt mgtanruront
e responte tn Al § =€ and Ik were & ored on stimulation af ¢ semonmDtor Coney
oo monber of starsal being shown ty « shxk ast ot For comparuon th effece of stund
tanon of (1e qualncegn 1eny 312 strength af 5 9 wmes 1} reshet 1 s shawn i £ 3§ and I
It eac? row of records curtent was pa e 11 rought £t € mcrorlectrode with direct an and stevst
inleatrd tonf 100 \f—d} were rece rded from anott er motoneuron 10 the sam expenment

Hurog pa aze of o _fepe lasung current of9 18 A ttrough the recording dectrote T1
Ywer traces 1 A1 and upper traces i \for(3 are phasic record ngy from e 1, donat

oot entry 2I0¢

tm}una\ for cffccts an MELONREUTONES 1PSPs were evobed n 13 and LPSEs i
‘s evtensor motoneurones fof hig WBardl kg 138 hg 150 In flexor
motoneurones on the other hand the hmnal 1cton Va3 FrSPs w10 cells
ond IPSPs g 3 1T 28 T, 9B Tig 128 and € Fu, 148 Fig 368)
faton of cortex IPSPs dominated m Many extensor
matoncurones (T 19\ —O) In come matonewrones current passege thraugh
the vecording clectrode resealed convergence of excuatory and snhintory
action Thus s iffustrated by secords A L an Iig 19 Recordins was made
with 2 AC} clectrode from 2 jup cxtensor motancurone {antessar bieeps €F
<emimembranosus) and curzent was passed through the clectrode for reversal
of 1PSPs In D H and L are shown the 1PSPs esoked by a volley i the

nerse waths the current passage indicated 1n cach row in 17 the §PSE from Q
15 1n the hyperpolarizing dyrectsan and hence the depolapszations 10 AQ art
LPSPs Recosds I-H were obtamed approxmatcly at the equilibrium jenet
for the 1PSP from Q During hyperpolartzing current in 1 1, the 1PSP from &
reversed (L) and there 15 a large increase in the depolansang PSPs evokedfrom
fat the LPSP in A Cmust have concealed a substantral 1rsP

Al at stronger sty

cortex showmng ¢t
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Stronger cortical stmulation evoked EPSPs 1n all but a few flexor motoneurones
(Fig 12 G 1) It 15 of mterest that m 2 flecor motoneurenes whichanhe
bition was the dorwnatmg effect of strong corncal sumulation volleys m the
FRA hkewise evoked mhbitory action (Fig 16B)

Discussion

The facithtatory action exerted by stimulation of the sensonmotor cortex
on transmission of synaptic actions from the somatic afferents to alpha moto
neurones 15 medrated by the pyrarmdal tract and can be attributed to an
exaitatory achion on mierneurones 1t will be reported separately that cortical
stimulation evokes EPSPs 1n many mterneurcnes exated by primary afferents
(Lunpperc Norwrserr and Voorsmorve 1962) The present systematic analysis
has revealed effects on mhibiory as well as exatatory paths from different classes
of primary afferents to motoneurones Particularly strong effects were fourd
on the Ta inhibitory path and on the reciprocal paths from the FRA (exatatory
to flexor and bitory to extensor ) but effects on the excitatory
and mhibitory Ib paths were also found In addition there was occasionally
indication that the inhibitory path from the FRA to flexor motoneurones (¢f
EccLes and Lunbeerc 19592 Houmgvist and LuxpBErG 1961) and the
excitatory path from cutaneous afferents to extensor motoneurones (HacarTH
1952) could be facihtated The mummal latency for the facihtatory effect
evohed at the interneuronal level of spinal reflex ares by a tramn of cortcal
stimuls was 8 msec whereas the onset of facilitation of monosynaptic reflex
discharges was at least 2—3 msec Jonger These findings are in agreement
with those of Lroyp (1941) obtamned with stimulation of the bulbar pyramd
and are discussed m a supplementary report by LunpBERC ¢f 2/ (1962) The
corucal areas from which effects to fore and hundlrmb reflexes were obtained
correspond with areas from which movements can be evoked (Livivaston and
Pmrres 1957 with refe to earhier g:

There are many reports that st mulatio~ of the motor cortex may evohe
recipracal actions 7 limb nucle: ffor references see Bosya and GErinory
1946 Terzuoro and Apey 1960) Cortical stimulation has been fourd to gne
mhibatory effects which cannot be secondary to spinal reflexes and in monkeys
IPSPs evoked by cortical volleys have been recorded (PrEsTON and WarrLoca
1960 LannoreN PriLiirs and PorTER 1962a) The present findings rasse the
question 1f the action 1 motoneurones are mamly secondary to actination of
interneurones of segmental reflex arcs Our finding that excitatory actions
are much more prevalent in flexor than i extensor motoneurones and that
inhibition 1s the dominating effect of cortical sumulation m many extensor
motoncurones May support such a notion since excitabon of flexar and 1n
biion of extensor nucle: are the domunaung ipsilateral reflex actions In
tlus connection it 13 worth noting that the fow flexor cells m which mhubitory
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acuon domnated from cortex likewse recenved inlubitory action from the
IRA Our results serve 1o eluaidate SuerrinGTon s (1947) obsenvation of 2
strihing resemblance between the movements elictted from the motor cortex and
spinal reflexes However, the possibility that there may be snterneuronal paths
concerned exclussely with mediation of transmussion of actions from the py
ramdal trict to motoneurones cannot be exeluded

Tt must be emphasized that there are other mechanisms by which the pyram
sdal tract mav nfluence reflex ares In the present expenments we did not
find enhancement from cortex of the depression exerted by group I volleys
from flexors on the Iz CPSP to motoncurones (Frans and Frorres 1957
Eccies e ol 1961) but in one motoncurone of 22 tested cortical sumulation
decrexsed the Ja FPSP However in further expeniments with threshold meas-
urements from Ia fibers (¢f WALL 1938 Fcectrs of af 1961, Eccres \acw
and WiLLs 1962) strong cortical stimulation had no action on Ia fibres but
did give a considerable anerease 1n excitalnlity 1n cutancous afferents further
more cortical sumulation evokes large depol. dorsal root p ls with
spatal faailitation between effects evoked from cortex and from primary affer
ents (CarersTeR Luvonrre and Norrsert to be published) Reflexares from
the FRA to motoneurones may be tnhubated by this mechamsm The inhibitory
effects desenibed by Linparoy and Otrossos (1926) may have presynaptic
ongin
In primates the monosynaptic connections from the pyramudal tract to
motoncurone 1s of dominiing mmportance 1 the execuuon of fine skalled
movements (BernARD Bomst and Pererses 1923 Lasporen Panuures and
PorTrr 19622 b) Pr blv this fi of thep 13! tractin pramates

superimposed on the phylogenctically older acuons deseribed 1n the present

It scems ltkely that in the regulation of motor performance mcat the

ontrol of reflex arcs from higher centres plavs a considerable role In addivon
1o the facilitatory effects now reported previous msesugauons have reveal
an mhibitory control from the brain stem of thesc paths (except Ja) It secms
purposeful that the Ia inhbitory reflex path can be mobilized from hugher
centres and also that the Ib reflex actions can be brought nto acton m 2
stmular way (¢f discussion of the inlubitory control from the bram stem EccLes
and LuNppERG 1959b) A more camplex situation prevals with the control
of the reflex actions from the TRA since there 1s evidence of altesnativ¢ pathways
10 motoncurones from these afferents (Eccres and Luvppere 19092 How
qvist and LunpBERG 1961 Hovugvist 1961} Pyrarmdal facilitation of ml:};
neurones may be one method used by higher centers m selection of pa
from these afferents An additional possibility 15 that the motor cortex uuhZi
the mterneuronal network of the segmental reflex arcs to evoke movemen!

re
ble that such moyements would be mo
of a certain pattern It 1s easily imaginable - ,,[

ding on conne

stercotyped than those dep 4 P
1962a)
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Some spinal reflexes may depend on pyramidal faclitation of interneurones
for their normal functioming This may be so with the reciprocal Ta mhibinon
from ankle flexors to ankle extensor motoneurones This action 1s often absent
or weak 1n the spnal state (Eccrrs and Lunprere 1909a) but may be con
siderable when facilitated from cortex (Figs 1and 3) Kucersere Exru~p
and Grosy (1960) have found that the ipsilateral nociceptive spmal reflex
responses :n normal humans consist of flexor and extensor reflexes one of
the latter bemng the well known plantar flexton In cases with pyramudal dis
order they found d or abolished reflexes the appearance
of the Babmsk: sign being one of the consequences It 15 not unlikely that
these nociceptive 1psilateral extensor reflex arcs depend on pyranudal facilt
tation of thewr mterneurones The possibihity that tactile placing m catisaspinal
reflex requring p dal facil will be d d 1 a forth paper
(LunpBErRG and NORRSELL)

Summary

The effect of sumnlation of the sensorimotor cortex on synaptic actions
evoked from different somatic aflerent systems m alpha motoneurones has
been mestigated 1n the cat with thc huque of

P

reflexes and with 1lul, from

i of the cortex at hs evoking small orno action
1 alpha \; d the foll synaptic actions the Ia m
hubitory action the reciprocal Ib actions the reciprocal actions from the
FRA (group IT and III muscle aff and hugh threshold jomt
afferents) In additon there was h ot the ink Y

actions from the FRA m flexor and of the excitatory actions from cutaneous
afferents 1n extensor motoneurones

Effects on reflex actions to fore and hindhimb nuclet were evoked from the
corucal areas known to mfluence these motor nucler

The effects from cortex are mediated by the pyramud tract they were
abolished after transection of the pyramud or the dorsal part of the lateral
funicle but remamed after a bram stem lesion spanng the pyramud

It 1s inferred that these faciltatory effects from cortex are caused by an ex
citatory action on mterneurones of reflex arcs

Swronger cortical eroked y and v actrons 1
alpha motoneuranes Exatatory actions usually domunated m flexor and
mhintory 1n many of the extensor motoneurones There was often evidence
of mxed excrtatory and inhibitory action in extensor motoneurones and m
hibitory effects 1n flexor were found Itis
that these actions i alpha motoneurones are due mamly to acusation of mter
neurones of spinal reflex arcs

Thus imvestigat on was supported by grants from the Swedish Medical Research ¢

15—693015 Acta physiol scand Vol 56
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Pyramidal Effects on Lumbo-Sacral Interneurones
Activated by Somatic Afferents
By
A Lvsppere U Norrseit and P VOORHOEVE
Recerved 8 March 1962

Abstract

Lvvoeerc A, U Normsrir and P Voornoeve. Pyremdal
effects on lumbowsarral internrurones actira ed by somatic affererts Acta
physiol scand 1962 36 220—229 — [ntraccllular recording was
made from 23 interneuroncs i the donal horn and ntermediatc
region. Sumulation of the sensonmotor cortex evoked exatatory
postsynaptic n excitatory action
from 1) group I muscle afferents 2) flexor reflex afferents, 3) eu
tancous afferents In a few of the interncurones the fatengy was se
brief as to suggest a monosypaptic conneuon from the pyramidal
tract. Stmulation of the sensonmotor cortex cvoked inhibitory
acuon only In onc ntermeurone which recened antubitony action
from the periphery as well The findings are discussed matnly 10
relation to facilitatory actions evoked by volleys in the pyramudal
tract on paths from primary aflerents to motoneurones

Activaty 1n the pyvramdal tract enh: y and miubitory synaptic
actions evoked m motoncurones by solleys 1n different svstems of somatic
afferents (Luwoserc and Vooriogve 1962) Such an action would be ex
pected of mterncurones of these spinal reflex arcs were facilitated from the
pyramsdal tract In the present paper 1t will be shown that interncuroncs o
different classes 1n the lumbo-sacral cord recene excitatory action botht fo
somatic afferents and from the pyramudal tract

Methods

The cxpenmental procedure 15 sdentical with that desenbed
VooruoevE (1962) In the present sencs the cortcal sumulus stren;
10 mA. In two of the expmments differentiation between truc v -
cells gving nse 10 ascending tracts was possible. In those experiments

bv Ly~osere and
gth did not ex
nterncurones 22
rnectomy

220
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Fig 1 Intracellular recording (upper traces) from & B

2 €l i the sntermediate mutleus n L The e

received monosynapuc exeitatory action from the

nerves o gasiraenémies solecs (G.S) rerord A msmelpac O el

and from the nerve to plantas (F1) 1n record B

Volleys in all other peripheral nerves tested had

no cffect on thus cell The effect of sumulat on of
sensormmotor cortex: i shown 1 G and m D

¢ Ilm‘/
cortex
after withdrawal of the mucroclectrode from the N cortex extracel]
cell Differentiation bet een tract cells and truc W
intcmeurones was not possible 1 this experment m
The lower traces were recorded From the L7
dorsal root entry zone The records consist of R

[ Laads o N
Wmsec

o Smsec

superimposed traces

was made 1n the lower thoraaic region the dorsal column was removed for a stretch
©f 2 ¢m and the cord b d The dissected J. . funicles
were placed on electrodes and stumulating electrodes were alo placed on the intact
ipsilateral cord In this way it was possible to actnate antidromically neurones with
axons ascending i erther spmal half The mucroelcctrodes were usually 1oserted from
the dorsum of the cord but the lateral approach was also used The microelectrodes
were filled 1 1th 3V KRC! and for Hul d| with a

of about 5 M proved favourable Intracellular recording was made from 23 inter

necurones and 1n addition extracellular records were taken from many interneurones

When the recording was intracellular records were usually aken after withdrawal
of the electrode from the cell to determmne the field potentials

Results

) Interneurones actizated by group I muscle affesents

The records m Fig 1 were ok d from an 1 b
group I volleys from the nerves to gastrocnemius soleus G S (A) and from
Plantans (B) but not from any other nerves The effect from cortex 1s shown
in C and the Hylar), ded fin D T Tul. ding
was altogether made from 8 imterneurones wlich recened monosynapuc
excitatory action from group I muscle afferents and in all of them TPSPs
were evoked on stumulation of sensorimotor cortex Some of the interneurones
were actnated by very small group I volleys, other by high threshold group
1 fibres and presumably these interneurones were actnated by Ja and Ib
fibres respecuvely (Eccies Eccirs and Luspsere 1957) However since the
group I volleys mn these expernments did not separate well sn Tast and sfow
<comp we have ab: d from grouping the m these two
categories The latency in C Fig 1is about 12 msec and the minimal latency
found was 8 msec This time intenval agrees well with the latency for enhance
ment of the reciprocal Ta smhibinon which was 8—10 msce (Luvbnera and
Voormnoere 1962)
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Fig 2 Intracellular recording (lower traces) from a eell recening FPSs from the F]LA.b;Tbl;:
mictoelcetrode was imerted 3n 1.7 from the dorsam of th cord 10 a depth of 19 mm p;ﬂ y
10 the dorual part of the intermedary region The up per traces were recorded at the L hwb-
100t entry zone Records A~—J were obtamned on stimulation of the nenes mnd c:xeddl e aus
breviations beiog Sur sural G S gastroenerrus-soleus P'St posterior bicepssem tendinosts

BSm anterior tncrpsrmimembranosus FDL, flex ¢ digitorum and hallues lwezl ®
interosseus nene Q quadnceps Joint posterior aene to the knee jomnt The ;Tdro‘n §
netve was stmulated 1n H K Stimulus strengths are given 1n multiples of threshol u"rmm
D31 the nerves. In L a short tran of sumult was gnen to the sensorimotor cortex at an-::l e
Just thresh 1d for effect and 3n M av a somewhat b gher strength but sull subm;r‘; A e
respret to the negatve dorsal horm potential th at could be evoled from cortex Recor B ek
the LPSP evoled by a single cortical sumulus of th same strength that was uscdmm L Thelkt

1 nght traces in record K were obtamed nmultancowsly at two sweep speeds l.hc s]aw

the Jeft and the fast epeed to the right below record L. A—J were taken at theslo

scated below L. Record O was of tained at the end of the experiment and shmn{l < g3

J by 3 mng! corueal sumulus in the dissected dorsal half of the lateral fun cle 18 =

D flerenuation between neurones g ving rise to ascending tracts and true m\s\m_rgon(my
not possible in thys experiment. Records A—\{ consist of sing] traces those 1n o
superimpased traces

2) Interneurones activated by the FRA

\Many interneurones are actnated by the flexor reflex afferents (FRA group
11 and III muscle afferents lugh threshold jomnt afferents and cutaneous
afferents) Intracellular recording was made from 9 interneurones of this f)'Pls
\ost of them recencd monosynaptic EPSP from large cutancous afrcrf;\hc
The records 1n Fig 2 are representatnve for an mterncuronc of this type e
effects from High threshold muscle afferents are shown in B-T Relf:v;I A
shows the effect from the sural nerve G from the joint nerse and H S
the mixed peroneal nenve A train of sumult to the sensonmotor w::fgaw
strength just supraliminal for evoking a negatne dorsal horn pmmlh: L
an EPSP with defimte waves as 1s best shown m the fast trace to e e
1 L A single cortical sumulus did produce an EPSP 1n this ;}:Eﬂ;m
15 best shown 1 record N which was obtamed at higher ampliica
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Fig 3 These intracellular records are from the same cell as those i F'g 2 The peroneal (P)
nerve was sumulated at a strength of 12 tumes threshold in C D and E Records A—C were
obtaned soon after the impalement when the membrane potential was about 40 m V D as
taken a few minutes afterwards when the resting potential had increased and E 15 munutes
later when the resting potential was about 60 m \ The left and r ght traces were obtatned
smultaneousty at the two st ccp speeds shown below E Observe that the channel through
which the fast left traces m C—E were displayed had somewhat lower gan the cal brauon
below C refers to the slow left tracc Records A and B taken a few scconds before record C
show that volleys g ving smaller EPSPs than the solley ma the P nerve could evoke a repetitive
duscharge 1n the cell The records m A—G consist of supenmposed traces those 1 D and B
of single traces The spike potentiab o B D and E are retouched

latency for this EPSP 1s about 8 msec (record N) The dorsal part of the lateral
funiculus was dissected afterwards in L 5—6 and mounted on recording
electrodes Record 0 shows the mass discharge evoked by a single stimulus
1o the sensorimotor cortex Ihe latency 15 53 msec Hence 1t cannot be con
cluded with a certamty that the EPSP in L and M was monosynaptically
evoked but this may very well be so since 1t 1s not necessary to assume that
the fastest pyramdal fibres evoked this EPSP

The ding from the of Fig 2 was good
and some further pomts of nterest are illustrated n Fig 3 A large longlasting EPSP
was evoked from the peroncal nerve Imtially record C there was only | spike which
was followed by small waves (nght record 1n Fig C) The records m A and B were
taken immediately before that i1 G and show that cortical stmulation (A) and a
volley 1n the quadriceps (Q) nerve gning smaller EPSPs than m C could evoke a
train of spikes Hence 1t 1s assumed that there 1s a depolanization block in C. When
the membral potential and spike height increased the same volley in the peroneal
nerve gave the action potentials in D where mn the night record there arc a succession
of spikes which become smaller and end with oscillatory potentials Tt 15 assumed that
the decreasing size of the action potentals 1 D 15 due to incomplete 1msasion of the
soma After further improvement of the ccll the same vollcy mn the peroneal nerve
gavc a longlasting tramn of large action potenuals (record E) The records m Fig 3
areallustrated because they show that a  depolanzation block  (GRANT and Frnvrrey
1956) may be an artefact due to damage to the cell Itis howeser very well posuble
that this cell even 1n C and D nevertheless discharged a tram of spikes down ats axon

The mtracellular records in Fig 4 were also obtamed from an interneurone
actnated from the FRA Thus s allustrated for the effect from DP and sural
n AB and C-D respectively This mnterneurone recenved very effectine ac
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Fg 4 Taraceflular recording {upper traces) from a dorsal born antemewrone (the upper part
of L) actnated by the FRA The lower traces were obtaimed from the L7 dorsal yoot entry
Tone A wnd B thow she vifect of volleys i the deep peroneal {BP) nenve pbtamed 2t thseshold
sirentth for acvabon of thn nterncurone A group 1 volley i the DP aers ¢ evoked no EPST
the effeet i A and B was obtamed when the sumulus strength was faned to sumslate hugh
threahiold muscle afferents The EPSE sn A and B 1s probably 3 monosynaptic action
group 11 fibses but since the smuhas strength was not recorded & doynaptie action by Jarge
group 11 {bros cannot be excluded The sural nerve war mmulated 1 C and D at srengehs
below and above threshold for excitation af the eclt For diffcrentiation between tract eedls
and true anterncurones he spraal halvex {except darual columng) were surulated on both
5des 3 the fower thoraic region The EVSE sn | was evoked by a single sumulus to the snisct
l[ﬂlh((tll dnmsa-dateral funscle (DLF) 105 em rostral 1o the nide of microelectrode recording

Te sesponees  F 10 H were evoked on of the ‘""“;;
with an intreanng number of sumuh at constant strength The fast gweep apeed was
m A=} and the slow  F~H The records consi ¢ of ungle traces.

E
e e

Az ® a3t om?
NI NP N

PEEIE
gmee ferery
f OLF carte ' '5 v
i
) Giiee

s Con
Fig $ lntracellular recording from a dorsal horn saterneurone t the upper part of L7
venana and procedure asin Fig 4 The sural nerce was sumulated 1 A and B 2t the .ndﬁ;d
strengihs g an Tl pirs of Waeshiold srenih or the perve In Cife OF nencult:z:d S
fated a1 & swength supramaxunal for group 131 The scnsonimotor cortex was Swnulaic® o, (o
£ (slon swcep specd) and in G—T (Fast rueep sperd) F ahows the response 10 8 single g0t 3
of ihe intact ipslateral doro-lateral part of the cord (DLF) 10 5 em rostral 10 the s5¢ 0
electrode recording Al eecords conust of superimposed traces.

uvation on sumulation of the sensormmotor cortex (F H) and a single s(xmu;u;
sufficed to gue a large FPSP which evoked 2 spikes (F) The latency o

on
msec 13 brief enough 1o give strong mdication of monosynapuc action and

sumulation of the intact dorsolatera! fumcle 05 em more rastrally (ffc:”:l
E) a monosynapuc EPSP was evaked {total latency } 7 msec) In Lﬁc‘n:r:a

neurone of Fig 5 on the other hand from the ¥
was probably disynaptic The total latency for the EPSP evoked from :;f:;':
1 almost 7 msec and the latency for the EPSP evoked an mmulaf;:o!:
Iatesal funsele 15 27 msec which strongly suggests a disynaptic © ec
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Fig 6 Intracellular rocording from a dor
sat horn mterneurone rece ving EPSPs ex
clusi ely from cutaneous afferents

dure and conventions asin Fig 4 Stmula c

B
tion of the superficial peroneal nerve n A s o aes
and of the nerve to BSt (B) and ABSm (C) LN
at strengths supramaximal for group 111 gt e
ncreas N
stumul of equal strengths were given to the

contralateral sensonmotor cortex There N . o
cordmng was made 1 _an expenment i art

which differentsat on  between tract cells

and true imternevrones was possible and  AdBamee b N e e,
there was no antidromic actination of this

cell from exther spinal half All records con
15t of supenmposed traces H -

3) Interneurones achivated exclusiwely by cutantous afferents
Some mterneurones 1n the dorsal horn are activated exclusively from cu-
taneous afferents and the wntracellular records in Fig 6 show that ako inter
neurones of this type can recerve exatatory action from cortex (D E} This
was pucalk d from the superfial p 1
nerve and 1t did not send 1ts axon up the lateral fumcle In the same experiment
umilar cells were found swhich gave rise to ascending axons (Eccres Eccres
and Luxpeerc 1960 Lu~neerG and Oscarssoy 1961) Itis of interest that these
cells do not receve excitatory action on stimulation of the sensorimotor cortex
{Luvbeere Norrserr and VOORHOEVE to be pubhshed)

4) Interneurones of other types

Al cannot be d 1n the above three categories (Eccres
¢t al 1960) Some represent mntermixtures between them as the mterncurone
of Fig 7 1n which EPSPs were evoked from the FRA and from group I muscle
affercnts of the DP nerve The exatatory action evoked by cortical sumulation
1sshownm A E Extracellular recording was made from several mterneurones
of thus type and they could all be discharged from cortex Another mtermuxture
was d by an ptrcall d by
afferents and by group I muscle afferents Thus interneurone recened a fanrly
weak exatatory action from cortex

Fig 8k the only m this senses recesvang inhibstory
action on of prumary affe and of the cortex.t
This cell was monosynaptically activated from the G S nerve and from the
nerves to anterior biceps and sermmembranosus (ABSm) From either nerve
an EPSP was evoked by a very small group I volley (A and D) which sug
gests that Ia fibres contnibuted These group I EPSPs have two phases after
the fast repolarization there 1s a residual effect dechming slowly much ashas
been found for cells of the dorsal spmocerebellar tract (Eccies Oscarsson
and Wiriss 1961) A volley 1 the superfical peroneal (SP) nerve (record F)

* Added 1n proof In fusth a number of f thus type has been found
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Fig 8 Intracellular recording from an merncu
o8c of An excepnonal (ype The mcroclectrode

s raved (o actnate Ingh threshold aﬁ'rrmh)
On sumulaton of the sensonmotor mrmmp
there wae an early EPSP foflowed by a fate

of which only the begu
fuition between tract
Was posuble 1n this experiment and it 1 seaser
tamed that thus celf did not send sts axon up &
spnal ball The recards consist of supenimposed
traces

Epsp (probably monosynaptic) In addion late IPSPs were
EVes as s dlustrated for ABSM (G) BST (H) sural (1} and
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Discussion

‘Many imvestigations have been devoted to the excitatory actions exerted
from pnmary afferents 1n mterneurones (FrRavx and Frorres 1926 Eccres
Farr and Laxporen 1956 horsopiv and Skocrusp 1958 Huwr and huso
1929 Eccres et al 1960} The intracellular recordings from mnterneurones
1 the dorsal horn and the intermedsate region have revealed that syumulation
of the sensormmotor cortex evokes EPSPs in 1nterneurones activated by the
following typcs of pnmary afferents 1) group I muscle afferents 2) FRA 3)

In add; EPSPs were found m some interneurones
representing ntermuxtures between these types In a few cases the EPSP
evoked from cortex resembled the moton:uronal Ia EPSP (Fig 2) but usually
the rise of the EPSP was slower ind: I disp m
bombardment. The actions were evoked from the same cortical areas and at
the same threshold strengths as actions proved to be mediated by the pyramidal
tract (Luvpperc and Voorroeve 1962) and are therefore assumed to be
caused by activity 1n the py dal traet The d d. y actions
found 1 many mterneurones by Eccres ef al (1960) were probably evoked
from the pyramudal tract Criaveers and Liu (1957) have shown that m cat
the pyramedal tract has a pretermunal distribution to the dorsal horn and the
mtermediate nucleus Wars Mc Currocn, Lerrviy and Prrrs (1905) using
a new el phystol 1 approach found 1z2rb of the pyr
amudal tract mn the ventro-lateral part of the dorsal hom

The present results support the hypothests that the facilitatory effect from
the pyramudal tract on paths from prumary affc to alpha
15 due to y action on Inter of these paths {Lrovp 1941
Luvpsere and Vooruorve 1962) Howeser the destmations of axons from
the interneurones recorded from are not known and volleys in the pvramdal
tract are known also to facihitate transmussion from primary afferents to as-
cendimg sprnal pathways (Mao~t and Oscarssoy 1961 LUNDBERG NORRSELL
and V'oormosvE to be publshed) and to prumary afferents (CarpENTER
LuvnpERG and NORRSELL to be pubhshed)

In mtemn d from group I muscle afferents
the latency for the EPSP ey chd from cortex ranged from 8—13 msec There
15 good agreement between these values and the lateney for the onset of
f2cilitation from cortex of Ia mhibition m montoneurornes {about 8—10 msec.
Fig 3 Luwvpstre and Voormoeve 1962) A volley from cortex takes about
5 msee to reach the lumbo-sacral cord (Fig 2) and 1t can therefore not be
assumed that the p; dal tract has monosynaptic with 1a i
hubrtory mtemnecurones There was on the other hand evidence for mono-
synaptic EPSPs from cortex 1n some 1nterncurones acuvated from the FRA
1 25 not possible to exclude hat such mnterneurones may belong to paths to
motoneurones although the latency for faalitation from cortex of actions from.
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cutancows afferents o motoneurones 15 about 10 msec (Lrove 1941 Ly
2286 and Voornopyy 1962), because 1n the majory of the wtemneurone the
EPSP from cortex fas a slow nung phase and repetitne stumulation s usyally,
necessary 10 deteet an action on the eflect of conditioning volleys on mons.
SYRAphC test reflexes Liovp {(1941) found that small nuelear elements sn elose
Proumuty with the traeg constitute the tmmediate relay and that the avurmed
premotoneurone relay n the termedite nucleus has a nuclear delay of
several milliscconds A nuclear delay of th order can be accounted for by
the slow s1se of the EPSP now found 1n the mierneuranes of this vegion. The

cells 1 partcular recene Strong nfubuton actions both from the penphen
2nd from the pyrarudai fract (Oscarssos 1927 Eccres Hipparp and O-cans-
A% 1961 Maewt and Oscarsson, 1961} In the present iesugauan cortical
stmulation gave nse 10 an IPSP 10 one snterneurone but an IPSP was -;1:27
€roked 1n dus celf Iy rollevs sn primary afferents Corresponding to ‘:ha(
has been suggested for motenturones and for VSCT eells 11 13 pomible
also 1 this case there was a causal relationship between these tho cﬂr‘::}
¢ ¢ that there may by cenvergence from the perphery and from cortex
exatan acuon to wnhibitory acung on nter

ek,
That et f3om was upported by Erants from (ke Sweduh \edical Research Cou
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5&71&_, € R ML Eccres and A Lowprzxc Synmapuc actims on mmmt;’";:; i
10 the $wo components of ke group I muscle afferent soliey J Phynel (I
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From the Nauanal Aasmat Lxpenment Siation Uppsala 7 Sweden

Estrogenic Activity of Some Isoflavone Dervatives
By
Axna Ngesson
Recened 14 March 1967

Ahstract

NILSSON N Ltrogene actis sty of some tsafls one denuats e Acta phymiot
scand {67 57 230296 — Ynessoffavones brochania A gemtein
formononctin dawdzen and o T-<hdi droxs saflssone have been svn
thesized  hetr estrogeme actiniy was asaved ¥ the mowse wienne
waght method undes different admansstration routes Dadzern 1
conwrast 1o the four other ssoflacones waynot absorbed when myected
subcutancausly and is estrogente acuvity was m consequence of this
neghgible by subcuraneou injection By oralor mirapenitanest sdmin
stration the estrogeme actiaty of dawdzern and genustem was ap-
provmatch. 10~ umes that of diethydsudbestsol Biochamn A and
3-7-dibrdrons ssoflavone were about half as actne estrogens a dad
zosn and genisican: Formononctin was mactine \ free para hydroxy
§70up 10 the phens nucleus of the mofecule 1 present in dardzen and
gerrsten but a3 acking sn biochany A formononetn and 5 7t
hydroxy soffarone The presence of a {ree para hydroxy groups there
fore scems to be of importance far the estrogee ety

The 1soflavones genustem (Pore and Wrigier 1933) and biochamn A (Pors
etal 1933) account for a terable part of the actaty of red
clover A thurd woflavone compound formononetin with neghgible estrogeme
acuvity has also been found an red clover (Bate Sy Swar and Fore
1923) The three compounds mentsoned above hase casher been solated ﬂ'oz
and denufied m plants from widel, Qifferent species Soybean et meal Wb‘;
1s an important feed supplement 15 rich 1 the glucosides of gemstemn azd f:lm
zemn {(Wartz 183{) The structural formulas of the ssoffavones are show

Tig 1

230
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Fig 1 Stuctural formulas of the wsofiavones
= OH

R =oH H
Brochamn A RO R =OCH R*
Dasdzern R-H R =OH
Formononetin R =H R =OCH
57OH woflvone R = OH R =H R O

The estrogenic actisaty of the 1soflavones 1s very low only 10~% times that

of diethylsnlk 1 or diol Large of 1soflasone nch forage arc
however consumed by farm ammals Sufficient estrogenic substances may there
fore be ingested to exert an 1mp. f on the end state m the
ammals

Biochanin A was found to be demethylated to genistein m rumen flaxd by
the 1nfluence of mucro-organsms (NiLssow 1961 b) and 1n Iner by enzyme
systerns 1 the mucrosomes (NiLssox 1961 ¢) (NiLsson to be published) For

15 also d hylated by i the rumen and by
Iner enzymes and 15 thereby transformed mto dadzem (Nisson to be pub-
Lshed) Formononetsnss considered to be an mactise (BRADBURY and WiirTe
1923} or weakly estrogemc compound (CHENG ef al 1924) As this isoflavone
occurs richly 1n red clover (VirRTANes and HigTara 1958) it may nevertheless
contiibute to the total estrogemc influence from the food when at has been
comverted mto the more active daidzein i the rumen and the Iner There are
however duverging reports i the bterature about the estrogenic actinvaty of
dadzem Brapsury and Winte (1993) found 1t quite unable to ncrease the
utenne weight i tmmature mice when these were myected with an ail solu
ton of the compound According to CHENG ¢f al (1954) daidzemn appeared to
be the most active estrogensc 1soflavone with the uterine weight response tech
nque They fed the carapound med with the basal ration to immature mice
n a prehminary experzment with 5 ammals

The primary amm of this work was to re imvestigate the estrogenc actvity
of the four 1ly occurrng isofl d above Besides the effect
on the estrogeruc activity of different admrustration routes was studred

In the hope of obtasming some further informations on the hydroxyl arrange
ment necessary for the biologial actvaty of the woflavones 5 7 dshydrovy
ssoflasone was also exammned This compound 1s lacking the 4 hydroxy group
whach 13 present in the four other 1soffavones menuoned above

Experimental
Material and methods
BOChamn A gznmem dardzemn and 5-7-dihyd were
by (\rson G and Exwax 1961) cfkncwn methods

(Baxex et af 1953 2
e SSrogenic activity was esumated by the utenine weight method The specific ac
vty of biocharmun \ has earlier been shown to be approumately the same s 1thin the
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Tadle I The venne weght tesponse w muce g1 en danly 2 g of @ Yot ration contawmng 5 g
of the 1o Pazones

Treatment o | Weghtmmg | Emmated | Stoghtan mg § Enonated
of of utent poteney in of uters poteney in
terms ¢l i
Frahly b :;’;,'.‘f""’
prepared Yeotrod Dousn s fhad Bestrod
Men S D Wean|S D
Tevt period 1
B ochamn & 6 {2ane 5% @56 10 ¢ 168 39 {057 10
Gemugten 16 | 340 55 o8y o 03§ 42 | o821
Formononetn i3 96 153 (4 74 6% 4
5-T-dihydrorey 1o
Havonc 16 fus {47 {O6R2N0 126 ] 40 J 04010
Aty itbestred
none 13 {1396 10 79 {22
am & 164 22 1222 29
o004 16 {3601 § 54 27 1 52
o0, 6 {416 5 2 64
Test penrod 1
Dawdztin 16 |3e | 79 | 0% o 241 | 62 Jow s
s ~diethy ] titbastrol
001 15 az 15 7o 11
oot 15 285 67 209 48

dose range of } 550 myg per day by oral admsnistration (\aussoy 1961 2} An assulp-
10rs has been made that thus relauon 1s valid sha for the othes four soflnvone exaoun
113 the present stody

The tests were performed 38 spot tests with onc group of the noflsvone and o
groups of dscthy bttboutrol and O-control e sach exy The wsoft the
standards were admumstered by the 1ame route anjecuon of feeding Thr estrogenst
actsvity of the oflasones was auraated 1 terms of diethylstilbestrol by compan
the wusersne werght response to & gnen amount of sofiasones with 3 dose respense hot
of the diethslanib i dards  Dufle i handhing of the preparauos
werghing of the uten duning different assay perods were fereby elmunased The estiod
grorss of SLOTEAIS activ ity agreed tolerably well of they were made from cunis frased
on the weights of enther freshly prepared or fed wtens

¥n the injection expenments pranut of or prop fene gheol wore wed a3 o
Supcrsaturated sohuuons of the ssoflasones 16 hese soh ents were prepared by bf‘“”iy
slowh cooling of the solunons to body temperature before secvon The largest .
whieh could be comenientdy gnen did not excecd 125 mg per 003 @) of wm?[?bc

were grven Jy or . 1y twice 2 day for 3353
were kafled 24 hours after the last iyection

1n the fecdiog cxpenments the waflayones were 1ncospora;

compounds were dussohed sn acctone thens mxed with the rationt

a sohents

16 1m0 the basal e The
o the 1oh ent 1€
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Table 1 The wterune se ght vesponse 13 moce green subettoneous wnjections of the wofla cnes

Treasment Daly |SolventfNo off Wweightin  |Estmated [Woghtin | Esomated
dasage mice {moofuten | potencyn {mgofuten  {patencyia
terms of terms of
Festly  Fiestotsot (P00 giegyian
prepased o Thawas flud 0%
Manls D | \can (S D
“Fest penod 1
Genistein 28mglpropy | 3o [370 [ 35 [ 12010 {219 { 21 | 110 10+
ene
glyeot
Dasdzesn 25mglpropy | d2 | B85 | 16 [ 01010- | 66 { L2 { 012 10~
Jene
glycol
Dadzen V2o mg{peanut] 15 { 72 | 12 53169 |«
ol
Diethylstil
bestrot none fpropy | 14 | 68| 14 svite
Tene
glycol
00ty fpropy | 15 ] 138 | 24 102 | 20
tene
glycol
002y fprepy | 14 {256 | 49 189 | 37
fene
glycol
Test pernod 11
57-dimydrovy |
usoBavene 125mg propy | 17 | 86 | 20 [ 03210~ { 59 | 13 | 040 10~
lene
glycot
Drethylsest
berol none [propy | 14 | 68} 14 44|11
iene
elycol
001, fpeopy | 15 {114 ] 24 73145
tene
glyeol
00y lpropy | 15 {143 ] 23 90 § 17
lene
glycot

! The differences 1n vienne we ght between muce given D control iections and thoss gwen
soflavone myeer ons are stanst cally ngnificant (P « 0 05)
* References are lacking of amumials 1n ceted with standard doset of d esbylstlbestrol in peanut ot
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Table Il The ut rine sright sesporse 1n mue green nfropenontal vgections of the waflarenes

Treatment Daidy | Sotveraf\o off Wesght i {Estumated {Weight i § Estimated
dotage mice {mgofuten | potentym mg of uten  § poteacy m
terms of ferms of
Frably iyt [Poedon Eyone
prepared | O I poun s thad o S
Meanis D MeaniS D
Genaten 125 fpeomy | 19§ M4} 17 {ov2g0-| 78 11| oMl
lenr
glycat
Dawlrein 125 propy 0 751 22§ 0eo 1D} 95§ 16§ 10810
fene
ghrol
Dadzern 123 peanue! 10 1124 21 ¢ 73} 14 1
ot
Duethy stud
bestrod mone fpropy | U] 65 40 22} 08
Irne
gheot
ooly 1id 126 15 83t 18
00i5y 1” 145§ 17 wif s

* Refercaces are lacking of ansmafs inyeeted with standard doses of dieshylssilbestrol sn pesaut 0 L

moved Water was added to the dry powdered ration and the resutung dough was
formed 1nto small cubes and dried This process presents food losses as 1t is more &F
ficult far the mice 10 waste the cubes compared with the powdered food Each moue
ensumed an average of 2 g of food daily and this ration was fed to the mice for 4 103
days The day ntake was controlied and the ammals were klled when they had Jeft
1io food rermains durmg at least 3 days
Female tmce three weeks old and weighing 810 g were used for the tests The
rmuce were randomly bred and of the strain Navy Medical Research Instite {furnsshed
by Anticimey. Norrvaken! The wten were reraoved tnmmed of adherng ussues blotted
between filter papert and weighed The uter were 2lsa ar a waght controf fixed 1
Bown s flwd for 24 hours gently dned and re weighed

Results and discussion

The results from feeding experiments with the 5 woftavones dunag tho test
peniods are recorded i Table I The expenment with daidzesn was pcrformh
sorac months fater (Test period 1T Table Ij than the expenment with the
other soflavones {Test period 1 Table I}

Brock A and dasd are all actne estrogens with
Formonaneun i ipacing 28 3%
of biochanint & and
f the present author

an 3¢

ity 107 tumes that of diethylstdbestrol
estrogen The numencal values of the estrogense actruty
genustean were 4 htle fower than in earber expenments o
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Fig 2 The utenine response to subcutaneous inject on of da d em (left p cture) and gensten
(nght picture)

(Nrssow 1961 a) A plausible explananon for ths finding 15 difficult to offer
but differences 1n the mouse material mght be one reason for the different
tesults During the earhier expermments (\Lssox 1961 a) another straun of mice
were used than 1n the present one~

G and daid were also ad d by sut
(Test penod 1 Table 11} and by intrapenitoneal injection (Table I11} When
gaven subcutaneously genistein was sull active while dardzein had almost no
effect (Fig 2) The difference in action of dardzein depending upon mode of
admunstration 15 probably due to s low solubility resultng in develop-
ment of crystals 1n the skin after subcutaneous mjcenon which have been ob-
senved m the present study

The structural requirements which are necessary for estrogemic actwaty of
soflavones are dfficult to postulate BrapsvRy and Wurre (1923) regarded
a S-hydroxy group as essential for estrogeme acuvity The results of CuENG
al 1924 and of the present i estigation show that dadzemn lackinga 5 hydroxy
£roup 1s as active an estrogen as genustemn

Hydroxyl groups in para position in the phenyl nucleus of the oflavones
seems to be of importance for the estrogenic activity 5 7 2 hydroxy soflavene
13 s1d to have about one fourth of the actmity of genistein (Baner, Harzove
and Orus 19>3b) 5 7-dihydrovy ssoflavone lacking a hydroxyl group 1n the
phenyl nucleus has m the expenments reported here less than half of the
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estrogemc actn ity of penstern The campound gave the sasme estimated potency
mn terms of diethy Istitbestrol when st was grsen orally (Test peniod T Table I}
as when 1t was subeutncously myected (Test perod 11, Table 1)

The uncertunty sn all d wons of truc actvity must be
stressed Mo absolute sigmificance can be attiched to the observed potency of
1 substance Many factors, besides the onginal cliemcal structure influence

the netnaty of 1 pound Tor instance mede of admnistration
sensttavaty of the antmals used rate of absorpion and destrecnion and metabohie
Hifi of the fs ds like the nbove mentioned demethylaton

{dasson 1961 ), hydroxylation (Wirziaws 1999, p 546) and other unknown
metabolie steps can alter the estrogenic actvaty
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The Removal of Dietary Chylomicrons and Artificial Fat
Emulsions from the Circulation of Rats
By
B Evcren and H C Mene
Recened 15 VMarch 1962

Abstract

Encren B and H C Menc Tke remo ol of dietary chylomerons
and artipicial fat emulstons from the circulation of rats Acta physiol scand
1962 56 237—243 — The purpose with the i estigation was to
compare the removal of three different artificial intravenous fat
emulsions from the blood of nonfasted rats with the removal from
blood of washed chylomicrons collected from rats fed cottonseed
ol The injected dose of glycerides varted between 300 and 1000
mgfkg body weight The elimmation pattern of the myected particu
late fat was d bud: allh  The che as
well as the different emulstons show ed an exponential tvpe of dis-
appearance during the major part of the chimnation process Two of
the tested emul: d vegetable orl stabibized v ath phospho-
Iipids These emulsions showed an elimmation rate very sinular to
that of chylomicrons The third emulsion ( SR lacking phos-
pholipids and containing segetable o stabilized with svnthetic
agents  disappeared from blood smgnificanth faster than chylo-
microns With all the injected substrates the ebnmunation rate de
creased with increasing fat loads

The removal from the circuiation of imjected chyfomicrons has been studied
Mrats by among others Frexcn and Morrs (1927) BoresTrow and JorbAx
(1929) and Ornecrona Georee and Borostrow (1961) The problem has
been studied 10 dogs by McCaxpress and Ziverssrr (1928) The disap-
Pearance from the airculaton of fat emulsions has been i estigated sn rats
by WADDELL ef af (1953) and m dogs by Epores (1960 a) VMost of the men
toned authors have stressed the unportance of the myected dose of fat the

237
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Table I Compasition of used fat emulsions

Photphatid Non phosphatd Soya o1l emuls on
cottonserd ol cottonseed all
emulsion emulsion
Glycende 15 al | 15 do:l | 15 soya of
Thospholipd component | 12 soybean phos- —_ 1.2 cggphosphaudes
phatides
Other ecmulufiers M3 Pluroruc F8 | 03 Pluromc F68 —_
(polvovicthy | 125 pohyethylene
Iene polypro- glycol 400
pylreglyeal) stearate
05 TEMAT
Water phase 5 glucow 5 glacow 25 glycerol

1 TEM 4T = aretylated tartanic anid ester of monoglycendes.

slope of the expuncnnnl chimination curve decrcasing with mcre.sed doses
Few worhers have compared 1n 1dentical experiments dietary  chylomcrons
with different fat emulsions however The present study compares 1 the rat
the disappearance of chylomicrons with three artificial ntravenous fat emul

sions

Experimental
Nonfasted Sprazue Dawley rats weighmng over 300 g « erc fed 3 ml cottonseed oil

by stomach tube VWithin anc hour these rats were anesthetized with ether and a thoracic
duet fistula made according to the method of Borisa  Carv and GRINDLAY (1948)
Lymph was collecird over might on ice bath concentrated and washed with saline
al 40000 > G in a superspeed centrfuge The tnglycende content of the concentrated
hyl was d ding to the method of Caxtson (1929)
It was trred not to use lymph older than three days

‘Three fat emulsions were used for companson with chylomcrons Cottonseed ol

ernulsion! stabilized with soybean phosphatides cottonseed ol emulsion* lacking phos-
> siat hatides The composition

pholipids and soya ol with egg

of the cmulbions 15 shown m Table I
Tor the el fasted Sprague Dawley rats of both sexes
weighing 120—200 g were used The mjections were made in the tail vem the mjection
time seldom d; 15 sec Chyl were d 1n doses ranging from
emulsion and

230 to 1 000 mg/kg and the doses of cottonsced o1l soybean phosphatide
soya oil emulsion ranged from 300 to 1000 mg/kg The non phosphatide cottonsced
ol emulsion disappeared so rapidly at doses lower than 500 mg/kg that chmunaton
cunes were very difficult to calculate

AB Astra §a*?orilie Sweden

» “Infonutrol s
“SR -emulsior, the South 1on Rescarch and Development Division
U S Departm? Iure New uUSs A
Intral pid 4, \atrum !F Sweden
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Fig 1 Removal from rat blood of chylomicrons and three different fat emulsions a) chylo~
microns b) cottariseed o1l-s0y bean phosphatide emuls on €) "SR -emulson a son phospbatid ¢
cottonseed o) emulsion d) s0ya otlcgg phosphatide emulsion

These rats were anesthetized with \embutal sodium mtrapetrtoneally (> mg/100 g
body weight) Astenal blood samples were taken through 2 polyethvlene tubung n
one carotid artery The blood was allow ed 10 run freely on a paraffin block and 6§~
0" m was raken for deternunation of paruculate fat m whole blood according to the
method of Gevrr Mass and Srare (1948,

In cach experiment the ume necessary for the removal of both 50 and 90 per cent
of the injected dose was calculated

Resnlts

Typical elinunation curves plated hrnrcatly, with chylk
and the different artificial fat emulsions are shovn m Fig | The stmufann
1 characteristics for the curves obtamed wath the different substrates 1s obvious
The chmination of the smaller doses usually seemed to follow a smsle exponen
ual regression Doses of 500 mg kg and more howerer were i general ehon
mated exponentially during the removal of 60—80 per cent of the mjected
dose After ths the cunves usually deviated from the expancnual cure down
»ard mdicating a shght increase 1 the rate of removal

InFig 2and 315 compared t ¢ eltaunation of defferent doses of chn lotmerons
and emulsions At 500 mg'ks, suffcient material for statisueal caleulavions
Was available In Table I are gnen the aserage half ume for chylomucrons
and emulsions wath this dose of trigh cendes At this dose the difference bermeen
the half tne for chyl and the phosphaud) d o 1
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Fig 2 Relation between injected dose of triglye
endes and ehylomueron remosa) rate Open o
cles rate of removal expressed as ume required
for disappearance from the eirculanon of 90 ,
of 1he myected dose Solid cureles hall ume for
the injected dose Squares half ume for chyloms
crons reported by Fresaat and Morws (1927)
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Fig 3 Pelayion between dose and remotal rate of three different artificial fat :mubm':,clfo‘}
1

part of fig  Relaton dose half e Right part of fig  Relanion between dose and &
90  removal of the ing cted dose A — A Cottonseed o1 emulsion w (hslél'msph:]lslgfn‘
e

— Soya oil emulsion with phosphandes B——& Aar phosphatid ¢
The dotted lines show the do -ehmnation rate relanon with chylom crons showed more
m detail i fig 2

not

was not significant The soya oil emulsion was removed somewhat bui \
oL

signficantly faster than chyl rons The non phosphatide
emulsion SR was removed sigmificantly faster than chylomucrons however

At 300 500 and 1000 mg tglycende/kg the phosphatidic cottonseed oif
emulsion was removed at a shghtly slower rate than the soya orl emutsion
The difference was not statustically sigruficant, however
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Table Il Half tome 17 7at blood of dietary chylomiesons ond three hes of artifinal fof evulsions
The mected dose was 500 mg frigherndethy bodv weght Eak figure represous th. mean valee
of the Folf $ me and 3ts m on errer Six anmals m each group

Chylovucrons Nen phophand c Phosphatidie Soya ol emuls on
{oun) cavtonseed o cattonseed o L (e}
emulbson {eun} ermufuon {mm)
®BIL28 66112 17524 14.2-3¢

SR emulsion was atr both 500 and 1000 mg/kg remosed much more
rapudly than beoth chylomicrons and the other twe emulstons The differences
between SR emulston and the other wnjected fats was statstically sigmficant

The rate of cemoral as i by T1/2 d d with d dose
of ehylomucrons and emulsions

Discassion

Nonfasted rats were used wunce 1t has been shown by Asneruan of of
{1961} that fasted rats el L from therr blood as rapsdly as
fasted rats

From the presenced data 1t seerns evidens thai if any comparsons between
the removal from the 1 of chyk ns and : are w be
made awdentically large doses should be compared since the rate of removal
changes so rapidly with changes m dose Thus for anstance f the disap~
Pearance of 230 mg kg of ¢hylomcrons 1 compared with that of 500 mg/kg
trghcende as soya o emulion chylotcrons scem to be elimmared much
wore rapudly which 13 not the case

In general the tested emulsions were remosed from bived at a sinmlar or
more rapid rate than chylomicrans These were however differences between
the emudsions Thus no general statemers can be made on e semoval of

ft emulsion  from. the blood one brand of emulsion tells very bive about
other types of preparanous

The ph d

2

P d ol 1 was the that was most
simlar to chivl Sova s} : was what fastes Thas maght
Possibly be evplaned by the fact that the chylomucrons were collecied after
feeding of the rats with cottonseed oif the same adf as that in the phosphandic
tottonseed of emulston Sova oil contams more unsaturated fatyy ands than
fattanseed ol and mught therefore be metabolized somewhat more rapdly
it would therefore be of interest o wnesugate the removal from blood of
chylomicrons callected after feedmg of fatry acuds of differemt chawn length
and degree of saturavon.

The non phosphatd 4 ol emul SR was d from blood
zmficantly faster than she ohylomicrons and the other tvo emulsions Thus.
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the emulsifying system s of great importance, since one of the other emulsions
contuns the same o1l The very rapd disappearance from the blood of non phos-
phatide cottonseed o1l emulsion 15 sn line with dog experiments with a non
hosg le c d o Ision by Locrev (1960 b) I'mulsions lacking
phospholipids are in general more unstable than preparations where phospho
hpds serve as stabulizers Instatality 1n the blood mught cause embolization
of particles in the blood capillanies This might explun the rapid disappearance
of such emulsions from the arculating blood
The experiments confirmed carlier observations that the removal rate of
both chylomicrons (Frencit and Morris 1957) and fat emulsions (Epcren
1960 a) decreased with increased dosage of fat
The turbadimetnc determmation of fat by Guyrr, Many and STARE (1948)
res only the amount of Light scattering fat particles Thus explams 1
-~ part why the two phase el ton curve for chyl that has been
shown by Freneit and Morrrs (1957) wuth G Jabeled chylomicrons was not
repraduced 1n our experiments since the second and more slow t:xprm:r\tlﬂl
part of the eliminanon curve with chylomicrons 1s probably caused by the
slower removal of chylomcron phosphobipid from the erculation (OLnve
GRONA  Grorge and Borasrrow 1961) In spite of this there was a good
sgreement between our observed half times with chylomicrons and the results
of Frencu and Morris {1957) as seen m Ig 2
The presented expenments 1 rats indicate that out of three tested com
mercial emulsions two showed 1 removal rate that did not differ sigmficantly
from that of chylomicrons One of the emulsions disappeared from the ar
culation faster than all the other substrates however One should not con
clude that an emulsion that 1s removed fast from the crculation 1s a more
useful preparation for nutrition purposes than an emulsion with 2 slower rat'c
of removal In that case one might come to the conclusion that some fat emu
sions are utilized better than dictary chylomicrons, which s probably not true
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Saveral workers have found that aruficial emulnons are taken up by ren
<culoendothehal elements 1 the spleen Iiner and the lungs more than dietary
fat does (Murray and Freesax 1921) This accumulation m the RES might
explam why some emulsions are elminated from the blood stream more rapidiy
than chylomucrons

¥ig 4 shows prebmunary results from simdar cxpenments i non anesthetized.
dogs Such ucp:nmcms performed m ana]ogy with our rat expenments mn

dicate that an dogs phosphatid a 1 when pared with
homologous ch)ld:mcmns are remored more slonly from blood m contrast
to what nas observed 1 the rat exp Non phosphatide SR 1

however was also sn dogs efmnated faster than chylc Our prehmunary results
m dogs confirung the ohservations 1o dogs by Beray and Fev (1948) are
menioned just 1o show that there mught exist sanations between sprocs
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Abstract

Rarvines T O hoskoues and M Miernney  Dustribution of
tngested palratic acrd 1 C' between sat serum hipoproten fractions Acta
physiol scand 1962 56 243—248 — Uptake of palmiticacid 1 Ctin
albumin plus @, lipoprotem fraction in a, hpoprotain f§ bpoprotein
and chylomicron fractions scp d by paper electroph was
followed from 3 to 76 hours after oral admunustration of palmtic
actd 1 C* Except the imual hugh activaty in the chylomicrons the
highest actity was found m the albumin plus a, hipoprotein fracuon
Apparent turnorer tme of this fraction between 3 and 18 hours after
sngestion of the label was about 12 hours Actiity of the a, lipoprotein
fraction was not much altered up to 28 hours Activity of the f lipo-
protein fraction scemed to [ollow the actvaty of the chylomicron
fraction to a greater extent

9, of the patming acid ahsorbed can
€ (BLoow et af 1950}
the free form appear
Retser and Bryso¥

After 1ts intestin il absorption  70—90
be recovered from the lymph draymng the small mntestine
It has been shown that long chamn fatty acids when fed 1n
1 the chyle mamly 1s triglycerides (Borestrom 1951 o
1951) contamed m the chyvlomicrons After the chylomicrons enter the cxr[cm_
lation from the thoracic duct the liver presumably takes up the mawn par e
the chylomicron triglycerides {BorasTroM and JORDAN 1959) In the liver :b:
tnglycendes are rapidly hydrolyzed 1nd their fatty acids given oﬂ'c::m“
arculation probably as free fatty acids (OLIVECRONA GEORGE and:o‘:lbumm
1961) Plasma non estetsfied fatty acids are mamnly carned by the
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Fig 1 Semiloganthmic plot of radioact: 1ty of the chylomucron fraction and the sum of the

7 fisactivn res found 1 the hipid of all hpoproten and albumim fractions atter ingestion of
Palmitic acd 1-Ct Data from 9 0 6 raes.

fraction (Revpavs 1941 Goopuan 1998) and only 1—2 9, of the blood non
esterified fatty acids are bound to red cells and low and hgh-density Iipo-
Protetns (Goobyax)

Inthe present studv distribution and turnoser of ingested palmiic aaid 1 CH
n the different Iipoprotens of the rat serum were myestigated

Material and Methods

Female rats of Wistar stran weighing 200—250 g were caged wndindoally and gnen
3 stock dict foc 3 weeks ad hbatum Then the rats were fasted overmght and fed at
N2 m 4pc (05 mg) of palnuuc acid 1 C*in 2 g of entre § beat flour The labelled
Paloutic acid was supplied by th Radiochemical Centre Awmersham, England Palmunc
2aid 1 C* was dissohved 1n ether and poured on the drv enttre wheat four Then the
dry diet was made ta a paste by adding water The rats ate the paste m about 15 mn

From 9 rats blood samples of about | m! werc taken under cther anesthesia 3 8 18
and 28 hours after the ngestron of the Jabelled palmiuc aad From 6 ras the blood
Samples were taken 28 52 and 6 hours after the ingestion of the labelled paloutic aad

Fi of the serum lip was camned out acrording to the paper
Hectrophoretic method of Nixkna (1953) as modified and described ebewhere (M
TNEN 1957)

The clectrophorens paper was cuf into stripes contaming albumin plus @, globulin
Plus @, lipoprat n @, glabubin plus @, bpoprotein # globulin plus # Lipoprotern and
the area around the starung hine contarung chyvlopucrons The stripes were boiled in
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TVTT

counts per 00 e
T

Rodooctivty of the sample

Fig 2 Radiwactvitics found in the lipid of albumn plus @ lipoprotein fraction of a, lipoproten
and # lipoprotein after ingestion of palmitic acd 1 ! Data from 9 to 6 rats.

10¢ ethanolic KOH for 2 hours The muxture was then acidified by adding H,50, and
the 2cidified mixture was allowed to stand overnight ‘Then the hipids were taken up
petroleum ether and washed with 50 9, ethanol and water The washed petroleum cther
eas transferred to steel planchets and assayed for radioactvity using 2 then mca window
Gager tube (20th Century EV 3 H) and an LACO \utomauc Scaler N 530F

Results
retcally separated chylo-

InTig 1 the radioactvity found in the electropho
nd 1n all the Lipoproten

fucron fraction and the sum of the radoactvities fou
and albumn fractions are shown as a function of tme

The radioactvity 1n the chylomicron fraction dimimmshed very rapudly from
3 to 8 hours after the mgestion of palmitic acid 1 Ct* On the other hand the
total actvity 1n the lipoprotein and albumin fraction seemed to declne rath;r
Linearly The apparent turnover time of this fraction was estimated 10 D¢
approxamately 32 hours

InTig 2 the radioactivities found n the Iipsd of the alb
proten fraction The acuwity seemed to decline Linearly up 10
the mgestion of palmatic acid 1 C** Thereupon the decline ceasc
The turmover ume of this fraction dunng the yutial linear phase
tween 3 and 18 hours was estmated as 12 hours

In Fig 2 the actnty found i a, Iipoproten 15 shown The acnvllf)’ 5:::’
to be steady until 28 hours after the ingestion of the label Then a slow

urmn plus & lipo-
18 hours after
d for onc day
of decay be
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over 1 noted hiaving a turnover tume of the same order of magnitade s that
shown m Fig 1 for the sum of alt the bipop and alt

In Fig 2 the wutial actity found i § hpoproten 1s smaller than n the
chylomicron fraction and the mnal dechime 15 not so rapid as m the chylo
mucron fraction From B hours afier sngestion of palmtic and 1 € the changes
of radicactivity m the § hpoprotein and chy lemtcron fractons are very sundar

Discussion

Alter wnjecting rats with lymph obtamed from rats fod glycertdes contaming
trace amounts of palmiue and | G (Orwecravs efof 1961) 1t was found
that the glycende actwaty an the plasma dsappeared rapudly having a halt
bfe of 7 mun the phosphaliprd dusappeared with a haf hfe of halfan hour and
non esterified fatty aad was increased rapdly wn the plasma reachung a peak
1 15 mun and then disappeared rapidly The hall bfe for amgected atbumin
bound non esterfied palmtic acd } OW nas found 1o be about ! runute in
the rat {Ouwveerona el 1961) Since about 98 4, of plastma non esterified
fatty acds are carmned by the atbumin fraction (Goopuan 1958) 1t wonld
follow that the disappearance of plasma aop-estenfied paloune acid would ren
parallel with the entry of non estenfied palmuc apd 1 the plasma with a delay
of approssmately one vunute From the data of Orvecrova et ol (1961) on
the disappearance of labelled chyk 1may be d that the non
esterified patmatic acd 1 C enters the plasuza about 15 mm after the sntroduc
tion, tn the exrculation of palmive acd @ O labelfed chylomuerons Thus st
£an be cateulated that the delay i the radioactvity of the albunun bound non-
estenfied patmatie and 1 ¢ would be t5 ~ 1 munute after the apprarance of
the palmitic acd 1 C labelled chylooucrons an the blood plasma Therefore
of the palmitic acid § C8 given m the present study would have beenn theses
*urr wn thenon fied form then ats desap ance fram the serum would have
followed the actisity cnnve of the chylomicrons [Fig 1) with a defay of 15
¥ == 16 sun only Since the dechine i the actnny of the albumm 4 @ bpo
Procem fraction is not so Tapad a5 the intal declne w the actvity of the chylo-
Tucron fracuon 1t 15 probable that the actvity of the albumun + «, hpoproten
Fraction 1s not predonunanthy hound o the albuiun in the form of non estenfied
fatty acxd bat s manhy contamed in the g, hpoprotein

Suppatied by 2 grant from S gr & Jusel ur Foundaton
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The A lation and Metabol of Git.]abelled
Nicotine 1n the Bram of Mice and Cats

By
L E Arrerorexy E Hassov and C. G Scanarertdw
Recenved 22 Varch 1962

Abstract

Arpetgres L. E E Havssovand C G Scorerrow The aau
mulation and metabolssm of Ci&-labelled mcottne 1 the b ain of e and cats
Acta physiol scand 1962 36 249—237 — Whole body autoradio-
grams of muce wyected tntravenously with {1 cotine methhl G
show an stial accumulation of radioactivity in the CNS This hugh
concentranon of arcoune and for 11s metabolites in the bram disappears
within 30 sow to 1 hour \utoradiograrms of cat brain sho  a surular
accumulation of radicacuvaty following 1 v mjection of C vnicotine
The distribution picture changes y 1th ume after mjecton Onh one
metabolite viz countne has been found to occur in the brains of muce

and cats The possible eustence of nicotine receptors i the brumn 15
discussed

Following imtravenous adminstration of CY micotme to mice a rapid accu
mulation of radjoactvity m the braun was obsernved (Scrsyrerrow and Haxs
$oN 1962 Hansson and ScmymrerLow 1962, The maximal concentrauon of
radicactinity tn the bram was reached within a vers short ume following
which the radioactman n the bran decreased rather quickly Prelmunan
investigations showed that rucotne was metabolized 1n the brain The idenuty
of the metabolic compound formed was howeser not ascertamed although
the findigs strongly suggested that the main metabohite was cotmumne

Studies on the metabohsm of mcotme in the brain are rather scarce Werte
and s co-workers (WERLE 1938 Werte and Murter 1941 Weree and
Beeker 1942 Weree and Uscnoro 1948) 1 m catro-expernments found a

11873015 Acta phynol scand Vol 56
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Brain Kidney

Liver Stomach

Sahiviry glind

t areas) in 2 moue 5
h the entire body of th

Fig 1 Autoradiogram st owirg the distribut on of radwacusity (ligh
minutcs afier intravenous injectson of G mucotine Sagittal section throus|
anumal “otr the accumulauon of radioactiaty in the bramn

detowfying action of bram tssuc only 1n two species, uz man and rat MiLLER
and Larsow (1953) also usirg the Warburg techmgue were unable to find
any micotne detoxication by bram slices in mouse rabbi, cat and dog

As the uptake distribution and metabolism of micotme 1n the bram have
not been very extensively studied the present study was undertaken m order
to provide more mformation in this field

It should be pomnted out that a pre requsite for this
th use C' micotme with a very high speafic actvity
nucotine makes this of paramount wmportance since only minute amounts 0
nicotine can be safely injected intravenously Furthermore 1t should be empha
sized that when performing tissuc distrabunon studies using C* 1abelled mecotun®

1t 15 necessary to nclude mvestigations of meotine metabolism Both aute-
he presence of the

type of investigation 18
The high tosicty of

phic and rad hruques are based only on t
radivactive 1nd and do not d between the parent substance
and 1ts possible metabolites
Methods
.
Synthests of () mcotine methyl G . g formalde

Nicotine methyl G was i by ()
fiyde G4 1 the prescace of forme acid (el el 1901) oz desebed caber Y
Hansson and Sciaresrow 1962 The radiochemucal punty of the produc et
tamed by perf: diography of paper “The autora :g:dw
thus obtamed showed only onc radioactive spat the Ryvalue of which m“i,p:myl o
the Rt value of authentic mcotne The specific actvity of the () mcobac

was found to be 78 uCfmg
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Brain Kidney

" H L]
Salwva y gland Liver Stomach
Fig 2 Autoradiogram showing the distribution of rad oactwity (I ght areas) i a mouse 30
smunutes after intravenous injection of C mcotine The concentrat an is h gh in sal vary glands,
stomach content Liver and kidneys whereas the brain 15 almost frec of rad oactiity

Ammal expersments

Tiwo groups of 5 mce were injected slowly 1 v with adose of0 + g (corresponding to
approximately 0 03 C) G micotine per g body weight The mice were sacrificed at 5 10
90 and 60 mun and at + hours after the injection by immersing them 1n a muxture of
acetone and dry sce Whole body hy was then perfc to the
method developed by ULreere (1954)

In order to study the metabolsm of mcotine m the bram 6 mice were iyected with
the same dose of C micotine as stated above and sacnficed after 30 mun. The bras
were immediately removed and homogemzed 10 water “icotne and the presumed
metabolite cotimine were extracted according to Hucxer GILLETTE and Broore (1960}
The b was precip as the according to Bowaay TurseuLL
and Mchevs (1959) after addition of camer cotmine

Four kuttens (body weight 0 5—0 6 kg) under pentobarbital anesthesia were smyected
1 v with CH nicotine and sacrificed by exsangwination at 5 15 30 and 60 mun after the
mjection, The bramn was removed and frozen on dry ice sectioned and autoradio-
graphed The parts of the bram remamnng after scctioning for autoradiography were
homogenized 1n water and extracted at pH 9 with chloroform The chloroform extract
was then used for paper chromatography The solient system used was 05\ ammonia
water 92 ethanol n butanol (1 1 4 v/v) and Whatmanno 1paperwasused The
Koemg posiive spots were located with a spray of alcoholic p-aminobenzoie acid which
was followed by treatment with vapors of cyanogen bromide The radivactive spots
were detected by means of of the

In order to obtam quanutative radioactivty data from the Rocnig poutne zones
the paper chromatograms were cut ito pieces and the radioacuvaty sn these picces was
counted directly i a Packard Tricarb Liquid sanullation counter The same counting
device was used to obtain quantitative radioassays of tssue pieces punched out from
20 pt thick sections of muce The santillation solution was an cthanol toluene mxture
{2 5)and d 1 le as the 1l
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o — Fig 3 A comparison between the radisacuvity
— in bratn and Hood of mice at different Grpcsafer
1ntravenous mnjection of C' mcoun  For ex
planation see text
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Results

G nicotine andyor 1ts metabolites n mice bramn

The rapid accumulation of radicactivity 1 the bramn following slow ntra
venous mjection of C!* meotine 15 shown i Fig 1 This s an autoradiogram
from 2 mouse sacnficed 5 min after the beginning of the syyection Itas evident
from this picture that there 13 2 high concentration of radioactivity m the bran
Fig 2 shows an autoradiogram from a mouse sicrificed 30 mun after injccton
If these two pictures are compared 1t 15 obwsous that the 1mtial hugh concentra
tion of radioactvity in the bramn decreases fairly rapudly, the bram i Fig 2
“ howing only a low amount of radioactivaty Thus 18 parncularly appar-nt of
the bram 18 compared wath other organs such as Iner stomach, intestines
salnary glands or Frdneys where the radsoactrvity 1s spll high

In order to clucdate this time dep-ndent sanaton 1n hramn radioacuvity
the following radioassays were carried out From 20 z thick secuons of the
rmice small preces were punched out from the bram and from Hicart blood.
Thr radicactvity 1n these preces was d m a iqud llation counte?
Fig 3 gives the results thus obtaned It can be een that the values {(in cpm)
for brain and blood are quite different five munutes after njection whereas the
difference 15 almost neghgible 60 min after myection. ! .

Chloroform extracts of mouse bram sut d to paper ,
showed only two man radioactve spots made evident by autoradiograp )Z[
One of these had an R, value of 086 which corsesponds to the Ry “I“’:mc
mueotine The R, 1value of the other spot was 0 74 and thus corresponded szv
R, value of cotimne In order to ascertain whether this raetabolite ‘;1'3! ,;;no‘
Jenueal with coumune we tried to isolate 1t by crystallization 23 t 630 s
Thas solation was performed on bramns from mice sacrificed

prerate
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Table I The relatrze toncentrations of n cotine and cottrme 1 Yhe brain
of muce of d fferent tunes after s v smpection of C micohine

Aot no Tire after radwaciruty
G * meotne
inectton Nicotme spot | Cottmne spot
78 5 nun 779 271
5—6 15 mun 609 191
3—4 30 249 1
1-2 § hour 131 269

after the mjecnen of G rucotme Carrier coumne was added The melung
pomt of this monopicrate was found to be 102 —~103 C which corresponded
to the meltmg pont of the catuune manopicrate which was generausly put at
our disposal by Doctor Herbert Mchennss Richmond Va USA The radio-
actiity of the monopicrate remaned constant after reerystallization

The rate of comyerston of mcotine 1nto cotine 1n the bram was folloved by
quanhtatne radionssays of the hoenig positine zones on cf romatograms from
bramn extracts made from mice sacrificed at successne tumes after the mtra
venous myection of CY micotme Table I grves the data thes obtained

As can be scen from the table rucotine is converted to cottnine at a fauly
constant rate for 30 mun and at the cnd of b0 run most of the ncotine has been
comverted to catinine

Contnne seems to be the onlv metabolite of mcoune that occurs mn chloro-
form extracts of the bram No other hoeng positive spat could be found on
the paper chromatograms nor could any other radiactive spot be detected
on the dingrams of the paper

Autoradhagrams of cot bram wneludin, metabohe studies

Figs 4 and 5 show autoradograms of brain sections at different levels from
a cat sacnificed 2 mun after 1 v injecuon of G mcotne The highest level of
actiaty 13 observed m the grev matter Whereas the radioactiity 15 lower
the white matter It can alo he observed that the nucler of the diencephalon
and the medulla obl have 2 tendeney to ¢ radioacuaty

In the bram of a cat sacnhced 13 mun after the mngection of CY nicotine
there 1s sull a distnet defference between white and grey matrer as can be
stenan Fig 6 In this autoradic gram it s of mrerest to note the farrely hugh con
centratton € radioactnaty in the hippocampus particularly 1 cerfam areas
Presumabls correspondng to the cefl favers

After 30 mun the micture has changed Fig 7 s an auteradiogram of a bramn
seetion from a car sacnficed 30 mun after the myection of C' mcotine The
entire section now shows a lower amount of radioactvity and the radioactssty
15 also much mure cvenly distsbuted
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Fig 4 Sutoradsogram of 2
transverse section of the
bram (cat} at the anterior
pontnelevel 5 minutes af
ter antravenous inj ction of
' meotne  (Light areas
correspond to radioacts 1

w)

DBC = Decussat o brach
ofum conguntivorum 1P=
Ducleus mterpedunculans
N NI = Audeus thid
nenve

i n N
€ b C dlum c1

g 5 Autoradiogram of
transverse section of fhe
brain (cat) through the
brawn stem and cerebellum
at a midcerebellar level 5
" runutes after antraveaous
A wmjection of ) micntie
Light arcas correspond 10

radicactivity.
= Nudleus ncrt

- Coch =
£ 2 cachicanss Cul = Prucleus
# ! cuneatus lateralis Fip =
- Fascrculus _ longitudinalis
csteror N V= Nudaws
tth neve VB
neme Pyr = Tractus Py
ramidalis

v v iy 1

Chloroform etracts were made of cat bram after admimistration of o
nucoune to the animal These extracts were run on paper and the hromatograt®
thus obtained showed only two koemg postiive spots Autoradiograms of these
paper g led only two rad spots with the same Ry
values as those found m mice bram wiz one with an R, value cortesponding
to mcotne and the other with an R, value corresponding to cotiune A sunlar
rapid conversion of micotine to cotune was Sound m tat braws as m Jee
brawns Thus 30 mun after myection of C4 nicotine 2lmost ll of the radm:!c(
vty found m the bram 15 present n counine and there ate only Taces ©

nicotinie 1n the bram
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Fr 6 Autoradiogram
of a transverse section of
thebrain (cat) at the tmes-

utes after intravenous in

Jecton of C wicotme
Light areas correspond to
radioactity

GL = Grueum ctnlrale

mmlatzr.\le G\If Cor
P mnﬂm}\;lm meds

R
ber S\ = Substanua

Fg 7 Autoradiogramof a
rapnense section of the
Dbram (cat) at the anterior
bypothatamicerel 30 mm
utes afier ntravenous 1
Jocmon of G mioun

Taght areas correspond to
rad oactiviny

Dhscussion

The pharmacological effects of mcotine on the central nervous svstem have
been extensinely studied Some authors have observed a rapid onset ard alsoa
farlv rapsd dusappearance of the nicotine effect. Liser and Gerarp 11938) ¢ ¢
found that1 v njectron of 2 5 mg/kg nucotne 1 ‘bc eat blocked within 4 run
tactile action p Is in the and d evoked by
touching haurs of 2 contralateral leg This nicotine effect began 1o wear off it
20 mun. Gravrerorn: (1922) siudving spinal reflex actmnaty sn frogy alsc
found a rapid onset of the micotine effect as judged by the occurrence of larg
spontancous dischatges and a gradual disappearance of the effect m o0 ™
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30 mm. These findings arc quite 1 accord with our results, which clearly
demonstrate the rapid aceumulation of radioactinity m the bram of mice and
cats after 1 v admustraton of G mcotine Furthermore, we have alo
obsenied the gradual disappearance of radioactinity from the central nervous
system andicatin,, a rapid outflow of nicotine andfor ns metabolites Ths
pattern of rapud uptake followed by gradual outflow seems to be peculiar to
the brain 1n whole bodsy autoradiograms there 1s still a hugh level of radio-
actiity in other organs such as Iner stomach intestunes ludneys salnan
glands etc 1 hen the bram 1s almost free of radicactvity (sec Fig 2 The
pl of this pk may be the following In the choroform
extracts of brain we have found only one major metabolite of mcotne vz
The idenufi of this bolite was made by paper chromatog
raphy and by sol and crystall ofthe holite from bramn extracts
using carnier coumne It 15 known that cotnine has vers few, 1f 2any pharma
cologieal effects \fchexwis (1960) states “Pharmacolopeal experiments have
indicated that the metabolic oudation of ( ) nicotme to ( )-coumne leads to
a dramatic loss of actnaty  Not only has cotinine a much lesser pharmaco-
logrcal action than micotine 1t may very well also be that coumre has 2 leser
affimty for the 4 sues of the central nervous system  As cotrmune 13 an gudized
form of mcotne 1t should be more polar and thus less fat soluble
It has been repeatedly stated (sce ¢ g Browie and Hoceex 1957) that the
entry of drugs mto the central nenous system deperds upon ther Iipud solu
iy Since mcotine 1s tpid soluble st it easy to understand why 1t enters the
brun. The actual accumulation of nicoune in the bran may be due to the
presence of speafic receptors or some other form of binding According to
Romit and Birrow ({1961, an accumulauon of a drug mn the bram smplies
. ome form of bindin, or interaction between drug and tissue Jt 1s tempong
to assumc that such receptors are localized 1 the nerve cells of the brain From
the autoradiograms of the cat brain 1t 1s obrsous that the radioacuvity 13 wmtzally

her
i the grey sul whereas the white matter \\ldl‘ its ::iim

Lp:d content, much less rad sty Ouwr ¢t 3
have revealed that immally (015 many the radioactwaty present 1 the brain
13 due mainly to the C'* 1n nonmetabolized nicotne Due to technical dlfﬁc\;l!:;:
we have not set been able to perform mcroautoradiographseal  tudies Ogd;o-
brain. Such studies which are m progress mght res eal whether ¢r not T o
activty 15 acrually concentrated m the nerve cells of the central nersous

It should be d that 1n some prel. y studies not yet pubhshcl: at;r:
the distbution of Ci* nicoune im autonomuc gangha we have found a ngufi
accurnul of rad y i the ganglon cells JE—

ble to
The micotine receptors m the bramn may not be al =
for cotrnme This could explam the more diffuse distnibution of rzdwa::lv:l:’)’ =
the bram 30 mnutes after the iyjecuion of Gt mcotine when the mZJ\ lfxcxﬂ-
the radicactivity 1s present as Ct* i cotimne According to MAYER,
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and Bropie (1960) even substances with rather low hipid solubility leave the

pnzl flud readily, md g a diffe lund of boundary from CSF
to blood stream than from blood stream to CSF Although cotirune 15 less
Iipid soluble than mcotme there muight thus be no difficulties for the bram to
get nd of cotimne 11 a faudy short ttme exther via the CSF or directh via
the capillary walls

The authors wish te acknowledge the expert assistance of Docent G Wioyare, Ph D Uny
vers ty of Stockholm whe synthesized the C mcotine The competent techmical assistance of
\rs Gy Perssow and Mrs Asa Aserown 1s gratefully acknos ledged
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Fluorimetric Determination of 3-O-Methylated
Dervatives of Adrenaline and Noradrenaline
wmn Tissues and Body Fluds
By

Jav HaccENDAL
Receved 73 March 1067

Abstract

H. J F of 3O meilylated dernwaly es
of adrengline and noradrenaline in d body flinds Acta physiol scand
1962 56 258266 — A method for the determunation of small
amounts of phrine and P m tissues and body
fluids 13 described The disturbing effect of adrenaline and noradrena
e 1s el d 10 two al ways 1 Byd 1 avidation
and q s0n exch phy 2 by sep on
an 1on column My ph and nor: hrine are
determuned in the eluate from the 1on exchange column according to
the prmcples of the mhyd dole method for th
d drenaline and drenal
method on urine and bram tisue extracts are described

of the

After AxeLrROD s (1957) discovery of ph (M) and nor P “'"]“7
(NM) as bolites of adrenaline (A) and Irenaline (NA), the role
played by the hol O methyl 1n the phystol 1 macuthx(o)n
of A and NA has been discussed According to Axerrop (1960) catechol /
methyl transferase 1s the enzyme cluefly concerned with the metabolism an
mactivatton of A and NA

For the fluormetric determunation of M and NM  the fauly weak ﬂuor;ﬁ
cence of the compounds 1n the ultraviolet region was utlized BERTLER, Can o
sow and Rosencren (1909) showed that the 3 O methylated dcman&cs by
A and NA can be ocudized with 10dine and then rearranged 10 :“; ‘(“‘ﬂ
strongly fluorescent compounds by utikzing the principles of the trhydrovys

gaE
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Tig 1 Scparation by ion exchange
sromatography of nomdrenalune (NA)

o
[

() and
(DA} extracted ﬁ'ém the braws of mice
treated with tranyleyprommn _ Column
Ambcxluc CG 120 type 2 H~ form
3> mm dlame!cr 42 mm Ely
it 05 N HCE 1 ml per fraction The
fluorescence obtaxncd by treatment ac
<ording to the THI mcthod was read at
th actvating and fluorescent peaks of the
repective compound (Ten fluorsscence
ts correspond 10 003 ug N 013 4
MATant 018 #g DA per ml cluate )

FLUORESCENCE
M
S

=)

20 30
FRACTION NR

dole (THI) method The determination 1s then made mn mainly the same
marnner as the determination of A and NA according to BERTLER CaRrsson
and RosenGren (1958) This method 1s more specific and sensitive than carhier
methods

It 15 necessary to differentiate between the catechol ammes and thewr re
spective 3 O methylated dervatives as the fluorescence charactenistics of their
fluorophores appear to be 1d 1 The diffe can be d by
oudation with 10dine at different pH At a pH of about 5 only A and NA can
be ouudized whereas also M and NM are oxadized at a pH of about 7 When
M and NM are present m small amounts 1n relation to A and NA 1t 1s obvious
however that the method will give uncertain values

Thus two other methods for the differentiation have been worked out

1 Selective destruction of A and NA followed by 1on exchange chromato-
graphy

2 Total separation of A and NA from M and NA on 1on exchange columns

Furthermore the method for fluorimetric determination of A{ and AL
described by BerrLer et al (1959) has been modified

Diffe of adrenal

normetanephrine

1 Selecte d struction of A and NA can be performed with
<yamde at a pH of about 6 5 At the subsequent column o
but not the oudized A and NA will be adsorbed by the
will thus contain only M and NM For details see
(1962) who have adopted the procedure for «
Instead of potassium ferncyanide 1odme at a pH of 5
this laboratory The results however, were less
tion of potassium ferncyarude seems to be much less
2 The techruque for punficaion of
of strong cation exchange resins (F

and noradrenaline from hnin and
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2 total separation of A and \A from \ and MM For the separation the resns
Ambeshte CG 120 Ope 2 and Dowex 50 X4 W \¢ W %g and W \I2
have been used The elaton 1 performed by means of hydrochlonc acid The
columns may be used 1 esther sodum or hydrogen form,
Examples of this type of separation are given below
a) Analysis of bram extract
For the separation an Amberite CG 120 type 2 column in hydrogen
form length 3> mm diameter 4 2 mm was used Before the column was pre
pared the finest and coarsest pasticles of the resin were removed and the sesn
was washed with 2 N sodium hydroade contamung | per cent EDTA (disodium
cthylenedianunc tetra acetate} and 3 N hydrochlonic acsd The column was
then washed as follows
1) Water 10 remove the aad
2) Sodem hydroxide 2 N 20 m! contamung 1 per cent EDTA.
3) Water to remove the sodwm hydrovide
4) Hvdrochlone acid 2\ 20 mi
5) After washing with water 1o remove the acd the cobumn was ready for
use
After 3 fimshed scparauon the column could be used again of 1t vas washed
according to pomts 15 above
Tissue extracts were prepared by homogenszing bramns of mce m 04 N
perchlonic acsd The mace had been mnyected wath trang leypramn, 20 mg per
k31 p 3 hours befure zhey were kalled
~ Tothe extract of 5 7} & bran) 20 mg EDTA and 4 myg ascorbse actd were
dded to mprove recosenies The pH of the extract was then adpusted to
about 6 (indicator paper; by adding, 5\ potasnum carbonate The solution
“sas cooled and the precipitate spun down at 0 ¢ Of the solunon 10 mf were
passed through the column Al hquids were flowed through the resus bed at\ «;
raie of about 10 ) per hour After the sample 30 m! water and 15 mi 01
phosphate hufler pH 6 5 were passed throu,h The buffer was followed i’l’x
aml water The elution was then perfurmed with 0 3 N hyvdrochloric acxg ']:A
Lqumds except the last 2 mf water and the acd contamed 0 1 per cent E 2
The eluate was eollected m one m fractions and e ery fraction was determin
according 10 the principles of the THE method
Fig ;l’shous thxi results Three scparate peaks were obwmined the first ;C}:
resenting NA the second M\ and the thurd DA DA was determmed according
to Canisson and W arpeck (1928
b} Analysis of urine
U)nnc ()zs distinguished from bram) usually contans A and :’ ":’&Z’
A and N\ Furthermore the salt content 1 more fluctuating djau:n e
column was found to be Amberlite CG 120 type 2 length 50 mm sbore an
42 mm. The cofumn was used 1n sodium form After \\ashmg;::xs‘hc o
01 M phosphate buffer pH 65 passed through the column v
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Fig 2 Scparaton of advenalinc (A) and moradren 8
aline (N A) from metanephrne (M) normetanephnne i gq
(D and dopamme (DA) m bydrolyzed urme to
which 25 ug A NA M NN respectively and 10pg 3
DA had been added Column Amberl te CG 120 type a0
2 NA* form length 50 mm diameter 4? mm Elu
tnant N and 2 N HCl | ml per fract on The fluo-
rescence 1sread at the actvating wavelength 282and 5L
at the fluorescent wavelength 330 mp (F fey fluo-
Tescence units correspond to about 1 ug of each com

pound per ml cluate ) PRI Dot e
)

) 5
FRTION IR

Fig 3 Activating and fluorescent spectra of an
«luate (fraction 11) of hydrolyzed unne whea
anal for metanephrme and normetaneph
nine as described 1n the text Lelt Actvaton
spectrum  Fluorescent wavelength 510 mp
Right Fluorescent spectrum. Acovating _ave
length 470 mp M Mletanephnine standard
0061 ;¢ perm! N\ Normetanephnne stand
ard 0051 g pe ml S Samplc and the tssue
blanks are read at about three times hugher en
stuwity of the apparatus than the standards
Tissue blank  whout oxidation

Tisue Blank faded RB Reagent blank read
at the same sens t vity as the standar

FLUORFSCENCE.

00 acd 4 0
bt LEL TH

€00 my

the effluent was about 63 After washmg with 10 ml water the column was
ready for use

To the sample 5—10 ml unme (may be hydrolyzed i ™\ perchlonic acd)
20 mg EDTA and 4 mg ascorbic actd were added The pH of the sample was
adjusted to about 6 with potassium carbonate The sample was cenmfuged
at0 C and then passed through the column. After washing with 30 ml water
15 m1 0 1 M phosphate buffer pH 65 and 10 ml water the elusion was per
formed with hydrochloric acsd The first 30 ml water and the l:uﬂ’ar contained
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O1 per cent EDTA Al the Liquids were passed through the cofumns at the
rate of about 10 ml per hour
Fig 2 shows the separation of a sample of 5 mi urme which had been bosled
for 20 s 1 N perchloric acid 1nd to which 2 5 mu A, NA M, and N and
10 m#u DA had buen added The fluorescence of the eluate was read mi by
ml at 330 mu with the actnaung waselength 1t 285 me (all waselepgths
guen n this paper are uncorrected nstrumental vafues, Ammnco-Bowsnan
spectrophotofluorometer) Al these compounds hasve the same Ruorescence
charictersstics
The following results were obtamned
aj The first 2 mi eluate (N hydrochloric acd) contained anly mterferin,
substances and sere discarded
b) The following 8 ml N hydrochlonic acid (fraction I) contaned the A and
the NA The amount of M and NM m ths fraction could be neylected
c} The elution was then continued with 10 mi 2 N hydrochloric acd (fraction
11}, which contaned the M, NM and the DA, and auly neghgible residues of
A and NA
In a parallel experiment on the same hydrolyzed urme but without any
additions of amnes fraction 11 was analyzed according to the THI method
The values are given 1 Table IT Spectra are shown i Fig 3 The amounts
of A and NA 1n fraction IT were found to be neghigible
The column separation has been of such a good reproducibility that 1t has
een possible to follow the scheme described above (a c) i the assay of most
rines When the recovenies of added M and NM have been less than 80 per
went the reason usually has been an unsuccessful separation, because o £ £
s Jughly concentrated unine or incorrect flow rates Destruction of M and n
dunng the column procedure does not seem to be of any unportance Duning
the column procedure M and NM were more stable than A, NA and DA
By lengthenmg the column 1t was possible to separate DA from the M Nl\{_
fraction Further lengthening of the column will give a complete separation &
NA A, NM, M and DA m one run fHacoexpar 1962) It may be useful for
1dentification purposes and for deternunation of small amauats of £ & M
the presence of large amount of NM which has been difficult wath previoud
methods
Stnce assay of both A, NA, and DA and thew 3 O methylated dcmamhts
often 15 necessary in order to obtam a reasonably complete picture of ;7 l:
catechol amune metahalism the separation procedure 1 one run on a S

column may be time saving

Fluorimeirec determnation of M ond MM

Procedure
1 The pH of the eluate 1s adjusted to about 6 (indicator paper) with 5 N

potassum carbonate
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Table I Differential estimatuon of hrine (V) and
une (N V1) w pure soltions Readings were pesformed ot the ua eknglh
ua elength)
370,480 mis and 440570 mge
Added pg to samplet Found pig in sample
(Mean values & D)

A NM M pra¥e
0190 0010 0208 200037 | 0011 = 00030
0150 0050 015800071 | 0020 0074
0100 01C0 0103 00047 | 0101 £ 00030
0050 0150 00534 0007 | 0147 £ 00062
0010 0190 001600015 | 0178 = 00077

Total volume of the sample 33 m!

2 Immediately after the pH adjustment 10 ml sample 15 added to 05 ml
buffer (0 6 M citrate and 1 M phosphate buffer equal parts pH 6 5) and 0 2ml
water

3 The oxidation 13 performed with 0 10 ml of 0 02 M 10dine solution

4 After 3 mmn 05 ml of 5 per cent sodum sulfite soluton contamming 2 per
cent EDTA s added After 30 sec 05 ml of 5 N sodium hydroade 1s added

5 After 5 mun the sample 15 actdified with 0 5 ml of 10 N acetic acid

6 After about 20 min the fluorescence of the sample 1s read at two wave
length combsmanons e £ at the fluorescent wave lengths 485 and 510 mu
with the activating wave lengths 390 and 440 my, respectively

7 Standards contamung 0 2 ug M ard 0 2 ug NM as well as wnternal standards
7 ¢ samples to which known amounts of M and NM have been added are
camied through the procedure along with the sample and the blanks

8 Two types of fissue blanks may be used

a a blank treated as the sample except that redine 1s omutted (T B with
out oudation)

b a blank treated as the sample except that the sulfite EDTA solution 15
not added until 10 wun after the sodium hydroude (T B faded)

9 Areagent blank (R B ) contzimng all the reagents but no sample or standard
s also carried through the procedure

10 The absence of A and NA m the cluate 1s checked by oudanon with
Potassium ferricyamde according to the THI method

Results of differential estimations of M and NM i pure solutions are goen
i Table I The coeflicent of varzation was between 1 3 per cent and 4 8 per
cent of the M or the NM 1n the sample (3 3 ml) not were less than 0015 e
per ml
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Toble 1 drabysis of A and AN w1 5.8 human yrne fvdrolyoed for 20 minules o0 N
perchlone aerd

Sample [ Tissue [N AL p3Y AL Reavert
blank fantern. {intern. {stand. {stand {blank
without{atand  |stand.
ox
dation

NAL Yl - - | o2 -4 ez} -}~

M ml - - - 02 - 0z -

Lluate pE€ sl 10 10 th 10 ~ ~ -

Buffer mt 05 [ 5 o5 D5 05 03

HO mt 02 02 ~ - 10 19 12

1 odine 002N ml ot -~ oF 43 Dt [} 81

11 Ma 8O, + EDTA m! 05 05 2] 03 05 85 05
{added after 3 oun after I}

I NaOH SN mt as 05 Qs a5 s 05 035
{added after 30 src after [1)

IV HAc 10N mi a5 03 s L33 05 05 85
(added after Srun afier 111}

Total volume mff 33 33 33 33 33 33 131
Tuorescence tensity read

at 370/480 mu 20 1 63 35 350 24 58
Fluorescenre intenuty read

a8 440,570 mpe 80 47 | 16 51 93 [*50 28

b

™ s Contamnng }0 g DI 30 methylated eatcchol amune hydsocblorde per ml
1 The normetanephnne standard was a1 to S5
% The metanephrine standard was set to 50
The metsnepheine /02 x ma) and normetanephrin (02 v mpt) m th sample are cal
culated by solving the equations
(33~ 0)x + (3= 20y = 20 — 1 (Readingt at 370,480 imps)
31— 84 (16— 4)y ~80-—42 (Readngs av 440/520 myt

x - 003
y 020
“The wta) values of f and 10 the hydrolyzed 24 hr utine were

33 pig and 220 pg vespectively
£

An example of analysis of an eluate from unne s gnenin Table 1§ jr}é\;::
2as this method differs from the method of BeRTLER ef ol (1959} theds
steps of the procedure will be discussed below

Ad } and 2 The intensity of the fluorescence 13 °

the

the pH, at which the oudation 15 performed Using
was fau’nd to be optimal The imtensity was lugher il eurate “”faddfosphz*t
buffer Thus a phosphate aitrate bulfer pH 6 5, 13 used stead of a pi

buffer, pH 7 15

known to be dependeat on

csent buffer pH b2
” to the
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80
I(‘LGO °
5
& °
¥ao g O P e,
Fig 4 Effect of dufferent antiox dantson S LN
the stability of the fluorophores of meta & . N
aphrme (M) and _normetanephnme g ~o. L
(\M) Circles M Dots N\ Broken L
s ascortie acid solution Continuous M ~o
Imes EDTA — suffite solution o
© [} 20 A0 ~0 80 70
MINUTES

Ad 3 The amount of 1odinc 15 mereased as this was found to give a some
what higher intensity In pure solutions the presence of DA resulted i 2 loss
lﬂf the mtensity of the fluorescence of M and NM if the amount of iodine was
low

Ad 4 To stop the oudation the EDTA sulfite solution 1s used mstead of
ascorbic acid  The fluorescence of M wall be more stable than when ascorbic
2ad 18 used (Fig 4) The figure also tHustrates that wath the EDTA sulfite
solution a hugher fluore cence mtensity 15 obtamed

No useful results were obtamned by adding metal 1ons 1n order to catalyze
the oudation Cu * 10ns were found to accelerate the decomposition of the
fluorophor,s (as they do for A and NA)

Ad5 By using a stronger acetic acad solution the intensity of the fluorescence
will be hugher Hydrochlonic acid nstead of acetic acid yielded a lower mten
sty

Ad 6 For differentiation between M and NM the differences in fluorescence
charactensstics can be utbzed (BERTLER el al 1939) The best reproducibility
scemed to be obtained 1f the dafferences 1n both the activation and the fluor
escence ch: 1stics of the d were utthzed Thus readmgs are
Performed at the actnatng wavelength 390 mu wath the fluorescence at 48>
™ and at the activanng 440 me with the fluorescence at 510 mu The cal
culations are done as for A and NA

Ad 7 The sample will contan much more salt than the standards becauseat
1% a neutralized eluate (as a rule 1 or 2 N hydrochlonic acid adjusted by 5 N
Potasium carbonate) the standards of M and N\ are kept m 0 01 N hydro~
chlonc acid The same amount of M or NM wall gne different intensity if the
oudation 15 performed with or without addition of salt However the daffer
©nces are small when this extrate phosphate buffer pH 6 S1sused \ost problems
:;f this type are eluminated 1f internal standards are used
> Ad8 The two ty pesof blanks g e about the same readings Larger differences
M2y be observed when ascorbic acid 15 used as an antioudant

WB—6%3015 t¢ta physiol scand Vol 56
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Lactate and Pyruvate Formatwn and Oxygen
Utihzation 1 the Human Forearm Muscles Durmng Work
of High Intensity and Varymg Duration
Be
Besor Peraow and Jous Wanren
Reces ed 5 Apnl 1967

Abstract

Peanow B and VW ames Lactate and pyrua e formasion and o33, en
utdls ation tn the human forearm wisd 5 danng work of bk w ennty and
sorying duration Acta phymol scand 1967 35 267285 ~~ The
work was perfarmed with a hand ergometer the intensity of work
bewg vaned with sespect to frequency and lead Blood samples weze
obtained through catheters mserted 0 the brachial arterv andan
deep and superficial forearm vems The deep sems of the forearm
contam fasrly pure muscular blood durng and wmmedutely afier
work, whereas a1 rest there 15 an admixfure of blood from the hand
Atvest 3 mgruficant diffevence was present between the arfenal and
deep venaus blood with respect to ovvgen saturation lactate and
Pyt ate coneentrauen and pH  Durtog work of sbout 4 min dura
tion 2 sigmficant nse occurred 10 both srtenal and tenous kactate
and pyrinate The hughest \enous lactate concentration was wsually
noted at the end of work whde pyrucate did not reach s maamum
until § mun afier v otk The resting letcls were regamed about 4>
muwo Jater The o gen saturanon of the venous blood fell from 2 mean
366 10239 per cent In connecuon with work of kagh infenaty but
ery short durauon (530 sec; 2 mavked merease was obseried
‘enous lactate and pyruvate whale sen small changes were seen 1
artenal blood

Changes m the concentration of lactate and pyruvate m artentaf blood 1n
Sonvection with muscular work have been the subject of extenstve studies
¢ ¢ Strom and Luvory 1947 Asuussen 1930 Hichanse 1958 [999) The
Tise w lactate and change i the lacate pyiinate rauo dunng work have been
gencrally accepted as an exp of the of bic cond

© oprion w.nes howeser regarding the degree of amacrubic metabolsm
2 different work antensises Thus Hecnasge {1958, stated that an ancerobic
Omponent 15 presert at every grade of muscular werk, exen a lght“hpe
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Curistes sev, Hepyan and Savriv (1960) found howeyer that heavy work
carnied out for extremely short persods (5—15 sec) was unaccompamed by
any demonstrable rise 1n lactate concentration an the artersal blood The
wterpreted this observauon to imply that such brief work takes place under

pletely aerobic ] probably with myoglobin as an oxygen store
It has been stressed in vecent years, particulrly by Hucnapi e (1958), that
the lactate pyruvate rano 15 a better index of anaerobie condinons than the
blood concentration of Ixctate alone since the latter can evidently be elevated
also tn states where hypoa 1s lacking This 1s evident ¢ a from the fact that
after muscular work the Jactate concentration does not reach the resting level
until about 45 mn whetcas the lactate pyruvate ratio 1s rapidlv normalized
{Carwso~ and Prryxow 1961)

As shown by Coor er, Epnors and Motrran (1955) the flexor muscles ofthe
forcarm seem to comprise a muscle group which 1n man s most suitable for
metaholic studies m tizo It 1s possible, via the median culntal vein, to advance
a catheter 1nto one of the deep veins of the forearm, : ¢ the ulnar, interosseous
or radnl vein Samples from the interosseous vemn seem to consist of pure
muscular blood, whereas those from the other two veins contam, under resting
conditions small amounts of blood from the hand (MoTTRAs 1854, Cores etel
1958) Tlus techmque has since been used among others by RODDIE, SHEFHERD
and Waerax (1956) Monon ef af (1960 and 1961) and Anpres, Caper and
Zirrrer (1961) Mowop ef al (1960) studied the lactate concentration of deep
venous blood durnng work and found that heavy work of onlv a few mnutes
duration gave a marked mcrese m lactate while light work could be per
formed during long penods without any nise in lactate

In the present inyestigation the lactate and pyruvate formation and the
oxygen uulization 1n the forearm muscles were studied in healthy subjects at
rest and during work using 2 catheterization techmgue symilar to that de
scribed by MoTtrast (1955) The ratio of lactate to pyruvate expressed
according to HuCkAere (1949) as  excess of lactate  (XL) was used as an
dex of the local anaerobic metabolism

Case matertal

“The case material cansisted of 31 healthy males 10 of them were welftramed ﬁrrr::lr
all actine athletes Ihe remaimnder were students The mean oge of ‘hi V9 ol
matenal was 27 years (21—40) the weight 706 ke, (63 5—8a®) and height 1s
(167—187)

Procedure "

“The subjects came fa ting to the laboratory w the morming Work was :ﬂrg::(‘ 3
wth a hand ergometer® with the subyect in supine position and with the :sr¥h o:i e
The work consisted of squeezing two parallel bars tog ether in the hand ncnmg o
‘between them 1n the resting positon was adapted for each subject before st

d by AB PIAB

+ The hand ergoracter was
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and was not changed 1m the course of the expeniment The load on the handle consisted
of a calibrated sprimg and the work per contraction was varied by allowine the spnng
ta be shartened to a varying degree dunng work. The load on the hand ergometer
could 1 this way be varied from 25 to 150 kpmmy/contraction The uniformuty of the
squeezes was checked by a signal system whuch was actuated as soon as the spring was
compressed to a certain positton  Unless otherwise stated the contractions were made
rhythmscally to a metronome which gase 60 signals per minute

Teflon catheters were intraduced percutaneously into the brachmal artery 1 the
proumsl direction mto the median cubital vem and 10 some cases into a superficial
vem of the forearm in the distal direction The median cubital vem was punctured in
the anticubatal fossa and the catheter passed through 2 deep commumcating vein 6—8
«m downstream until 1ts t1p was no longer palpable The blood obtuned through this
catheter iscalled deep venous blood In 4 cases the tip of the deep catheter was still
palpable after being advanced more than 10 cm In these cases there was no sigificant
difference hetween the oxygen saturation of the samples taken from the two catheters
these cases were therefore excluded from the material
Analytical methods

Blood lactic acid was determmed with Strom s {1949) modification of the colorimetric
method of Barker and Summerson (1941} and pyruvic aad according to the method
of Friedemann and Haugen {1943) as modified by Huchabee (1956) For the analyses
m with work the p with trick acd was made withun
15~"0 sec Resting values obtamed for lactate by thus technrque was on an average 15
per cent bagher and for pyruvate 15 per ceat lower than thosc obtained when dnpping
the blood durectly from the catheter mto werghed tubes contaming the trichloroacetic
acd Ths finding 15 1n agreement with what has been reported by Huckasee (1926)
The values given for lactate and pyruvate at rest (Table I) were obtamned by the last
mentioned technique No corrections were made for changes in lactate and pyrus ate due
to vanations n the hematocnit durmg work

Excess of lactate (NI} was calculated from the formula XL = Lo~ La—1 /P (Py—
P) where L and Ly are the lactate concentration i arterial and venous blood respec
twely and P and Py the ponding pyrusate (H 1929)

Samples for d of oxygen and oxyven content were drawn
simultaneously from arterial and venous catheters mto 10 ml svrnges the dead spaces
of which were filled with 1 per cent heparm solution The oxygen saturation and hemo-
globin were di d iy by a shight d
of the method descrbed by Draskrs (1958) The oxygen content was calculated from
the oxygen saturation and oxygen capacity The syrmges were always filled with the
same volume of blood and no correction was made for the hepana filled dead space

The pH of whole blood was measured at 37 C by a glass electrode and a potentio-
m=:m PH meter using phosphate buffer as standard No temperature correenion was
made

Expressed as the coefficent of vanation for a single observanon calculated from
duplicate determuations on one blood sample the error of the method m the lactate
determinations was 44 per cent {n = 194 m the measunng range 0—3 mM{/1 and
21 per cent (n = 50) at concentrations between 30 and 11 m\f/l The ervor of the
Method for pyruvate determunations was 3 1 per cent (n = 50) 1 the 0—0 150 m\1/l
Tange 13 per cent (n = 50) at concentrations of 0 150-—0 300 and 09 per cent (n =
30) at concentrations of 0300—0450 mM/l The coefficrent of vanavon for the
tg:cemunauuns of oxygen saturation was 0 73 per cent (s = 102) at saturations ranging

oM 10 to 100 per cent and for hemoglobin 0 ? per cent The error of the method for

PH determunations v as 0 04 per cent
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Fig 1 Conceatratian of cardiogreen in superficat {optn tircles) and deep vnous bood (B
curtlesy m per cent of the mal leve! The dye was continuously infused 1mto the madul arery
sn 7 cases, $he blood was withdrawn repeatedly fram both vemns Fefore duning and afier wors
of approvimately § min duration

The heart rate was ¢aleulated feom the LCOG
The yoom temperature ranged from 18 1o 21 C on dilferent occasions during the
oepenments and no arrangement was made 1o heep 1 constant

Results

CONTROL STUDIES

001 per cent indocyamne (Cardio green) solution was wnfissed at a constant
r1ie through a teflon catheter antroduced o the radial artery 1 the distal
ditection  Dunng infusion repeated samples were 1aken simultaneously from
the superfictal and deep vesns The colour concentratton o plasma was read
spectrophotometrically at 810 mye At rest colour was demonstrated 11 bload
Jrom both the superficial and deep vemns 1 7 of 10 cases In the rematuag
3 cases the oxygen saturiuon was unchanged before and after applcauon of
a cufT around the woist indicatig that the tp of the deep venous catheter was
tymg 10 the interosseous vem When the dye was mfused durng work the coa
centrition of dye was always markedly reduced 1n deep venous bload (I gl
Tne duration of the work was a mean 5 mun 13 sec and the work atensity
75 kpm/mis The work was performed with 68 contractions per mun At the
end of work no dye at all could be detected sn 4 cases while in the semaimns
3 cases the dyc concentratons did not exceed 3 per cent of the sl Jesel
After worh the dye concentration of the decp venous blood icreased success!
but stdl 15 mun afier the end of work the dye concentrations were 1 Most cases
below 40 per cent of the mual values The changes sn the dye cuncen{t:hﬁ
of the superficial vewn were sesegular but in most cases decrease “MI ! ;‘;‘mg
during work, which however, never exceeded about 50 per cent of the &

el
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Tadle I Resting calues for dorgen saturation oxs en content lactate and gyruvate concentration 13
blood sanpl s from the brackeal artery a d op tem and & superfical en

Ovygen Oxygen Lactate Pyrusate
sfuraton content
per cent miIod mt ] w1 AL
N e6s 165 06t 0097
SEM 03 02> 004 000%
B
rackiad arery s 18 118 01 807
w2 23 13 13
f A 539 93 06 0109
B SEM 74 040 006 0008
P e so] 132 253 970 P
n 3t 31 13 13
] ai o %0 128 103 o118
5 SEM 31 0.58 006 o603
et cal vew, so] 15 20, 023 002
al 13 3 13 s

U= mean  SEM = siandard ervor of mean  §D = standad devanen & — number of
ehservations

el In these studies the dye nfusion rate (1525 mlfmun) and the dye
toucentration of the mnfusion flud was so chosen that adequate light absorp
M was secured even with a 50 fold increase m blood fiow compared to
the flow at rest

In order ta ascertain whether the catheter m the brachual attery huted the
blood flaw to any sigmficant degree during work 5 subjests were wstructed 10
pecform the same type of work before and after ansertion of the catheter No
sigmficant dsfference was found between the oxygen satranon of correspond
98 samples of blood from the deep forearm vern (P < 0 3)

METABOLIG STUDIES

2 vest (Table 9]

Lactate The mean <o n artevial bloed was 081 o
014 MM/ in blood from a deep forearm vem 076 = 020 m\MA and m
Superficial ycnaus blood 108 — 023 mM 1 The artera-scnous (AV) duffer
tnees are hughly sigmficant (P < 0001) and the difference m concentration

thueen superficial and deep tenous blood 15 probably signsficant (P < 002)

Bor ate eoncentration ¥n artental blood a mean concentratson of 0 097 4+ 0 023
WMt was recorded The carvesponding figure for deep venouws bload was
0199 % 0 028 m\l and for hlood from @ superficat vesn @ L1t = 0022 mMifl

! Alt values 3 £ g ven g5 mean 2 staadard des at on.
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Fig 2 Lactate and pyrusate concentrations of arteral and deep venous blood ag reet dus

and after work of 2~~7 mun duration. Fulled circles and broken hnes sucicate artenal bl d

while open circles and straight hnes denote deep venos blood Dunng ¢ ork blood was $ rm:sk

£ases drawn afier 2 mn and an all cases at the end of work Although the duratron of wo

vanied all end of work values are mdicated on the same dine for comparison

The AV differences are sigmificant (P < 001) as well as the nter senous
difference (P < 0 001)

These values for lactate and pyrunate were all obtamed by the method of
rapwd preapitation whereas values wn the following were registered s blood
samples handled with pipetting technique

Owggen seturaton The mean arterial oxygen saturation was 965 % 1.8 per
cent A mean value of 55 9 £ 132 per cent was measured 1 blood from the
deep forcarm vein while the corresponding value for the superficiil vewn was
76 0 4 116 per cent The difference between the ovypen saturation of desp
and superficial venous blood 1s significant (P < 001,

VW ork of 2—7 min duretion (Fig 2 3 % Table IT)
Ths type of work was performed i 17 cases at a mean inte
mun and a rate of 60 contractions;min  The sulyect continue
kprof 1 exh and the d ranged from 2 min 15scc 10 Toun

nsity of 7 1 10
4 to vork

untsl
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[T B I A—
mitft
]
?
g
5
<
3
Fig 3_Formaton of “excess of lac
2 tate (XL)1n the forearm iz connec
tion with work 0f 2—7 m n duration.
1 Allend of work values arc indicated
=] on the same Line although the dura
IR = tion of work van
i 5 25 35 ]
Rest Work Mn after work

mean 4 min 16 sec and the range of the total work performed was 170.—41 6

m

The loctatz concentration 10 the deep venous blood rose from a mean 098 &
044 m\M/1 at yest to 441 + 203 mM/l measured 2 mun after starting work,
At the end of work 1t had reached a mean of 642 + 256 m\M/l Both these
changes from the resting level are sigmficant (P < 0005 and P < 0001
Tespectisely) In samples from the superfical vern the lactate concentration
rosc from 2 mean 1 15 + 0 22 m\{/l at rest to 4 25 - 0 82 at the end of work
In every case fhus nise was smaller than that recorded simultaneously in the
deep vewn of the forearm The difference between the lactate concentration. of
samples from the deep and the superficzal vein at the end of work was a mean
363 mMJl (P < 000) During the same work the arteral lactate rose from
081 £ 02 m\I/] at rest to 1 33 = 031 at the end of work Ths nise 1s signt
ficant (P << 0001) as 1s the difference m lactate between artenal and deep
or superficial venous blood during work (P < 0001)

After work, the lactate concentration fell rapidly 1n the venous blood and
n 2ll but two cases lower values were recorded as soon as 1 mun after 1t as
compared to those at the end of work In the two cases mentioned the con

t s were ) d during the first mn after work A
Successne decrease 1 lactate took place th fter and the
1iial level was reached 30-—45 mun after the end of work The Jactate con
entration of the arterial blood on the contrary continued to rise after the end
ofworkin 7 of § cases One munute after work levels were reached that were
sgnficantly hugher than at the end of work {P < 001) Thereafter the con

Centration gradually decreased and had fallen to the resung level 30—45 min
after work,




272 BENCT PERNOW AND JOMN WAHREN

1 |Lactate
M/
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o ]
« ~Brachal artery
9 ~—sDeep ven

Rest Work 5 % 25
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Mnafter work

Fig 2 Lactatc and pyruvate concentrations of artenal and deep venous blood at rest [

and after work of 2—7 min duration. Filled ewrcles and brog Lines wndicate mmalm

_ while open circles and strasght lines denote decp venous blood Durng work blood was ot
e e ifiee 2 wmun and in all cases at the end of work Although the duration of worl
Yanied, all end of work values arc ndicated on the same Line for companson:

The AV differences are sigmificant (P < 001) as well as the mter 1enous

difference (P < 0001}

These values for lactate and pyrwvate were all obtane!
rapid precipitation whereas values the following were
samples handled with pipetung technique

Oxygen saturation Tth:nc;mganma;ony gen saturation Was 965+ 18 PF
cent. A mean value of 509 = 13 2 per cent was measured 1n blood from the
deep forearm vemn while the corresponding value for the superficial v
760 - 11 6 per cent The difference between the oxygen saturation of deep
and superfical venous blood 1s sigmficant (P <001)

Work of 2—7 mun duraton (Fig 2 3 4 Table IT) 1410

Ths type of work was performed 1n 17 cases at a mean intensity of 71 = k

ntinued to WO

mfmn and 2 rate of 60 contractions/min The subject o0
kur:ml 1 exh and the d ranged from 2 mis 15 sec to 7m0

d by the method of
regstered 31 blood

1n w35
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1} mum after work 5 mun after work 15 trun after work. 30—42 min alter warl
A m A ) A Dy A DL
81 %67 875 977 66.9 %69 691
146 164 914 58
327 433 204> 1540
5 4 7 3 5 3 7
000> ot o1 01
175 50 156 432 126 247 083 114
212 Di6 o4 029 o013 036 o1 0i7
04 153 243 103 037 113 032 048
8 it 10 13 8 10 g 8
0001 0001 0001 0001 000> ¢ 002 08 03
£103 0156 om 0213 [ifnid) 016 0081 0096
0010 0007 0009 0003 0077 0000 0006 0000
005 o017 03 0070 00> 0014 0018 04015
13 6 6 6 5 5 6 6
o> [i]icrY 000> o1 03 coor 05 ooz
290 150 02t ang
[ 044 003 00>
17 108 073 010
6 6 5 5
007y (1] a99 0z
7.286 7330 7425 7393
000t
o010
4 2 4 >
o1
637
24
6.5
7
07

wance of d ference from the correxponding resting alue Other symbol as tn Table I

The excess of lactate { YL} was calculated from the differences 1 lactate and
Pyruvate conceniration in artenal and deep venous blood It indicates the
formation of lactate which 1s not due to changes in pyruvate concentranon
L 1ncreased during work parallel to the rise i lactate concentration of the
venous blood Thus a marked nise 1n \L was obsersed dunng work e
from a mean 0 31 = 021 to 441 = 250 m\L,lat the end of work (P < 0001)
A return 1o the 1mual level occurred rapidly and in all but one case a pro-
nounced decrease was recorded as soon as § munafter the end ofwork. The XL
factor was restored to the imal Jevet in a shorter time than that renured_for
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Fig_4 Oxygen saturation 1n arterial and deep venous blood at rest, during and after work of
2—7 mn duration All valucs obtained at the end of work are indicated on the samehne
Symbols as n Fig 2

restitution of the lactate and pyruvate concentratons to the resting level

The pH of the blood from the deep forearm vemn was a mean 7 386 -+ 0015
at rest the corresponding value 1n the arterial blood being 7 437 + 0012 The
AV pH difference 15 uigmificant (P < 0001) At the end of work, the pH of the
blood from the decp vein had fallen to 7 191 4 0017 (P < 0001) The lowest
value recorded was 7100 After work the pH rose successively and had
reached the resting level 15 mun later The pH of the artenal blood did nat
change dunng or after work

The oxygen saturation at rest was a mean 566 4 104 per cent 10 samples
rom the deep forearm ven After two mun of work 1t had fallen to 318 £ 65
per cent (P << 0001) and at the end of work to 239 = 84 per cent
One munute after the end of wark, the oxygen saturation had nsen 10 lev cls
mgher than the corresponding resting values (P < 0005) After 30—45
mn the oxygen saturation was sull lugher than before work These safues
refer to the case matenal as 2 whole In a comparison between the firemen
and the students the frmer were found at the end of work to have reached
values that were probably sigmficantly loner than those an the latter group
P< 003) Inno other respect was any difference obtamed between u,‘; I‘W{
groups of volunteers The total work performed was of the same m;i c; n‘i
magmtude 1 both groups and the lactate and pyrwate production dunng

work was also the same
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Fg 5 Laca aud pyrmnatecon
centranons of arteral and deep
venous blood of the fosearm an
connection with wo k of 1030 sec
duration. Symbols asin Fig 2

5w
HMoafte wax

In blood from the superfictal vem the oxygen saturation was a mean 72 3 -
113 per cent at rest At the end of work 3t had fallen to 397 & 83 per cent
(P < 00Q3) Thos decrease 1 axygen saturation was smaller than 1 hlood from
the deep vemn (P < 0001)

The oxygen saturaton of the artenal blood was a mean 956 4 1 6 per cent
atrest and dud not change signsficantly duning or after work

The hemogloben cancentration sn blood from the deep forearm tein was a mean
1334 4 069 g/100 ml wt rest At the end of work 1t had risen 10 1424 2 074
B/100 mi (P < D001} In blood from the superfical vermn the hemoglobin
concentration rose from 1 mean 1340 - 069 g J00 mlat rest to 14 40 + 063
2/100 mi at the end of work (P < 0001) The arteral hemoglobin concentra
ten was unchanged during and after work

The heart rate was o mean 641 o= 69 beats'mun at rest Alter two mun of
work 3t had risen to 800 £ B0man and at the end had reached a mean
977 4 13 7/mn (P < 0001) The heart rate returned quickly to the resung
Ievel and resutution had occurred afier | min m evers case
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Table 2 Some data obtained 1n connection with forearm exercuse of 10—~30 see duration

Rest End of work
A DV A DY
I M| %9 592 a9 392
sty o7 52 03 55
Oxygen saturation per cent;  SD 21 175 07 154
' n] 8 8 5 8
b3 0025
AU T 091 o7 I3}
!SLM 007 009 003 050
Lactate mM{t sp| 000 02 027 14
nl 8 8 8 8
I3 02 0001
’ A oo 0096 0052 0206
SEAt| 000t 0005 0008 ool
Pyrwvate mM/1 sn[ oo o017 0023 003
Va8 g 8 8
l » 09, 00!
[ 017 102
SEAL 007 006
SLmM "so 0% 018
I n 8 8
P ool
A8 627 10
N l SEM 41 7
Leart rate sp 108 73
, n 7 7
P 0001

Syrubols as 1n Table 1T

Work of 10— 30 sec duration (Fig > Tahle IIT)

The effect of muscular work durng, 10~30 sec periods was studied n 8
subjects The average total work performed was 99+ 27 kpm In these
experuments as many contractions a3 pessible were made during the work
pertod giving a mean work Intensity of 35 3 4 135 kpm/mun

The lactate concentration 1 blood from the deep vein rose significantly during
this type of work from a mean 091 4 025 mM/l o 287 & 142 mMJ! (Pu]<l
0001y One and 3 mm after the end of work the concentratton had mlin E .
further In the artenal blood the lattate concentration Was cSSemlﬂd :)s’ "‘m
changed at the end of work but a tendency towards a nise was recorded 3 m

0025 <. P < 003)
lat’;li pyruvaie concentratton 1. biood from the deep forearm VJC\‘IHI hzdn::’:;‘
sigruficantly at the end of work from a mean 0096 = 0017 mMi a
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¥ mn aftee wask 3 mum afier work 12 mm alier work | 30 mmn afier work
A m S Dy A Y A m
g f 834 6
i8 08
41 18
5 5 4
002y oo
1o 47 1 448 08 224 083 133
o1 056 0% 0l a13 033
010 137 a3 040 033 aat
° ® 3 3 3 3 ° 2
o1 000> 00> 000s 01 0003
080 P33 (1% 0163 0080 D126 D066 009
0402 o011 0003 000t 0003 0013
800 oy 8011 o0t D007 on
[3 K3 & 8 6 [ 2 2
092 Q08> (1% L1 03 at
330 290 950 016
843 047 038
092 132 073
5 3 & 2
200> 500t a4
643
28
56
+

U206 4 0031 mMy (F < 0005, In the arterral blood a tendeney towards
an nerease was noted | and 3 mum after ending work (002 < P < 000)

The YZ factor was 017 - 020 m L1 ar vest and sncreased stgnuficantly
dwmmg work 10 102 - 018 m Il (P < 001} One minute later a furcher
signficant fise had occurred aed the XL factor chen reached s maxamusn
Y e 350 4 095 mMi (P < 0009)

The axy,en saturation of the blood  the deep ven fell fom a mean 3372 X
}75 per cent at rest 10 392 = 15 2 per cent at the end of work (001 < P <
0022} The prygen saturauon of the artenal blood remancd unchanged
durmg work

The heart 7ate Tosc from a mean 657 = 108 mun at rest w0 100 % 2 73 at
the end of work (P < 0 001) The return to the resung rate was exceedingly
faprd wysally withun -3 beats afrer the end of work.
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Tabl 1L Some data obtained 1n camectson with forsarm exercue of 35 duotion

Rest Tind of work 15 scc after s ack
A m A | ;v \ DY
Mi oen 089 o 0sr | 0n | 24
sea oot 00, 00, oo | 007 | 0%
Lactate y SDf o1 o8 e17 0% | 021 | 08
nj 12 12 12 52 12 r
‘ r 05 02 09, 900
( AMpo007 ] oom 0ot | 0163
SLM| 0000 | 000G 000 | o0
Pyrmvatemi sp} oo | oar ooz { o007
l | 9 9 Fl 8
1 02 000
A 0.32 130
tsmx 008 o2t
XL mMA SD 02> 068
i 5 s 8
p 0003
N 635 585 w7
{sr\x 44 75 44
Heart rate 5D 08 184 107
n v 6 ¢
l P (18 03

+Symbols ax m F ible 11

Work of 5 sec duration (Frg 6 Table IV)

In 8 cases farcarm exercise was performed durng only § see The subjects
werc instructed to carry out as many contractions as possible during the work
penod The total work performed ranged fram 2 1 to 25 kpm with 2 mean
mtenaty of 278 + 1 7 kpm'mun

The lactate concentration m blood from the deep forewm vein was 2 mean
080 = 018 MM/l at rest and rose to 089 + 0 26 m\yl at the end of nork
ths difference is not sigrficane The concentration 15 sec iliery ork wat 2 Zu‘ £
101 M which is sigmficantly higher than at rest (P < 000y A ﬁn;}g;
risc occurred and | mimn fter work the concentration was a mean 3 14 T ’
mM/l After 30 mun the concentration was essentially on the same level aga

¢ before v otk
1‘CS’I'hc mean lactite concentration an the arterial blvod was 0 72 £ 014 :”":,{‘
at rest No change had taken place at the end of work but 1 min later
dency towdrds increase was registered (0025 < P < 005} 4 from the Tossng

The pynuate corcentraton m deep venous blood tacreast: mk @ <000
level 0 091 & 0017 mMyito 0 163 4 0057 mdA 13 sec after worl
No changes were ebserved in wtersal blood
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1ma after work | 3 min after work [ 5 min after work | 15 mun after ork|

30 min after work.
A DV A DV A Dy A

DV A DV

09 314 08¢ 2388 092 243 072 123 04 107
007 028 010 o19 003 o 007 01 007 006
026 096 034 062 0.23 029 024 0.37 023 018
1 12 12 12 7 7 11 12 10 10

(153 0001 015 0001 00> 0001 o8 001 09 00y
6083 | 0130 008> 015 0083 o040 { 0080 | 0110 0077 | 0093

0006 | 0008 0006 0009 0007 | 0008 000 | 0007 00t 0005
0016 | o024 0017 007% § 0018 001 0015 o021 0012 | 0013

9 7 9 9 8 8
04 | 0005 | 05 o001 | o5 0002 | 06 0 | o1 07
161 1 0% 021 015
029 037 019 016 013
088 110 049 049 036

9 7 3 8
0001 000> 001 02 03

The XL factor had increased 15 sec after work (P < 0005) and was sull
Tugher 45 see later

The heart rate was a mean 61 5 -+ 10 8/mun at rest and rose to 88 5+ 18 4/mun.
duning work. After the end of work the rate usually retumed to the resting
level wathin the next 4—5 scc and n every case within 15 sec

IDiscusston

The venous dramage of the forearm takes place not only through the sub-
<utancous venous system but also through three deep veins 1 ¢ the radial
ulnar and interosseus veins Coles et al (1928) have shown that the oxygen
saturation of samples from the two first mentioned veins decreases when the
arculation of the hand 15 occluded by mflaung a cuff around the wnist This
ks Been nterpreted as an indication that venous blood from the fand s
dramed to these veins at rest It does not however seem to apply to the 1n

van which app ly lacks any
system of the hand

with the vascular

These observations were confirmed by the present control studies 1n which
indocyamne solution was infused nto the radral artery Dye could usually be

19-623015 Acta physiol scand ¥ of 56
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«  Bractal artery

Fig & Lactate and

vate concentrations of ar
terial and deep  svenous
blood of the forearm at rest
and after work of 5 sec du
ration. dymbols 1n Fig 2

Manafter work

demonstrated m the derp forearm sem at rest but not dunng work
of app ly 5 min d The results of these expeniments seem 10
show that the part of the circulanon i the hand which derives from the radn!
artery does not 1n fact pass into the deep veins of the foreanm 1n connection
wath thythmie forearm work of high ntensity This obsersation s furibes
substantiated by the fact that occl of the ¢ areul of the hand
and forearm by 1ontophoretic admimstration of adrenaline did not sigmficar )
alter the oxygen saturanon of the deep forearm vein durmg work whereas it
& so at rest (PErnow and Wanre~ unpublished) However despte this e
question of 1o what extent samples from deep vens of the forearm taken dum‘g
work contain non muscular blood cannot be regarded as finally scttled, 20
1t 18 mtended to be the subject of further investigation

\When evaluating the acrobic and anaerobic components of muscu!al;
metabolism 1t 15 not sufficient at least not when studymng small gf";&:;';
muscle to follow the lactate concentration of the astenal blood only ;‘h’mw
apparent from the results on work of short duration Here the artenal
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temamed practically unchanged during and after work whereas significant
1nerease was recorded concurrently m the lactate concentration of blood from
the deep forearm vem The same 1s true for submaximal work durmg long
periods where a £ ncrease was ob d 1n lactate of
museular bload without any change 1 arterial lactate (PErnOW and WAHREN,
to be pubhished) This observation of an unchanged Jactate content of artenal
blood m short work of high intensity 1s in agreement with earlier findings
(Cumistenseny  Hepman and Sartiv 1960) CurisTENSEN ef ol concluded
from their results that short, mtense work could take place under completely
aerolr  conditions The present study shows however that a ssgmificant nise 1
lactate concentra jon occurs 1 the venous mu cular blood, even during brief
work of high intensity

When discussing the cause of this unchanged artenal lactate concentration
in connection with work despite marked local formanon there 1s reason to
analyze the mecharusms by which lactate can be elmunated from the blood
stream Both the Iner and the heart actively utihize Iactate and small quantties
of 1t are excreted 1n the unine The lungs do not seem to take part 1n the me
tabolism of Jacuc acid (Hormore~ 1928) Since lactic acid is freely diffusible
1t can be | d that equilibrium 1s raprdly bhshed between 1ts con
Centration i the intra and extracellular flutd space (Huchasee 1906) There
fore at hugh artenal concentratons lactate will be taken up by ¢ ¢ resting
muscle (BArR and Hinqwice 1923 EcGrevon and Evans 1930 Caresov and
Pernow 1959) Furthermore Buepwve and Goiprars (1943) found that
mfusion of lacue acid produced a rise in the artenal concentration of pyruvate
which Ppresumably implies that tissues contarung lactic dehydrogenase convert
factate to pyruvate It 1s thus evident, that a normal artersal lactate concentra
ion can be present even at a considerably increased local formation of lactate
Provided that this formation 1s erther hmited to a small group of muscles
Bving a large dilution of the lactate formed or does not exceed the rate at
which it 13 elimimated fiom the blood stream

In work nvolving Jarge groups of muscles unchanged high or nising artersal
and venous lactate concentrauaons are often seen several minutes after ending
work (Astranp 1960 Carisow and PErnow 1961) This can probably be
atmbuted ta a reduced lactate utthzauon rate after work and should not be
taken as a craterion of the existence of anacrobic conditions at thus time which
Was app from the 1 rapid red mn XL vafues after the
erd of work This fact 1s further ustrated by the present observation that in
“onnection with work of 2—7 mun duration engagmng small groups of muscles
the lactate concentranon of deep venous blood decreased immediately after the
©nd of work although the lactate was as lugh as in the previously
mentioned study It 1s hikely that the changes in lactate uulization rate during
and after forearm exercise are smaller than 1n connection with exercise on a
bieyele ergometer when larger groups of muscles are involved
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The KL-values in this study have been calculated from AV-differences of
lactate and pyruvate concentrations measured 1n blood samples obtained
stmultaneously Thas 1s not strictly correct 1 connection with work of 2—7 mm
duration since there occurred changes 1n the artersal concentration. In order
to be able to caleulate correct AV duff one should arrange the blood
sampling so that the venous sample 15 taken as much later than the artensal one
as corresponds to one mean arculation tme for the metabolite 1n question
(Zremier 1961) In the casc of the XL-values in connection with work of 2~7
mun duration this would lead to shightly higher XL-values

The oxygen saturation of deep venous blood decreased sigmificantly dunng
work of 2—7 mun duration to a mean 24 per cent There may be several reasons
why no higher degree of oxygen utilization was obtamed As was shown by
Monop et al (1961) the oxygen saturation of deep venous blood of the forcarm
decreased duning work to a constant feve! which was independent of the work
intensity  Duning work of 10—30 sec duration the oxygen saturation of deep
venous blood fell to a mean 39 per cent Judging by the pronounced nse 1n
lactate which was observed concurrently the oxygen tension on the capillary
Ievel was not however suffi for carbohyd bolism to take place
under acrobic conditions If the oxygen saturation of effluent venous blood 15
taken to indreate the oxygen tension on the capillary level this finding 13 1
agreement with Huckapee s (1938) statement that even a moderate reduction
of the oxygen tension causes a displ of the equilit of the lactic
dehydrogenase system towards lactate

The changes m heart rate in connection with work of very short durauos

wre strkingly rapid It s likely that such a swiftly acting regulatory system
sperates by direct nervous action on the heart possibly choted from the
1ypothalamus as stated by Syarn Pusinger and Lasuer (1960)

This work has been supported by grants from Suftelsen Therese och Johan Anderssons Minze

and harolinska i titutet.
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Abstract

Axpmaas B E. Faewarey, B Lanswo< and L. Sreen Obsrgions
on fageons anxth grethnlomc radolenons i the mervous pathrays from the
telenicphalon. Acta phveol scand. 1962 58 285258 - By local
wradtabion of the pgeon s brawm with lugh eorryy protons, fesions
were produted m the cerebral pedunces and the septal region at 2
level in fromt of the anitnor commuvsure, without apparent damage
ta diencepbabie structures. The beh of the folk b
procedure was obsened. Spoptancous eatiog dnnlang and fying
escape Tesponses and all sogal bebanour disappeared duning the it
four davs afier yradiaton, with a dose of 30 krad, 1 a group of
prgrons 10 nhach 21} conrections from the cercbral bers. pheres were
desttned  On the contrany  swallowwsg  Ghalang and pupillan
reflexes a5 veell as the museular and visual control of standing walkieg
and fivng remamed In 2nother group of pageons with small caudal
parts of the pedamcles a0 similar behaviour changrs were ob~
served, but no pattern of behaviowr disappeares uaul after fne davy
or more. In a thed groap of prgeons s whick onh mere antenor
parss of the peduncles were trznsected no behaviaura] changes wert
ebsered The d that delayed, ibed
deviructin of eerebral structures by means of sonizing radiation mad
bruted o parucular advantage wm the studs of the anatomcs! fous
daton of anumat bebavier

g with Roraxno /1209, a great number of physiologusts wterested

e fovebraw 1 the behavyour of burde bave made ablsoon expent
of 2 Iurd without

1n the role of the
ments, predommantds m pgeons The general appearance
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cerebral hemspheres seems 1o be well established 3¢ sits wath ruffled feathers
and displays no spontaneous actwity However on some pomts there scems
to be controversy over the results of such expenments In disagreement with
obsenations made by Froureas (1824) Boumwrauvp (1830) and ScHRADER
(1889) eating after complete 1solation of the cerebral hemuspheres was reported
by Magexom (1839) while Sraxiee (1921) and van Essex (1932) were of
the opimon that pecking at least p ] as a d eating
mtention Roranpo (1809) BoutLraup (1830) and Muwk (1883) were of the
opwnion that mgeons with isolated cerebral hermspheres behave as if they are
blind and unable to avord obstacles while Sterant (1881) and Scrraper (1889)
claimed that such birds can avord obstacles when flying and that they are able
1o estimate distances of objects An extensive summary of the results of earlier
mvestigations has been published by ten CaTe (1936)

In spite of the work on the functional sigmficance of the avian cerebral
hemuspheres as for instance by Rocers (1922) and Beacu (1951) httle 1s
known about the role of the different striatal areas in the mstmctise behaviour
of the birds Fhe expeniments reported here were performed to investgate
chanves 1n behaviour following lesions in the pigeons forebram using a
narsow beam of 185 MeV protons to produce well-defined radiolesions in the
nervous tissue (¢f LARssoN ef al 1958) When ths techmique 1s used un-
desirable side-effect. such as massnve bleeding nfection and surgical shock are
Tunimized

An attempt was made to 1solate completely the cerebral heruspheres of the
Pigeons by transsection of all their fibre connections with other parts of the
central nervous system The behaviour of the birds was then observed at
various times after wradation and also with electncal stimulation of the
mtact d phalic part of the foret The ethol stuches were followed
by histologic examnation of serral sections of the brains

Methods

Adult feral pigeons (Columba lirta) of both sexes waighing 280—460 g at the time of
irradiation were used The birds were kept in Iaboratory cages for about one week
before operation

Tradiation techn que

The rad: were with the 230 cm synchro~yclotron at
Uppsala The 185 MeV proton beam was controlled and the absarbed radiation doses
Wers measured as described previcusty (Larsson 1950 1961) Deep pentobarbntal
anesthesia was induced intrapentoneally about 30 mun before irradiation The aserage
dose of anesthenc was 3 9 mg pentobarbiton sodrum dussolved 1n physiologcal salme
Immcdiately before use Dunng srradiation the bird was placed on its back i a holder
¥ath comical ear plugs and a chp holding the upper part of the bill (Fig 1) The protons
Penetrated the shull transverse 1 the region slhightly rostral to the antenor commusure,
the eross section of the atmost parallel beam bemg rectangular (2 ¥ 5 mm?) The
Posien of the pigeon in relation to the path of the beam was controlled by meane ot
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Fig 1 Pigeon in hon
for sradiation n[:n:m
zaton chamber and the
aperture defining the erom-
section of the proton beam
are sren in the upper right
part of the photograph

Fig 2  Rocntgenogram
showng the typscal position
of the srradzated region i
the pigeonsof Group | The
rectangular 5 ¥ 2 mm
cross-section of the proton
beam has been vusualized

by autoradiography

roentgenograms (Fig 2) Dunng irradiation the bird was observed by television and
afterwards a second roentgen control of the position was made In no case were sgaificant
movements observed during irradiauon and the position of the irradiated part of the
skull 1n relation to the beam never differed by more than | mm from that before wrradia
tion The radiauon dosc employed was 30 krad The dose rate was [—3 krad/min

Techmaue of electrrcal stymulation
In order to study the effects of electrical stumulation of the intact bram structufes
near the caudal edge of the radiolesion 0 2 mm thick Pt Ir electrodes with 0 1—0 2mm
lated tips were fanted 1n this regron as described by \xemuax & o
(1960) Unspolar sumulation was apphed with a peak current of 005—10mA and 2
tsue resistance of 7—10 KQ The pulse duration was 3 msec and the frequency 50 cfs
The DC component of the current was removed by a transformer at the output of the

pulse generator
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Obsercatian technique

The pigeons were subjected to a senes of daily routine tests m order to stwdy therr
post iradatne behavioural changes In addition the eating was checked by weighing
the burds daly and noting of any abnarmal weight loss bad occurred Dunng the first
days after wradiation the birds were grien a certain number of peas every dav and the
femamung peas were counted next mormng over longer periods daiy weighing was a
satisfactory method of checking the eating activaty

Water was given 1 bowls filled 1o a certam level this was checked the next day It
was also possible to learn 1f & bird bad even dipped 1ts bill 1 the water as this leaves a
Iittle powder on the water surface

To test the flying ability the pigeon was released in the laboratory the flight bemng
Tegarded as spontaneous if the bird flew up from a stationary object without mfluence
Irom the obserner Furthermore the ability of the bird to avoid obstacles dunng fhight
the appearance of the flight and the ability of landing with precision were observed
For birds which did not flv spontancously the flying test was imtiated by throwing them
1nto the arr

To 1 estigate the presence of blinking reflexes rapid hand mosements were made
ata distance of 510 cm 1n front of the pigeon s eyes The region around the eyes also
was touched to see if ths resulted 1n a blinking reflex

The cyes of the pigeon were illuminated with an electnc torch to ascertain whether
the pupds contracted 11 a normal way The reaction o sound was tested by hand
clapping and making peepig’ nowes In this test the pigeon was not able to see the
observer

Durning the abosc mentioned tests the escape responses of the birds also were observed

The birds social behaviour was observed for shorter perods duning which they were
kept together with other pigeons

Hustologcal procedure

The pigeans were generally allowed to live for peniods of 1 to 5 weeks after irradiauon
depending on their condstion (Table I) With the exception of pigeon no 4 which died
of suffocation 1n connection with somrting the birds were killed under anesthesia by
ecanguination through an mncwion m the wall of the nght ventnicle Perfusion was
performed at 150 em H,O with about 50 ml of a solution of 3 per cent gum acaca
Physiological saline through 1 mm plastic cannulas mserted in the carotid arteries
Abaut 50 ml of the same perfusion hiquid but with 10 per cent formalin were thercafter
used to fix the brain by perfusion

The brains were removed and placed m 10 per cent neutral formal saline for about
w0 weeks They were embedded 1 cellordin and cut transversally or sagattally an serial
20 4 sections The following staining methods were used sl for nucler Gross-thiomne
for axons and nucler and Loyez mvelin sheath stain wath neutral red contrast. Senal
sections of normal brains were available for comparson

Results
Hstologieal changes
Do external morphological changes were observed The mner surface of the
skin showed a shight yellowish 1 at the site of irrad, The
bone under the irradiated skin appeared shightly hyperemic In the braim the

Iesion was seen macroscopreally as a band of grayssh pink discolouration 1n
the obvious path of the beam In some bramns msnute hemorrhages marked
the border of the necrotized tissue
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Fig 3 Transverse scction of a Py
con s brain showing localized radia
tion damage 1 the obvious path o
the beam, 9 days after srradsatior
with a dose of 30 krad

Loyez X 34

Fig 4 Microscopic appearance of
the edge of the radilesion 9 days
after 1eradiation with a dose of 30
krad The necratic area (fower part
of the figure) was surrounded by &
narrow border zone with neurons 1
various stages of deg neration

Nissl x 70

The microscapical appearance of the radiolesion was similar to that observed
carlier in rabbuts irradiated wnder simular conditions (LARssON ef o 1958 1959,
Rexep et al 1960) The rectangular cross section of the negrotic lesion cor
responded well to that of the beam (Fig 3) In the fived matenal the width of
the lesion was about 2 mm Al neural tusue components within the central
part of the leston were destroyed The necrotic part of the lesion was surrounded
by an wregular border zone 05—1 mm wide with neurons in varying stages
of degeneration (Fig 4) Outside this zone the nervous tissue appeared normal
except for the lary Wallerian di The pven below
of the extension of the lesions are approumate the boundary of the leston
being somewhere i the xuddle of the border zone where the tissue appeared

neither entirely necrotic nor fully normal
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¥g 5 Schematic figuees from transverse sections of the brain of 2 p geon with complete neryous
walation of the telencephalon The lesion s shawn asa. shaded area.

breviations A =~ Archistriatom 2. ¢ = antenor commusure D = Diencephalon E. =
i H 2 ~ Hyp Hd = dorsale H v =
Hivperstratwn vemtrale § § 4 = latesal farebraw bundle N = Neommatum P = Paleo-
natum § =~ Septal area oo W tractus ocaipito-muesencephalicus ¢ 5 m. = tractus
*pro-mescncephaticus

Extension of the { stons

An 1deal fesion d pletcly the halon from other
parts of the bramn would be located 1 the paleostnatum  the ventromedial
forcbrawn wall and the septal area In some pts to produce p

lesions of thas kind alt connccuons were surcessfully destrojed {group I) while
1 athers the most caudal parts of the peduncles were parteally spared (group
) Ina few birds only the more antenor parts of the peduncles were deswoyed
While a great deal of the connections were left 1atact {group IH) Six pigeons
With Jesions which could nat be ascnibed to any of these groups were excluded
from the experimental materal conssdered mn thus paper

Group 1 Pigeons with complete nervous wsolatson of the telencephalon In 6 pigeons
al bemween the halon and the lower parts of the brawn
were cue The edge of the well demnarcated lesion was seen i the anteno-
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Fig 6 Schemauc figures from transverse gections of the braut of a pigeon with mcomplete
hervous wsolation of the telencephalon The cerebral peduncles postenor to the antenor com
_Bussure are ntact For abbreviations see fig 5§

ventral paleostnatum Caudally the paleostratum, the nucler of the ventro-
medial forebrain wall and the septal area were destroyed There were no signs
of damage either to the thalamus or hy pothalamus (Fig 5)
Group I Pigeans wath sncomplete yersous ssolation of the telencephalon The eercbral
peduncles postersar 1o the anteror commussur were sntact In 12 pigeons the lestons
were located more rostrally than i the pigeons of the previous group e
paleostnatum sn front of the anterior commussure, the nucler of the ventrd=
medhal forebramn wall and the septal area at this level were nvanably neerotic
1n ths group The small part of the cerebral peduncles posterior to the antenor
and the pal at this level were howeer, mtact Thus alf
the connections between the telencephalon and the lower parts of the brain
were mtersected except for a bundle of fibres belonging to the tractus ocapses
phalicus The diencephalon was und 4 (Fi, 6)
Group 111 Prgeons with incomplete nerious
peduncles posteror fo the antertor commussure an

15alation of the telencephalon The tmtv;j
d parts of the cerebral peduncles and
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Toble I The development of behaveour changes w the rradated prgeons
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Eseape responses did nor duappear entirely but were sty weakened
* Very strong escape responses.

~ S graficy that the behaviour 11 quosnon did not wesken or disappest

The figures indieate ume after rradsation 1n davs

Septal area sn front of the anterior commuture wert mizet In four pgeons the lesions
were Jocated € 51 0 mm more sostrally than wn the prgeons of group ¥ Asa

some ussue ging to the
front of thc amenor commuassure was alyo mntact

P aad the septal area m
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Ethalagic observations

The following account gues a description of the typical behaviour of the
pigeons belonging to the three dufferent groups The ethologie observations
made i cach bued have been condensed 1nto Table I which should be consulted
for further details

Group I The dehavsour of buds wth lesions cavsing complete nervous ssofation of the

lencephalon Sg cating and dunlang had disap d already dunng
the first day afier wradiation and these birds lost wesght successively dunng
the following days The swallowing reflex seemed to be normal, suce peas
placed deeply 1n the bill were casly swallowed The swallowing reflex was
silarly released when the bill was kept under water

The escape responses disappeared entirely during the first day after arradia
ton and the birds never flew spontancously after 1—4 days If these birds
were thrown mto the atr after this time they were sull able to fly normally,
avord obstacles and Jand wath full precsion They also avorded obstacles when
walking was induced No abnormahities were observed m the binking and
pupiliar reflexes

Two of these burds (no 13 and 21) did not react to sound on the first day after
seradiation The observatwns 1 the other four ammals of this group were
dafficult to mterpret and 1 15 uncertam whether or not these birds could hear

After wcradiation neither calling nor any of the postures or mosements
belonging to the behaviour patterns of fighting or courting were ever ohsersed
Bal p 4 and the birds were able to stand m 2 normat
position When not disturbed the members of this group already by the first
day afier wrradiation, sat motionle.s with eyes closed and feathers ruffied

In four of these pletely radio detell halated birds electrodes wese
smplaated tata the antertor chal and hypothal p lly to the
areas destroyed by the proton beam With stimulation of thus undamaged part
of the bramn all the pigeons showed increased actisation Both spsnersue and
contraverstve deviation of the head and trunk, turmmg into aircling mavements,
were 1nduced as well as depression and rasing of the head  The pigeans could
also 1n this way be made to walk and spread out thesr wangs a3 well as to close
thess eyes and contract thete pupals In some pigeons stmulaton caused ercchon
of the feathers of the neck. Defecation and preening were also observed "

Sometmes the mosements of the head and the walling of the sumulatc
birds gave the wap of * and h but the bisds t;
mamed unaffected by external stmult such as food and water ather pigeons

n dummies
ylgct’t:”? {1 The behavour of birds with incomplete nervous wolatior of the tel{]nclf:ﬂf: ;’
The cerebral pedancles postertar to the antersor commusmure wntact The bmgs Cm g.:p
to this group lost their abbty of spontancous eating and drnking 5 10
4 therr swallowing

after yrradiation Like the pigeons of group T they setamnes

reflex
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The escape respanses disappeared 6 to 26 days after wradtatson In one bird
{no 18} these resp never disappeared pletely within the time of ob
servation but became very weak.

Six to 25 days after rrrachation these prigeons with two cxceptions, ceased fo
fly spontancously but retamed the ahality to fly normally when thrown into
the awe They were also able to avoid obstacles and finwsh the flight by landing
with preaision

Like the pigeons of group I they exbibited nocmal bunking and pupiilar
reflexes There was also an obvious reaction to souad except for three birds
(a0 3 14 17) s whach such a reaction disappeared 7 ta 14 days after wradia
twon,

When the preoptic area the antenor thalamus and hypothalamus were
stumalated 1n six of the pigeons m tfus group the birds were activated sumlar
responses bewng eliested as with susdanon in Group ¥

Group JII The behavsour of burds 21tk wncamplete nervous wolatn of the telencephalon
The eerebral p duncles posteror ta the anterior commusuré and parts of the cerebral
Peduncles and the septal area w _front of the anferor commussure were wmitact None of
these birds Jost the abuity of spontaneous eating and drinking wntsl at least
20 days after wradration Two of the bizds (no 12 and 19} retamed these
abiltties vnnl they were killed

The escape respanses i these pigeans never disappeared In two (no 12 and
29) there vvere even dinarily STang escape resp Ithotusgh they had
been quate normal in this respect before wradsation

One pigeon {(no 16} ceased to fly spontancously after 26 days Wath this
exception the birds of thus group were normal with respect to flight avouding
obstacles and landing precision Thewr blinking reflexes pupillar reflexes and
reaction te sound were alse normal

These tirds also seemed to show nosmal sactal behaviour Thus they were
obseried calling and bowang at the ught of other pigeons

Prscassion

Narrow beams of wmzing parucle radiation were successfully itvoduced as
Oherasi e nstruments expenimental physvlugy by Tonus of of (193¢
193 10 thear attempts 10 affect the Fuscuon of the puntarv In experiments
eparted by Larso a2l (1928) and Lessery ef af (1900 1t was demonstrated
hat much beams can also be wsed fo advantage for the produenon of well
WCunvenbed delayed fenans 1n the central nenous system suitable for the
udy of deep-lying cerebral structures The experunents descnbed here show
e partcular usefisl <f this techmque m m concenung the

Anatomical bass for the patterns of animal behaviour
s landing precrsion and e abihny of asording obstackes duning fhght and
* wallng require the ahihity tc esnmate distances and o discern obyects the
e
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present results confirm the findings of Renzi (1864), Serant (1831) Scrraper
(1889), Nor (1915) and Visszr (1932), that Ppigeons possess a certan capacty
of sight without the co operation of the telencephalon Theoppositeview washeld
by Frouvrens (1824), Bouitraup (1830) and Munw (1883) The fact that

1 1 of the telencephalon by no means deprives the mgeon of its
visual perep 15 of great fi for derations of other functions
of the pigeon s forebrain

The observations indicate that pigeons are not able to eat and drink spontane
ously without partiipation of the telencephalon Neither are they able to
perform escape responses as observed by Scrrapsr (1889) Nory, (1915) and
Suantee (1928) or spontaneous flight as observed by Biscuorr (1863) and
Vorr (1868)

Incomplete 1solation of the telencephalon, with small caudal parts of the
cerebral peduncles spared, caused the disapy of the same beh
patterns as after complete transsection of the nervous pathways from the
telencephalon although the effect of the irradiation was apparent at a later
stage after the irradiation When only frontal parts of the peduncles were
intersected no disturbances in behaviour were observed withm the first three
weeks after irradiation On the contrary, the escape responses in two birds with
such lestons even became exaggerated dumng the postoperative penod an
teresting fact which cannot be explained as yet

All pigeons studied possessed normal swallowing blinking and pupillary
reflexes and they were able to perform the muscular control necesiary for
maintaining a stable normal posture and for performing normal flight and
landmg
7 The ohservations of reactions to sound are difficult to interpret Even pigeons
apparently deprived of all connections with the telencephalon were frequency
seen to open their eyes m apparent response to notses It seems plausible
view of the anatomv of the pigeon s bramn to postulate that these burds pos
sessed audial perception although 1t was difficult to mduce any response even
by strong stimult n

Stimulation of the basal forebrain of normal pigeons by means of permanently
implanted ¢lectrodes wmduced complete 1nstinctive actions such as can:l]ge
drinking and bathing as well as some behavioural patterns belonging 10
natned social behavioural pattern of the bird (Axzryax ef al 1960) b“m“k’":;:
of the same region 1n birds with the telencephalon solated eliczted no s:cr
responses The birds were activated but the consummatory act was
performed

The results of the experiments indicate t
concerned with the recogmtion of sumuh related to some O el behaviour
behaviour, such as feeding dnnking escape behaviour al o fo thest
and with the orientation of the bird and its movements in r:razlnct oty 2l

stnult The subtelencephalic structures seem to be able to cont

hat the telencephalon of the bird 18
categones of instinctive
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tmporant reflezes aincluding the baste motor patterns of walking and fving
but ko the baste vasual contral of the behaviour aswriated with lacortytion
The great importance of the basal gangha for the behaviour of the pigeon
bas been stressed by for imstance Rooers (1922) who did not observe .ny
changes 1n behaviour after decortication A more detailed analgsis of the
Behaviour changes induced by radiolesions w the stniatal areas of the pigeon
51 progress It s hoped that such studtes can foem a basiy for compansin of
behavioura} changes of pi.eons with lestons mn the basal gangha and such
cb2045 1n decornicate manmmals of varying degree of cercbral development

To the authors knowledge a selectne ssolation of the telencephalon has not
hal

been maden any adult 1 The prod ofa sup prepara
ton , as described wn thus paper can in fact be performed much easier 1 birds
¥ith ther ded cerebral peduncles than 1 ):
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Breath-by-Breath Samphng of Alveolar
(End-Tidal) Gas
By

J Brisar C M Hessex and G MaTsrL
Recerced 12 Apnl 1962

Abstract

Bruswar, § C M Heser and G Mates. Breath by-Breath
sempling of aleeolar (end idal) gos Acta physol scand 1962 56
200305 —Forstudsesof th fch ofalscotarg 3
m tranuttional states a breath by breath end tidad gas sampler 1
proposed which combanes great ssnplicity n design with 2 much
seduced mixiog of successve samples The walidity of the method 1
diseussed and Mustrated by hreath by breath compansous of end
udal snd arenal Peg  the latter bewg followed by conunuous
recording of the arterial pH It 15 shown that n or near the resing
condations the two parameters closely follow cach other even when
extubiung rapid and great fuctuatons and that the Peo of the
samples approumates the functonal mean ah eclar Peo

There 15 at present no rasthod av atlable for the truly continuous samphng
0731\ calar gas cansequently the best that can be achieved by the use of rapid
an t h

5 1 the analysis of a discontinuous
4nies of representatve gas samples However with the increasing mnterest
devoted 1o the & of pul gos excd 1t 13 ROt

Yy to
find a defimte need fov a consement method that does pernut deliery of such
Tepresentative samples under ~aryng conditons aot only dunng steady state
or slowly changing ahsolar gas compostion. but alsh duning shont term shafis
from one leve) to another A new end udal gay sampler 15 proposed which
<ombumnes great sumphery of design with a much reduced muang of successine
samples and which can tvas comenently be used with rapid gas analyzess to
study hreath by breath changes in end udal gas composition The theorencal
background of uts prinaple of op B3 3 and by breath
:;D:;cam compansops of the Pep of sampled gas wath that of the artenal
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MOUTH PiECE

Fir 1 Diagram of end tidal

gas sampler umt ncluding

low dead space breathing

glalve asscmblyr Only tnade

mensiont of valve as-

:?.,‘ :‘J,’“ sembly jacket and connect
10g tubes are ndicated

Requirements and Principle of Sampling
A method for alveolar gas samphng should preferably fulfill the following
Tequrements
a) Tt should permut an automatic breath by breath sampling of gas the
componition of which agrees with that of the functional mean alveolar air even
with rapudly changing gas tensions
b) It should not nterfere with respiration ¢ g by sigmficantly increastng
the dead space or by a greater resp t: for 1ts proper
function than 1 created by a low resistance breathing valve system. When used
1n human experiments 1t should be noiseless in order not to disturb the subject
) No supervision or adjustment should be needed under changing expent
mental conditions
Fig 1 shows the dimensions and constructional details of the present sampler
On a low dead space (about 10 mi) breathung valve assembly (v DISELY 1949)
2 lucite tube 1s mounted on the opposite side to the mouthpiece A large hole
connects the tube with the space prouumal to the outlet valve A thin walled
rubber tube (a condom with the blind end cut off) 1 placed 1nside the lucite
tube and kept in postion by means of two rubber stoppers coanecuons
bemng made to a HaLpanEe expiratory tube and to the analyzers The sampler
1 Fig 1 1s dumensioned for human subjects and for the continuous delyvening
of about 106 mi/min of end tidal gas
For sansfctory f the g of the collapsible tube should be """5
as follows The wall distal to the mouthpiece should be a little more siretche
than the quite relaxed wall facing, the mouthpiece Furthermore when msfﬂmf
the rubber stoppers they should be counter rotated about 30° to obtain
shght twisting of the collapsible tube, so that the latter ten
of an hour glass
When gags 15 continuously drawn from the collapsible tube through d‘::nf:;,
analyzers (at a constant rate of about 100 mlfmun, using a small suclno:dpor o
the following events take place Dunog wnspiration the proumal <

ds to assume the sHape
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expiratory tube contains end tidal gas from the preceding exhalation Part of
this gas will be drawn 1nto the collapsible tube as 1t expands owing to the
negatne pressure in the lucite housing duning inspiration The postive pressure
created dunng the ensung exprration will compress the tube and thus push
back part of 1ts gas content to the expiratory tube thereby preventing samplng
of gas (dead space arr) from the latter during the first phase of expiration As
the and the P of the psible tube proceed the muddle
portion of the tube will eventually close, leaving a small conical gas pocket
on each side The volume of the pocket facing the analyzers 1s usually suf
ficiently large to permit contmuous gas supply to the analyzers even dunng
the last phase of the exp Ths of events 13 repeated durning each
resprratory cycle and thus a breath by breath sampling of end tidal gas s
achiesed Normally then the gas analyzed duning a given resprratory cycle
will be the end tidal portion of the preceding exhalation

In the event of a long expiratory pause the ymddle portion of the collapsible
fube will agam open so that samplng of end tidal gas now 1s done directly
from the expiratory tube Thus durng slow resprration the end ndal gas
analyzed duning a given respiratory cycle onginates first from the preceding
exhalation and later, from that in progress

Discussion

Since Henpersov and HAGGARD 1n 1920 proposed the first automatie method
for selectie sampling of end t1dal (end-exprratory) gas a numker of improved
devices have been produced In recent years mamnly two prnaiples have been
used 71z 1) that onginally descnibed by Hesser (1949) and subsequently
employed also by Parmer (1928) and by LasBErTEN and Benjasns (1929)
and 2) that of Rans et al (1946 1949) The former methods permit a sample
of the Jast portion of each exhalation to be withdrawn from amy pomnt within
the upper respiratory passages or from beyond the exhaling valve of a breathing
system The mtermittent drawin,, of gas 1s achicved by means of a pressure
switch relay solencmd system governed by the pressure pattern of the respiratory
cycle When used 1n combination with automauc and rapid gas analysis this
technique permuts a study of breath by breath changes in end udal gas compost
ton even at rather small udal volumes andjor with rapid changes i gas
tensions

With the device described by Ranx ef af (1946 1949) samples of end udal
£3s are drawn from the proumal end of a smooth bore tubing which 1s con
nected to the expiratery side of a breathing vahe system The more recent
version 1s entirely mechanical in princsple the work of samphing being provided
by the respiratory pressure fluctuations in the breathing valve system The
device consists of a small thin walled rubber balloon inside a glass hous ng the
balloon being connceted with the end udal sample hne and the glass housing
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wath the breatlung vahe system Duning mspiration the negative pressure 3
~ the latter system will create an inflanon of the balloan and end tdal gas from
the fore gomng exhalation 1s drawn o the balloon Dunng the enswng exprra
ton the positine pressure i the glass bousing causes the batloon 1o collapse
slouly and part of sts 8as content 1s puched back nto the expiratory tube In
s way the first portion of the exprred gas (dead space air) 1s prevented from
being drawn nto the lyzing app The extreme simpl of design
has lead to a wide-spread use of this wgentous device However because the
balloon does not collapse completely during each single expiration any single
sample wall represent a myxture of samples drawn over the preceding 1-~3 min
perrod (Lenooren 1928) Ths muoung  delay s of hutle or no mportance
under steady state or slowly changing conditions but wall become ngmificant
when rapid and farge <hanges i the end udal gas composition take place
By contrast the present device when employed with rapid and contnuous
gas analyzers pernues a swudy of breath by breath changes i end vdal gas
composiiion even when such changes are large and raprd Thas 13 dlustrated 10
Fig 2 which shows the rate of change of end udal Py sn 2 healthy subject
sstng upright when the gas nhaled 15 suddenly changed from a nuxture of
635, CO 159% O, and 7789, \, to 100 °, oxygen The nme patiern of
the end tidal Pey 15 shown to foliow closely that of the simultancously recorded
artenal pH (Pey ) indicating a proper performance of the ssmpler That 1n
resting condstions the Pey of the end udal samples provides a close appromma
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ton to the arterial and hence to the metn alveolar Peg 1s allustrated 1n
Fig 3, which shows the sp and synck fi of end tidal
co and artenal pH (Pg, ) t a healthy subject breathing air in the supmne
Postion In Figs 2 and 3 arterial pH nspired udal and respiratory minute
‘olumes (BTPS) artenal O, saturation and heart Tate were contimuously
Tecorded using techmques described elsewhere (ByursTeDT ef af 1962)

Any form of end tidal sampling of alveolar gas requires that the gas interposcd
between the alveolar space and the pomnt of withdrawal of the samples 15
elfectnely washed out The expired volume required to wash out the dead
Space has been referred to as the  kinetic dead space  (LrLey 1946) and found
o be at deast twice as big as the anatomscal dead space (FOWLER 1948, Nuvw
d Prvcocy 1957) When sampling from a pownt just beyond the exprratory
‘ahe of a Jow dead space breathing system as done with the present techmque
the idal volume should therefore 1n normal restng conditions exceed 400—500
8l order to get alveolar gas That end udal samples as obtained with the
Fresent method accurately represent the mean alveolar gas when the tdal
“Sume 1 larger than about 450 ml (BTPS) has recently been shown n this
Bboratory (Bjursteor ef af 1962) In § healthy resung subjects the udal

vohume ‘end ndal P and artenal pH were recorded continuously and
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sumultancously while the subjects were raised from the supine to the standing
position When lyimng down the tidal s olume averaged 553 ml {ran, e 439-673),
the end tidal Pe, 387 mm Hg and the calculated artersal Py 395 mou
Hg The arterial — end udal Py, difference thus averaged 08 mm Hg,
which agrees with the theoretically calculated value for the artenal -— mean
alvealar Pey gradient {¢f Brncoe 1929)

Without an adequate dead space washout, there wilt be a contammanon
of the alieolar gas sample with gas from the dead space of the subject and
breathing apparatus, which wilf result 1n the creation of 2 significant diference
betneen the gas composttion of the end tidal samples and that of the alveolar
aw However »f caused by occasional appearance of less than normal udal
xolumes such hypoventlation artefacts ase easily sdentified when the breath
by breath samphing method 1s combined with ding of the end
ndal Poo  This would not be possible with such end tudsl gas samplers
(Ramv ezal 1946, 1948) 1n which a ssgmificant muxng of samples from successive
exhalations occurs

Because of the small dimensions of the present sampler the gas volume
outside the collapsible tube 1 the Iucite housing 15 changed by only about 3
m? during each respiratory cyele which means that the functional dead space
of the breathing system used 15 also mereased by about 5 m! The resudung
1ncrease m tdal and munute volumes will not show up i gas volurae measuse
rients swee the sampler 15 not placed 1n serses with the Tespiratory passages
Therefore sf the end tidal gas that ss continuously withdrawn (100 mifmn} by
the pump 1s repassed to some distant pownt m the exprratory tube measurements
of tidal and manute volumes as well as of muixed expired gas composiion will
not differ siguficantly from the values obtained m case no sampler 1 used
on the ather hand the end tidal gas 15 not repassed to the expiatory tube
the measured exprratory {but not the mspiratory) minute volume wilt bccom;
100 m! less A mummsa! changy 1n gas composition of the muxed epired v Wi
also take place 1n this case {¢f \ve and Rauv 1925)

The strasght and large between the
Iucste housiag secures 2 direct action on the collapsible tube of the 13
pressure fluctuanons which has the advantage that the sampler works propet’y
also with hreathing valves of very fow resistance whoth

Apart from the need of occasional replacemrent of the collapsible mbtd» Once
15 accomphshed quite eassly no maintenance of the sampler 38 require et
the collapsible tube has been snserted correctly the drvice needs 5o adju; mgt.v
OF SUPEISION no matter W hether ¢ ¢ the respivatory frcfi"C"qd ¢ :’:}ﬂ
rapudly The reliabiity of the sampler has been proved also under e
adverse canditions such as under the mfluence of increased gravity (58 :man
human centrifuge or at d ph p ma xccomg e
chamber Sinee the device contamns no molnle parts other than the colla
rubber tube, the work at samphing 1 nosseless

hing sahe and the
plﬁl(oﬁ
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The Rate of Disappearance of Vasoconstrictor
Responses to Sympathetic Chain Shmulation
after Reserpime Treatment
By
Sune RoseLL and GORAN SEDVALL
Recesned 22 April 1967

Abstract

Roseir, § and G SeovaiL The rate of disappearance of Tasoconstnctor
responses to sympathetic chawn stimulation afier reserpine ireatment Acta
physiol scand 1962 56 306—314 — Vasoconstrictor fesponses in
the vascular bed of skeletal muscles of cats were studied after admim
stration of reserpine (5 mg/kgb w 1 v ) The vasoconstrictar respon
ses were produced by electrical it of the sympathetic chan
S largely precluded the dusap
of the responses after reserptne treatment With increasing total
number of sumuh apphied to the nerves the magmitude
of the rictor resp g 1 d After delvery
of about 10000 sumulr the vasoconstrictor responses had almost

d It 1s d that the normal mpulse
duscharge 1s an important factor 1n transmtter substance depletion at
the nerve endings P “The depletion does not
scem to be followed by repletton

s the level of catechol amnes 1 different organs (BERTLER
Cartssov and Roseveres 1956) In the adrenal medulla this depletion can
be reduced to some extent by denervation HoLzpAUER and Voor (195b)
found that denervation completely protected the adrenal medulla of cats from
catechol ammune depleton after small doses of reserpine (0 4 mgfkg) MuscioLl
and VoGt (1908) extended these studies and showed that denervation produces
onlv a parnal protection after larger do es of reserpine (25 mgfkg or more)
ForoverErG and ScHUMANN (1927) demonstrated that dencrvation reduces
but does not prevent the loss of catechol amnes from rabbit adrenals Bt 18
concenvable therefore that at least for the adrenal medulla the central nervout

Reserpine depresse:

306
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system § 10 some way imvohed 1n the mechanism by which reserpine exerts ats
Sepietory effect {Broviz & ol 1957) Tius suggestion 35 supperted by the
finding that ganglion blocking agents antagonuze the depletory actian of reser

pine on adrenal glands 1n rate (harks, Passoves and Vaxaararrano 1959,
Mrkzy 1961) Mmane suggested that the catechol amune deplenon 1 penpheral
organs results from a dual action of reserp ne The degree of depleyon would
thus depend upon the cffect of reserpime both on the central nervous system
#ad on the perapheral effector unit Afier having recorded the action potentals

w small strands of the | 2t cervical sympathetic nerves w cats Teco
and Voor {1960) concluded that reserpine (1 mgfkg for several days) did not
fund y alter the p it discharge The disch 3t s frue was

more continuous and posstbly more frequent after reserpine but these findings
<o not explain the mechanism by which the central nenous system affecss 1he
depletory action of reserpine

This i estrganon was conducted with the aim of elucsdating the quantitatn e
wflvence of the nenous outflon on the action of reserpive on adrenergc
ferves The resp ta el ! of ad vasoconstrictor
Berves supplying sheletal muscle vessels were regustered under vartous conditions
These nerves are generally thought to have noradrenalme as transmutter
wubstante The change m ussue catechol amine content after reserpme was not
Measured in this investigation as the normal amme level i skeletal muscle 1s at
the borderline of the sensitwaty of asattable methods

Metbods

The expenments were performed on cats weghing 26 € 42 kg under urethanc
(180~1240 mgikg) anesthesia The rachea was cannulated Artreial greswse was
tecorded from 2 carond by metcury manometer or Stathatm pressure transducer (¥ 23
AAY Qme or both abdomsnat sympatheue chains wese isolated 1 the anterior approach
Transecuon was done at the level of Ly—L, Stumulation was produced by a brpolas
Silvee o1 cyrode apphed to the distal pan of the transected svmpathenc chain. When
the twa chans were sunuhtancously stuulated thev wese brovght mio contact with the
same electrode Supramawmal sumulation vohiage and mmpulse durauon was used
glfushw The stmulanion frequency 1 as vared The snmulator 1 as a Grass Vodel

Muscle blood fiow was messured mn a ind bmb by canaulaung the femaral artery
and directing the blood torough a siicone filled drop <bamber The number of drops
'was regustered by means of a photocell unit which operated an ordinate wniter {(Livp-
SN 1938) ‘The blood re-entered the hind mb via the cannulated dustal stumngs of

‘¢ 3ame artery For selective measuremenit of the muscle blood HBow the hand fimb was
kinned, and a ght Igature araund the ankle wolated the paw from the crreulation
At 2 rule she blood flow was measured m both hind lumbs Yntrs artenal mections
»ove guen through a wde arm of the arenal drop chamber To prevent clotung
heparn (25 mgfkg) was gwen s v Dextran was admupstersd 1 3 as required to com
Persate for blood loss
£etal temperature was mameaned at 3637 C by means of a heanung lamp
The vaseular reustance was caleulated 23 the ratto of artenal pres.ure to flow
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10007 phe res) fanca In e Fig 1 Penipheral vesmrance in
per eant of resting lev | oo eent of restng evel duning stumla

tion of sympathetic ¢t awa at dufferent
times alter geerpine admunstration
Restiog level = 100 ¢ Rewerpine
was admuzt tesed (5 mg/kg 1 v)ac

o tine Contral anumals wer ot
treated wisth reserpae In it anmals
© 5 mg/kg atropine was grvens v 13
order to block the effects of vasodila
tornerves Intactede sigmifies that
the sympathete cham was left antart
vntl qust before the spmulaten

Cut side ndieates transection of
the sympathietic chan priot to reser
mae admsistratson,
The sympathetic qutflow was st
ulated for 303ec with supramamimal
voltage ard »mpulse duration. The
I 3 5 FIME {hoirs) 10 sumulagion frequeney was 10;sec

The vertical bars wndieate plus or munus the standard error of the mean Each pomt sepresents
the mean value of 5 expermments

Substances used
Reserpine (Serpedin®) Pharmaesa Serpasit Grba) 259,
Noradrenatwie (Noradrenaline Cone  Byk Gulden L-noradrenalin bitartr )
Dextran (Macrodex Pharmaaa)
Hepann (Hepann Vatrum} 59
Atsopine (Atropmm sulfas Sw Ph 1)
Noradrenalute 1s expressed as base 1 data concerning dosage given

i Results
“In one series of expr the mag {e of vasoc )P resp ©
d cham stamud was d at vanous ateruals after 1 4

Y

admnistration of resexpine In arder to block the effects of cholmergic msodll:!’
tor perves atropme (05 mg/kg 1 v ) was admmstered Beth abdomxr;'x
sympathetic chans were dissected free and one of them was transected at the
level of Li—L; Reserpme (5 mg kg) was then admyustesed 1 v After Uf}‘:‘g
wwennals (I 3 5 or 10 h) the other sympathenc chan was tsansected Boh

hund legs were prepared for blood fiow measurements (see \fcthods) “"‘; ‘!;
recording of blood flow was started The peripheral ends of both sympathelz

chains were then excited electncally with supramaumal sumule The expcx:l
mental results are scen 1n Fie 1 1n control ammals which had n?t rcccx:;“
reserpine the resp 10 suf Y stimuh d relatively C‘;{“’kml
for several hours whether or not the autonom:ic nervous supply to ll’;lc!)imd

muscles had been left watact In cats treated with reserpine, on the ot E‘X;1 "t
there was a clearcut quanutatie difference hetween the responses 1 e
lund legs It was thus apparent that the presence of an mraicl c:cym};’m i
nervous supply dunng the interval between admntration of ressp
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Fig 2 Cat29%kg Urethane 830 mg/kg Rescrpine 5 mg/kg + v 10 hours priot to thee experment
nses 1n skeletal muscle vessels to sympathetic chamn simulation and to intra artenial
mject on of noradrenaline  Intact side  mgrufies that the sympathet ¢ cham was left mtact
untl yust before the stumulation. Cut sde indicates transcction of the sympathetic chawn
PrIor to reserpine admuasstration  Injections were given wnto the r ght and Ieft femoral arternies
smultaneously
1 Shmuhnon 5V 10impfsec 2 05 mgfkg atropme 1 v 3 Sumulation 5V 10 mmplscc
4 02mlsalne: a bilaterally 5 02 mlsaline: 2 hlaterally 6 05 ;g noradeenaline : a
bﬂalenlly 7 10 ;gnoradrenaline 1 2 hilaterally

stimulation was an influential factor in Lhc subsequent response Onthe intact

sde the resp to a sup 1 almosc pp d within 2
hours whereas on the denervated side p 1ctor
Ppersisted for at least 10 hours
c diffe m between the two sides after
Teserpine admlrusrmuon could be due 1 par! to a change 1n sensitivaty to the
Both hetic dcncrvauon and decentralization are
known to produce sup to and drenaline It has been
Teported that sup to d i\ develops after
reserpine admlmsna!mn (FLEsinG and TRENDELENSURG 1961) The pcrslsmnt:
of P long after of the abd
sympathetic chain might be expl. d by an d to the released

transmatter substance on the denervated side This possibihty was tested by
wyecting noradrenalin~ intra artenally Fig 2 illustrates such an experiment
Five mgfkg reserpine was admmstered 1 v 10 hours before the start of the

expenment Prior to the right i} chain was
transected at the level of Ly—L; \\ hereas the other sympathetic chamn was Ieft
mtact until just before the g 2 11k the

Tesponses to sttmulation of the peripheral cnds of both sympathetic chamns On
the intact side there was an increase mn blood flow whereas the sumulation
caused a decrease in blood flow on the  transected side Atropine (2) reduced
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the response on the intact sde (3), ind; g that chol il
nerves had been actnvated The remamung increase i blood flow on the mtact
side after atropme probably merely results from the rise 1n blood pressure
following the vasoconstnetion 1n the other leg At 6 and 7 noradrenaline
(05 pg and 1 0 pg respectively) was imected sumultaneowsly into the left and
nght femoral artenes The vasoconstrictor responses m the nght hind hmb
were no more pronounced than those 1n the left Thus there was no ndication
of an d Y to drenaline as a result of sympathetic de-
centralization 10 hours prior to the sttmulation

Tt 15 reasonable to suggest that the rapid decline of vasoconstrictor responses
onthe intact’sidewasductoa release of the \
from the nerve termunals by nerve impulses whereas on the transected side
propagation of nerve impulses from the central nen ous system was not possible

It could be argued, however that the diflt v tor effects might be
due to diffening resting blood flows in the two Limbs, Forxow (1962) having
shown that a reduction 1 blood flow derably affects the resp to

sympathetic chain stmulation In our series of experiments however, the blood
flow was generally of about the same order m the two hind hmbs Thus the
differing responses 1n the two lmbs could not have been attributable to 2
dispanty 1n resting blood flows
A sentes of experiments was then carried out with the aim of testing the
hypothesis that the normal wmpulse discharge is nstrumental 1n the depletion
of transmutter substance after reserpine It was sought to ascertamn whether a
.ationship exsts between the total number of stunuli delivered to the sympa
outflow and the d mn 1ctor Tesp Both sympath
nains were transected at the level of Ly—L; To preclude effects of vasodilator
nerve excitation atropme (05 mgfkg) was given Supramaximal electncal
sumul with a frequency of 10 mmp/sec were then appled to the peripheral ends
‘or 30 sec This type of stimmulus was called the test sumulus The vasoconstrctor
sesponse thus obtamned was used as a test response The reproducibility of the
‘est response was determmned i three normal cats It was found that the response
ematned constant for several hours Reserpine (5 mgfkg) was admmstered
v When the acute blood pressure response to injection of reserpine had
Lisappeared the sympathetic chains were stimulated alternately witha cons::;
requency (3 5, 10 or 20 1mpjsec) for one half to five minutes Supramaxs "
.oltage and mmpulse duration were used A specific total number of m'AP‘"h‘:s
s+as thus applied About 10 mn after this total number had been delivered ;
est sumulus was applied A ten minute mterval was used since st was fm’md
hat the test Tesponse m a non reserpuuzed cat was consderably chmineshe

With 2n
mmediately after shmulation with a frequency of 20/sec fo;1 i .';u:r e et

aterval of 10 mun between the two types of strmulation, T sencral
ducible The of ‘was repea
‘esponse Was Tep q d The o frequenaics
ICtor resp

ames until no
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Fig 3 Percentual change m test w 7% SSonte
after mereastog number of
aumuh debivered to the sympathetic
outflow ellowing reserpiac admnu-
tration. Ordinate  Peripheral resist
ante 10 percent of 1mual test res,
se Loganthmuc scale Abscissa Total
sumber of stimult delivered to the
sympathetie outflow after seserpinc
tration (S mgfkgiv ) Lincar

2008

. ws

3 8383

2
.

Two expermments were perform

with a frcqucncy of 3 5and 'IDxmp]
%C respectively 4 expersments wich
20 ympfsec For the test stroulus °
“(;x;nplm for 30 sec was ivanably

used varted from one expermment to another As a rule different frequencies
were used for the two sympathetic chains Blood flow was recorded i both the
left and right hind legs There seems to be a loganthmuc relationship between
¢ number of nerve wmpulses del d after the ad of reserpine
and the dimunution of the test responses (Fig 3) This relattonshup seems to be
md:pcnd:nt of the frequency used The total number of mmpulses necessary for
e of the e was the same P ¢ of the

ﬁtquency used

Discussion

As noted 1n the introduction the observations of numerous authors suggest
that the depletion of catechol amunes m the adrenal medulla aiter reserpine
may be influenced by the nervous outflow With respect to the responses to
adrenergic v: nerve )¢ the present mndicate
a simtar rel: tup Thus d 1} lndes to a large extent the

e of v 1ctor 1e5p aﬁtr pine (Fig 1) Ttis concen
abh: that the stimulation responses duniush 1a rato to the depleuon of rans
mitter substance from the nerves followng reserpruzation There 15 however,
no direct evids of such a h SCe NO XY 1: the

nerve D to the amount of transmtter
:ubst_mcc available 1 the relevant penpheral organ seem to have been carmed
out Muscrort, and Voer (1958) measured the noradrenaline content of rabbst
Superior cenvical ganghon after rescrpine treatment and found that severe
noradrenaline depletion fatled to tmparr the pupillary and palpebral responses
1o electrical stimulation of the cervical sympatheuc chamn The noradrenahne
<ontent of the supenor cervical ganglion however 15 not necessanly comparable
ta that at the peripheral nerve endings




312 SUNE ROSEIL AND GORAN SEDVALL

Tgco and Voot (1960) have shown that reserpine does not alter the normal
mmpulse disch m sy hetic p 1 nerves The part played by
the central nervous system in the penipheral action of reserpine cannot there
forc be attnbuted to an increased 1mpulse frequency There remains the
possiblity that the normal impulse discharpe may play an important role

Data accumulated during the last few years indicate that reserpine blocks
a transport mechanism  The results of Hugies and Broote (1959), who used
ssolated blood platelets of guinea pigs indicate that 5 hydroxytryptamine,
noradrenaline and adrenaline are taken up by the platelets via two processes —
diffusion and actwve transport Reserpine seemed to mhibit the active transport
and thus to block the concentrating mechamsm harstner (1962) used
wolated catechol amine granules from beef adrenal medulla and he too
concluded that reserpine blocks the actwve transport of catechol amines The
findings of Eurer and Lisaajko {1961) are durectly relevant to our experments
since they pertamn to 1solated hol armine les of nerves
(bovine spleme nerves) Under the prevailing expenimental conditions there
Wwas a 5p release of d line from the g Jes This release was
inhibited by small amounts of reserpine The 1 ruiro experiments thus ndicate
that reserpine blocks the transport of catechol amunes to or from storage
granules The findings of Bertuer Hitrare and Rosencre (1960) may be
sumilarly interpreted If reserpine s primary mechamsm of action 1s the same
n wieo the influence of the impulse discharge from the central nervous system
on the depletion of catechol ammnes 1n pertpheral organs after reserpine could
possibly be accounted for If the transport mechanism which concentrates the

substance at the nerve endings 1s blocked after reserpine, nerve
would to release t as long as any of the
latter remained 1n store The size of the store prior to reserpine admurstration
would thus determine the number of nerve impulses which could nduce
vasoconstrictor effects The degree of depletion of transmutter substance at the
1erve endings after reserpine treatment would thus depend on the total number
>f nerve impulses delivered With this type of depletion a correlation bcmcﬂ;
‘he decline of the responses to ictor nerve st and the to!f
wmber of nerve impulses could also be expected Such a rel hup app: ’
xsts (Fig 3) When the percentual decrease in vasoconstrictor Yesponses t’:
est stimulus 1s plotted on a logarithmc scale and the total number of tnpul t?
) a linear scale there seems to be a Linear relationstup between the totd
yumber of nerve impulses and the dechne of the responses after reserpint

Tt 1s 1nteresting to note that a total of about 10 000 1mpulses was nccusa;)y

or the complete disapp of the p {Fyg, A
According to Torkow (1952) the impulse frequency 10 vasoconstrictor :1:1 ”
s around 2 1mpjsec under resting conditions Thus 10 000 1mpulses wo!

S
sroduced sn 1—2 hours Within that pertod asndicated 1n Fig 1 the mp;;::c
1Ct0r nerve i had — 1n cases 1 which the sympa

oy
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nerves were mtact — almost disappeared Thus the quanutative results
obtamed favour the 1dea that the depl of tr t after
Teserpme 1s medhated to a large extent by the normal nerve impulse discharge
m the sympathetic nervous system HErTrivg Axerrop and Patick (1962)
and Werver Perkns and Smoman (1962) also suggested that the normal
umpukse discharge may play a role n the depletory action of reserpine

Does such a mechanism account for all the effects of reserpine on peripheral
organs® Several authors have observed signs of a release of catechol amines
onjection of reserpine Muscrorr and Voer (1957) found an clevated blood
Ievel of adrenakine m rabbits within the first hour after an mtrayenous dose of
reserpine (1—2 3 mgjkg) StjarNe and SHarmo (1958) measured 1n cats the
cutflow of catechol amunes 1n the adrenal vemn and recorded after reserpine
(3 mgfhg 3 v} an mcrease 1n catechol amine output even from denervated
adrenal glands The releasing effect mght have been due to the relatively large
doses of reserpine used Eurer and Lisuajro (1960) found that large doses of
Teserpine enh: d the sp release of d L from 1solated
Franules from bovine splenic nerves The decrease 1n vasoconstrictor effects
&en m the sympathetically denenvated vascular bed (Fig 1) mught thus be
explained by the lugh dose (5 mgfkg 1 v ) of reserpme used m our cxperiments
Another possible pl of the d hed 1Ctor Tesp n the
denenvated vascular bed could be a continuous shght leakage of transmatter
substance from the nerve endings Provided no new transnutter substance 1s
stored after reserpine such a leakage would lead to a gradual depletion of
Tansmtter substance Accordmg to Burn and Raxp (1928) a certam leakage
of noradrenaline may occur normally Furthermore Burastock and Horyan
(1962) found 1n wolated guinea prg was deferens a spontancous discharge of

Tiature  junction potentials i the absence of nenve stmulaton Such
discharge 15 probably duc to a sp release of b
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Hemoglobin Oxygen Saturation in the Dog Kidney
By
K AvukLAND
Recewed 28 April 1967

Abstract

Auvkrano k Hemoglobin oxvgen saturation tn the dog kidney Acta
physiol scand 1962 56 315323 — Blood from the various zones
of the smtact kidney of anesthetized dogs was collected by puncture
with glass 11 and } lobtn oxygen P
(° HbO,) determned spectrophotometrically The mean values
of 93 samples 1 7 dogs from the renal cortex outer and tnner
medullary zone respectively were 68 65 and 45 9, HbO, dunng
ar resprration and 83 71 and 47 HbO, during oxygen respiration
The mean cortical # HbO, was found to be 4 4 HbO, lower than
renal venous HbO, The mean urme oxygen tension during arr
respiration was 23 mm Hg and duning ogen respiration 33 mm
Hg No correlation could be demonstrated between mner medultary
HbO, and corresponding urme pQ, It is concluded however
that the low HbO, s the mner medulla supports the hypothesis
that unine pO, 1s determined 1 the mner medulla by equilibration
across the walls of the collecting ducts The sight influence of oxygen
respiration on ner medullary HbO, may be duc to a counter
current effect of the vasa recta

The high oxygen content of renal venous blood (hemoglobin oxygen satu
raton approximately 80 9,) suggests a high oxygen saturation 1n blood leaving
U renal cortex since the cortical circulation probably accounts for nearly
€ % of the total renal blood flow (UrLrict kraser and Bovran 1961)
On the other hand several obsenations suggest a low hemoglobin oxygen
Saturation n medullary and especially papillary blood
1 Pol grapl of oxygen lity i the dog kidney indicated

a lower oxygen tenston 1n the renal medulla than in the cortex (AUKLAND

and Kroc 1960)
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2 The low unne oxygen tension demonstrated by several imvestigators n
dog and man (Renntr Reeves and Pappenneiter 1928, Hong et ol
1960 Auxkranp and hroo 1961, AvkLaxp 1962a) 15 thougit to reflect
a low oxygen tension 1n the renal papilla by equlibration across the walls
of the colfecting duets

3 High capacity for anaerohic glycolysis in tissue shices from mner medulla
compared to that of cortex (Capex and hremzeLter 1961 hraus and
Urrricn cited by Uririct Kraver and Boveaw 1961) mght indicate a
low availability of oxvgen 1n the former arca
By contrast hramer, THUrau and Derrjen (1960) found bv oxymetnic

techmque a hemoglobin oxygen saturation of 100 % 1n the inner medulta

of dogs breathing pure oxygen, while unne oxygen tension would ndicate

a conniderable unsaturation even dunng oxygen breathung The present study

was therefore undertaken to provide a direct estimate of hemoglobin oxygen

saturation of blood from different zones of the kidney An attempt was also
made to correlate urine oxygen tension to medullary hemoglobin oxygen
saturation

While this study was carned out kramer and his group revised therr
previous conclusion and reported a considerable lower oxygen saturation
the renal medulla than in the cortex, m good agreement with the findings
presented below (hramer, DEeTjeN and Brrourerssaves 1961, ibid ated

by Urrric Kraser and Bovran 1961)

Methods

s )E:ghz experiments were performed 1n healthy mongrel dogs weighing 925 ky
~” Ancsthesta was induced by Nembutal sodum t v 25 mgfkg body weight and main
tamned with subsequent doses of 1—2 mgjkg A tracheal tube was inserted to asure
free air ways Oxygen was ad, 1n some 1 periods by blawmng
100 ¢, oxygen into the tracheal tube z1z a pok:
were perlt d with
‘The left kidnev was exposed rétroperttoneally by a flank masion and the umc;
cathetenzed by a polyvinyl catheter The kidney was then gently dissected free 1:}m
transposed 1nto the flank mcision care beng taken to avoud strecching or hst; Eg
of the renal pedicle The kidney was then covered with gauze soaked 1n saline at
'To secure a high unne flow 5 mannitol 1n 045 © salne was mfused 2 ¢ al[a
constant rate of 8 mlfmn Unne oxygen tension {unne pO,) was recorded conuinuousty
h with the bed 1 previous papers (hroo and
arAssEn 1929 Auxvasp and kroc 1961}
J In onc experiment renal venous blood was collected I‘rlo\m a cazhkmr in 1:::‘1;3 ::::11
for d of bm oxygen c
z::; rhad been ligated beforehand Artenal blood was sampled from an mdwelling
eter n the brachial artery
a#h’e exposed kidney was punctured by mcans of hepanmized gl
an outer drameter of 17 mm inner dameter 0 6—07 mm and lmg;
150 mm One end of the capillery had been tapered prmxd:}g ::
of approximately 05 mm at the up The capiltary was imserted a

thylene catheter All ex

ase cagullarics with
h approximately

outer drametes
he comeuty of
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the ludney and directed aganst the papilla, the free end beng closed by the finger
durmg introduction The depth of the puncture was chosen before cach samphing and
marked on the eapillary with 2 skin pencil. With the capillary up posstioned n the
renal cortex rapid filling was obtamned without saction In the mner medulla how
oer capillary force was often snsufficent m filling the capillary and gentle sucton
by mouth through a polyethylene tubing attached to the capillary was n cemary
2 sampling or immedsately aficrwards the blood sample was mixed by & small
tron wire which was introduced into the capillary and moved to and fro by 2 maznrt
outsde the capillary {\vkLasp 1962 b
The kidney was removed after each expenment and the width of the cortex nner
and outer medulla was measured The puncture channels sisbl by extravasation of
blood were checked to assure that the deepest punctures had really been in the mner
2on¢ of medulla.
H

oxygen d sprctroph recally
fo the prgcrpl- of Danmers and Sasapr 1935 A micro modification of the sechnique
been desenbed elsewhere (Atxrasp 192 b, In 5 expenments the blood was
hemolvsed by introducuon of 2—3 mm of L0 saponin /Merck, nto the glass capil
Lnes and munng by rron wire and magn 1 The standard drviation with this techmque
wasas high as 4, HBO posutly due to sncompl In tte remaiming
TrC cxpenments freezng was msed for hemolyss gwang a standard drviaum of
out 05 HBO, (Acxiaxn 167 b
Frequent occurrence of clriung dunng amphing especually in the inner medulla,
made it necrysary ta 1mesugate of cozgulaunn per s would intr duce any systematical
STror In the detrym nauon of HiA), saturation A venmus sample was drawn mto @
20 o glass syminge muxed thorouzhly and then placed in scr water Duning ol tung
815 capillanes were fllrd anacrobncally from the nrngs provid ng a sener with




318 h AURLAND

Table I Hemoglobin oxygen seturation of renal blood 1n 7 dogs

Aur respiration Oxygen resprration
Cortex | Medulla Cortex | Medulla
Outer | Inner Outer | Tnper
Number of observations 27 10 14 21 u 10
Mean of all observations 676 Gal 46 837 711 46
SE of mean / HbO, 189 460 440 223 363 591
Average of mdividual mean values,
/ vy 614 €17 507 843 76 488

decreasing hematocnit down to 1/20 of the mutial value Several experiments of thus
Jund with varying hemoglobin oxygen saturation showed that partial cloting of the
sample did not mtroduce any systematical error As would be expected  however
the reproducibility was slightly poorer at low readings

Results

Hemaglobtn oxpgen saturation tn tenal blood
Hemoglobin oxygen saturation (HbO;) was determined sn a total of 93
samples from the left Jadney of 7 different dogs 42 samples obtamned during
air Yespiration and $1 dunng oxygen respiration As noted above, cortical
were obtamed easly Without sucuon and without clotting On the
hand gentle suction was often necessary for obtaimng blood from the
Wa In spie of constant strnng durning sampling some degree of clotung
~often occurred dunng sampling from the medulla resulting 1n hematocnt
values as low as one tenth of that of systemic blood 10 some samples Admixture
of tissue flud or preunine mught probably also have contributed to the Jow
hematocrit
A representative expenment 1s shown 1 Fig 1 where the HbO, values have
been plotied according to depth below the kidney surface In this expenment
HBO 15 clearly lower sn the mmner medulla than n the cortex and scems to
decreae towards the up of the paplla Quahtatively the same result was
obtained 1n all experiments both with air and oxygen respiration except 1n
one dog on air respiration where a single value from the inner medulls
ceeded the mean value for cortical samples (Fig 22 and b crosses) The mt—;“
values and standard exror of mean are presented m Table T {Due to (uc
vanable number of observations from each Zone it different cxpcr;mc; !
slightly different mean values are obtained 1f the average of "’d'V‘d“”( mru i
salues are calculated ¢f Table I) A composite graph of all ol-sm:: ‘l‘o“dl
shown in Fig 22 and b 1n this diagram he relative localization with
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B 2 2 Hemoglol n oxygen saturation m renal blood from 7 dogs breathng a1 Each symbol
Tepresents one ammal The relauve localization 1t a eack zone maicated only approumately

¥£ 2 b Hemoglobis oxygen saty anon n_enat blood from 5 dogs breathung pure oxygen
The sam sytabols for each dog are used m Fuge 2 2 and b

aue s only approumate It should be noted however that the majonty of
samples from the mner medulla were derved from the outer half of ths zone
The HbO, values for the medulla showed far greater scattenng than those
from the cortex Howerer statistical analvsis shoved a significant difference
between cortex and mner medulla both dunng air and exygen resprration
although the evaluatson 1 compheated by mdnidual differences Ovygen resps
Fahon caused a hghly sigmuficant ancrease of cortical HbO, but no sgmficant
alteration of ynner medullary HbO, Thus the difference between cortex and

medulla was considerably greater duting oxygen respiwation than dunng air
Tespiranon

Renal corticat plood compared 1o artersal and renal enous blood

The mean @xygen saturation of cortical samples {Table 1T} was lower than
that generally found in renal venous blaod while rdentical or even higher
‘alues would be evpected m the abscence of an  Ovford shunt  (Truzra
#al 1947} In one experiment a series of arteral renal venous and cortical
blood samples were collected sn the course of approwmately one hour The
™ean corncal oxygen saturation was found to be 4 4 ®e HbLO, lower than
that of renal s cnous blood As evident from Table 11 cortieal HbO, shoned
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:‘jlkg mlfl('x Hemoglobin oxygen saturation pereentage sa blzod frsm brockial artery renal teim ard

Brackalartery | Renaf ven Renal enriex
Number of samples [ 3 14
Meent 419 g4 60
Range 509--932 78,726 639822
SL of mean 027 070 1.52

a far greater seattening than that of venous HhO, However, 8 of the 14 cortical
samples deviated by less than 2 %, HbO, from renal venous HbO, while
the remaunder 6 deviated by more than 6 %, HbO, Cortical HHQ, did not
exceed renal venous HHO, 1n an imultancous samples

Urine oxygen tenstion
Urnine oxygen tension (unne pO,) was recorded contnuowly throughout
5 erpenments Great spontancous vanations occurred both dunng air and
oxygen respiration  Furthermore 1t was found that even shight mampulation
of the kidney tended to increase unnc pO, for scveral minutes Hoverver
puncture of the kidney with glass capillanes rarely inffuenced unne pO; in
any direction The effect of changing between air and oxyten respration was
variable and a new stable level of urine pO, was often reached after one or
more cycles of increase and decrease Unne pO; values corre pondm, to
cach blood sample taken from the kidney had the following averag,e and range
respiration 23 (6-—40) mm Hy, Oxygen respiration 326 (8—~50) mm
. H, In any particular expenment no correfation could be establushed between
urne pO, and corresponding hemoglobin oxygen saturatin in the mner

medulla

Discussion

T'he method used for ‘ globin oxygen
hlood samples 13 easily cahbrated and has a well defined reproducibulity On
the other hand the blood .ampling procedure deserves some cominents it
mght be expected a presrr that blood obtamned by direct puncture of 2 paren
chymatous or,an would hase an oxygen saturayon somewhere hetween arienal
and venous blood from that organ It was found however that cortical samples
on the aserage had 4 lower oxygen content than renal senous blood Since
a high proportion of the cortical samples were very close 10 renal veaous
satusation, 1t 13 unlikely that the lower values are due 1o medullary i'l""""ﬂr
of blood (TPLeTa el af 1947) as also found by rcﬂcctomcn"rc determmation o}
cortscal oxygen saturation (Muser Lassey and hrasizr 19 e
Iikely that the introduction of the glass capillary mght produce local ¥

0 renal

62) It seemns more



OXYGEN SATURATIO 7 IN THE KIDVEY 321

spasm and 1schenma, and thereby a fall in oxygen saturaton during amphing
Admusture of blood from capsular vemns 1s unlikely simee most cortical samples
were abtained 3—5 mm below the kidney susface It scems reasonable to
conclude that venous HbO, of the different zones are actually shghtly higher
than those obtamned with the present technique The localization of the capillary
p dunng sampling was well assessed by measurcment of the depth below
the ladney surface It cannot be excluded, however, tht blood might ooze
along the capillary from more superficial zones and thus give erroneously high
values in medullary samples

The admuxture of ussue fud andfor preunme to medullary samples in
troduced technical difficulties by minating clotting during sampling Howexer,
since appreciable oxygen tension gradients between bloed intersttial flud
2nd tubules 35 unhkely (RENWiz f af 19.8) ths should not alter the hemo-
globin oxygen saturation On the other hand the low hematoent of medullary
samples does not mdicate the eustence of a red cell shunt in the outer medulla

The Jow oxygen saturation 16 the snner medulla (average 446 %, HbO,
denng ar breathing) agrees well with the 49 % obtamed with oameter
technique by Rraser Deerjex and Brecaterspaver (ated by Urtrren
Kraser and Bovran 1961) The considerably higher cortical saturation found
by these mvestigators {92 %) may be due to a greater mfluence of arterial
OYygen saturation on this method and also to the factors tending to gice too
Jow values by the present method as discussed above Furthermore st has
been observed repeatedly that the arterral oxygen saturation in anesthetized
dogs may be as low as 80—80 % HbO, and this may partly explamn the
Ereat scattening of indvidual mean salues

The mner medullary HbO, corresponds well to the average unne pO of 22
mm Hg dunng arr respreation {BArTeLs and Harys 1959) On the other hand
ner medullary HbO, dunng oxygen respiration (46 6 % HbQ,) was cou
stderably lower than would be predicted from the average unne pO; (33 mm
Hg) However when the great Buctuations mn urine pO; and the errors in
herent 1n blood sampling are borne in mind 1t must be concluded that the
fesults suppart the hy pothesis that unne pOy 15 determuned wher transversing
the mmner medulla through the collectng ducts The lack of correlation of
wnne pO, to corresponding blood samples may be due to the vanable onigin
of mdividual samples within the inner medulla

It has been suggested that a low medullary oxygen content mught resuls
fom a counter current effect of the vasa recta causing diffusion of oxygen
from the descending to the ascending vessel imb 1 Levy and Saveepa 1959
Urericn 1959 Howe of al 1960 Aunranp and hroc 1961 Urrricrr hraser
and Bovran 1961)

The anatomical substrate for a countercusrent exchange mechansm hay
been excellently demonstrated by TruETA ¢t af (1947) the efferent artertoles
of Juxtamedullary glomerul divide mnto the vasa recta which enter straight
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wmto the medulla where they form sharp hairpin bends at varying levels in
the outer or ner medulla Furthermore the artenial and venous himbs of the
vessels are grouped together in bundles, especially 1n the outer medulla, giving
a perfect tent exchange system The ifluence of blaod flow, oxygen
consumption and diffusion properties hasbeen discussed elsew here (AuxLanp and
hroc 1961, ULLricy, Kramer and Bovran 1961) and the arguments wall not be
repeated here However, thenfluence of varying arterial oxygen tension deserves
some A g dullary oxygen ¥ oxygen
resprration will raise arterial and medullary venous oxygen saturatton by the
same amount Due to the §shaped oxygen saturation curve, however the
arterial pO, will increase more than medullary venous pO  The oxygen tension
gradient between descending and ascending umb of the vasa recta 1s thereby
mereased, and y bly also the shor of oxygen 1n the outer
medulla The nse 1n inner medullary oxygen would therefore
be cxpected to be lower than the rise m artenal (and cortical) oxygen con
centration, 1n agreement wath the present findings Rramrr Deerjen and
Brecnri Lspaurk (ated by Urricn Rramer and Bovran 1961) found con

siderably greater increase of inner medullary oxygen saturation on oXygen
respiration {49—75 9,) and suggested that this might result from a red cell
shunt 1n the outer medulla (Urrricn Prite and Stocser 1961) Turther
more Rennie ef o/ (1958) found lugher mean values for utine pO, than 1
the present study and also a greater eflect of oxygen respiration The dis

crepancy may be due to different expermmental condatons The hypothesis
set out previously (Aunranp and hroe 1961) that an increase of sodium Joad
to the medulla Jullary oxygen ption mught explun the
Jow oxygen tension 1n the present experiments which were all performed during
osmotic diure 15 If under these c the medullary bolism 15
matnly or partially anaerobical an additional supply of oxygen might mcrcas;
medullary oxygen consumption without appreciably influencing medullary an

urine oxygen concentration It should be emphasized however that papilfary
oxygen saturation cannot be predicted from urine pO, with any accuracy s
long as the pH of the papillary blood and interstices 1s unknown
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Relative Adrenaline Content in Braimn Tissue
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Lazs-M Gunse
Reeeved 15 May 1962

Abstract

Guwsr L M Relatice adrenaline content 1n brawn tissue Acta physiol
scand 1962 56 324—333 — Following chromatographic separation
on a weak cation exch resmn (Amberlite IRC 50) adrenal
was 1dentified 1 the brams of hens pigs and rats by means of 1) the
ethylene diamine condensation method 2) the tnhydroxyindole
method and 3) broassay on the hen s rectal caccum and cat s blood
pressure The percentagr adrenaline m these species vaned from 45
t0 17 In brains of oxen and gumea pigs no adrenaline was detected
ndicating less than 4 per cent adrenaline 1n these species

In 1946 Eurer reported the presence of sympathm i extracts from
mammalian brains Horrz (1950) confirmed this observation and found that
adrenalme represented about 10 per cent of the sum of adrenaline and nor
adrenaline 1n ox and rabbit brams At this time the catecholamunes of the bramn
were ded as marnly bel to the v nerves of the bram
vessels

The situation became different when Voc T (1904) published her ins estigation
on the distribution of the catecholamines 1 different parts of the mammz!;:
bramn The high concentrations 1n certain parts of the }J{mm stem 1ndicate

able function of the amines 1n the nervous tissue itse
po;smcc this ume many papers have appeared dealing with the mnfluence Dcf
sarious drugs on the catecholamines content of the central nervous system o
relatise contribution of adrenaline to the bran sympatlin  has hg‘;}cz‘ﬂ’
been a matter of some controversy Voor (1954) Mowtacy (1957) an

cate
1ER ef ol (1958) have used paper chromatography for scparation of thcbm
d from rel. ly small of bramn ussuc €om

¢!

324
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with sensitive methods of assay Voot using bioassay secorded 6 5 per cent
adrenahine n the hypothalamus of cats and 13 7 per cent mn dogs \o~xTacu
found 34 per cent adrenaline 1n the rat brain while BErTLER and RosenvGrREN
(1929) and BertrEr (1960) were unable to detect sigmificant amounts of
adrenaline in mammalizn brams Sanoetal (1960) using columns of Amberlite
IRC 50 for separation of the ammes reported absence of adrenaline 1n the
brains of varous species of amimals However they failed to detect adrenaline
aveninamphik where large have been found by other investigators
(f Carisson 1929)

Of the works reporung dfferential determinations of eluates contaming the
<atecholamines 1n mmixture only a few are cited here” SHore and Ori reported
(19:8) a virtual absecnce of eprmephnne 1n the rabbit bramn stem by the
trhydroxymndole method and sp photof} hnig while
Wen Marmerse and Bowe (1957) obtained 22 per cent adrenabne! m the
same species by the ethylenediamine condensation method Paasones and
Dews {1958} recorded a mean level m the rat bram of 9 2 per cent adrenaline
by bioassay hovacs and Farepry (1961) reported a 10 ° adrenahne! 1n the
hypothalamus of rats determmed by fluonmetnic methods and Sturrer and
Rosr1 (1961) found 75 per cent adrenaline! in rat bramns using a sumilar
method Guae (1959) found 4 3 per cent adrenalne an the rat bram using
bioassay and 42—53 per cent with a fluonmetnic assay method (1962)

The present paper deals with the relative amounts of adrenalne and nor
adrenaline tn the brains of diffcrent species of ammals In order to compensate
for the difficulties p d by the small of Lne a considerabl
number of brains were pooled from cach species As the concentration and
Purtfication steps mnclude considerable losses a starting level of 100200 pg
of noradrenaline was aimed at before a chromatographic separation of the
amnes was undertaken using a column of the weak cation exchange resin
Amberhte IRC 50 The results obtamed were compared with the routine deter
m; ns of eluates of the catechol. according to
Etier and Lisuajro (1961) A prelummnary report of part of this work has been
gnen earher (Gunne 1962)

Methods

The hypothalam: of 100 pigs were homogenized and extracted with 5 volumes of 0 4
N perchlone and After centnfugation the supernatant was utrated to pH 4 with 5\
AOH and the potassium perchlorate was spun down After adjustment of pH to 84
{additron of the disodium salt of cthylendiaminetetraacetate, 5 mg/g wet tusue weight
Provented flocculation at pH 7—8) about 500 mi of the extract was passed through a
<olumn of 4 g alumina and eluted with 5 ml 1 N aceuc acd followed by 5 ml 025 N
acctic aeid When the whole extract had been treated the same way  the eluates were
Pooled and 1/2 ml was taken for a prelumnary assay according to Evrer and Lisuajro
(1961) The rest of the eluate about 60 ml was concentrated to dryness 11 zacse After

Pereentages calculated from figures gaven in the text-
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Table I Adrenaline and noradrenaling w booled eluates of bram tissue from different specues
Extra ts purified on alumina fluorumetrsc estimation by the THI method using tws sets of filters

Species Part of bran Total amount 1n pooled eluates Per cent
Noradrenaline | Adrenalin Adrenaline
HE HE

Hen Bram stem 108 22 144

Pig Hypothalamus 86 70 75

Rat Bram stem 102 48 45

Ox Hypothalamus 206 [ <

Guinea pig Total bramn 230 0 <4

dissolving 3n 2 ml of distilled water the pH was adjusted to 6 4 with 02 M ammona
A small precipitate was spun down and the supernatant was placed on a column of
Amberlite IRC 50 measuring 500 X 55 mm FElution was performed according to
EuarsHnER and Goopart (£957) with 04 M ammomum acetate bufler pH 5 13 ml
fractions were colllected and 0 5 ml of each fraction was treated bv the ethvlenc diamine
condensation method of WeiL Matnerse and Boxe (1952) Ihe fluorescence of the
fracnons was measured m a Coleman 12 G fluonimeter using a filter with a maximum
transmus 1on at 136 nm for the excitation Light and a filter with transmussion it at
about 500 nm for the fluorescence Light The fluore cence intensity of the ethylene
diamme condensate of dopamine 1s about 1/5 and the condensate of adrenaline 1bout
1/3 of that of noradrenaline using these filters
One sample contaimng the hypothalami of 50 ox bramns one contaming the bram
of 300 rats and one the bram stems of 240 hens were treated m the same way A
le contamming the whole brains of 400 gunea pigs had to be punified further to
d damage to the amberlite column The dred eluate was washed with 30 ml of
¢ ¥ methanol (8 m] N sulphunc amd i 30 m] methanol) After centnifugation the
extract was concentrated 10 diryness in sauo and treated as described above The brams
from the hens and the gumea pigs were recewved 2 —4 houss post mortemt while the Test
were extracted within minutes after killing
The fluores ence peaks found were 1dentified further 1 the following ways 1) Th;
Rf values of standard solutions cantaimng 5 g adrenaline 50 pg noradrenaling an
50 ug dopamme dissolved 1n 2 ml of an 82 M ammonium acetate buffer pH 61 ld°
56 were studied 1n the same Amberlite IRC 50 column svstem 2) The activation an!
fluorescence peaks of the ethylene diamine condensates were determined 1n an Ammcér
Bowman spectrophotofluorometer and compared with known standard solutiens 3)
The rests of the fractions which had not been used for ethylene dramne condensation
were pooled 50 as to make 2 new sarples corresponding to the A and the ﬁ\:t pﬂf:
K the NA 4 DA peaks The samples were adjusted to pH 84 and adsarbcd o{r; :
| g alumma column Llution was performed with 025 N sulphunc acuil a: ham"
seutralization the biologic effects were tested on the cat s blood pressure and € ;cd by
'ectal caecum ‘The cats were pretreated with the drug combination rewm"}‘:\“nde P
narxz {1956) (atropine sulfate 2 mg/kg subcutancously cocaine h:;ldm/l : ot
nglkg ergotamine tactrate 015 mg/kg and mepyramne malr‘?ltb % ‘r‘rg‘ balogical
scularly) which rendered them extremely sensitive to noradrenalint e
Tus cuh gb“n blished they were abolished b 1 1n alkaline solution
g:ft;c ach cluste was treated by the tnhydrosyindole method and a fuomimeinc
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dﬂﬂmmmuqn was made according to EtLer and Lismao (1961) on a Coleman
uonmeter using two sets of filter combimations 4) In order to achieve an optimal

“Paration of adrenaline and noradrenabine the demands for & complete separation of

#ucadrenaling and dopamune had to be reduced The admxture of dopamine m the

yradrenabine fractions could however be determned by the method of Carissos and
ALdEex (1928)

Results
Standard sotutrons
Solutions contamning 5 y1g adrenaline and 50 pg each of noradrenaline and
Parmne gave different fract curves depending on pH at appl
10 the Amberlite TRC 20 column In accordance with the observations of
Amsirnen and Goobart (1957) the lower pH 61 gave a better separaton
between noradrenaline and dopammmne A higher pH 6 6 increased the distance
teen adrenaline and noradrenaline while 1n this case the dopamine fiuo-
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FLUORESCENCE UNITS
8

DOPAC

10 Fig 2 Scparaton of concentrated eluate
from the braw steras of 210 hens on
Amberhite IRG 50

10 20 1 40 © 70 80
FRACTION NR
. wence was covered by the noradrenaline curve (Fig 1) Pilot studzes indicated
13t 2 sz of adrenaline (corresponding to 4 per cent provided the noradrenaline
- content 1s 50 pg) represented the lowest amount that could be detected by this
method

Fl de of eluates the kol n mxture
Y Et I

TableIgivestheresultsofthe prel y fluorimetr
ne and adrenaline n a small part of the 1mtial eluates of brains from different
species, using the method described by CuLer and Lisnajko (1961) As evident
from thesc values the percentage of adrenaline seems to vary from one species tO
another

Chromatographic separation of eluates on Amberlite IRC 50

The fractionation curves obtamned from the main part of the cluates by
passage of the concentrated sample through an Amberhte IRC 50 column,
gave further support to the observed species dufference

The hugh osmolanty of the brain tissuc extracts probably nterfered with the adsorp-
tiont of the amines to the top of the amberlite column and m addition caused some
damage to the structure of the resin resulting n a somewhat shorter effectine column
“These factors duninished the resolution capacity of the columns to some cxtent
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B s o o from of 100 prgs (left) and from brain

©£300 rats (ght) on Amberhte IRC 50

The size of the adrenaline peaks (A) of Fig 2—4 agree well with the relatrve
amounts of adrenaline of Table I The cthylene diamine condensates of the
adrenaline (A) fractions of brams from hens pigs and rats had fluorescence and
aclnation peaks 1dentical with those of simlarly treated standard solutions
(actnation peak 400 nm fluorescence peak 540 nm') when measured in the
pi I

P The 1 fractions gave fluorescence
Maxima which could be d from 1 peak 410
mm fluorescence peak 510 nm 2)

A rapudly moving fraction acd prod pr 1 1n the first

10—15 fractions of the eluate The fluorescence and activation maxma of the
Cthylene diamune condensation product of this peak (measured m an Aminco-

Wman spectrophotofluorometer) agrced with that of 3 4-dihydroxyphenyl
acetic acid (DOPAC) and differed from adrenalme and dopamine (¢f Ract
Btroer and Groer 1957) Although this peak may have contaned also other
acds and no other measures of idenufication were undertaken 1s was for
€menience termed DOPAC (Fig 2—4)

uneorrected instrumental v lues

R—673015 Acta physol scand Vol 56
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Fig 4 Separation of concentrate 1 eluate from h pothalamus of 50 oxrn (cfs) and from whot
brains of 400 guinea pigs (st 1) on Amberlie IRC 50

10100 3001ml54305ml 300 02mt 200 OSmi 200 1:
N A N RN NNN gﬁ N 55_ N f_?ﬁ N

3 of a RN} derned from separated fractiens
e B T o vt s e fo (i and adenstne( ) 57

i o4pg™
[,‘:r‘(n;‘;:yg on cats blood pressure { mi RA equals 000F ;g N mi RN cquals )
at

RN N ey
e ooy on hen s rectal caccum 1l RA equals { g N Ll RN equals 0 ¢ 48

aw A N =15



ADRENALINE 1% BRAIN 331

Buocsuar and fuoremetrie (THIY determmation of the fractions

The biological actwity of the adrenaline fr ponded to that of
Pure adrenatine solutrans when tested on the cat s blood pressure and o e hen's
tecta} caecum {Fig 5) The actnity was abolshed by owdation m alkahne
whition When the THI method was used for fluonmetnc determnation on &
Coleman fluorimeter ustng two sets of filters the fluorescence agreed with pure
adrenaline

The noradrenaline fractians of the rat brawns were also determined for
dopamune content according, to Carussov and W wpeck 1928 (Fig 3 nghr)

Discussian
The p 1ad; of adrenaline in man 18 { with several
efftcts of possible central ortm while cosrespond of noradienal
¢ remarkably voud of such acton (for a review sec RoTimatter 1929)
Although drenaline and dop are the d : 1n

®ammalian bramns the central effects of exogenous adrenaline suggest that
€ten small amounts of adrenaline present 1n the nervous ussue might be of
Phisiological mmportance Howerver the almost complete blood bramn barmer to
catechol, presents difficulues m the wierp of results ob L by
admmstration. of the amines

© fluorescence peaks at d mamly by d Line mn the bran
eluates (Fig 2—4) after separation on Amberhte IRC 50 were approumately
*qual to those found wath 50 rgofa dard solaton of i IF The
only exception was the pig bram sample which contamed about half as much
noradrenakine as the others As stated above these amounts of catecholamunes
Lt the resolution capacity of the method to about 4 per cent of adrenaline

The findings reparted herc indicate the presence of adrenahne m amounts
xceeding 4 per cent n the brains of Fens pis and rats Regarding the hagh
adrenahine content of the hens ane 15 ded of the phy 7 tuy
between birds and amphubians where adrenahne 15 kncwn to predominate
{Canzssoy, 19,9)

In the brains of oxen and gmnea pigs adrenaline f present amounted to
less than 4 per cent The specics dufferences found 1n rouune analvzes using a
Coleran fluortmeter with two scrs of m h fifters were
well reflected by peaks of corresponding heights afier chromatographic separa
tien an Amberhte IRC 5¢ Thus abservation strongly supports the vahdity of
the adrenaline values ob d by 1 of eluates ¢
the catecholammes 1n mxture

The presence of 3 &-cihydroxyphenyl acetic ad BOPAC i the brain has
been reported by Luter (1928) and the rehtionship between this substance
and dopanune was studied by RosenoreN {1960) who reported the presence
©of DOPAC in brawns from 1oan rabbuts and mgs In all the brams studied here
there was a peak with fluorescence properties idennical with those of DOPAC,




332 LARS ¥ CUNNE

Supported by grants from the Aleohol Commuttee of the Swedish Medscal Research Counal,
Swedish Soctety of \Medical Research, hnut and Alice W allenberg s Foundation and the Aw
Forer Office of Sciennfic Research O AR, through the European Office, Acrospace Rescarch
Unsted States Air Force

References

Brxrize, A Inverkan av reserpm och andra lakemed 1 pA katekolammnomsatimr gen Lund
1960 -

Bmamizk L A Camsson and B RosergRen A method for the Buorim tric determination of
adrenalioe and poradrenalin? 1 ussues deta physiol scand 1958 4 273292

Berrier, A and E. R ~ O and b of catech 1am nes yn bram
Ada phynol scand 1933 47 330 361
\Camssox A, The & and physclogical ol of m the

nervous system. Physiol Rev 1923 11 490—493
Cariston A and B\ awpeck, A fluorimetne m thod for the determinauon of dopamne (3-
bydrovytyramune) cta physiol scand 1958 44 293—298
Evier, U 5 1 A speaific sympathomimetic ergone 1a adrenergi nerve fibers (Sympathin)
and s relanon to adrrnatine and noradrenaline Acta phynol scand 1946 17 7397
Evier, U S v Distnbuuon and metabolism of catechol hormones i tiwues and axones Rec
Progr Horm Res 1928 14 483—512
+Evier, U S v+ and F Listagxo Improved techimgue for the fluormetric estimauon of cate
cholammnes, Ada physol scand 1961 57 3483 o
Grwwe, L M Noradrenaline and adrenalin i the rat braw dunine acute and chreme morphine
d and during withd: 1 Aaty ¢ (Lond j 1929 187 1920—1801
<Guang, Lo AL Catecholamme m tabolism and morphine abstinence dnn 3 1 dead 3o 1962

5 20-210 p
Hoirz I Uber die h e W beit von Geh Ada phrs
K LY
zond 1920 0 324362 e o

»J M Breeem and K Gi er, zur
brrbe und Bone zur Brstmumung von Adrenalin und “Noradrenaltn 1m menschl chen Flut

“ plasma, 4rch exp Path Phamma! 1957 230 470478
RARKL N\ T The unnan exeretion of noradrenaline and adrenaline 1 d flerent g grovph
ts daurna) vartaton and the eff ct of muscular work on 1t 4 16 physeol sand 1996 30 Suppl

132
karsxer, N and McC Goopait, of 1 o ¢ and hydroxytyT
amun by son exchang chromatography J biol Chem 1957 226 207—2F »

Eovacs k. and I Fazeprs 1 uberd B ‘; mﬂi—j;&
des Hypothalamus der Ratte 4tz nowro-eg Waem) 1961 7.
'\lu:ua)v. R A Adrenalme and 1 1 ras ussues Buckem J 19 6
63 528—af>
PaszoxEn M. ke and P B Dews Effects of raunescine and 1sorzuncscint on muo\!x«:rga;d;r;
the 3hy P and d contents of bramn Bne J Phormace
z &0
Rosorex £ On the role of m noamme owdase for the wactvation of dopamine 1n b

Acta physied scand. 1960 49 310375 .
Runmfux.w- A B The effccts of catech lamines on th central nervous system, 2r 4

1939 17 494247 -
Su: 1.k Tateian T Cano ML Tasesana end Y haxoro Dic hatechuamn

tralncn ensystem. Fln. Tachr 1960 32 57—62 -
sz:; P A.and] § Oux Identificavion and chemical ass3y of norepunephnine 1o brin

other tssues J Pharmacol 19383 122 292— 00



ADRENALINE IN BRAIN 333

Sromee, Af et J Rorrt Action de lanowe ot de differents taux de gaz ;ar;)nrpqu:)!;lésllc
conteau en noradrénaline et en adrenahine du cervean de rat. & R Soc Buol (Pan:
Nt alinel ke ubstances

Weo Murersy, H and A. D Bosr The chemical esumation of adrenalinel ke
nblood Bockem F 1952 51 311318

Wez Macwerne H and A D Bose bution of m the braw
Naze (Lond ) 1927 180 10301051 N

Aot M The concentration of sympathin m differeat {arts of the tn;‘r(al; n;r;c;s;y:yslr;;
tnder n rmal conditions and after the adm nistration of drugs J Physiol n
Dl—ig)




Acta physiol scand 1962 56 334348

From the Cardiological Laboratery and Coagulation Laboratary D

Mediane General Ho pital Malmo Sweden

Blood Coagulation Studies 1m Hedgehogs,
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1 a2 Hibernating and a Non-Hibernating State, and 1n

Dogs, Hypothermc and Normothermac

By

Gunwar Bioren ! Benor W Jonansson and Inca Maws Niwson

Recewved 17 May 1962

Abstract

Borek, G B W Jomanssov and I M Nrwsson Blood coagulation
studres 1n hed ehogs 1n g habernating and a non kbernating state and 1 dogs
Fypothermic and normothermuc Acta physiol scand 1962 56 334—348 ~
Different coagulation factors were studied m hedgchogs duning bt
bernation and during the non hibernating state The dog was chosen
s anon hibernator It was studied before cooling at a body tempera
ture of 30 C and 25 C during cooling at 30 C dunng rewarming
Just after rewarming and at different tmes after rewarmg The re
sults are given 1n the tables The hedgehogs showed 2 prolonged co
agulation and recalaification tme during hibernation compared w:nh
the values observed 1n non hib ammals The p
two-stage test and the prothrombun and factor VII determinations
showed lower values 1 late August than n Mav—:}uxl\c The ant

thrombin actwity was d'm the hib hogs com
pared with the non hibernating ammals No circulating antcoazulant
1 fed In the dogs

and no fibrinolysis were ble 1n the
the prothrombin and factor VIT values decteased in the fater phase of
the rewarming and remained at a low level during the first fow days
after rewarming The following days these factors mcreased to levels
above the ongmal ones The antithrambin activity showed 2 marked
nse aficr rewarmung In the rewarming phase there was in six dogs an
increased fibrinolytic acuviry

1 Present address Medical Departmens Serafimerlasarettet Stockholm
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The first systemaue studres of hypothermia were prsformed about a drcade
220 Siree thus ume hypothermia has come into common wse and 1t has turned
out to be a valuable tool The physiology of hypothermia 15 howerer  many
rpects quite different from that of the normothermic state and atthough
many biochernical and physiological studies have been performed on rypo-
thermse orgamusms  many problems remam to be soled In the cardialogical
Iiboratory in Malmo we have studied the different aspects of function 1n the
Eypothermuc heart (Brorex and Jomansson 1920 Jomasson ef al 1926) the
mamnological response (HaiL and Jomasssos 19b1) and the Mustological
changes 1n hy pothermra (HALL ¢ al 1960)

Areview of the literature on coagulation changes during hypotherma reseals
rather conflicting results

Tre cosgulation fime has been determined by many authors in different am{
=k and with varying techmque Many authors obtamned a prolongation o+
the dotting tme (Witzson Mmier and Euor 1958 Ross 1924 and DeTER
W etal 1933) Frsuer ef af (1900) and Gray (1927) 1 therr long term ex
Peruents with cooled dogs found that a prolongation of the clotung ume
developed after some time Fisuer ef al (1925) wrote that by the fourth hour

ammals demonstrated significant merease 1n coagulation tune TERZIOGLL
20d Ozer (1936) found a prolongation of the coagulation time in hypethermic
:‘5 while EL11s and hus associates (1907) found no change in coagulation me
shm dogs were subjected to hypothermma alone but a rather pronounced

urieing when the ammals underwent crculatory occluston and open car
ng surgery 1n the hypoth state In gical patents operated upon
M.‘;r hypothermta Buxser and Gorpstens (1958) observed a prolongation
wd ad""‘“g times m all coagulation tests except whole blood clotting Reep
i AVRILESCY (1958) also working in a neurosurgical umt were not able to

qonstrate any sigmficant changes in clotting times
“rnlzlm..mz\ and Lenro (1952) observed a prolongation of the coagula
- bmc: m hibernating hedgehogs and a simiar result was found i luberna

S bats (Surrn Lewss and Svmea 1924} hamsters (Svmnra, Bowarax and
@ 0N 1922 Rarns and Peruscr 1923) and ground squisTels (SvirLA Bow

® and Resenovr, 1951)
m‘azl‘ﬁ batita and Sway (1908) reported a tendency to shortening of the

by R;a}wn ttme of the human patients operated upon in hypothermz
tme o ;’,"“L‘ and Ozer (1926) found no definute changes m the prothrombin
any el )Fﬂthcrmxc cats and Farayer and hjeLLores (1955) could not find

erm 03¢ 1n prothrombin index or prothrombin procoms ertun ndex 1n bypo-

ume mc bel!s DeterinG et al (1920} saw no ‘ananons it prothrombin
Fus n;gsll«\sm etal (1959) obtained an merease of prothrombin while
Ture of e, ¢ 2937) found a decrease When heepin, dogs at a body !tmpcltja

Ume by l:!m3 CFisuer et af (1933) noted a prolongation of the prothrombin
an Regp and Gavrazescu (1958) absersed no significant changes




336 GUNNAR BIORCh ET AL

When comparmg active and dormant ground squirrels Svina ef af (19:2)
noted a reduction n the amount of prothrombin 1n the blood of dormant
squurtels Ratus and Peruick (1903) reached the same result 1n hibernating
hamsters

The results in the hterature on factor ¥ concentration are contradictory
Lascr et al (1959) noted an increase of the activity of factor V while Erus ef
al (1957) found that the factor V decreased No major changes in factor V
were obtamed m man by Burker and Gorpstev (1958)

Ratus and Pertick (1903) obtained low factor V values during uberna
tion 1n hibernating hamsters while no changes were found between hibernating
and non bernating hamsters

Prothrombin consumption time was shorter during hypothermea than before
cooling as noted by Wittson et al (1958) In man von Rauira and Swax
(1958) concluded that the prothrombin consumption reflected by the longer
prothrombin serum tumes, was more plete 1n the specin bated at
28 C than 1n those mcubated at 37 C but generally coolmg failed to bring
about any red of the proth b p below the normal values
at 37 C In hvpothermic neurosurgtcal patients Bunker and GoLosten (1948)
found a dep of prothromt i

Lowermg of the bady temperature of cats markedly augmented the ant
thrombwn activity of blood (TerziocLu and Ozer 1956) Terzrooru and Ozex
also claimed to have established the identity of antithrombin as hepann Dunng
cooling of dogs Lascr et al (1959) ohserved a shortened clotting tume which
among other things was ascribed to a decreased antithrombin titre Afier clamp-
1ng of the circulation for about an hour and cardiac massage during rewarmung
the clotting time was prolonged by an increase in heparin concentrat:on
" Ratns and Peruick {19531 and SuoMaLAEN and his collaborators (19:6)
working respectively on hamsters and hedgehogs reported a marked 1ncrease
of the antithrombun tstrc Both these teams conclude from cxpenments with
protamune sulphate titrations that the antithrombn 13 mamly hepann Suvoss
LAINEN ¢2 al have also observed an increased amount of mast cells n the bcdgfd
hog dunng hibernation (Svomatamen and Leiro 1957 SuOMALANEN and
Hirma 1921) On the other hand Swirs ef al (1904) using both summer ar;r
wimnter bats  could not obtamn good correlation between mast cell counts
duodenal tissues and blood clotting times P

Evuss ¢2 al {1957) noted a decrease of the fibrinogen content 1 dogs B s
and Govosterv (1928) observed a shght decrease of thew fibnnogen }vaqgc
while Reep and GAVRILESCU (1958) and hEexyox et al (1959) found no ¢/ ':mry
von hautta and Swax (1958) demonstrated an increased fibrenalytic ac)
1n some of their patients

From the fcrcgmng 1t can be seen that the coagulation mcdﬂwm‘i‘;’:;‘q
hypotherma has been studied by many authors but the results dlﬂ:;wm "

It 1s however a defimte clintcal impression that during surgieal opel
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hypothermia there 1s sometimes an mncreased bleeding tendency (Erus ke

sasseR and Speer 1957 Wrwser and Bioerow 1959 Gray 1957 Wavbprir

Farrey and BroeLow 1957) Because of the importance of tlus cknical finding
we deemed 1t valuable to elucidate the changes 1n the different blood coagula

tion factors during hypothermia From the beginning of our studies tn hypo

thermua we have been interested 1n hibernation and whenever possible hive
tried to compare the ponding p of a lubernator and a non

hibernator ‘We have followed thus system 1 the present study with the dog and
the hedgehog as experimental ammals

Methods and materal

m“tdsehog: were obtamed during the summer and kept m an out door stall during
la&‘?f"" Sixteen hedgehogs were exarmned 1n January—February (series A) 12:n
were kaz"lunc (series B) and 7 mn late August (series C) The hedgehogs in senies A
G g with a body of 5 —13 C while the animals in scries B
i Gwerenon b and with a body of33 —3% C After the thorax
Anm}t‘en opened blood samples were taken from the aorta with silicon coited sysinges
es1a was induced 1n the non hibernating amimals with a small dosc of sodm
melmhal The hibernating animals needed no ancsthesia
d“&!wm adult mongrel dogs were used whose weights varied from 12 to 23 kg ‘The
afier :ﬂ‘lel also with sodium 1 hal Aruficial resp was begun
has heons when the rectal temperature hiad fallen to about 32 C ILhe technique
e desctibed i detarl in previous papers (WuLer efal 10,7 THrerr Jouasssow
JOSTROM 1957} After anesthesia all blood samples were drawn from the femoral
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Table I Hed, chogs

Determinition Series A
(January February)
No of animals | Mean Range
Coagulation time tn min at 1820 C 5 n 9145
Recalafication time of plasma in sec 9 164 501270
One stage prothrombin time 1n sec 16 23 1643
Prothrombin + fa tor V IT (P + P) i per cent 16 132 4~
Prothrombin (two-stage) — unuts per ml 4 55 46~70
Factor \ 1 per cent 15 a2 3001 000
Fibrinogen in per cent 7 050 007104
Fibnnalysis 16 0 -
Antithrombin
Plasma + 15N TH unuts of thrombin (sec) 6 27 1341
Plasma + 6N TH umis of thrombun (sec) 6 63 29114
Plasma + 3N LH units of thrombin {sec) 14 422 501000

etn with silicon coated syninges before cooling at 30 € at 23 C during cooling and
at 30 C during rewarming A final sample was taken after the return of body temprra
ture to normal values and in some cases samples were taken on one of the followng
days {1—11 days after cooling) Tour dogs were kept for 6 hours 1 dog for 4 hours and
1 dog for 2 hours at the lowest temperature {ahout 26 C) Blood samples wece taken
at two-hour intervals during this time Three dogs were cooled twice with an mterval
of 5—6 weeks

Vempuncture was performed with sharp widchore silicon coated needles The ﬁr‘Sl
few mullilitres of blood obtamed were discarded and then allowed to flow directlv
through the needle 1nto a senies of tubes The following tests were made coagula ton nz;
(according to the method of Hepenius (1936) with the modificanon that the :[njc N
the tubes was 50 mm i height and 10 mm 1 diameter) recalctfication time of pl Smdl
{Missov Broupack and von Franckes 1957) one stage prothrombin time of plasma “:'xd
hurman brain thromboplastn (Owsen 1947)  prothrombin and factor VI (0“““[; i
Aas 1951; prothrombin (two-stage according to Ware and Seecers 1919) hﬂ; e
(WoLF 1953) prothrombin consumption test (Bices and MACFARIANE 907) — mn the o
hogs only 1n series B —  fibnnogen (JacopssoN 1955) fibrinolysts — different n:;dman
were used (a) determination of the time necessary to dissolve a clot after 2 (195")
of thrombin to the blood at 4+ 37 C (b) by a modificauon of Sd\nndir IJ’YD:nd
senal dilution method Citrated plasma was diluted 1n ratios from 1 10 mb o (Top
then clotted with thrombin (1 m plasma 1n varsous dilution - 01 ml lhr:dm ; A
stasme Roche) contaning 100 N 1 H unutsfml) The tubes were pliced 17 20,
bath at + 37 C then ten minutes after the addion of thrombn the h’fm:m"m .
dilution showng a defimite clot was read The dilutions were alfowed to ru s ot
water bath for a further 2 hours and then agam exaraned for the r’:;”;u, and unce
Ay tube which had lysed completely over the 2 hour period was m:arlr s plus meas
Tvsis was most apt to occur 1 the higher dilution a scorng for cxami_r r; ::o e it
1ha the three highest dilutions have lysed within 2 hours (¢} [l’hc i ey n the ¥
of plasma was also determined on unheated bovine Astrup fibrn ¢ died b

st
Gesembed by Nitssos et al (1960) The antithrombin activity of plasma wa
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im‘::,m““ of the clotung time of plasm2 ACer addaon of thyombin of s arous £07
Lo IW (02 ml catrated plasma 02 rad thrombin solunon contaImng 15 6 3and
hdrd vh“ usasfm] respectnvely) In some experiments $he anuthrombin studies
e e abily of serum to mactivate different amounts of added thrombin and
\.m)‘?l_":‘b‘n gencration test {ikssos and W S eexext 1921 Bioes and WIACFARLANE
reind ¢ hepo n cofactor comsent of plasma was udied sa the hedgehogs wang the
& of Brovmacs of al (1955 and 1957 “The experments I the dogs also 1nctuded
oy of arcedstiag onts (1 ALRSLL apd SOy 1957 and st for
Wastin acsey (Brosmack and npusson 1907 10 the plasma
o ‘E_f’“zguhucq tme 1 some of the hedgehogs Was Qetermined at 2 remperaturd
e 0 © and 1o others brlongng to seAits o akio at 10 C O the FEMAMANG €O
lation analyses were performed at 47 € “ormal hurar plasma alwms wzhen from
‘M;“““ pesson was regulariy collected at th st e as the hedgehogs phasma and
i sandard for the coagulaton te315 18 he helg bogs Flasma from a normal
9% W3 used as a standard, for the diffevent cosgulaton Frcter 4 the cooled dobs

Results

Hed oo,
TZ}:‘ tesults of the coagulanen studies of the hedigho s 27€ pr:ﬂcmod n
e 1 from which 1¢ may be seen that they showed & protonged casgntation
“‘:“‘e ard secalafication ume durng hrbernation when cormpared with the
N ues observed in the non Jubernatng apimals The conguianon nme o8
mmal of seres A was 10 mun when dc\rtm\ncd AL Yo IEMpETAtUIC and 16
Tun when determmned at hebernaliont empey e 110 1 The one stage pro-
Heomnn yme was the same for ahe drfferest senes On the other hand the
Prothroming two-stage tese and the prodxrum\)m and facer VH determmmny
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Table I Dogs

Determmation After ancsthesia | Coohng Coching
before cooling nC 222G
g g ]
slel pfs) ] bls) )t
S g g
gl &1212| 412|242
Coagulation tume mminat18—20 G| 11| 65| 26— 10] 70| 30~ 10| 66| 16—
s 120 160
Recalaification time of plasmamsce| 111 133 [ 62— 10| 98| 39~ §[ 92| 38—
312 223 183
One stage prothrombin nme 1 sec| 11| 88) 70-f 9) 90) 80—l 10] 99} 82~
108 102 122
Prothrombun + factor VII (P + P)
in per cent n{ eof so—{ 9| tes( 76—{ 1oy 9 88—
136 196 15
Factor V 1 per cent sol 100) 100 | 8] 15|00 10] 014 7=
130 e
Prothrombin consumption in per cent o
residual prothrombin w| 34{ o—{10] 67{ o—f 8 &2
88 166 u
Antithrombin
Plasma + 6 N [ H unts of threm 82—
) b (see) 1| 139 54— 10) 130 ] 82— 10} M3 H
240 190 d
Plasma < 3N TH umts of throm o|1e-
bin (sec) 10| 232 [100—] o) 209 180 B 2 o
400 342 ?
Plasma 4+ 15 NIH ume of
5 0~
thrombm (sec) e { 310180~ of 3s2 (250 6 473 ;o
450 330
Fabrunolyns s lote-
Fibrinogen 1n g per 100 ml 1 os2 for7~ 10 033 [or4— 10] 03 o
063 07
5| o~
Schneider s test 1| 1] o=l 08 g— ol 18]y
3
i 5| ar3fazs-
Hematocrit 5| 395|300~ of 418]387 s 504
435 441 S S
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Eoamng Just afier 1—2 days 3—4 days 5—11dn
¥c rewarmung after cooling after cool ng after coolin
: H E g H
IR IR AR AL I A
Hejdig| &2 28|52 =|2]2]|&
351451 7] 38) 10| 7] 36| 0] 6| 42| 19— 4] 35 10—
103 80 88 76 70
Y g us| ss-] 4] ] e 6] 153] s~ 5] 129] 78—
La 231 139 238 203
Y0198 5| 104{ 87-] 5| 107] 88— 6| 89f 7o) 4| 92| 72—
102 128 138 no 100
ol Lol 0| se{s5| 8| 2=t 4| naf o—f 4| 129 100~
90 160 160 160
Noalodal sl ods| | aods) o] 0 3| rofr0s—
“® 1% 12 17 180
N o0foat gl 57| oofs| 08| of 4] 20| o3| 17] o
19 123 21 49 31
R
90) 98- 8l 173 | 95— 4| 115 | 68—f 6| 140 7ol 2| 135]130—
102 212 170 0 140
2
821155 71 461 | 1704 4| 208|110~ 6] 301 [140— 3| 212|182~
163 160 360 230 262
s
Piigeod ol 15l apod 4| 3o jret o] sosfoza]f s 3
82 6000 630 1960
1
[}
21020 | 8| 030 [012-] 5| 038 022 5] 049 [030—{ 3| 035 [o15—
1 as7 060 a6d 036
OV o le] 1a| ods| 16] 1-{ 4| 06| oLo| 07] o
2 2 2 1
1
5y
%7 4] s9n{sas 2 34 fasat 2| 374|200 2] s70 )35~
~i_ 1 | 599 424 48 374
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Table If Dogs

Determunation After anesthesia | Cooling Cooling
before cooling | 30 G 5
F g g
g g £
o o s
HEABAHEIRIH D
BEREN IR AN
Coagulation time inmuinat 18~20 €| 11| 65| 26— 10[ 70| 30~{ 10| 66 16~
] 120 160
Recalafication trme of plasma msce| 11 { 133 | 62— 10] 03 39~ 9| 92/ 38—
312 28 183
One stage prothrombin time 1n sec 11 88) 70—| 9| 90 8o~ 10| 99|82~
108 102 "2
Prothrombnn + factor VIT (P + P)
n per cent 1| 99| go— 9] to6{ 76| lof 99} £~
136 196 1
Factor V 1 per cent 10 500) 100 | 8] 115 | 100 10} J0t] 77—
130 120
Prothrombin consumption in per cent o
reudual prothrombun 10( 34| o~ e7{ o 8 &2 O~
28 166 2
Antithrombin
Plasma + 6N TH umts of throm 82—
mn (sec) 1| 139] 54— 10] 130 82~/ 10} 149 a
240 190
Plasma -+ 3N I H, unuts of throm ol ua-
ba (sec) 10 232 {100~ 9] 209 (140 8 ¥ 50
400 342
Plasma + 15 NIH unsts of
o
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tions showed definitely lower values 1 late August {seres C) thanan late May—
June {series B The hibernating ammals (seres A) shoned values 1n betwern
those of senes B and C The factor V content mn the different ammals vaned
con.iderably and no significant differences between series A, B and C can b
seen. The antithrombin 2etn aty, determined by thrombin utration of the plasma
was wrcreaed n the hedgehogs in senes A pared 10 the values in senes B
and C wiuch did not sigmficantly differ from cach other The thrombnn umes
of the labernating plasma samples did not shorten after addrion of fiban zen.
When plasma from the hibemating amimals were added to human pla mam
a proporuon of I 10 this resulted 1 a prolongation of the thrombin tune of the
human plasma from 35 sec to 60 sec Thrombin generauon test prrformed o
plasma from the diffrent series also showed 2 sigmficantly ugher antitirombin
activty 10 sepes A The anuthrombin 111 activaty was studied by determina
uon of the capaaty of serum to wacinate added thrombm Serum obuaned
during the hibernating period nactnated about two times more thrombin
than that taken dunng late August The hepann co-factor activits of plasma
was found to be about twice that of human plasma dunng the hibematon
peniod while 15 action correspanded 10 that of human plasma dunng the late
Auguss period

‘j’:n) c’x):xlzung anticvagulant actine 1n the first phuse of eoagulation could
not be demonstrated 1 plasma from the hibernating hedgehogs Hedgehog
pla.ma for these tests was added to normal human pla m2 1 recalaficay
s tem and also to the reaction mixture of the thronboplastn gereraton test
Proamme chimde m vanous concentratons did aot horten the coagulau st

~hime -alos

Onh 2 few fibrinogen deterounanons 1 ere performed 1 whch the ‘wdd
saried widely withi each group o fibriolvtic actissty 1 the hedzchogs
o¢ demonstrated on any occasion

Dgs

The recults Jf the coegulation studses i 11 exprrume
dyzs are ginen m Table 11 Fig 1 demonstrates t} e coury 10 o8

The cvagulatan ume as well as the reczlaficati n une howes
to sherten durnz the hvpothermue state 1 some dogs but 1he rx‘mﬂtd )
showed no aignificant changes The one staze prothrombin ume shémr it
omall charges of 0, 1znificnce The values for prothrombin Andned i
shos ed a decreac in the later phase of the renzrmins and r:maéz“ e g
Jevel dunng the first fev dass after rewarming The following o
thrombin and factor V11 levels increased to levels well abune the or:: erst
In the later phase of the rewarming the doss shoned 2 ‘f“d:;” vevwarm
of factor V 10 the two determanations made Dunng the da;! h:; fowed 3
the values tended 10 increae The antithrombn actnity © mewg e
shght increase at the Irmest temperature and shortly after 5

nts with hypothere
e typacal £2%7
d a ter o
yalues
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was a marked rise which soon disappeared Dunng the hypothermic state
10 sigmaficant changes in the fibrinogen content were registered but during the
da s afier rewarming the fibrinogen level mereased to lugher values than the
ongmal ones Dunng the cooling phase there was no fibrmolysss In the revarm
1ng phase 6 dogs showed increased fibnnolytic actsvity as judged by the Schnes
derstet In tests not reported in the table it was shown that the plasma taken
from dogs dunng the hypothermic phase had a sigmficrat shartenung effect e
the recalaification tune of human plasma

In the dos kept at the lowest temperature for 2 to 6 hours there was no
change coagulation time recalcification ume, prothrombmn time or Tactor
\ content The prothrombin aud factor VII shoned a decrcasing, tendency

¢ fibrmogen value was unchanged after 2 and 4 hours at 20 C but after
8 hoars there was a decrease There were no signs of fibrinohsis dunng the
hypothermie state but at the rewarming an inureased fbrmolytic activity was
noted The antsthrombin act: sty mereased at 2 and 4 hours but veturned at
8 hours to the ongal vafue at 26 G At the same temperature the hematocrit
Nereased irom 42 per cent at 26 C to 46 3 per cent after 2 hours but then
Temamed stane Just after rewarmung there was no difference between the values
Gundan these dogs kept at a longer time at a low temperature and those cooled
for 2 shors penod

Three dags were coofed twice This matertal 1s small but a comparison re
‘eals that the concentration of factor V tn ane dog and of fibrinogen 1n another
were fugher throushaout s the second refrigeration experiment Furthermor¢
there was a higher degrer of fibrinolysis durng the second refrigeranon

Discussion

Our corgulanon studie 1 tubernaung and non hibernating hedgehogs show
¢d 1hat there was a4 prolon_auon of the coagulation ume decrease of pro
thromban and factor V11 and an increase of annthrombin acnviny dunng the
hibernaton pestod The ammals 1 series G from Late August had ako & low
Prothromben content but no wercased antithrombin acttity A protonganon
of the coagulation ume and a reduction of the prothrombin content 1n fuberna
‘ng hedgehogs as well a» in hibernating bats hamsters and ground sguirrels
hae been observed earher (Stovapanes and Lerrro 1922 Swity Lewn and
Svmiza 1924 ovmea Bowstas and Pramsoy 1952 Rarss and Peruek 1923
SVIIA etal 1921 Svmra Bowstan and RITENOULR 1902, Our hedgehogs
showed hugh lactor V vatues durmg hbernation even when the chan,es in
hematocnit are taken into consideration Broreh Joranssov nd V e1cE 1920}
This findine, 15 contradictory to the results obtuned by Rarhs and Prruck
{1923) 1n hubernanng hamsters

The presens results concerning the wncreased antthrombin actvaty agree
with those published by Ratis and Peruich (193] in hamsters and by Stos
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Laxen and hus co-workers (1956) 1 hedgehogs In our more detailed anu
thrombin studies 1t was shown that the actnaty of both anuthrombia TF and
anuthrombin 1 sncreased dunng hbernauon. Jn 2ddion we found that
there was an increase also of the hepanin co-factor actmty of plasma In this
o 1t should be bered that the hepanin co-factor exhibits speces
speafiary as shown by Macwusson and Nisson (1956) Raits and Pegisck
and StomaLames #f ol conclude from expertments with protamine sulphate
that the hrombin 1s mamly hepann. StoMaramves e of have
also shown an increased amount of muast cells 1n the hedgehog dunng hibemna
tion (Stomarames and Lesro 1932 Stosmavames and Harua 1951) On the
other hand Swirw et al (19>4) could not obtamn good correlation betwecn mast
cell counts of duodenal tissues and blood clottng trmes 1 summer ot winter
hats We were not 2ble to demoustrate any anticoagulant actne 1 the finst
phase 1 the libernating ammal As 1s well Lnown heparin acts also as an n
Iubator 1n this phase (NiLsson and Wencxert 1954, Doccras 1936 and Sman
BERGE, SaRELS and REGAN 1959) Furthermore 1t was not posuible to shorten
the prolonged thrombin times and the recalafication tmes by addiuen of pro-
tamne chlonde 1n vanous concentratons. Our results are thus not 1n agree
ment with those reported by Rates and Pervick (1933} In the interpretation
of our obsersations 1t does not seem possible 1o explamn the increased ants
thrombin titre as caused by free hepanm tnsulphunc acd It 1s known that
hepann from various sources and  pecies differ 1n anucoagulant potency and
mode of action (Jagues Berr and Cro 1954 Macwussov and Nitsson 1927}
that heparin may react with almost amy proten. According to _]ow‘i
21956} and Jorpes and Gagnerr (1948) differences 1n hepann acuvity may -
rasenbed 1o a varving degree of estenfication with sulphurnc acd and 10 the
degree of pulvmenzaton. The possbility must be borne in mind that the md
creased anuthrombin ety 1 caused by a small amount of hepann 1’0!‘_“"
10 proteins and or of low actiaty for example bepann of Jow degrer of estenfica
ton.

o earher studies of the hedsehog fibnoolvtic system could be traced aos:;
smestgaton homed no mncreased Sbrmolyuc acuuty Thus the ":" -
antithrombin actraty 1m0 connection wath the low prothromtan cor;}w‘:;r\x\!; -
seem 10 be responsible for the slow coagulation in hedgehogs dunng hulemna
and a; ntly 15 also suffient to present intravascul.r coagulation

L d different ammals has been

Coagulatin during hvpothermia in mazn and di S
subjectzd 10 many studses but the findings are all rather :li\: onged hipo

Qur studi~s on hvpothermua in dogs which also nclu prol o shortemng
thermua during 2—6 hours  howed ondy 1n 2 fon dogs 2 tendency d:mc e

£ the tation ume and recalaf ume dunng the hypo tort
ol the Jlasma caused 2 sigrsficant shoy
Dunog thus penod 11 was also found that the pl o merea
of puman plasma ndicaung
crung of the recalaficauon tme B s for pratrombin and
thromboplastic activits In parallel with ths the ¥
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Ector VIT decreased and 1 some of the dogs a lowenng of the fihninogen and
Betor ¥ fecels were recorded At the end of the hypothermic phase and 1n the
fwamng phase an 1 hrombmn acuvity appeated Duning the
Tpothermuc state there was no fibrinolysss but in the rewarming phase a mod
trtcly sncreased fibnnolytic acuvity could be observed 1 most of the dogs
The daysafter Bypotherma the values for prathrombin factor \ and fibninagen
‘rereased 1o values hagher than the pretreatment lesels of respecune factors
Miny authors {Mirson et ol 1928, Ross 195% DETEREING ef ol 1955 Ter
o1 and Ozpr 1936, Busnzr and Gorpsten 1928} have nated a profonga
ton of the coagulation wme Fisuer efal (190) and Grar (1937} 1n ther
bong termn expenuments yoath cooled dogs found that a prolongation of the ot
A8 e soon deseloped Frsuew et af 195 write that by the fourth hour all
2amals demanstrated sigmficant tncrease m coagulation fine We kepr dogs
' 2 hypothermue state for as long as 6 hours without prolongauon af therr
@agulanon fime Erris et of (1957} found no change 10 coagulauen time
hen dogs were subjected to hypothermua alone but a rather pronounced
Dortening when the anumals underwent exrculatony occlusion and open cardiae
Surgery in the hypothermac state Our dogs underwent no surgery but nevesthe
oS there wag a shartening of the clotting ime especially during the rewarmng
Phase The \arying resulis obtained by difforent authors are cansed o Teast
I part by dfferences in techmque For example anestbetic methods have dif
fred widety

Our results appear to be 10 agreement with those of ELus et e (1957) Lake

¢ authars we beleve that the depletion of prothrombm factor V and
&bﬂﬂogcn 15 the resulr of wnravascular cloting 1n our tests we were also able
tod e an 4 1 actvary This s sunlar to the proc
€8 descrihed by Scmsemer (1921) 1 patens with abrupno placentae In
the same W&y as 13 the case for these pauents we also found an wncreased fibning.
Iytie 2C4vity at the end of the hyvper-coagulable phase A possible explanation
™ght be 1ncreased cell destructuon 10 the course of prolonged hypothermia
*esulting 1n a refease of thromboplastic matenat and possibly also of fibrmofy e
Aehivatory {Astrup) from the ussues 1o the creulating bloed Howeser we
1ase not been able to demenstrate ans histological changes 1 hypotherme
Anugaly {Bjorkyan Harr and Jomassson 1960

changes in coagulanon occurnng sa dogs dunng hvpathermn appear

© be tnduced by o mechamsm other than that responsible for the redyeed
“eagulatian snhiberpatng bedgehogs

Tn an easher study (Brrorvrz and \tusson 1961) 5 was shown that when
dogy were d the lyue scuvty } and the Sbnnogen
ad faetor | content decreased Admunsstration of heparm presented the

tereate of (hese two last mentwoed factors while the fibrnolyue actn
¥Mmaned unchanged It has been much discussed of the amrravascular clotung
of the fbrinalyws s the priman factor To deade thus 1n hvpothermse dogs the

Bmb22015 4 12 phync
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expenimental ammals should be pretreated with heparm and ¢ amino caproi
acd (wich mhibits plsmunogen actvation), respectively These studies are 1n
progress

‘This study was supported by a grant from the Swedish Natonal Association agunst Heart
and Chest Discases
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The Relation Between Stumulus and Discharge mn a
Rapidly Adapting Touch Receptor
By
U Loosrom
Recenved 25 \ay 1962

Abstract

Lesoucos U The relation betaeen stimadus and duscharge wt ¢ sapidly
adspling touck receptar Acta phvsiol scand 1962 56 349561

Quantitative expertmental analvsis was made 1n decerebrate toads
of the relation between stimulis and shischa=ge n 1ouch receptoss
of the commen rapidly adapung type The sumult conssted of
mechanreal pulses of varable slope ampltude and duration Re
cording was made from single afferent fibres i the dorsal roor
The umpulse frequeney of the discharge from the very rapidly
adapting receptors and of the dynamme discharge from the Jess
Tapudly adapting receptors vaned with the gradient of the stemyhas
M a charactersc wav When the rate of the displacement was
Successively ancreased from the mumumum effectne value {emncal
slope) the ampulse frequency 1 as low at fist and then rose as a
Jogandimuc funcuion of the displacement rate (Fig 2 3 5 ang &)

© range of rates m which the change wn frequency occurred] was
called the opumal slope range of the receptor The impulse fren
quenes y as md of the of the displ; w
the ver rapidh adaptng receprors (Fsg | and 3 By and onfy
partialh refated 1o t m the less rapidly adaptng ones The demon
sirated telation between displacement rate and duscharge frequ ney
<onshiutes 3 basis for an exact reproduction of the temporal charae
tenstics of the stunult and mav be of pramary smportance fot tacnle
discnmination

In a recent myesuganon 1n which precse and graded mechancal stimuly
here used 1t was demonstrated that the rapsdly adaplng touch Teceptors yn
the toad s skun are fically excited by progressis e def while steady




3.0 U 1DDBLOM

deformation 15 much less effectrne (HocLevn and Lsverow 1951) In the
same inyestgation the rate of nse and the amphitude of the sumulus were
also related quantitatnely to the discharge The expeniments in question were
howeser, largely confined to determmations of entical slopes and slope
thresnold curves, 1 ¢ to 1 at threshold mntensity Such detes

are of mterest for the analyss of the excitability properties of the receptors
but do not male 1t possible to deduce how stimul of vanous types that may
occur dunng natural bk are reproduced in the afferent nene Physolopeal
stnul will almost certainly represent a 1anety of gradients and amphiudes
and may onls madentally be adjusted to the threshold values of the vanous
receptors It was therefore considered 1o be of inzerest to analyse 1n the same
type of preparation the response when these parameters were more widely
vaned This was made i the present imeshgation in which the mpulse
frequency and the duration of the discharge were registered at vanous supra
threshald rates and amplitudes of displacement he results may be of eneral
interest also 1n so far as they represent a systematie analyss of the relation
between stimulus and dicharge 1n a receptor that may be regarded as 1 pro»
totvpe for a rapidly adapting sense organ

Methods

Al expenments were performed on decerebrate and curanized toads (B4fo bifo)

26 touch receptors belongeng to 23 seasor, units with thex receptne felds o i

4 plantar surface of the hindfoot or on the lower log were vestigated more mamulzw
Osh touch receptors connected 1o coarse afferent fibres (A fibres ¢f Lovostoss ot
P 29) 1 e of the rapidly adapuog type were meluded The sumul “Tmiiﬁm
sercally 1o the sk surface, the displacement of which + s recorded s ncouls
with the sumulation by means of a capaaitance meter This procedure a8 Mc o i
techmque used for recordmg of the action potentials 1 single afferent nen € T
bas been descnbert m detail earher (Linsow 19081 The mechanscal sea k:d o
the same as used by HooLoxp and Lixpsrow (1961) but its par:m:;’m it
modified so that more slowly nsing tmuli could be obtamed Thus the w2
could be varied contmuoush from 80 mmisec down to 008 yum scc -

“The maximal amphrude of the mechanucal pulses was 300 g This mc:‘;in: e el

strengths amountiag to sm eral multiples of the rheobase could usual );mm e
The rheot : ¢ the threshold de for a singlc wopulse an mm;mplnudc s
steep gradient was mn most cases berween [0 and 60 5t The m‘:n“lmlh:ll i
alss hugh caough 1o be representame of the degree of dxspthZlm B st
during naural Ife The skn of the toad 15 soft and an ad;?yua(; o ants prt a7 #

requires only 2 mimmal force In regions such as the m]:m ;rf P il dunla

the lower leg where the subcutancous ussue 15 loose the s! vl Lt 1o et

2 ;mm or even more. On the digis, bowerer the upper p!‘d:c e iying sheleions

pmdxculzr dusplacements xsdlm\cr due to the dampeg effect of

2 only a few hundred g

—n'l;‘hn;zx\;?c:!m;l)cal stmulator \sa/s fed by two Grass sumuhlt;tm;Mm
recordmng the usuat Grass preampliier model P 6 and 2 Grass

with a Tektronx type 502 osalloscope {AC~coupled

nd
Lfication 3
or amplificatio?



DIS"HARCE IN TOUCH RECEPTOR 351

Fz | Dicharges from am, ppT

gie touch receptor fu; tracry hoted by swmolanon with e

g amplitude bt constant gradicat (113 mm see) Thresbold for the firstimpulse 30 4 (5)

. % 2t constant mtersals arrespective of the duplacement ameliwd. m B

¢ 324 D Lower traces {from capacitance meter) show the duplacement of the atm tarface
aucal barm A 100 p honzontad bacm A 10 msee

Results

By varying the gradient of the mechanical pulses while the amplitude was
Xept at & constant suprathreshold value and swe rersa the mfluence of the
T4 parameters of the sumulus could be studied separately to a satrfactory
extent. The effect of varying the gradient was of greatest wmterest but w this
Context the amplitude will be consdered first It mav be powted out that a
A mmmum displacement was always necessary for discharge i these
Teceptors Spontaneous finng was never seen dunng the present or earher
Studies 1 which care was taken to Leep the expenmental conditrons withun
Phyuological imuts with respect to the blood crenlanon of the anumal and the
2 and of the sk ) at high rep rates
whith may lead to over sumulation and faugue was avorded as well as
wetching the skin pnor 0 symulanon (cf Loewexstens [936) It may also
be mennoned that sumult of subthreshold amplitude cannat fo gne
2 propagated response not even if they are apphed simultaneonsly to o or
Tore receptors supplied bs branches from the same fibre (Laxverou 1928)
Thus only threshold and suprathreshold duplacements have to be conndered
23 effecane sumuh

¢ records in Fig 1 llustrate the tpical result when a very rapidly adapting
touck receptor was sumulated ata modetatels steep gradient and the amplitude
alane was varied As seen an mcrease of the sumulus amphinde fom the
theeshold (record A was followed by 3 successi e recruitment af new smpalses
{records B—-D  Thus ws ro be expected since the duration of the nsng phase
autormanealh increases suth the amplhtude and the effectse part of the
sturulus thus acts on the receptor for a progressneh loager ume What seers
ore than the prok of the disch however 3 that the
smpulse iterval +as remaskably constan: which implies that the firng rate
was ndependent of the amplitude of the displ, This 1s shown graphically
fr another sumular receptor i Fig 3B Thus, in the veny rapdly adapting
Teceptors, the amplirude of the sumulus snfluenced only the number of impulses
Per sumulys which was a knear function of the displacement ;m 1«
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Fig 2 Records (A—~F) showing series of rexponscs obtamed from a very rapidly m?‘ﬁ
touch reeeptor by suprathreshold sumul: of dufferent gradients indscated 10 pam s 1o the
of records. Honzontal bar in A 50 msec, 10 B 20 msee 1n C 10 msc same pwtep speed 1 O~
Platcau value of displacement 1n all records about 300 u (rheobase 30 4)
Diagram showing relation between dusplacement rate (2 Iog scal ) aad duckary,
frequency {ordinate) 1n the samie receptor Frequency at 2 0 mmlerc (criucal d?x) iﬂw:‘ Be
mmlsec where only one mmpulse was mtiated pl tted on zero s Plack dots b
disgram mark the number of impulses 1nitiated at each rate

i

In the receptors n which the discharge was confined to the moving phas
of the lus at as i the Jlustrated 1 Fig 1
and 2 the number of tmpulses per sumulus decreased when the gradient “;"
made steeper This was of course due to the fact that the effective part of the
stumulus became shorter Even if the displacement was allowed to pr:(c i
to sts upper physiological hmit (cf Methods), the nsig phas mught e
short that there was tune for the mitation of only a few wmpulses At u’;"
one 1mpulst was always obtained with the stecpest gradients used 11 m:hps‘urp
series of experiments about 80 p/msec In some reccptors aen !;-' A
stimuli produced a short repetitine discharge and a few demmr'gf ol
that were 1mtiated smmediately after the end of the nang phﬂS: of e
chameal pulse was a rather frequent finding When the effect of V?‘Z g;dx:‘

1 Litude was d 10 thesc cases the result was sumis it
t d cn’u 1 with lower grad ¢ e the numbe ﬂf"‘:;;}’e of1he
the discharge but not the finng rate was related to the platead

out by HooLusn and Lrvperoy (1961}, pro
farge afferent fitres

3

displacement pably touch
(A filres) ar¢

As pomted
eceptors 1n the toad s skin connected to
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A :]
I4 ot

et e

Fz3 & st h t

pe frequency curve from very rap dly adapting touch receptar with selatnely
wide eptimal slgpe nngfcy(‘.rmca\ slope 0 14 mmjsec The number of impulses wutiated at the
emous rates are denoted by biack dots below the dugram I Ampbiude frequency curse f om
e receptor abtamed at a duplacement rate of 13 mmisec The threshold for the £ret am
¥ 52 was 23 s and for the second 110 g

pudly adapting mn the sense that only discharges of lumted duraton are
obtaned on 3 h 1 with constant amphtude
2d reasonable furce Among these receptors some are very rapidly adapting
21t produce only short bursts of impulses while others are less rapidly adapting
and gine Jonger bursts In the experiments 1 which the mfluence of the rate of
the displacement was examuned more closely these two tanants of touch
Teceptors showed differcnces 1 thewr behaviour s> that they are best de
*tned separately

@ zery raprdly adaphing receptors hred only durmng the phase of deformaton
f(?l)oumg the vnset of the mechanical simulus and nut at alt during the plateau
phase of the stmub except on steep gradient stimulation sn some cases
2 described above The mummum cffective deformation rate {enitseal slope)
Wasrelatively tugh and the maxumal number of impulses that could be smtiated
by a single sumulus was rather small Somenmes anly a few impulses were
€licited even if the amphiude of the displacement was many times the threshold
Yalue In Fig 2 records A—F show a serics of responses obtamed from a
Nery yapidly adapting receptor at different deformation 1ates At a low rate
R m A (2 mmisce same as enticalsiope) oratahih rate asin F (24 mumsec)
only one ympuise was mtated 1 spite of the amplieude of the displacement
Being about ten tmes the rheoliaste value At intermediate rates (B—E) the
Tesponse consisted of two to four smpubes The finng rate plotted as frequency
of smpulses per second tarted with the gridient of the sumulus in 2 chariwc
teristic w 1y as ts sllustrated m the dageim an Fig 2 A seen the frequency
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Fig 4 Responses from a Jess rapidly adapung touch receptor obtemed at different n;&f

duplacement. A—C same sweep speed tune bar in A 200
muee. D—F same gueep 4
tgx{!’ntbzrmDZOmxc. Sumulus gradients m A 025 mBO5 mCand D33 m}lqh uf
mm/see, Plateas valus of dusplacement same i all records about 250 p

rose steeply and was inearly related to the loganthm of the gradient + hen ths
was increased from about 3 mmfsec to 119 mmjsec Above 115 mmiscc 2
moderate reducton of the frequency occurred {this reduction vas usually
shght cf Fig 3 3 and 6, The frequency curie could not be draws bevond
18 mm/scc since at stll higher rates only one impulse was smnated n s

Teceptor
The number of 1mpul: Jus ok d a1 the vanous deformaton
has been denoted by filled circles on the hine below the diagr.m1n Fiz 2
1he maumum number of four impulses was minated at 10 mm/<es, and 2t
< 115 mmiscc The latter gradient was the same at which the maxmum fe
quency occurred In other receptors the maximum number of smpules w3
obtained over a wider range of rates Fig 3 A shovs the lopr frege noy uné
from a receptor i which the maximum of four smpulses was ebated Lo 10
to 18 mmjsec Ths range corresponded to the upper part of the steeply 714 £
section of the curte which meaps that the frequency of the discharge 138
also relatriely hugh
A slope frequency cunve of sumilar tvpe as shown m Fiz 2 and 34 “j;
obtamned mot only from the very rapidhy adapting receptors but alss 3™ ‘
be illustrated below from the less rapdly adapting ones The G!P-“‘l(“l;
grading the mtensitv of the afferent discharge according 10 the gradient
stumulus was thus a common property of all the rapidly adapting woch :;:(Z
tors The range of gradients where the mmpulse frequency vaned ”\ﬁ s
displacement rate w 1l be called the optimal slope ran,¢ of the Teceptor e
this range the frequency was roughly proportional to the Iogantha fn -
duplacement rate In the very rapidly adapting receptors nunuhunns:z’d“
3p 1} £ opumal range also resulted 1n a greater number of 1mpubrs PT

than did stmulation at any other rate

-



DLCHARGE IN TOLCH RECEPTOR 355

mp/

-

0

Fig 00 3,
1% 5 Shope frequency cune from

Rpidy adapiing receptor Crat
2 lope 008 mmisee. L N a0d U

e bt vesp  of the optimal
A9 g Black dots belgw the
L represent the number of L
sihdkes wutsated at dufferent rates 4

Gsplicement. \ote the sereas
B umber at You rares

r

E,L

pea s o
¥
reeeey

.
LRy

Tn contrage 1 the very rapidly adapting receptors the less rapidly adapting
@ distharged also dunng the platean phase of the stmubs provided the
:}‘ZP{;:de of the displacement amounted to at least a few multiples of the
“‘:)h < The behaviour of the il or dynamic discharge was sumilar
o ,E:Zdur the verv rapudly adapting receptors but certan differences were
Therecorgs 1mFig 4show the responses obtained from 2 less rapidly adapting
ePloF en stumulation a1 varous deformauon rates Typically the erstical
m},}::h‘us Comparatively low 1n ths case less than 008 mmjsec (record A)
% the lowest rate of the 1 Asa the d of
n: Tsg phase was considerable at least for the first decade of rates above the
.« sdope (records A and B) The total mumber of sputses initiated during
’!dux::ng Phase yas Preatest at these low rates and underwent a successive
mp,dlym‘ 2 the rate was increased This pattern was charactenstic of the less
fam #dapung Teceptors Further the impulse interval was usually not con
Wagog . murished towards the end of the rising phase at least at low defor
Tte v pg o> (I8 4 A and B) The correlation between amphtude and fining
he disg "ot close however At hugher rates the impulses of the first part of
gl 388 Were spaced more equally as m the discharge from the very
¥ 2dapting recepors or were closest at the begmmng (Fig ¢ E—F)
t;‘l:r;‘a:? intetmediate displacement rates the dynamuc discharge was considered
10 the discharge wuniated during the nsing phase of the sumulus and

oy
"htre?;:y Y separated from the platean discharge becavse of the slow tume relations
Lo wsually a pause or a sudden change 1 discharge frequency at the end
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de 2
. an g

° 3 x93 ° s 18 w—f e
Fig 7 Hustograms showing the dutribution of the widths (A) and the m dpownts (B) of the
ophnal slope ranges of 21 Feceptors. Strpplng i A marks receptars class fied 23 very rapndly
adapting

Fig 5 also lustrates in black dots below the diagram the merease of the
number of tmpulses per Jus at Jow displ rates For this particular
receptor the number of impulses imniated at rates near the enitical alope could
not be deterruned since this was less than 0 07 mm/sec the Jower Iimit of the
) Such a d would probabl

have shown however, that
the number of impulses decreases agamn near the enucal slope This was 1

dicated by the beh, ur of a fow of type the criical
slopes of which happerned to be just within the range of the sumulator bi,, §
15 from one of these receptors As appears from thre representation an black
dots below the diagram the total number of impulses, although having 1s

maxsmurm at low rates deereased successnely as the entical slope was ap-
proached

In all the optimal slope range was determined for 21 receptors \ine of
these were classified as very rapidly adaptin,, mine as lers rapidly ad ipting
and three as itermediary The optimal ranges of the various receptors over
lapped considerably and the whole samplr apprared as a hamagrneoun , foup
both with respect to the widths of the ran,es and the abwlute values of (ke
range mts To all thus the distnib of the I of the ranyes
was chosen The midpoint of the optimal slope range for example Man Fig %,
ds 1o half the frequerey of the recepm Fhe abucre o
at this point may be taken (o indicate by 4 single value the seuutivity of the
receptor 1 1th regard to st position on the srale of def mation rates Av Appass
from the hutygram o Tiz 78 all mudpenty fell within ane and the same
decade of rates V- i mmpsec) The upper fimis of the cjumil ranpes,
1 ¢ therates corresponding to Uan Fi, 5 shawed a simal sr toseow diteslingtion
while the dustribution of the lower limsts (3 F 1n Fig 1) way bt selre dhinnt
I 5 decades A ol se comparson with the ditributs m of the eestieal shr pro s
not possible since § 1 several sewept v these were lomer than the bowe ¢ rite
of the sumulatur and therefore remuned hypothetieal  The av ul st le o yles
indicate howerer that therr datribution oy have been tver Lao dee wles
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Discussion

The most conspicuous finding during the present investigation was the graded
effect on the receptor discharge of varying the rate of rise of the sumulus The
fact that the rate of displacement of the shin surface could be signalled by
means of the frequency code may be of primary physiological importance since
2t forms a basis for an exact reproduction of the { ch of the
stimuly The P d are d to large afferent fibres with
a relatinely hugh conduction velocrty, and adapt mote or less rapidly Further
they are located superficially s the skin and have comparatnely low thres
holds All these charactenstics make the recepors swtable for tacule dis
crimunation and the present results fit well with such a function

The wmpulse frequency and to a certam extent, the number of mpulses
& two most important parameters of the respon.c

per simulus were evidently the
ey and the

that were nfluenced by the gradient of the stmulus The laten
rheobase are also snfluenced, mamly, however, at gradients just above the
entical slope (HooLusp and Livpsiow 1961) As regards the rheobase, 1t 18
practically constant at all Tugher rates mcluding those w 1thin the optimai range
The discharge freq; <was independent of the amphitude of the stunulus
n the very rap dly adaplng receptors, and at certam duplzcuncntdra;c;
also 1n the less rapidly adapting receptors This finding was uncxpecied an

ledye of
from the more exiensive knowledy
may at first sight be surprising since , N :

the behaviour of slowly adapting sense dant
lus In the raprdly adapting
frequency as a function of the amplitude of the imu ushu"ly ¢ amportant

touch receptors howeier progressive deformation 15 7! e the genrral
for the exatation than steady deformation 1t 15 1n analogy

uate

prmaple of frequency modulation for signallrg the 5“:25‘.: zgfl :?hcjme

stmult to sense organs that the frequency of the dischatg® lsch eepors The

of the displacement nstead of its absolute height 1 su ofmcsumuhuon
amplitude of a msing stinulus on the other hand 153 function

~ " and determmnes the duration of the discharge

uon bel
The present experiments were concerned with b yelat

tweca skin
links

tusplacement and wmpulse discharge and not dmrfdym;a‘:;n .
i the transmussion process such as the actual defo o ot enertor
sensiive TECEPLOT structures and the formaton of r;:cr}:m o e isted 0
potentials The mnteresting question of how mcscdk;em ) e parametes o
result 1n a rewular relationshup of the type fom;x B e et el
the stmulus and those of the discharge may ao¥ e el 75) sumgest

The constant finng rate during the 158 phase of i sufice ard
a dm:ct relaponshup between the rate of d)sphccl!‘::l o

he sensary

e Oizi: gg:a:?\:d[::rcmhg\\ ever that the lmk::;’ l’):":jn ot
g Pz:;;‘m Refractonness of the nene endmgs ¢ & ©
more Co!
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which 15 refevant for the formation of the discharge The impulse frequency
of the latter may ultimately be regarded as the outcome of a balance between
antton and refractonmess The refractory state 1s Jong lasting 1 these
Teceptors and shows summation even at Jow repetition tates {Livparox 1958}
Ittherefore nfh the brhity atall i d yielding rep ©
dicharges The summation cunve 15 pot hnear (Lovoneos 1938 ¥ig 20) and
batto be matched with a non hnear excitatory snerease 1a vesult i the regular
dscharge actually vecorded It s thevelore not to be expected that the relations
Betseen the indrvidual hnks mn the receptor mechamsm should be mumple hnear
oaes This at least does not seem to be the case for the last stage which 1
#1pposed 1o be the from a g P 1 to action potennals
B stmulating the endings directly wath slowly msing currents as a model
Eperiment 1t might be posssble o shos whach »ave form a generator patential
thould have to srunate a segular discharge m these receptors {ef Gravr
2d Sxog1rm 1943 and Buarsoxs and Yosuno 1932)
conclustons can be drawn from the results presented concermng the

Wtegraton 1 the sensory umits to which the receptors belong The nene
fibres quite often branch penipherally and mpervate sexeral recepiors When
Bare than ane veceptor belonging to the same umt are acinated the receptor
that 15 capable of mtiating the hughest mpubse frequency alone 15 responsible
for the discharge 1n the mawm filre while the other endings ave blocked (Live-
310X 1958) The consequence of this migracuion can now be related directly
10 the characterisucs of the sumulus as followy If sumulation proceeds at
Aifferens gradients in the same receptive field the umt at ezch moment picks
Bp the stimulus o the part of the sumulus which has the steepest gradient

scrmunation will of course not occur between two gradients that both are
cutede the opurmal slope range of the p Further a q =
at the vanous seceptors of a parucular uns arc about equally seosibie to
the gradient Prelmminary experiments pesformed dunng the present
‘etigation indicate that this may be the case

Tt would no doubt be of great intevest 1o know f the results obrained on the
1ad alsg apply to touch receptors of fugher ammals So far detasled data on
e relanon between suprathreshold sumub and are not avasiable
r any other species It seems concenable hoseser that not onlv varous
Wuch receptors but also other 1pes of rapudiv adaping mechanoreeepiors
may behave smilarly As regirds € 7 the meement sensitve ymnt receptors
10 the shore crab Carceans mammas BURRE 1953 found that the discharge
ﬁ’Cquency ncreased with the vel ety { the sumuius Qualitatsely  parallels
Tay also be drawn with stowh adapung mechanorecepiors capable of giung
Phasic responses to raped changes of the sumulus In muscle spindles ¢ g
113 known that the frequency of the namac di.charge imvated on the appls
€ation of stretch 13 dependent ¢ n the raie Sf ruse of the stsmulus {\artruews
1931 Fig 8 \arnupws 1933 Fip 3 Btz 1930; The same phenomenon
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has been observed for pressure receptors (Aprian and ZoTrervan 1926
Fig 8) and certain joint receptors i the cat (Aprian and Usearn 1929 p
142, Bovn and Roserts 1953 Fig 7 Snocrvs 1956 Fig 17)

Certamn differences were observed between the discharge pattern of the
very rapidly adapting receptors and that of the less rapsidly adapting ones
From a functional pownt of view 1t seems more relevant to emphasize the
similanties however The effect of varymng the parameters of the sumuk
wdicated that the dynamic discharge 1n the less rapidly adapting receptors
was equivalent to the discharge m the very rapidly adapting ones Further,
the optimal slope ranges of the vanous receptors overlapped considerably
Nether the distnbution of the ranges along the scale of deformation rates,
sor that of therr widths (Fig 7) 1nd d a sep mto suk {of
HocLun and Lovperos 1961, p 118) It mav be more accurate, therefore,
to consider the very rapudly adapting and the less tapidly adapting touch
Teceptors as vanants within a population than as separate types of receptors
This view seems to be supported by the results of recent subthreshold ex
aitability studies which have shown that a static exaitatory change may occur
also 1 the very rapidly adapting receptors {Lospsroy 1963)

The repetiive firing obtained n some of the very rapidly adapting receptors
on steep d ) d that the d may
outlast the period of progressive deformation and remam strong’ enough to
produce a discharge early in the plateau phase before st subsides A companson
may be drawn with the receptor potential an the Pacian corpuscles in the
cats mesentery which are as rapidly adaptng 2s the most rap udly adapting
touch receptors 1n the toad skin In consistency with the rapid adaptation

Teceptor potential dechnes fast dunng steady sumulation but ts time €on

15 long enough to allow 4 duration of several msee followirg the appht
“n of a rectangular mechamical pulse (Grav and SaTo 1923) In the
ptors studied here some prulongaten of the discharge mto the plateat

“se of the stumulus may also be explamed by summation of residual d)ma:uc
exatation and subthreshold stanc exatation produced by maintained (lsd
placement (Lewsrov 1963) If 1t 15 assumed that wempulses ean be :ml;a;“
only dunng progressive deformauon the vepetitrie finng on stecp ¥ ’w‘_
stimnlation would wmply that the di tion 101 the med sie m:h’;cd
structures may be considerably slower than the surface displacement visu hat
on the sumulus record Ths 1s not hikely, houeter, stace there 1 mld c"“l 17}
the mertia of the tissue 1s shght (¢f Hooruwp and Livoprow 1961 p

dersens
“Fhus work has been supported by a grant from the foundabon Therrse och Johaa A5t
Abnre
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Electrophysiological Investigation of the Gustatory
Effect of Various Biological Sugars
By
H T Awpersen® VL Finasosus® and 3 Zotreraan
Recened 26 May 1962

Abstract

Asperses H T M Fow xowand Y Zorrewuas Elecrophio-
Iogucal wnaestigat on of the gustatory efict of vanous hovgical swgars Neta
phymol scand. 1962 55 362~37> ~ The sumulation chaﬂmms:;:
of vanous suyars found 1n biological matenal have been studied 1
mongrel dog Equmolar solutions of D fructos~ Lsarboss D«;n:z;l
tose, D glucose D-mannose, sucrose maltose and lactose were 2Pl d
10 the tongue of the experumental ammal, and the electrical rrtpfvuem“ d:c
the whols chorda tympans or 1n funcuonal single Ebres of u;;!
recorded and analvzed. The followng order of decrezung mn; 1;%
ability have been established for thr sugars tested using the r{ed;m
response recorded from the un-spht chorda typnpan 232 bas. oxr]’ o
panson Dfruciose - sucros > Lorbose > D-mannose )bmird
cose . maliose . Degalactose - lactosr The mfarmau{o:;’ omm!
from functiona) single fibres gencrally s enfied tus order o bcmrd ou
sugars with the excepuion that maltose 1 4 few iostances © e
ynusually Large response A companson of the physcal mm:d ofire
sugars resealed that large sumulzung ability ofa mgat;&mr‘” ol
10 somor way related 1o bigh water solubihits of the mol - :D;Juw b
Fibres responding 16 the sugas solutions were tesied wi oo
sodium chiorde and quinne. Some fibres appeared spealcfor e
sumub whereas others responded to sodium chimde ;s b‘;: R
to sugar and quintne was never obsersed 1n the s2m” Kiadirve
obtauned b thus direct metbod of study agrec well with et
phvsiolozical myvesigauons

o} ave B
Fellow of thr Norwegsan Rescarch Counal for Somce and b Hursart 1%
s
ﬁt;::fﬁm D:::‘-x:emoj: n? ;,":Z; Dental School Onia Lenerty Qstks, Jap
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Fig 1 Structural formulas of sugars mestigated

v eet taste 1s ehcsted 1n humans by a wide vanety of substances but 1s gen
erally assactated wath the sugars

Besides being of great chemcal wnterest the sugars constitute the most 1~
portant group among the sweet tasting compounds because of their nutnitranal
value as well as for economical reasons

e chemnistry and phystes of the sugars have been studied intensnely and

3ome detarled irformation about the molecular configurations nvolved s avail-
able especrally concerrung the sugars found 1n biwological material

In spue of their closely related molecular structure the sweet sumulating
2bility of the various sugars differs markedly (Becher and Hrrzoc 1906
Bizster Woop and Wasus 1925 Fastaw and Brow 1943) The follo ving
order of drcreasing sweetness has been quoted for a sertes of conmon. sugars
& recent review (Prarsuany 1999, Fructose = sucrose > maltose > glu
@ ¢ > lactose

Even the ¢ and # configuravon of the same sugar may hase dilferent stun
watng charactertsties Thus Carerow (1947 reported that a freshly prepared
©Mution of q D glucose tasted sweeter than a solution 1016 hours old n
Which mutarotation had taken place PancBORN and Gez (1961) have repeated

¢ experument and explored tlus charactersstic 1n several other sugars They
found that the a contiguration of D fructose D ghucose and D galactose are
Sheeter than the § forms wheres § lactose 1s sweeter than e lactose

Not all sugars are sweet howerer One of us (H T A) i estigated the
Bustatory sensations ehicited by thethreesiereo somencaldohexases I galactose,

24467 015 Actaphy rol and Kol 56
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Table I* Phs cal properties of varous mons end dysaccharsdes

Sugar Formula Mole | Denssty Water Natural sources
edar | glml | g | solubuliy
weightl point| gf100 ml
175¢35 G
Diructoss | G, O, 18016{ 1,598 2| 104 [very soluble | Semnal flund
Lsorbose | Cag, © 12016 — | = —~ [ MadefromD sorbut
of by conversion by
A etobocter suborvda s
Degalactose | €3,0 180 16 —1 168 | 52 ] ~— | Component of lac
tose. Free in yam
maly with congemtal
gafactemia
25 1
2016 Sl 146 | 83 ) ~ | AN higher amma
Dglime | CH, O, 180161 o34 B
0
D-mannose | CH, O 18016 1,5392—4 132 28] ~ Co;;::dz';z!’;;
sa
coproteins
2
Lactose GH,0.HO | eafisnd] — [ 5] 2
20 dation of
Maltose CoH 0,H0 |30n1005 — | 4|10 .D.:f;;umm«
prIvsacchardes
s _ 200 | 230 | All phrtosvnthetic
- CuH 0, 38230) 1 5887 i

e
Chemual Ribber Putlst 2 Go
D ven Nestand Compeny Inc

Jon Msdrr &

“After Handbyok of Chrmistry and Physies, Tiarty-sventh EA
Cleveland 1930 A Spwpzir Solubiinses of Oryame Commonnds T
New York 1951 J S Fevros and § Spuwosps General Biochemustry Sectnd

Sons Inc New York 1929

s the
D mannose and D-glucose 1n 15 human subjects and found lin;’\::lc.:; o
D-galactose and D glucose produced varyng degrees of s:«};csho,d o
mannose was by the subjects reported to taste bitter Thrh D patacione
D-mannose was also found 1o be sigmficantly lower than ¢ (016;(, ) e dem
and Deglucose Recently Stesvmarpr Cawvis and Dcm;‘ b ;na e o
onstrated that @ D mannose 15 sweet while the mixture of ¢

nnose 1 bitter umtion

ﬂ.ﬁuﬁ’ma previous 1 es 1ganons have been ramcci:.ut :Z :1::: et
sests 1n human subjects The purpose of the present 10t Sigs
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Fig 2 Elcctrical responses recorded from whole chonda TMpam: upon 4
ULar solutions to tongue From op to bottom are reco ded’ gpay
© n sec

Pplication of g, v
integrated response and time macks T'mi F

om 8¢ buretee

The taste fibres funning m the charda mPAM WErE studicd gince 4y four clasgeal
faste qualities as well as SPECIBE water sensinivgy Are known (o pe Present in this srye
fure in the dog ( \rretsrre 1958

The operau e procedure was pesforred accorg g to the descnption of Z

N
{1936 wath the mod ficat ons and precaurions Tecommended b Gorbox tal (19
A
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Table II Relatiie sweetness or stumulation ability of sugars

Sugar Becker Brester FaBtas and | Wartov Axpersey
and Voo and | Bruw Fuvarosm
Herzoc WanLivt and
ZoTTERMAN
D fructose 2 173 (1) 1 103—150 (1) 120 (1)
L-sorbose — - — -~ 86 (3)
D salactose 6 P %) - - 8 (7
D glucose 3 7 (3 3 50— 60 (3) 70 (5)
D-mannose —_ — —_ - 77 4
Lactose 5 16 (6) 5 27— 28 (3) 53 (8)
Maltose 3 32 @ 4 60 (3} 6f (u)
Sucrose 1 100 (M) 2 100 (2) 100 (2)

* Lqual weights of the sugars used in the test sotutions

The electrical response from the whole chorda tympaw nerve was recorded by means
of an electronic integrating device before 1t was sphit up wto fine strands contaimirg a
few or only one functional smgle fibre The el p and the
t iployed have been o bed 1n many previous papers from this Jaboratory
(LrtgestRaxn and ZoTrerman 1936 Krrcsets ecal 1998 Gorpov efal 1959 and
Kovisur and ZorteERuAN 1961) and wall therefore not be repeated here .
Eaght sugars 5 harides and 3 fhandes all of them found 1n blol!ogxca
matenal were inveshigated for their stmulating abdity Thev ocluded threr ]; ;:::-
1somenc aldobexoses D galactose D glucose and DD mannose two k:lohe:;loscs D fruc
tose and L-sorbose and three disacchandes lactose maltose and sucrose A Isug: oo
tions were of 0 5 M sirength so that the taste receptors of the tonguc werc al ““Y; ol
™ by the same number of molecules The solutsons were tade ;pbfro;n;;n ;Z,gt !
supplied by hemoaktiebolaget KEBG AB Stockholm ar ‘;e s
nrdditnonal informanon on the physical and chemical propertics o e e
Sres responding to the sugar solutions were also tested with Malt; 2
of sodium chlonde and 2 0 01 M soluton of quinime hydrochlonge ample ume
Fresh solutions of all sugars were prepared 2-—3 hours prior to uc;e B ncows.
~was left for mutarotation to take place until equilibrium was reached an
ly fermentation was kept mnimal

Results

Integraled vesponses ecorded
The integrated response of the whole chorda fympant n::::r::‘c;rrodu:cd
n all of the dogs In Fig 2 the results obtamed inone expenm posuble 0 avord

a
By asuttable 1rangement of the dispensing aPP“’:‘:‘; ’5’ ‘; “difFecent solutions

Sy tors
appreaiable 1 of the roduce Any
m’::ic contact with the surface of the tongue Waf)Cf alo.’::f;gx:::;r‘; however
N Y1 P m ths prep All of the sug 2 tympans s ten

ord:
produced conspicuous bursts of electrical activaty 1n the ch
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i -
D fric ose
o P ST £ 7 L
7 ornase
» s -
D ga actose
- 3
D glucose
Ll I
Fg 3 Records obramed -
from small strand of chorda o
tympans contaw ng only
one firsctonal fibre Tine  ia er
nsed

apphed 10 the tongue D fructose mvariably prosed to be the strongest sumulus
among the sugars next followed by sucrose Amang the aldobexoses I man
nose almost alnwavs ehated the largest response D galactose and D glucose
tended 1o vary somewhat trom one expeniment to another as to which one
would produce the greater effect Thus the exp shownn Fig 2D galactose
turned out W evoke the larger response but on the whole D glacose appeared
to be the most potent stmulus of the two Lesorbose was frequently found to
be approamaiely half asstrong a s mulus as D fructose

The response pattern resulting from stimulation with the three disacchandes
was veny clear cut and established w eve P the foll;
decseasing sumulating abihry ducrose > maltose > lactose

An average value for the sweetness of each sugar is presented 1 Table IT
These figures have been armed ac by usng all experunental data obtamed
fcom the whole charda tympans by means of the mtegrator The deflecuon from
the base hne produced by sucrose has been gnen an arbimary alue of 100
wnits 1 cach indnidual expenment The relative sweetness of the other sugars
have been determuned en this basis and the corresponding means for the whole
sexies of expertments calculated The reason for usung sucrose as a standard
with a value of 100 units 15 10 make our results comparable 1o those of previous
workers The resulis abtamned by Brexer and Herzoa (1906} Brester Woon
and Wanery (1920} and Faatas and Brow (1943) are provided m Table

g order of
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0 sorbose | D mannose 1
k
- e
. . - - -
D galactose Water
N N

— o = ¢ -

D glucase NaCl 0 5 M
- "
s oty

o
‘g 4 Functional sgle fibre from the chorda tympant responding

Fi to D tructose onh n
y among
the 05 M solutions of monosaccharides tested Tine 1n sec

d by (he authors

for comparison Where no g has been )

the sweetest sugar has been 1dentified with ne 1 the next with no 2 and so

on

The integrated responses from the whole chorda tympani

recorded when the tongue was sumulated with salt (05 M NaCl

{001 M quimne hydrochlonde} and are shown m Fig 2 The s

produced a relatively small and compared wath the sugars rathee phasic re
sponse The bitter stimulus ehated onlv a very shght effect

The magnitude of the wntegrated response 1% determuned not only by the

er of actie fibres and therr frequencies but also by the size of the m

1 spike potentals Hence although of great statistical interest the sn

ated response can only be regarded as a refatinely crude estumate of the

3 potential of the vanous sugars Therefore the queshion whether

~uctose and sucrose elicit their large responses by actnating more fibres than

the other sugirs or by sumulating the same receptors with a greates l’rrq“!"C;

can only be answered through the study of the responses from funcuonal stagle

fibres

nenve were also
} and lIntter
alt solution

Indiwidual fibres Afonvsacchand s
Figs 3 and 4 present the responses produ

fibres after sumulation of the tongue with monosacchandes Lot
n Fig 3 exhubited some spo 1 and was stmulated by 8 b

the five sugars D fructose apprared to be more than twice 1S jc‘lfzﬂalc:f\ :(!) D
mannose and L-sorbose which were equally potent stmult }1“ et of
the fibre resulung from stumulauon with D glucose was on!lj‘f‘ !1; T
D raannose and Lesorbose but twice as large as that of D galac

at functional single

ced 1n two differes
The fibre shown
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Sucrose
v

R S SRS 1< T TN
T Basisie) a4

Maltose _

I IO/ . R | ) |

T tad

Lactose

Fig 5 Elect seal responses recorded from functional smgle fibre upon appl cation of 0 5 AL
Kolitions of dusacchandes o the tongue Time 1a sec

this case eheited the smallest response This fibre did not respond to water,
salt or quinme

Fig 4 shows a fibre which did not display spontaneous discharge Among
the sweet sumuly only D fructose ehcited electrical actvity 1n this preparation
but ike the fibre 1n Fig 3 no response was produced when water 05 M NaCl
or 001 M quinme hydrochlorsde were applied This type of fibre which only
respanded to the strongest stimulus among the 0 5 M sugars was faucly frequent
Y observed

Disaecharides

The responses of a functional single fibre to the application of 0 5 \{ solu
tions of the disaccharides to the tongue of the dog 1s reproduced 1n Fig 5 The
activity 1n thes fibre resulting from such stumulation confirm the findings ob-
taned by means of the integrator namely that sucrose chicits the largest re-
sponse of the three and lactose the smallest maltose being the mddlemost In
this case maltose evoked approximately half as many spikes per umit tume as
sucrose did and twice as many as lactose

Tt may also be observed that the nme elapsing from the stunulus reached
the tongue unul the response could be recorded was shorter 1 the case of
sucrose than for the two other sugars dp. diseh was exhibited
by this fibre but quimne salt and water failed to produce any effect

Complete sugar sert s

‘The arious responses produced in a fibre by all of the different sugars are
shown 1n Fig 6 These folloy roughly the same patterns as descnibed i the
section on the integrated responses D fructose was s usual by far the most
effectise stimulus 1 terms of spikes recorded per urmt tme whate the response
to sucrose + as atout 2;3 that of D fructose By the same means of comparison
D galactose D glucose Lesorbose and maltose elicited very nearly the same
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Ietasoan, - AR S )

D fructose

M————— ol 1 1 X

t_sarboss

D galactose i

D gluco o

D oma -

ue oo

Maltas

Lacios

W ore

Note
om thin strand of chorda tympanm contaming only one funce ial Sbre

6 Records fr 1ot
3 o o D-fructose and sucrosc as compared to those of D galact s¢ and ks

the large responses 1
Time 1 sec

e smal
Tesponse all of them being approximately half as effectn e as s:m:;: :“:‘m r
lest responses seen 1n thy fibre were produced by lactose an (Sn ol 23
prsingly D mannoe Both of the latter were only half as strong

the group previously discussed

Unspecific fibres 1 only
The functonal single filires 5o far descrrbed responded to sweet stmy

m chionde
We found however some fibres which responded (oha Oi‘}{l;"‘;‘“[\mong the
solupion as well as to the sugars An example 15 furnished Im: Sbie 10 produce
05 M sugar sofutions used only 1 fructose and sucrose 1\\‘ e ath manesae
a clear cut response 1n this fibre Thus as far as stumul &
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Diew o

SR SN XL

Lo b '

Al coesu

He 7 Reeords sho ving an wnspeciic funcuonal smgle fbre from the cho da tympant This
b retpondew to salt ay well a5 o sugars Time n sec

chandes is concerned  thas fibre has a certam resemblance to the fibre shown
n g 4 Yater did not ehat any clectrical activity 1 this preparation but it
™sponded to 05 \f NaCl with exactly as many spikes per untt func as st dhd
10 sucrose

“Valtose fibres

Finally the pecubar sumulating properties of the dnacchande maltose ought
1o be mentoned

In a fen preparations 1t was obrerved that this parvcular sugar ehicited 2
Massive volley of wmpulses upon stmulavon whereas the other sugars caused
2 much smaller response Furthermore the magmtude of the respanses of the
other sugars did not differ very much 1n preparanons m which the conspicucug
Tesponse to maltose was obseried

Unlortunately 2t has not been posstble to obtamn a very good single mafiose
fibre » but un Fig 8a record obtmned from a very thin strand of the charda
fYmpan: contanng twa functional fibres s provided The umt displaving smat
ler spikes 45 probabhy a salt fibre prmantly judging from the response 1o a
9.5\ solutian of NaCl but 1t 15 abso 1o some extent sumulated by same of the
Sugars The larger umt did nat respond appreciably w salt whercay alf of the
Sugars produced a definite sncrease 1o sts rate of finng The raost peculiar feature
Of this fibre 15 howeser 1S +1gOTOUS FESPONSE 10 sumulation with maltose It

as b tinely been clusified a5 2 maltose fibre The same phe
Romenon has beea observed in other preparatons (Table 1 fibres 2 | 1)
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Toble 111 Characterrsties of all fumetimal smgle fibres studied
Numerator Number of spikes  Denomugator: Time 1n sec
Fibrenof D frue | Lesorbe | Dgalae-{ Dglu | Doman | Lactose | Maltose | Sucrose
tose ose tose tose nose
1 ute | o0 o/10 ofte of10 - — —_
2 60,3 | 803 st { 2943 80/3 5143 933 43/3
3 | sys | 35 38/5 37/5 59/5 7215 7505 822
4 99/ | 38/ 135 | 22/ 40/5 — — -
5 103{5 3115 335 3075 1875 1345 305 7015
6 832 - — — — {195 5 €31/3
7 3914 14 14 24 4% 3/4 444 1944
8 89/5 | 2715 1905 125 | 285 18/5 45 97/
8 245 | 305 15 | 20/ 32/5 27{5 5/5 1545
10 a8/ | 165 8/5 18/5 145 nfs 705 16/5
1 5315 | 445 455 5 | 325 41> 7415 45
Another ch wsuc of the p din Fig 815 that where

as the sweet shmuh primanty ehicated a response from

the larger umt and to a

Jesser degree ako actnated the smaller the salt solution produced a phasc

burst of impulses m the smaller one but mhubited the activity m the larger
The charactersstics of all single hibres studied 1 the present muestigation are

summarized 1n Table 1II Here therr trapulse activity m response to different

stunub used have been provided 1 terms of number of impulses duning a cer
tain measured tune

The results ot

d 1 previous psychoph

Duscassion

studies and our electro-

physiologieal findings (Table If) establish essentially the same raung for the

»ATIOUS SUZATS a5

The

tve confirmation of the earhier mmveshigations

1 evidence,

0 their relative sweetness or sumulating ability respectisely
appears to provide a quantita

Whereas the over all prenue presents itself very much the same by these twa

methods of study

the

of the &

have furnished some new  detaled mformation
Thus seme of the funcuonal suingle fibres studied were actnvated by all of
the sugars tested (Fig 6 Table 1I) All of these filres exhibited the largest
response to D fructose and then next to sucsose We alo observed some fibres
which displayed electrical actvary only after stmulation of the tangque with
these two sugaes remammg silent after the apphcaton of all of the other swect
stmul (Frg 4 and 7) Ths scems to sndicate that swect receptors suth o
ferent threshold salues exust so that D fructose and sucrose eliext thesr |

67,075 1 ta phy ol

ond Yol 56

1 single fibres 4

"
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Tesponses from th
frequency i the lcn;::}i:::‘::r: ‘};uh‘apamhmm »ot only by seitng up bigher
activating more fibres ? n that of the other sugars but alsp by
The us diffe n L abily
sugars must be e g ty displayed by the vanous
and by revapter Eh[;ia;:zc{lﬂl;); therr different chemucal or physcal properties
The malecular structure of the sugars are shown 1 Fig 1 D fructose a
pears ;_n this figure i the furanose form, 1w which 1t parucipates m the l’om:
;:x)o? n::;: ‘:?:n;;; pi;r :I:;:Idfbe r;mcmbcred hawever, that 1 a solution of frec
b e form domnates (Frurov and Spiionos 1959 p #9)
e very tateresting observation may be made by companng the mofeewlas
structures of the sugars (Fig 1) and thewr sumulating power (Table 1T} Itwll
appear that among the monosacchandes the magmtude of the response ful
lows the order I fructose > D glucose > D galactose And similarly, for the
disacchandes sucrose > maltose 3> lactose In all of these three dusacchandes
D glucose constitutes one half of the molecule, the other parnuipant bewng I
fructose, D glucose and D galactose respectvely Hrare tle following rule
appears established for the six sugars mnvolved 1m this considerauon Swnee 3ll
of the disacchardes have D glucose n common as ore half of the molecule
their relatn £ sweetness and ) ainlity appears d d by the other
e hande 1n the molecule Furthermore each disacchande
15 less effertive than an equirmolar solubon of that rmonosacchatide par
uopatng W ats molecule which 15 not common to the ather o dissccha
ndes or D fructo ¢ > sucrose > D glucose > mafloye > B galictose >
> Jactose These results scem to prove that the disaschande molecules are pot
. sphit when the solutions of sucrase maltose ot Jactese ac appled to the tongue
~of the dog If namely an appreciable cleavage of these aolecules il e o1
spituent monosacchardes had tahen place, the actual number of mmul-\;ng
sugar molecules waould have been very much meseased over that of the $7%
nons made up from pure monosacchandes Thus the sofubion? nfsulc;t):
mmaltose and lactose would have been cxpc:\cd 1o elicit 2 camspnndmg?y 4
Tesponse
At lcast onc of the physical propesties supplied in Table 1 fits pﬂfmbﬁ“;‘:‘
tus rule namely the water solubahty The onclusion as furas the sx:f; S
concerned saust therefore be that greater watet whibils 5 smuanms
sweeter faste and stronger sumulatmg abkty This of course (:: :,(mmq
sanly smply that the latter properties depend directly on the ‘;:;b(cﬁr\ﬂtcr
1t may as well indicate that the moleculat cb:;:‘"“b““ respo
solubshity also are tmpartant as to sweet simulation g3 1m
pm;ﬂt]y; ,theresno 5ammcter which correlatesobs ;aw’)’; ? ;}; ;}:::;:‘;z iter
ulation someumes produced by maltose (Table HF fbres
pretatiant of this phenomenon rematns obscure
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Effect of Reserpne and Hypogastric Denervation on
the Noradrenaline Content of the Vas Deferens
and the Seminal Vesicle of the Gunea-Pg
By
Nus O Spostranp
Recewed 28 BMay 1967

Abstract

SJOSTRAND N O Effect of rese prue @ d bypo asine denereation on the
nnmi‘rena(me content of tlui vas deferens and the semnal vest 'e of { 3 5;”’ o4
£i2 Acta physiol scand 1907 56 3/6—380 ~— The tz;x ; C;;;"
and the seminal vesicle of the gunea pig contated 1 hugl st re
adrenaline concentrations of 10 056 and 431 026 pgig t

buf heyhle amotnts of lne After m’rptl:
1zation no amounts of drenal rwmam:i‘ leﬂ lh:
organs  Following parual removal of the hypog?st:‘cl euced
noradrenalne content of the otgans was only "g,rhi cobable
1282076 snd 42 3+ 056 gly tusue tespecticly Thr probab
heral synaptic T
umcn'anozr o?‘ the vas dcfer::s r;nd the serinal veicle 1¢ chscussed

hlockin,
In a previous report (S35 TRAND 1962) it was shown ?gﬂ;cb;::;éi‘:';:;mgﬂmg
agents inhibut the motor response of the guinea pig sas ‘C chohnergic) synaptic
nerve sumulation These results indacate that 2 peripheral (l’ the guine1 pig vas
mechamsm 1s mvolved 1 the sympathene mnervation On of the Iapogasine
deferens If tis ss the case then section and d“g"”cm‘; by the reductionin
nerve branches o this organ should not be accompanic e 5
catecholamune content which 15 seen it other t;rgli\m after pos
pathetic denervation (Evrer and PuanL:’d:r Jm) determne the effects ({f
The present study was undertaken 10 O he catrehalamne content O

et
reserpimzation nd hypogastne denens ;mor; oﬂr S
the ductus deferens and the semmnal vestcle

376
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Table I Effect of hyp dr on the drenaline content of the vas deferens and
Yie semunal vestele of the gumea prg
Guna pig no Body Weight of | Noradsemalme | Wesght | Nor
weight | parafVasa| in vas defercns | of pair of | adrensline
deferentia | (ugfg ussue) semunal n semunal
(7] wesicles vesicles
() {pg'g tissue)
Controls
! 380 ot 100 042 52
2 610 016 57 094 51
3 383 016 1nz 065 40
N 570 018 87 085 36
: 150 010 18 049 41
560 016 83 063 39
Vet s B, 50133 |ot4£002 | 1002 0% | 0671008 432026
Denervated
? 39, 010 58 050 50
8 500 016 64 083 33
k4 155 012 74 046 43
0 515 013 105 055 44
! 530 015 89 084 28
Mean Sk, 433527 [013:£001 | 804£076 0651009 ) 42055
Difference
€onteol-denery aserd - - 20409 - 01+058
(01>p>003)

Earher studics have indicated the presence of relately large amounts of
adtenaline ke materral  the vesicular gland and ampulla ductus deferentis
of vanous species (EULER 1934) and more recently noradrenahine has been
found 1n large amounts 1n the vesicular gland of the steer (Evisw 1961)

Material and methods

Sixteen guinea pigs weighmg about 400—600 g were divided 11 § groups One
&oup of 6 animals served as controls and received no treatment for the 10 davs the
Speniment lasted One group of 5 anumals recenved no trearment the first 8 days of

¢ expeniment. The ammals were mjected with 05 mg/kg reserpine (Serpasil@)
Subcutancously 48 hours before the end of the experiment and 24 hours later they
Were guen 15 mg kg reserpine by mtraperitancal injection One group of 5 animals
Was submitted to hvpogastnc denenation duning nembutal anesthesja supplanented
When necessary with ether ‘The abdomen was opened with a mudlie mersion The

Ypogastric nerves were removed from ther ongin bedow the Ldneys ta a pamnt close
10 the seminal vesicles After remosal of about S cm of the hypogastric nerve on each
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ude the abdomen was closed The Anumals were sacnfied 10 dags afier the operaton
by 2 blow ont the head The ductus deferens and the seminal vesicle were remoyved
and cleaned and their contents of secretions and spermatozoa were squeezed out as
much as possible ‘The denervation was checked by electrsc stimudation in the area
where the hypogastnic nenve 1s normally Jocated 1 no case was a contraction of the
vas deferens or the seminal vesiele seen

After removal the organs were weighed and cach parr of organs was homogenized
with an Ultra Turrax apparatus 1 20 ml of § per cent tuchloroacetic aad After 30
R extraction the organ etracts were filtered and the catechol amines were adsorbed
on columns of alumna cluted and estimated aceording to the method of Lirzr and
Listajro (1961) Recovery experiments yielded 8899 per cent of added amounts of
noradrenaline the mean of 6 experiments beng % per cont

Results

Tnble I gives the individual data obtained from the control group and the
denervated group, the mean 3-8 T of exch group and the difference i nor
adrenaline content between controls and denervated wumals

As seen fram Table T there 1s a shght reduction in noradrenaline content
following removal of the hypogastric nerves The difference i noradrenal n;:
content between control ammals and denervated ammab 15 Iu:;vc\cr .::1
statistically significant by the Student 1 test and m the case of the ;r(r\r‘!nn
vesicle 18 absolutely neghgible There are no significint d;f;‘:r:nc&:m Co o
the two groups mn other respeets ¢ f m body weights and weig!

nf the sernal vesicles
“ISV"O lirc\l::scu:;ilc‘:(:noums of noradrenalne were found 10 the 3352 deferentia
and the seminal vesicles from the reserpine treated g“’:P ated specimers
1f present 1t all, adrenaline m the controls and in the deners

€S
—onstituted Jess than 3 per cent of the total catechol amu

Dascussion
¢ the vas deferens and the serunal
ts of noradrenalint Reserpine

_ . .as been shown 1n the present study tha
ns, but they are not ovestly
3

vesicle of the guinea pig contatn hiph amoun!
depletes the noradren ihne stores of these orga -
ffected by partiil removal of the hypogastn® nd e semunal sesicle sects

The motor wneryition of the vas deferens Aanmmu\ 18°%6) 313 the hypo-
to be exclusively sympathetc (Lavots wd 2 stimulation 15 probably

tric nerve The transmitter released on hypogastric whahed) The ‘motor
i (Hunovic 1961 Sjostranp 1962 0 be pi o strmulation 38
adrcncrg‘;f the gumea pig vas deferens 10 Jivpogastnc ::;nmu:') N dreating
e bloched by ganghome blocking agerts (Syosrir ¢ which the nene
however (l) " l)‘fc mechansm presumably clmlmcrg)mm“m T cos
P :Z“ :I:ss before 1t releases the ndrcncfb’fd“:;‘c d by postsynaphe
S‘:‘ln::nuls\n!cmiomcﬁl of peripheral orgeas # greatly 1
adr
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denenation {Eurer and Purxiolo 1901, Gooparr. 1921) but not by pre
ganghonse denenvation (Reuw 1038) The fact that an the present report
hypogasine denervation caused hittle or no decrease i the amount of not
srtnaline n the vas deferens and the semmnal vemele therefore strongly
wdicates the presence of 2 penphcral synapse Another explanation of the
present vesults nught be that the noradrepaline content of the yas deferens
a4 the semmal vemele 15 devned clucfly from other sources than the hypo
gastric nerve This explanation facks hovever morphological and physiclogical
support and would require an abundant sympathetic mNENVALOL of these
VrZans not SATVIRG MOLor Purp: The small muigmf d 1 nor
adtenaline content of the vas deferens observed after removal of the hypo-
gastric rerve {if not due to random effects) mught be explained by some fibers
denang from synapses located mn the removed part of the hypogastne nerve
or abose 1t In this respect the findings of BupnsTock and Howmax (1962}
are of particular tnterest They found that 813 days after nene section
stmalation of the distal part of the hypogastnic nerve sall ehated junction
potentials 1n the smoath muscle eells of the guinea pig vas deferens although
they were smaller and slower than normal Their sesults mught be due to
Bbers lmmg a synaptic connechon below the sccthion and located m the
vinmty of the stsmulating electrodes BurasTOCh and Howuas further found
that the rate of disch of smmall sp p ts was markedly slower
 denervated proparations whach they explamed as an effect of degeneration
of sympathetic fibers These findings rught seem contradictory to the present
tewdis It 1 posable however thav the spontancous discharge i non
denenated speamens 15 partly due to ympulses from the cut nerves and the
synaptic regions and that discharge of tns type 15 abolished by denervation

The location and tvpe of these postulated synapses can at presoat only be
3 matter of speculation  they rght be true ganghomc synapses located 1n the
tssues adjacent to the vas deferens and the seminal vesicle or wathtn them or
they might be synapses befween newrons and chromaffin cells Histochemucal

studies wndicate an d: of gerve Is in the vas deferens
{Falck personal commumeation} Thus it is not necessary to pestulate that
thromaffin cells are a source of the large of d

after section of the hypogastric peres

The present findings that ugh doses of reserpiac releases noradrenakine from
the ductus deferens and the semnal vesicle 15 59 accordance with results obtawed
from other organs (BerTter CARLSON and Rosencrex 1956 \Muscroin and
N oot 1958 Braw and Ranp 1028) Thecomplete deplction of the noradrenaline
' more mdieatne of a storage wn adrenergic nerves than i chromaffin cells

This imyest gat on was supparted by grans from harol neks Inst tutet Wallenberg Foun

a1 0n and Seit feen Lars F estas M ane The sechin cal amaance of Mr Joux Joussoy 3

t"“ﬂmﬂy acknowledg d Reserpne {Serpas 1) was k adly put at my disposal by CIBA A ~
Mgy
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Erythroporetic Activity
of Saline Washings of Blood Cells Subjected

to Low Atmospheric Pressure m vitro

Il Effect of partial hemolys:s of the blood
By
Yrsa v Hervens Eva Hirsjarvt and Rira Nrroxow
Rece ved 14 June 1962

Abstract

Heuzvs ¥ v E Hi and R Enpthrop
actt sty of saline washings of blood cells subjected to lo. atmosphertc pressure
m oiro 11 Effect of partial hemolysis of the blood Acta physiol scand
1962 56 381384 — In order to test the effect of imittal hemol
ysts on the formation of erythroporetins 1a witro saline suspensions
of partialty hemolssed and non hemolysed washed blood cells swere
subjected to low atmosphenc pressure and the ery throparetic
activity tested by imjecting sammples of the saline into test rabbts
The reaipient ammals 1 the non hemolysed group reacted to
the mngection with an increase i the erythrocyte and retrculocyte
count while i the bemolysed group the myection was mneffectty e
save for a transtent retculocytoss It 1s concluded that the acue
agent or its precursor 15 lost from the blood dunng smutial hemolyns

The results of a previous study suggest that normal blood cells when
Subjected to Jow atmosphenic pressure m sahine suspensions lend an erythro-
Poretic activify to the saline (Himsparva 1958) It was however noted that
if the blood samples were even shightly hemolysed before prepaning the sus-
Pensions no activaty could be detected after the low pressure cxposure This
tncouraged us to carry out some further experiments on the role of hy

emal;
1 the formanon of erythropoictins an vitro tid

381
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Tadle I I ffect of wyechons of saline separated from bw
tressure expased safinr suspensions
hemolysed blood cells ot e tprents® red cells and rettenlocrtes N o sepoins

Re ] Lrythrocytes mill ful Reticalacyte %

cifwent T

no mtnl | Deviation from the Jaatna) | I wig son from ¢h

count mtal eount count amtssl count
2nd 3ed ith-ath IR
day day day dy [ty jdw

t vl 4 03] 4 03] & — D1y 4 07
2 47( + 06 + 09 + 05} 4 30]—m
3 43{ 4 0t oo 4 4 08] 4 04} 00
t 52 4 03] 4 05) 4 408 4 19)+ 01
5 17 ool 4 02} + 425 4 04 36
6 10l 4 07| 4 06] + 407) 4 1054 10
‘ a6{ + 07| + 01] 4 FOG) 410
8 46| ~ 02f 4 02 4 07] 4 06[+ I3
9 58| — 0t] — 03 -
10 48) + 01 -1+ +
i sif | o02] + 02| — -
12 55| — 03] — 05| ~ +
13 4o] 4 05 0ol 4 +
14 500 + 01] — 01

Mean 40t{ 4021] +013[ +020

1 014f 2000] +on| £00

Material and Methods R
As tost animals healthy rabibuts of both scxes wert need 1::010%;‘\1":\“:‘1‘\(“ o 30
donor ammls by heart punctures ot s a few cax {rom 3‘ e
mt were taken from each ammal The blovd symples of 3— e ahod il
plasm discarded and the cells d A e equid
h 9, saline  non hemolysed group and suspended a2
“:f the autsal plasma volume The second portion of cell A
7 saline so that shight but not complete hemolysn \&xs{o:’ e e The o
The washings were discarded and the ceffs snperdn ‘lhrn m‘l’u«‘ﬂ‘
hemolysed and  hemolysed  celt saline suypensions umi O eperatire \ferthe
phenic pressure of 200—400 mm 11g for 1 1j2—2 howrs ALt . unr‘ar’l’"‘""‘“v o
expotuee the saline was separated and without def2y ““i‘\‘;m ‘of the inyected samyles
untreated reapient rablits 10—~[5 ml n each MG
showed vistble hemolysty
The recipients red blood count {ery throcyt
centage) were followed before the imjection untd
on the first 5 days after the nyection

ults
o ressure $24n¢ prcparrd frem Pm[‘r:f,:
while low pressure salne
non hemolysed group

reneno e et

3 fremoglotuit and o M”mm"‘

i foundd faeely stable,

Ten rabbuts recened injections of fow p!
hemolysed blood cells  hemolysed group 3
untreated Blood was mjected wto §§ Aoumals
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Tuble If Effect of wjections of saline separated from low pr ssure exposed saline susp nsions of
Slood cells subjected lo previous partial hemolys.s on reciprents red cells and retienloytes

Re Erythrocytes mill fpe Retsculocy ¢
P
™ | Tomal | Deviation from the Taal | Deviation from the
count anut al count count mutial count
Ind 3rd 4th-5th Ind Ird Ath-oth
day day day day day day
1 47{ 4+ 01§ + 04| + 01 26( + 06| + 65
2 53] — 01| — 02] + 07 26] + 20| — 03|+ 04
3 49| — 01| + 02| - 02 28} 4 07 ~+ o1
4 56{ — 05] — 08| — 07 — — —
5 s1| —o2) — o3| + 02 —_ - — —
6 45 00| — o4 - 36| + 04| — 08 -
7 48] 4 01} + 02} + 01 27) + 07| — 04 -~
8 51 — 03 + 03] — 02 13 + 03 + 10} + 04
9 50| + 01 —| + 01 14] + 17] + 05| — 03
10 44 00 00 a0 37| — 06 — 03]+ 03
Mean 493 —009| —007 + 001 239 +080 | +006( 4014
+£011| £006) +013) 2o010] Loz | o2s| £025| 068

A defimte dufference 1s seen between the reactions in the two groups In
the non hemolysed group (Table I) most reciprents reacted with a moderate
or even marhed mcrease i the number of erythroeytes which lasted for 4—5
days The hemoglobin values mostly varted with the erythrocytes thaugh
the changes were less marhed consequently the mean corpuscular hemoglobin
was usually shghtly decreased Most reciprents akso showed a retrculocytosis
though the day to-day vanations of the reticulacyte percentage were rather
targe Thes type of reaction was previously observed in rabbsts recenng plasma
from anoxic donors or from blood exposed to low pressure 1n vitra {Bovsporrr
and Jaravisto 1948 Hirsjarvy 1953)

In the hemobsed group (Table 11} the myection was followed by a shght
decrease of the erythrocytes and hemoglobin  As regards the renculocytes
there was mn most cases an mncrease on the second day after the injection,
but the values were levelled again on the third day A very sinular reaction 15
scen in rabbits after injection of saline or plasma from untreated homalogous
blood {BovspORFF and Jaravisto 1948

Companison of the enthrogte ralues i the two groups reveals an almost
sigmfcant difference between both groups on the second day (Table [ and
11 bottom lne 002 > P> 002) whereas the difference on Iater days 1s
msigntficant 17 1n both groups the ery throc, te deviations on 2-—5 days are com
bined a lly confirmed d b d the mean value i the

non hemolvsed group 1s +~ 0179 == 0 035 and n the “hemolysed group
— 0050 L 0047 (P <001
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Statistical comparison of the Tetucufogyle vabier (Table T and 11, Lottor hne)
gwes 1 sigmificant difference Letween both graaps on the thid day (001 <
P < 002) If U the deviations afier s;mectson m each group are combned the
diffcrence borders on statstiea) probability men value m the ron hemolysed
gmu% ’lt)s 40831019, andsnthe hemobysed group' 4057 £015{00 <

<

These results suggest that saline suspensions of non hemolysed blood cells
when sul d to low pheric pressure i vitro gain_ ervihnopoiene
actvaty, whereas, if the Uload 1s partially hemolysed betote the prepirition
of the suspensions, no achiwty 19 guned during the Jow pressure exposwe

Discussion

According 1o the data presented at seems evdent (hat the s\\bsm\nm: e
ble for the erythrop actvaty ts deived from the blood cel's raost

*

Likely from erythrocytes, durng the low pressare expesure It 1ho seems ll::{!
the agent 1s lost from the cells in mnstial hemolysis This conception s s“x\'pt‘m "
also by the obseryation that the discoloured siling washings i the hemolyse

x
group 1n some cases showed erythroporetic actwaty afier low gressure
ed that the precursos

posure As an explaniuon for this 1t mught be suggest s
of the acuve substance is present in the young, possibly sore fragile C”'u‘m‘)ww
but not tn equal amaunts 1 the older cells Thisis i ace rd \\nhth:o]bstt\l -
that blood from donors with ancreased eryshropoiess and presumah yl::u"f"
ved cell population, gains & more potent erythropotelic achnty durm(g; - }ZN
sure exposure than blood from donors with normal erythropoiests chmtJ) fyue
1953) On the other hand, 1t 15 also concarvable thit 12 the p;)d‘ o

~stage some change 1 the erythrocyte membrane takes P)“‘;" r‘r‘nul o el
the active agent or its precursor 10 £5€Ipe £Ven from the non l:‘ms)m P

?;’o that these cannot, dunng the subsequent low pressate
activity to the saline
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From the Department of Physiology harolinska Iastitutet Stockholm and
“The Rockefeller Institute New York

A Corneal Nipple Pattern in
Insect Compound Eyes

by

C G Beraxarp and Wi H Mnixxr

In electron microscope studies we have found that the corneal surface of the
facets of certamn mnsect compound e)es contan congruent conc shaped protu
kerances (Frg 1) These nipples are amanged in a more or less perfect hexago-
nat array that completely covers the corneal surface Thev are absent in ex~
tracerncal chitn Both the alutude of the mpples and their center to-center
distance are approumately 200 map

This mpple pattern has been found on the corneas of compound eyes from
msects belonging to Leprdoptera 1 # butterfhes and moths {Prodema Ceraplen s
Ianecsa) Nevroptera 1 e net ies ( Mmeeon) and Trchoptera 1 ¢, caddis
flies (Phry anea) The pattern 53 absent in corneas of compound eyes of spea
mens belonging to Hymenoptera ¢ ¢ bees e (Apes Bombus) Coleoptera,z ¢
beetles (Coccnella; and Odonata 1¢ dragon flies (Simpetron) Fusthermore
where the pattern 1s absent the front surfaces of these corneas appear smooth
under the electron mucrascope Further miesugations of the distnbution and
funcuonal signuficance of the mapple pattern are in progress

These w <t satans cre supposted in part by th L mtrd States \ar Foree under Grant “a
\F LOAR ¢ —1) nd mon tored by th Furop an Office of Mirospace Research (€. G Brm
hard pra § 1 et tor and in part by Research Grant B-5¢ § from the Nationat fn t tute of
e imaseal 1y eases 3 Bl ndness, La ot St 1o Publ Healib Sens ce (L K 31 ik prn
ol metgs 11 rsarch has aho ben wppon~d by th Sweduh Medical Research
e fota 5 Ba herof Rohm and Haa Company Fhuiad Jphus has kunway prosided
u wihPol ¢ pups









