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2 GEORGE R. FRANK

e Fig 1 Duagramauc representaun of
the experimental arrangement used fr
the mechanical production of rapuf
stretches B, bath containng the multe
fibre preparation The bath wis filled
from below and drasned by suction atthe
top G, clamp hald ngone tendnafthe
preparation Ihe other tendan was plac
ed on a hook attached 1o 1} ¢ anode of
the RCA 5731 A--- A movable arm A keying arrangement to prevent angular rotan m of
the arm 18 not shown S lead screw to move post V' vernier scaie to st position of post and
thus the amount of stretch Re relay wsed to release catch at the desired mstant R rcller
beanings to provide for_smooth movement of the arm Another set of roller bearmey on the
other side of the spring Sp 13 not shown O R, il bath containing adjustable sane for damp-
ing.

The concept of a single fundamental process of actnation 1s based marnly on the
results obtaned from experiments where museles were rapidly stretched or allowed to
shorten during exther sometnic twitches or tetanic responses (Fhll 1949, 1933, Rutchie
1954) Howerer the same results indicated also that the contractile mechanusm i
maximally activated at the start of esther a twitch or a tetame response In such areum
stances 3t 15 possible that both the ability to develop tenston and the change in clastiaty
oceur smultancously It seemed possible, on the other hand, that the 1o ey ents might
be disunguishable under conditions 1n which the contractile mechantsmis only partially
actnated For this reason the effects or rapid stretches and releases applied dunng
potassium-induced contractures of skeletal muscles were mvestigated A preliminary
report on this imvestigation was presented at a recent muscle symposium (Frank 1964}

Methods

Pucperations These were small bundles of fibres dissected from esther the wmutndmuun'or the
sartonius muscle of the frox Rana temporara These bundles ususlly contamed 5 08
fibres although some had as few as 3 or as many as 10 fibres The cross-sectional dimensions o
most of the bundles were determined by measurements made with an optical disk micrometer i
the dusecting microscope Bundles of 5 to 8 fibres from the semitendinosus had cronssecur nal
arcas between 1 1 and 49 10 ¢ cm? (14 preparanons) The lengths of several preparati ms
2l were measured under sarious conditions

P from the d twitch fibres pred ly or n(lumrl\h
This was routinely checked prior to use by tesung the absliry of the preparation to respe nd wit
tigorous twitches when single electrical simuli were applied 1n addinon 1t was noted dunmi
testing that the contractures produced by 123 mM K Cl fasted only from 10 10 20 sec Insryerd
Ppreparations contractures were obsers ed under a dissecung mictoscope when 123 mM QG v
apphed 10 the slackdy held muscle Occasionally a single fibre which failed to relax, duringa g
scc exposure was £rund Thes was exken a5 cvodenoe that guch fbres were not ponch fibres 2
they were remosed

Manv of the experiments imolsing 1tretches were repeated with fibse bundla fromtte l’-l;
tonus Qualitatisely idenucal results were obizined with preparations from bo musies
Preparations from the sartofius were 0 used routimely brcause they were more difficult
dissect and less consemsent to use arated

Teiting arrongement The bundley were mounted horzontally in the apparatus dlastrae/

liv in Fig 1 The penpheral tend m was clamped o the machine used (o 370400

the muscle rapidly and the proximal tendon was placed on a hork attached o the znndrk(i "
RCA 5731 mechanaelectne transducer vahe The uransducer sahe was fixed £y a god I e _ln(
Prior mucromanipulator which was used 1o st the length of the muscle prior 1o trnng f o
amount of rapid stretch of release could be preset 1o an accuracy of 0 | mm with the scr




ACTIVATION OF SRELETAL MUSCLE 3

paraliel with the recorder and 5 order 10 make actusate nb-
servations an the early phase of the response Only on osalloscope recordings were the damped
osntlations observed

APPIUPLLS © AUBUUILS Ul Ul LU S S SUIUUIE WIUS 4 SUAK SN LORUIBIG 435 AL
KRG

Procedure. The muscles were Lept m the oxygenated cholne Ringer ¥ salution for at least 12
snin between each tesr with elevated potasstum At the start of each experiment the muscle
v SN v .

n AL
Experimental range of raascle fengths o axterapt was made to find an anatomucal or physiological
resting fength - but with orly a sery few exceptions contrastures were secorded and stretches
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T1g 2 Ffleet of a rapud releasc of tenaion during the rising phase of a submaximum K induced
contracture Contrictures induced by 35 mM K A-dashed Line at + 25 mm, A sold Tne
starting at + 3 mm then rapidly released to + 25 mm B oscilloscope record made sinat
tancoulsy with the rapid releasein A Semutendinosus 1and-drawn tricings from the onginal
records are presented mn this and subsequent figures with the exceptns of Fig 2B and 80 which
are photograplic reproductions of oscilloscape records In all figures only respanses ebtuned ma
single expenment on a single preparation are included

with this 1t was observed that the maximum contracture tenwon increased 1s the muscle length
was increased over the range of O to + 3 mm and the tensions were “E‘ ut the same of

Results

In their study on single muscle fibres isolated from the frog's semitendinosus. Hodglan
and Horowicz (1960) noted that the maximum tensions of contractures induced hy 106
or 190 m™M K* were conmstently larger (about 10 %) than the miumum tetame
tenstons sn the same fibers Frank (1960) reported a ssimilar finding for small mulufibre
preparations [rom the extensor longus digitis 1V and the sartoraus of the frog In the
present study, therefore the maximum contracture tenson snduced by 123 mM K,
rather than the tetame response tension, was used as a measure of the mavimum tennion
that each preparation could develop In most experimentyin which all the necesany
measurements were made the maximum contracture tensions were within the 30t
45 kayem?® range reported by Hodgkin and Horowiez {1960) for atngle musch fibres
(¢ 2 Figs 3 5and 7) In those few instances in which shghtly smaller masimumy
tensions were recorded (¢ g Fig 8) 1t was probable that ane or two fibres nd been
damaged wihile the 1 m the bath

Submawumal contractures were induced by K 1n concentrations between 27 and 42
mA The size of the contractures produced by any one K concentration vaned from
preparation to preparanon but was reasonbly conustent within any ane preparation
1n these submaximal contractures the nising phase of the tension lasted longer than in
responses induced by 123 mM Kk (¢ ¢ Tige 3 5and 6) Theimpression ganed 13 lhnll
the rate of tension des efopment 11 3 slow that there would be suffient ume to stecich

adequately 1ny senies elastic components in the muscles and that theeelore the tenuons
1 . . . — — seneonsthat the

hag cond
. v ten sapudly
110 lenshit were

duning the nse 1n 1ension of submaximal contractures These reduction
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Fig 3 Effects of rapid stretches by dif’

fetent amownts to the same final length . R
(G and D) and by the same amount at  xq <, .
dferent times (F and G) dunng sub  sened] | ﬁ[

masimum k. mduced  contractuses .

[T
G contractures mduced by 42mM B G + 1to + 3 mm dunng contracture, D + 2to

23 mm dunng contracture, E_contracture at length + 3 mm Fand G, + 110 + 5 mm
dunng comractase

between 05 and 2 0 mm Durng the shortening the tenston fell to 0 withun a few msec
Thus was followed by a phase of rapid tension development lasung from 200 to 600 msec,
after which the muscle continued 1o develop tension at the same rate a5 1n a contracture
produced at the shorter lenght 1n the same preparation (Fig 2) The maximum tensions
recorded were less in contractures with a rapid release to the shorter length than in
undssturbed contractures produc:d at the same shorter length This difference 1n the
tensions d d with amounts of shortening and at 05 mm 1t
was very small
Resistance to stretch There was only a shght change n the tension recorded when the:
resung muscle fibre preparations were stretched within the length range described,
either slowly manually or rapidly by machme (¢ £, Figs 34, 5C and 7A) In
contrast the same stretch apphed durng a contracture resulted in a much larger,
rapid increase n tepsion This rapid, large 1ncrease tn tension for a given stretch, \\}m:h
will be called the to stretch® followed by a slower
to that occurring prior to the stretch and usually in the same direction
Several factors influenced the size of the “resistance to stretch” For example the
resistance 10 stretch * increased with mcreases m the amount of stretch (Fig 3) Figs
3C D and E were sub n the same

a

with the prepara
tion at the same length by the end of the contracture In E the muscle was stretched prior
to the start of the contracture, :n D the muscle was stretched 1 mm during the contrac-
ture, to reach the same length and in C the muscle was stretched 2 mm to reach the
same final length In Figs 3F and G, the preparation was stretched 4 mm to a final length
2 mm greater than i 3C, D and E Itisobviousfrom Figs 3F and G that the magnitude
of the resistance to stretch” vanes during the course of a contracture ‘Therefore in
st a o - . ~

achieved 1n Tigs 3Cand D Howeser, 1t was not possible with the techniques employed
n thus study to obtam rehably a symilar correspondence in all contractures

The resistance 1o stretch™ also seemed to vary with the intensity of activation Thus
was most noticeable with preparatons relatnely resistant ta K In such cases 27 m\
K* produced small but very prolonged contractures and only small responses to rapid
stretches were obserned \When this occurred hugher K concentrations were used dunng
the rest of the expeniment 1n order to obtamn larger contractures and larger * resistances
to stretch * Responses no greater than i the unsumulated muscle were obtamed when
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Fig 4 Production of tension equal to the maximum tension
ofa 123 m A K--induced contracture by the apphcation
z N '

————
10 s2c il i

the preparations swere exposed to 17,5 miM K-, a just subthreshold concentration
Some of the effects of increasing the K* concentration, and thereby the degree of actina
tion, on the resistance to stretch™ will be desenibed below

As presiously mentioned the speed of stretching did not appear 1o affect greatly the
* resistance to stretch™, at least within the range of 15 msee taken by the machine to 500
msee or 5o required for manual stretching

By applying ramd stretches duning subsmatimal contsractures it was possible to make
the muscles dex clop or support tensions as Jarge as the mavimal tenstons obtaned during
123 mM K anduced contractures This fequrred a careful adjustment of the varous
factors affecunz the  resistance 10 stretch™, and was done most castly when the submave
ma} contractures were almost as large as firc maximal contractures However, 1t could
be produced also with submaximal contractures only half as large as the mavimal (g
4)

§anation 1 the sesistance to strlch * durtng the course a tontracture The rematning factor
wihich was observed 10 have a pronounced effect on the “resistance to stretch” was
the fime durng the course of a contractyre at which the streteh was applied In sub-
mavuimal contractures the reststance to stretch™, and the tension desclopment without
suetching followed different tme courses 1Fig 5) The renstance 10 stretch” was small
at the start of the contracture 1t was maxymal about half way through the nising teasion
phase, and 1t declined slowly thereafter One result of this bme course w1s that the

resistance to strefch  applied at a small contracture tension was conuderably greater
at the end than at the starg of a contractuee After the stretch the tension did not return
10 the lev el recorded prior to the stretch but 1t remamned at the new higher laeland e
contracture conunued (0 progress W hien stretched during the nise in tension the muscles
alwavs developed greater tensions than when the same sireich way apphed before
exposure to the cdevated potassium  Fig 5B — dotwed recardy

Tssentally similar sesults were obtamed 1n experzments with sartorius muscle fibres
(b1, & There weve two mmor differences which mert mention Farstly  the saronius
appeared 16 be more senuitne 1o stretch 1o that both muscle 1ypes doefoped smdse
*rewstances wstretch when suetched by the same amount ¢ 2,3 mm) even thoughthe
0 Tenzth of the sartonus was about twice that of the scmitendinosus Secondly Be
“remstance to streich  appeased to declne more slowly as the contracture procecded 10
the sartorius and in this muscle the - resustance to stretch " at the end of the contractar®
was relatnefy grester than in the senufendinosus

In contrast sath the resalts obtaned n submaximal contractures the rrsuunu:;
steetch® 10 <« ntractures induced by 123 mAf h was mavimal near the start 1t dechn
slowly dunn_ the rise 0 tenson and rapidhs thereafier Tz 70 This une coune ©
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Fig 5 The “resistance to stretch™ atvanous
times dunng subrmaxmoum k. induced con
tractures of a semutendinosus muscle prep-
aranon A  contracture wduced by 123 T
mMh at+3mm B, contracture induced

bv 27 mM K+ dotted lne at + 3 mm,
solid hnes startingat O’ and then rapidly 33
stretched to + 3 mm The final portions of wer'
each of the latter haye been left out. C,rap-

1d steeteh from O to + 3 mm m the un-
stimulated preparaton A B

Fig 6 The resistance to stretch™ at various

tumies duriog submaxmoum h* induced con

tractures of a sartorus muscle preparation ——
A, rapid stretch from “O  to + 3 mmn the

B

mduced by 123 mM K at 4- 3mm C con

tractures nduced by 42 mM E dashed

hne at+3mm sold hines starting at “O * \ i
and then rapidly stretched to + 3 ram In [

the Jatter the “resistances to streich  have

been artifictally sntensified 1 order to make ' \\

them readily disungushable from theslow 1 ~—

er changes m tension » ® <

Fig 7 The resistance to stretch’ at varous
tmes dunng maximum k. induced con
tractures of a semitendiosus muscle prep-
aration A rapud stretch from O to 4
3 mm in the unstimulated preparation B
and C contractures tnduced by 123 mM
K B at + 3 mm, C several starung at “l

O and then rapidiv stretched fo + 3 mm 0
In G only the sery start of the contractures | arend
shown the resistapces to stretch’ are
shown by mntensified upstrokes, and in each
case a bit of the subsequent record 1s shown
by the dashed Lines

*

Qs

events might have been expected from the resulis of other mvesngators who have
studted the time course of acuvation durng twitches and tetam: (FLL, 1949, Rutche,
1928) However theie was one unexpected observatron In most, but not all, expen.
ments of this type there was a period 1f active tension developrment following the sutial
increase m tenston which resulted from the rapid stretches applied near the end of the
contractures (Fig 8) The course of this tension des elopment 15 seen without the mhereng
response lag of the potentiometnc secorder only on esalloscope records (Fig 8D) The
tension does not fall ymmediately after the rapd events assocrated with the stretch
{about 20 msec) It nses instead, reaching a maemum at about 300 msec, and oalv
after about 600 msee does st fall at a rate sumilar to that prior to the stretch Ths peniod
of acte tension development was observed also n some experiments where stretches
applied near the end of the masimal resulted ma r R




6 GEORGE B, FRANK

Fig 4 Praduction of tension equal ta the maximarm tension

> ofa 123 mM K*«nduced contracture by the applcaton

of a rapd stretch during a submasimum k. <snduced

29 A Eakvat O hduetd

10 set \!

the preparations were exposed to 17,5 mM K*, a just subthreshold concentrauon
Sorme of the effects of increasing the K* concentration, and thereby the degree of activa-
tion, on the resistance to stretch” will be described below

Asp y the speed of drd not appear to affect greatly the
resistance to stretch”, at least within the range of 15 msec taken by the machine to 500
msec or sa required for manual stretching

By applymng rapid stretches during submaximal contractures 1t was possible to make
the muscles develop or support tensions as large as the maximal tensions obtained during
123 mM L* induced contractures This required a careful adjustment of the various
factors affecting the  resistance to stretch”, and was done most easily when the submax-
mal contractures were almost as large a5 the maximal contractures However, 1t could
be produced also with suk 1 only half as lacge as the maimal (Fig
4

Varation tn the  vesistance o stretch” during the course a contracture. The remainsng factor
which was observed to have a pronounced effect on the resstance to stretch” was
the time durning the course of a contracture at which the stretch was applied In sub
masimal contractures, the resistance to stretch™, and the tension development without
stretching followed different time courses (Fig 5) The resistance to stretch” was small
at the start of the contracture, 1t was maximal about half way through the nising tension
phase, and 1t declined stowly thereafter Onec result of this ume course was that the

resistance to stretch’ applied at a small contracture tension was considerably greater
at the end than at the start of a contracture After the stretch the tension did not return
to the level recorded prior to the stretch but it remained at the new higher level and the
contracture continued to progress When stretched during the rise m tension the ruscles
alwavs developed greater tensions than when the same stretch was applied hefore
exposure to the elevated potassum (Fig 5B — dotted record)

Essentially sumlar results were obtamed in experiments with sartorus muscle fbres
(Fig 6) There were two minor differences which ment mention Furstly, the sartorius
appeared to be more sensiuve to stretch in that both musele types developed simlar
* resistances to stretch’ when stretched by the same amount (¢ ¢, 3 mm) even though the
*0" length of the sartorius was about twice that of the semtendinosus Secondly, the
* resistance to stretch” appeared to dechine more slowly as the contracture proceeded in
the sartorus and m this muscle the reststance tostretch’ at the end of the contracture:
was relatively greater than in the sermitendinosus

In contrast with the results obtained 1n submaximal conteactures, the  resistance 10
stretch™ 1n contractures induced by 123 mM . was maximal near the start, it dechined
slowly during the 11sc 1n tension and rapidly thereafier (Tig 7C) This ume course of
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Fig 5 The “resistance tostretch atvarious
tumes dur ng submaumumb  nduced con-
tractures of a semytendinosus muscle prep-
aration A conmracture mduced by 123 o
mM B at +3mm. B contracture mnduced

bv 27 mM K dotted lwe at + 3 mm

sohd imes startngat “O and thenrapdly 3%,

stretched t0 + 3 mm The final port onsof W =

each of the latter have been left out. C.rap-

1d stretch from “Q  to + 3 mm 1n the un

—
st mulated preparat on » s

Fig 6 The “resistance tostretch 2t vanious
t d R mduced

tractures of a sartorius muscle preparation.

159
A rapdstretch from O to -+ 3mmn the e
d B
p
nduced by 123 mM k. at + 3mm C,con
tractures induced by 47 mM b dashed
Ine at+3mm sohd lnes sartngat “Q
and then rap dly stretched to 4- 3 mm In
the Istter the “resistances to stretch  have \
been aruficially intensified 1n order to make ~
them read ly distinguishable from the slow —
A e ©

er changes m tens on.

Fig 7 The resistance to stretch  at various
times dunng maxmum K mduced con
tractures of a serutend nosus muscle prep-
araton A rapd stretch from O to 1
3 mm_n the unst mulated preparation B
and € contractures mduced by 123 mn{

1N at +-3 pm C several starting at /\

O and then rap diy stretched 0+ 3 mm ) s
In C onlv the very start of the contractures | ot
shown the ‘“resstances to stretch are
sho by intens fied upstrokes and meach -
case a b t of the subsequent record 15 shown 4 s
by the dashed | pes (5

cvents mught have been expected from the results of other nvestigators whe have

stud ed the trme course of actation dunng twitches ard tetany (Hl, 1949, Ryrcpy,
ta + v -

tension does not fall immediatelv after the rapid events associated wath the ,m:
{about 20 msec) Tt rses instead reaching 2 maxumum at about 300 msee, and oo
after about 600 msec does it fall at a rate suular to that ProT o the stretch Thys p:;
of active tension deselopment was observed also i som® €¥penments where

wae s
applied near the end of the maximal resulted 1n 2 * P L
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xgrem?

1Dsec

Frg 8 Inabon of active tenston development by the application of a raprd stretch near the
end of a maximum K- induced contracture A, rapid stretch (rom *O” ta + 3 mm @ the un
umulated Band C, mduced by 123 mM K-+ B, at + 3 mm, G,
starting at Q" and then rapudly stretched to + 3 mm The * resitance to stretch™ in C has
beel fied D, osal record made \f with the rapid streich

n
n C Semitendwnosus

no greater than in the resting muscle Occasionally thts period of active tension des elop-
ment lasted for as long as 1 sec but usually 1t lasted 2bout as long as ar somewhat less
than 1n the test shown in kig 8

Discussion

It 1s mamly from the works of Ehll (1940, 1953) that present concepts are drawn of the
mechanical events which occur during an 1sometric twitch response of skeletal muscle
Two marn lines of evidence are used to support the view that during the latent period the
internal contractile apparatus rapidly becomes completely activated and fully capable of
developing the maximal tetanic tension Farst, 1f the sexies elastic component ts made
taut by stretching the muscle rapidly shortly after a twitch-inducing stimulus the muscle
will develop 2 tension equal to the maximum tetanc tension It 1s known, however,
that dunng the I} P atself also und an 1ncrease 10
elasuicity, or as 11 has been called here, an increased “resistance to stretch® Hence the
interpretation of these results 1s based on the assumption that the change in elasticity of
the contracule element develops m parallel with the change in ats ability to develop
tenston following a stmulus Thus acination 15 concetved of as a single fundamental
process composed of thesc two events Second the rate of tension development is the
same at the start of exther a twitch or tetanus More recently, however, Jewell and Voslkie
(1958) have found that the redes elopment of tenston following quick release duning 2
tetanus 1s more rapad than the mtial development of tenston at the start of the tetanus
Thus implies that the acuve state takes a considerable period of ume to become fully
dereloped

“The basis of the expenmental approach in the present study 1s the possibility thataf
actnyation 1s the result of two distinct processes, 1t might be possible to distingwish these
processes readily during duce c 1n which the whole
process of tenston devclopment 15 greatly prolonged and in which presumably only a
partial actnvation of the ¢ ) 1 achiesed This concept was iested bv
the application of quick releases during the nsing phase of tenston development m sub
maximal potasstum-inducted contractures (Fig 2) Even ignoning the verv rapsd phase
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of tennon development which basts for a few msec after the quich release, there issull a
period lasting from 200 to 600 maee dunog which the teusion nses at a rate wuch greater
1han that found at any tme dunng the unreleased contracture It would seem that the
contractle mechamso 15 capable of stretching the senes elastic component aX a rate
much greater than st does dunng these contractures and therefore the tenston
developed traly reflects the ability of the ;! B to develop
tenson at any instant dunng the contractare

frshauld <t out howey er, that this condition can be olitawed only when prey
contavung s ety few musdle Bhees are used hecawse n Large multfibre preparatons or 3t whale
muscles the maemum tznsion i« teduced due o the stow diffunon of potassium into the musele
{Frank 1960}

‘The most sigmficant finding m the present study probably is that the “resistance to
stretch” and the development of tension follow two disinctly dsffexrent nme coutses
dunng 7 mduced {Figs 5 and 6) Both increae
danng the stast of the coptracture but at different rates Howeser, the difference i
time gourse 1s even mare promument during the dechue of the contracture tennon at
which time the  resstance to streteh’ temauns quute farge tven when the tension has

peared If 3s1s d by the work of Hill {149, the sotaf tension
recorded very shortly afler a rapad steetch 1s 4 meanrement of the acuse state of the
contracule mechamsm then 1t 1 difficult 10 see why the rate of 1ension development
recorded at the stresehed length (Fig 5B ~ dotted record) begins 1o dechne at a tme
corresponding to when this measure of the actine state 53 sull ncreasng (Fig 38,
ensions at the end of the second and third rapid strerches), why the tension recorded
dechnes more rapidly than this presumed measure of the acine state 2nd finally why
this measurt of the attoe wate 15 50 much lavger arar the end of 2 comtraciure than 1t
% at the same contracture tenvon near the start of the contracture (Figs 5B and 6C)
‘The most sbvious explanation of these discrepancies 15 that the total tension recorded
followtng a rapwd stetth 13 not 2 meagurement of 3 single protess of acamanbm but
rather the resultant of two processes, one bewmg the ability 1o develop tenson just
pror to the stretch as indicated by the actual tension deteloped 3t that instamt and
the other bemng the  reststance t0 stretich  of the cantractle companent as indseated by
the addittonal teassion developed following the stestch
©One of the coroltanes denved from the concept thas activationis s sngle fundamental
process e that the tennon recorded duning 3 response at a tme when the tension 18
aesther increasng nor degseaning (1 ¢ at a platean) 13 2 measure of the active state (Hill
1949 Ruchse 10580 Several such tenwon piateans were obtamed dunng the expen
ment Wlustrated i Fig 5B Tension plateaus wese recorded approvimated, half a second
after each of the first two stretches 1 Fig 58 The teasson platean was much lasrger afeer
the second rapid stretch \everthaless, the sate of tenson development ar the stretched
length a5 sndicated by the dotsed hne 1reord was about the same 2t these two paints
dunng the conteaceure Tollowing the second rapd stretch two such plateaus are evident
Exen though the totaf tensian and therefore presumably the aciac wate  was targer
at the second plateant the rate of tension devefopment has dechned greath at the corre
sponding instant durrag the contracture st the stretched length Finalle af the maxsmum
sension develaped during the contracture as the steetched lesgth (dotted cune s alsoa
measure of the actve state 4t 15 difficult to sec how the tensions At corresponding
mstants could be larges m the responses follomng the Birst two rapud stretches 10 the
same preparation f the only effect of these tapid stretches was to stresch the seies clastic
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component and thereby give a truer picture of the actual state of actiyation durmng the
contractures

The results obtained from the application of rapid stretches duning contractures i
duced by 1sotontc hCl (Fig 7) were much closer to those that might have been expected
from currently accepted concepts However, even 1n maximal contractures the rate of
tension development s still very slow and 1s ikely to be a rehable measure of the mav
mum ability of the muscle to develop tension at each instant Hence 1t would appear
that 1n maximal contractures the * resistance to stretch * dey elops more rapidly than the
ability to develop tension

The picture that emerges from the results of the present study, and from the results of
the other studics discussed here, s that after a sumulus at least two distinct processes
occur in the contractile mechanism Together these processes constitute what is currently
called activation™ or the active state” One process 1s the development of an increase
1n elasticity or the resistance to stretch”, presumably as a result of the formaton of
linkages betw cen actin and myosin filaments, and the other process 1s an increase in the
ability to develop tension or to shorten as the two sets of filaments move past cach
other presumably by the breaking and reformation of the hinks at different points along
the filaments The mncrease in elasticity develops very rapidly at the start of a twitch or
tetanus reaching a maximum duning the latent period (Full 1949, 1950), whercas the
ability to develop maximum tension proceeds much more slowly (Jewell and Wilkie
1958) During contractures these two processes are spread out greatly in time and can be
readily disunguished In addition the relatis e ime courses of these two processes can be
vaped by the of used to induce the contractures
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Y
ng (
Fig 1 Operauve procedures A Haden
A harn pouch 15 prepared m usual manner
@ c

R\

B Vagally denervated separated antral

B
pouch 1s also formed The Jesser curvaluse
of the anirum 1s cleaned completely of all
ussue, and the lesser omentum e sectianed
transversely C To avoid any antral tissue
remarning 10 gastric femnant a partal dis.
Q tal gastrectomy 1s performed removing
D

nearly all of the lesser curvature D Gastro-
antestnal contmuity s restored by gastro-
duodenostomy

1961, Thompson et al 1962 a, b) or an mhibition of gastrn release (Oberhelman of of
1952, 0 e enem -

1960, *
Gullesp - .

In a recent from tius lab y (Rheault et al 1965), acdification
of the 1solated, vagally denenyated antrum in dogs with Heidenhamn pouches, faled to
mhlnth — aswellasgasy duced secretion from the Heidenhain pouches

How#ver, gastrin released from the 1solated antrum by topical appheatton of acets!
choline, was depressed markedly by lowening the pH of the antrum to about 15 It
was, therefore, concluded that the most probable effect of antral acidification was ofi¢
of inhibitton of gastrn release, rather than one of releasing an antral chalone
On the other hand, 1t was felt that an antral chalone, if produced in these experiments,
mught not be of sufficient strength or was 1n other ways meflective to counteract the
Jatory eflects of h or gastrin and would therefore not he
: ble by the techmique employed The oy to be reported here were
therefore designed to study the effect of antral acidification on gastric secretion stimulated
by endogenous secretogogues relcased by feeding (intestinal phasc)

Materials and methods
Antmals
3 mongrel dogs werghing from 8—21 kg were prepared with Hedenhaim pouches in the i
reported from this laboratory {De \ ito and Harkins 1959) The fund:c pouches were cannu
to the exterior with a tight fittng statnless steel cannula (Condon and Harkins 19621 \ vagally
denenated antral pes ~h . I e S A e
Junction between i+ .
ncisura angularis ¢ .
of the night and lef’ . .
closed in two layen wi Lonunuus o chrormic catgut and conunous
end was brought to the extenor asa fistula To secure vagal denervation of the antrum 1
was made devord of all ussue leading ta the Jesser curve and the gastrohepatic higament w23
transsected The blood supply to the pouch way secured by the night gastrocpiploic artery 40
ven Gastrontestmal contimurty was reestablished by gastroduodenostomy i two 13yers afirr

annel
fated

00 Black sk Jheusw
he prouch
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Fig 2 The expenimental arran-
gement m_perfusion of antral
pouch (e} The perfusates

through a soft rubber catheter
The perfusates are drined from
the antrum through anotber
channel i the catheter and col

~f Antrct

tistuie
lected 1a another botle A

schematic drawing of the antral Perfysate
pouch and the catheter 15 shown —t;a;::,:lmo
to the right

a sleeve of gastnic mucosa was resected to snsure that no antral mucosa was left 1 the remnant
stomach (Frg 1) Inoneof the dogs (Dogno 21), the remnant stomach was completely removed
h, Was |

and an ossopl ¢ dags were allowed to recover from the
 an ooopRienay O N
L . . . .
.
Experiments

The 5 dogs were subjected 10 4 chfferent types of experiments and cach type of exprewment was
repeated from 2 10 5 umes 1n each ammal (Table 1)

Secretory lests
After recorery from the operations the dogs were trained 0 stand 1n 2 Pavloy frame for periods
ap to 8 hrs

On the day of the test after a 14—18hr fasting period where only water ad hbyum was allowed,
the dogs were brought to the frame and a 1 hr period was allowed (0 elapse ta ascertam that

there was no secrction from the Heidenham pouches At the end of the 1 b period. the tost
meal was given and the gastnic scerenon was colfected m hatf haur sysnples for 4 hrs

Test meal

200 g of commercully produced stramed beef Iner homogeaate (“Gerbers” Armours Lid )
was put on a tray and the dogs ate this wath gond appetite in a mateer of 4 few munutes 1f for

some reason the taeal was fot eaten withn 5 mun after ¢ had been served €0 the dog the rest
s Arsarsstenuersh o thi unamah bt dary

Antral petfusion

Half an hour before the test meal was given 2 thin fwo-nay catheter was fitted 1o the antral
pouch 1 the way carlier described (Shapira Morgenstern and State 1960, Rheault et of 1964}
1F1g 21 A slow perfusion (125 mijh) of ether I\ HCLar 09 2, saline was staried one

e Piguog il i P

Farn sha o

.. \

(e anumats were fasung and 3 brs afier a meal
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,] 0 HMC A BMrELO T Fig 3 Average half hour output
o e of acid m Hederhan poudy
o - o )F j’ dogs after a test mea! The mert

[
! was gnven gt £} after a | he e

)

1

8] 09uwer W anmun
A0 feeohe Ime collection period The scd
output after 1) a meal aloness
mdicated by ) amel
and the antrum perfused with sa
hne { -~- )} andlate
meal and the antrum perfused
with 0 1 N HCS (-
The average acid response per
half hour when the 1atrum was
perfused with sabne and na
meal was given 33 abo shown
{ ) The aadiy of
the 10 ccof 000> N HCI that way added to each half hour collection of aeid in the Her
dephum pouch has #ot beet subtracted from the values shawn i the figure Theref redde
2ero secretion corresponds to the 005 meq HC! hne

ey €
YR

Taser I Four hour gastric actd response to t=st meal in Hedenham pouch dogs

Average output of acid tn mEq £ SD!

xp It Exp 11 Exp IV
Exp U Test meal Test meal No test meal
Test meal Perfysion Perfusion Perlusion
Dog No perfusion of antrum of antrum gr Antrum
No of antrum 099, NaCt ForNH €857 Nt
2 430.£077 503082 546090 1342028
{ay (5) (sy (2)
9 2554128 2964093 1634069 094000
) (5} (5) 2
15 09 ¢lg 1264040 081£025 043+002
5) (5) (5} (3
18 639 +203 10775293 4884+265 167 093
5) (3) (8) %
2 144 086 2651079 1284065 o obs
5) (5) (%)
Grand o7 240 433 +367 781+225 107 087
\ean 24) (25} (25) ()

+ 8D Standard deviation
*+ —~2og {pt 2loge (i/p
rest of the graup
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daduv of gastric yuxee
The secretory response of the Hedenhain pouch to the sest meat was determuned m haif hour
samples Gastne gutcs was callected by a techmque described from this laboratory (Savage ef o
1963} In essence Vs consists of washung out the fundic pouch with 2 very weak aad selusen
{10t of 6 003 ™ HCI) at vvery colleetion The contents of hydrochlonc acid were determined
by titravon agamst 001 \ NaOH i a Fehes Automatic Fitnmezer Model 36 t pH 70
{citratable a0id) In the tables and figures the secretary responses are expressed ag meq of
ratabis acd The acidity of the added RCA (0 83 meq at exery half haue cnllection) has not
een subtracted from the figures reported

e gISUIC SECTEtory Tesponss to 100 ag of hustamme acd phasphate or 2 my of gastrn®
(Fleicher ef af 1961 Anderson etal 1961) in ost of the dogs wete compaled fi

rom the data ofan
earlier communication {Rbeault ef al 1964) but some were recorded separately (Table 1)

Statistieal analyses

The results were subjected ta statistscal analyses according 1o Fisher (1938} waliang the “Stu

dents t test " 10 evaluate the sgmficance of means and the chs square disinbuzions utilizing the
test for “S gificance of the product of a number of ndependent probabidties  The tables of
Pearson and Haniey {1955} were wed

5 The gaste o waskindly supphed by T L. Fletcher, Ph D Itwas made from an alkaline extrace

of portne antral mucosa and was conuderably purer and more potent than that desersbed i the
prelimusary communications

Statistical companson of growps

Tes 81 e 10 nive 1

oy ~Zlog —2log
x b4 »* v P P t P P
1443 017 430 0.9 922 2% 216 003 g4t
ossn 032 23 258 00z 773 1¢ Qon ses

27 au2 73 333 o0y 134

237 607 »u 296 oft 854 031 out 178
o N1 ez

0 DE Wwor 8 DF

- 0008 P 000004 p 0058

* The numbers 1n parentheses sefer to the pumber of experiments
¢ T result was not inctuded 1 the computation for X2 since the polanis 15 opposies 10 1he
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TAsLe T1 The gastric aoid output 1n Herdenhain pouch dogs after a test meal, or mjections
of hustamine or gastrin subcutancously 4

Dog Test meal Histarnine Gastrin
Ne 200 g beel Inert 100 pg subcut * 5 mg subeut.?
2 357~519¢ not obs 217-462
(53 (5)
9 067~373 350 not obs
{5 (n
15 078-~122 114252 216-347
(5) (5) (3
18 423861 140—65¢ 291-543
(5) (5) (5)
21 046249 301466 040-100
(5) (6} (8)

¢ Four hour gastric acid output following a test meal of stramed beef hver (Gerbers)
1 Two-hour gastric acsd output following a single injection of 100 pg histamioe acd phos
phate subcutaneously
3 Two-hour gastric actd output following a single 1mjection of 5 mg of gastrin subcutancously
* Al vajues gien represent the range of observed values in the expenrents
* The numbers 1t h indicate th ber of from which the
1 derined

Results

In Fig 3, the average acid output per half hour afier feeding of a standard test meal 1s
shown, and 1n Table | a summary s gnen of the total acid output for all groups of
experuments

In all the groups of experiments where the test meal was given, 2 gastric secretion
was evoked It started in the second half hour period after the meal was given, nereased
gradually and reached maximal alues 1n the fourth through the sixth half hour perod
and after that fell gradually and approached baseline values after 4 hrs (Fig 3)

There was a ngmficantly larger a evage putpitt of auid from the Hetdenhain pouches
1n 5 dogs when their antra were perfused with saline (exp 1) as compared to the acid
output when the antra were aaidified (exp 1I1) or not treated (exp 1) There was no
significant difference between the ay erage acid output after a test meal when the anuum
was not treated {exp 1) and when the antrum was acydsfied {exp 11I) 1n 4 of the 5
amimals, and a barely significant hugher output in the ffth ammal (Dog no 2) Perfusion
of the antrum with 09 %, saline when no test meal was given (exp 1% ), evoked a small
and relatnely constant and output from the Hesdenhatn pouches in 4 dogs Theaverage
261d output under these condations was smaller than the output m expts T through 111,
but greater than the zero s alues obsers €d in the | hr period before perfusion of the antrum
was started
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Taniz TIT pH Measurerments 1 antral pouches and antral perfusates

Antral (durect)? Antral perfusates

Dog No  Fasung? Food stum * Nact HC

2 72-78 72-76 5767 10-15
9 6367 48-53 5767 10-15
15 72-78 6367 5767 10-15
18 8284 46-48 57-67 10-15
21 84-88 6872 57-67 10-15

+ pHydron paper
* In the morning before food was given, afier an o ermight fast.
* Three hours after a regular meal was grven

The pH of the saltne antral pesfusates was between 5 7 and 6 5, for the HCI perfusates
pH was between 1@ and 15 The mtra-antral pH, measured directly by mdicator
paper, was observed to be between 6 3 and 8 8 m the fasting animals, and between 4 6
and 7 6 3 hrs after a meal {Table ITT)

Discussion

The test meal employed 11 these studies seems to be an adequate sumulus for the
gastne acid secretion from the Heidenhamn pouches, since the range of gastric outputs
after the test meal was comparable to the various ranges of aaid output encountered
when histamine or gastrin was ngected subeutanequsly w the same dogs (Table IT)
Furthermore, the gastric aad response t0 vuf test meal 15 also comparable 10 the
findings of others utithzing a sinular type of expertmental preparation, but a different
and more bulkv meal (Thompson et al 1962b)

Since the antrum was excluded from gastro-intestinal continuity, and further was
vagally dencrvated, a major portion of the cephalic (vagal), vagal antral and local
antral {\shus ¢ 2! 1960) phases of gastric secrenon was excluded Thus the meal
responses observed should probably represent true changes n the mtestinal phase of
gastn¢ secretion

was acdified to pH < 15 (exp III) was significantly less than, when under similar
condztions the antrum was perfused with salme (exp ID) This decrease would seem ro
ndrcate that actdification of the denervated, solated antrum had an effect upon the
ntesumal phase of gasto steretion suggesting that an antral chalone had been released
by acudificateon, as reported by others (Margolus and Harnson 1957, Thompson et af
1962) Is there a 1 to these seemng: b fouad within
our experiments® A close Jook at all the results helps to delineate an answer

When satine 1s perfused through the antral pouch, the pH of the perfusate 15 shown
to be between 5 7 and 6 7 our ammals At thus PH the release of gastrm 1s enhanced,

2623003 Acta phynol seand 3 of 65
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bthresh

even to small sumuli Threshold or ld amounts of us gastrin increase
the response to intestinal phase stmulation of gastric secretion This mncreased reactinity
of the panetal cells by exogenous gastrin could not be altered by antral acidification
(Andersson and Olbe 1964, Jordan and De LaRosa 1964)

Perfusion of the denervated antrum with 09 °, saline in the experiments reported
herein, releases gastrin from the antrum {exp 1V) asindicated by detectable sccretion
from the Herdenhamn pouches Therefore the mcreased response 10 sahine antral perfusion
and feeding relates to the augmentation phenomenon just discussed The augmentation
15 not seen 1n expts I { pure” intestinal phase) since no endogenous gasinn 1s being
released, nor is 1t seen in four of five ammals 1n expts 111, because antral acidification
blocks the release of endogenous gastrin

In a fifth animal (Dog no 2), there was a 27 per cent mcrease in the output of acd
after the meal, upon acidification of the antrum (p = 004) This we have no explana
tion for, except that possibly the acid perfusion could have been mcomplete dunng
some of the experiments, and not all the antral mucosa was bathed n actd, thereby
causing some release of gastrin (Andersson and Olbe 1964)

On the basis of these experiments, acidification of the gastric antrum seems to have
no effect on the intestinal phase of gastne secrction, and the concept of release of an
antral chalone, active againes intestmal phase stinrulation of gastric seeretion cannot be
supported

We wish to thank the chairman of the Department Professor Henry N Harkins A D Ph D,
Sor bus kand nterest mspining directions and valuable suggestions regarding this project and
abio for the excellent facilities he has provided for us M A” Gajewsk and Mr Joel Baker Jr

staff for their help with the titrations
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Abstract

cellutar concentrations in the functioning cells, which were found 1o be 415 ueq Nag
cellular water and 125—135 peq K. +/g cellular water Efflux studics on slices incubated with
radioactive sodium did not disclose any active component when flushed wath Ringes solutions

of different and ot 1n the presence of metabolic mhlbl
mrs At a sulfate mnccnuauon of 6 m\l at which the \o]umc of d d

over rate of intracellular sodium of striated muscles

Slices of mammalizn kidney cortex are capable of mamtaining low sodium high potas-
sium concentrauons relatine to those of the medium when incubated 1n Ringer solu

tions (¢ ¢ Mudge 1951 2, Whittam and Davies 1953, Dasics 1954) The magnitude of
these concentration differences (about 30—50 meqv/l) are correlated to the metabolism
of the slices since changes may be mduced by addition of metabolic nhubttors, changes
n aerobie — ! etc, that the differences
are duc (0 actie 10n tr port In d: with this Wt bury (1961)
has obtained intraceilular electrical potential differences of 50—60 mV. (cell negatve)
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om superficial sbices of guinea pig cortex 1n most of impaled cells suggestng proumal
scalization of the electrode (pers coram )

‘When pieces of tissue m vitro are used for determmation of flux rates of 1ons across
ellular membranes the diffusion 1n the extracellular space represents a complcation
o the exact estimation, 2 comphcation which may be rummized by reducing the size
{ the piece of tissue used (heynes 1954) The use of very thin slices was introduced by

assen and Thaysen (1961) for studies of the efflux rate of sodsum from ssolated renal
ortical tissue whach furth: was d at law mn order to obtan
 correction for passn e leakage It was inferred from an apparenily rather high © , that
active ” sodium extrusion was the limiting factor for the eluaton rate obsenved
ollowing a rapd shuft 1n temperature from zero to 37° C

From i vivo studies a direct inlubitory effect of anmotensin on the prowimal tubular
unctien of rat kidneys has been demonstrated by observanons of the rate of reabsorp-
10n of luminal flaid after cessation of filtration (Leyssac 1963 b) This 1n vive effect
differed marhedly from the apparent m vitro effect demonstrated in prelimmary
studies (Leyssac, Lassen and Thaysen 1961) using the <hce techmque of Lassen and
Thaysen The mhition m shees i vitro seemed to be & complete blocking of any

active * transpert of sodium whereas the effect in viv o was lumuted, bewng an imhibition.
of only 50—65 per cent of the maximal spontancous transport rate When, however the
n vitro efrect was re un estigated by means of an improved recording technique 1t was

any effect of nor of other known 1n
hibrtors Thc present mvestigation, the purpose of which was to clanfy the reason (s)
for this discrepancy, has indicated that transcellular transport of sodium can not
possibly take place 1n shees and that the bulk of the intratubular sodium 1s exchanged
with sodum 1 the medium by diffusion enly, obscuning any possible  active™ sodium
transport from a small true intracellular sodium pool

Methods
Apparatus

peratures could be stufted from zero 1040 Cn Jess than one munute The eoils termimnated 1n 2

recorded on a FHK 1/342 recorder
LR

counter wath thin wimndow
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Efftus studies
e e e . o e -
ath 5 mA hosph: y d and glucose and X

After 5—10 trun the slices were transfetred to a simfar Ringer solutton contamming 20—30
#C**Namn exther 1 5 0r 2 mlof the solution Shices were incubated at exther room temperature
or 37° C for 15 min After incubation a shce was lightly blatted onsucking paper, suspend
ed on the hook, and the washing chamber, filled with 1nactive medium, was screwed on
and placed 1n the well-counter The rate of loss of actiity was recorded during flushung
with non radioactive media at either zero ° C or 2t 37° C

b) In experiments i which simultancous efflux of #Na and 250, was measured Renger
solutions contamned 6—10 mM sulfate 20-—30 4C **Na and 500 xC *S-sulfate was added
to the incubation medium, and slices were mcubated when suspended in the washing
chamber

o . - . . aar

Regustration of efftu rate
In all expersments the activity (**Na) remaining in the shees was disectly recorded from the
ratemeter durng the wash-out period The loganthm of the recorded count rates, corrected
for background, was plotted as the ordinate against time 11 minutes along the abstissa to g e
the effTux curves

In experiments with smultaneous efflux of #Na and 50, the loganthm of counts per mn
of both 1satopes 1 the successive samples of the wash-out medium collected over pertods of 5 se¢
was plotted (ordinate) against time (abscissa)

Uptake studes

von, 1 ml of supernatant was analyzed for *\a and * 50, 2s descibed aboie, dit
compared with those of the diluted incubation medium

Tussue electroly
e electredyes [T —

- P P Lol o ohe s 9098 and aeth < temnerature nuith
o . . i

. HNO,

. super-

- s sand



MODEL FOR SODIEM TRANSPORT 23

7P b
s

)@ ;PL-. :.'..' .‘.-..

TR f's-\ s ) 2
il VA e
3 )

1SS
y > !‘; %
N @‘ S
U2 ) A NP
= OO &
e R E Y UL Ity
Fig 1 g 2
Fig 1 Section of rat kidney cortex frozen at the mstant of semoval (Thickness 3 4, magmfica
tion .

Fig 2 Sechon of rat kidney cortex shice incubated at 37 G for 15 mum 1n Ringer solution
(Thickpess 3 5, magmfication % 430)

For analyses of tussue electrolytes special sertes of standards were prepared both for sodium
and for potassium at different fixed concentrations of potassrum and sodmn respecnvely
Sodium standards with a potassium contentration as close to that in the sample, as indicated
from prehmnary determmations, were chosen A sumslar procedure was used for selection of
suitable potassium standards, which were chosen with a sodium concentratton close 1o that 1

e sample

3 .- - .

ssopentane cooled to about — 160° G Frozen corucal tisue was separated at — 70 C and
weighed Blood samples were centnifuged at once and serum was separated Cortical nssues and
100 sl of corresponding s-ra. 1n 1 mlwater were counted. in the well santillation counter and the
amount of plasma per gramme cortex was calculated as a medsure of the plasma space

Hstological tecknrque

Rat kadnevs were snap-frozen esther immediatel) after cutung the renaf pedicle of the anacsthe-
uzed laparotomized ansmal or 2060 scc afier clamping the pedicle and removal of the idney
A Ludney cortical shce was prepared as described abose and ncubated n oxygenated hrebi-
Robnson Ringer buffered with potassium phosphate (5 mM) to pH 747 3, contamning
glucose (100 mg per 100 ml) at 37° C for 15 min After incubation the shee yas frozen Frozent
tissies were transferred to absolute ethanol at — 20 C ard left 1 this temperature for 6—12
dang yGreeze subs After frerze ssues were emb n paraffin, sectioned
and stamed as desenbed 1 2 previous paper (Levssac 1963 a)
Cellular area

The histological sections of snap-frozen cotical tissues were examined i a Reichert microscope
sunnl ed with 2 mosen aen o . )

Results
A Morphology

In the functiorung rat kidnev tn siu all the tubules are wide open and distended by
tubular flusd and the brung arcular cellular wall of the provimal tubulés conststs of
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‘Tasee 1 Changes of proxmal tubular cellular area as a measure of changes mn cellular v lume
mn rat kidney cortex frozen at various states after interruption of blood airculation

Cellular area of cross sectioned proximal tubules

Functionng state mean = 2 d
667 £ 48 p*

After occlusion (45 sec) 1,025 £ 5540

Incubated certex shice 1,220 2%

flattened, compact cells with an intact lununal brush border, as scen 1n hustologscal
sections of kidneys frozen withm 1 sec from cutting the renal pedrcle (Fig 1), er by
direct mspection through a ope of the d kidney surface 1 sitn
of the ving ammal A most rapid change from this appearance 1s caused by interrup-
tion of the renal crrculation and filtration In about 20 sec the lumen has disappeared
from the proumal tubules, which are all occluded During the occlusion pertod the
cellular volume 1s maintained unchanged (Leyssac 1964), but a cellular swefling of
about 50 per cent has occurred 2530 sec after clamping of the pedicle (Table I No
further sweling was obsenned even if kidneys were frozen not untid several memutes
after removal If, howeser, a cortrcal shce was suspended 1 oxygenated Ringer solu
tions and ncubated for 15 mm at 377 C a further swelling had taken place Then
cubated proximal cells have a very poor and abnormal appearance (Fig 2) compared
wath that observed 1n vive Also the water content has changed markedly, asindicated
an the present investigation by she eellular swelling

B Llectroytes
From the actwaty m shices ineubated under aerobic conditions for 15 un at 37 Cin
Rungers of known specific activity of sodium the o ble sod
was found to be about 100 greqv/g slice To get an 1dea about the sodium concentration
within the swollen, occluded tubules the histological prcture may be uscd for evaluation
of the order of magmtude of the intertubular space™ which s histologically defined
i contrast to a true cxtracellular space * The ntertubular space represents such 3
small fraction of the total area of the shice (Fig 2) that an upper lumut of 22 per tent
extratubular space (ncluding medium adhering to the surface!) would secnt 0 be 3
safe upper esimate Consequently the average tubular sodium concentratton s not
Jess than 85-—90 srcqv Najg cells

Analysis of the alkali metal 1on content n frozen functiorung rag renal cortex are
grven in Table IT and used for 2 rough of the Hular conc
‘The kidney weight from rats of a body weight of about 250 g wasabout 08 g 1rom the
known numbcr of nephrons the length and the luminal radius of the proximal tubules
the amount of tubular fluid present 1n the funciioning provimal tubules was calculated
to be about 0 18 ml per kidney (Leyssac 1963 a Since the cartical tissue amounts &

thering
1 By dipping slices 1n heparimized blood and determining the amount ¢ f hemoglobin &
to {)7: surface after gentle blotting 1 the usual way an amount of blod corresponding ')0
Jess than 6 per cent of the tme weight was found to be adherent to the shee surface ( €¥P!-
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Taste 1T Result of analyses of sodim and potassium from serum and corresponding snap-
frozen cortex of vat hudnevs Calculations are gven 1n the tevt

Calculated son Caleutated mntra
content 1 cellular 1on
Serum Total cortex TV+PL content

Exp FEalmt KEqjg wet wt #Eqg cortex #Eqlg cell

No Na 1N Na 1N Na 1S Na LN

1 143 45 604 654 286 172 31 108

2 155 42 646 616 635 172 19 102

3 M43 52 250 664 283 2M [ 109

4 1508 40 684 €3 65 164 e 108

ahout 80 per cent of the total lndney weight 1n rats, about 0 28 ml of provimal tubular
fluid 15 present per g functioning cortex In 4 expenments the cortical plasma space
1n the funcuoning state was found to be 10 6—11 9-~13 3—13 1 per cent by the use
of labelled serum alburun (1) From the assumpton that the proxamal lumunal fluid
and the mtersiitial plasma cation concentrations 1n the functioming state are equal
to those 1n the penferal plasma and disregarding the small and varsable contrbution
of distal tubular fluud, the total extracellular sodium and potassium content per g cortex
was calculated From these values the “true” mtracellular concentrations m the func~
tionng cells were caleulated (Table II) As appatent from the table these concentra-
tions are very far from the * tubular® o found after b

but very similar to values given for muscle cells, nerve tissue and red cells

of shices,

€ Aa-efflux

When “*Nadoaded thees were flushed with inacuve media and the Yoganthm of the
directly recorded actvity remaining 1n the shee was plotted against time an evenly
curved bine was bly obtamed untl ! of the eluawon of actity The
slopes at any parncular efflux fraction vaned 2 Litle from one slce to the other, but
esen when the same shee was re ncubated and re-eluated some vanation in the curves
was observed In Fig 3 (A) it 15 shown that the efflux cunve from a shice flushed with
1sotonic saline 1s indsstinguishable from that of the same re incubated shice when flushed
with a Ringer solutson contaimng k., Ca**, and Mg*++ The vanation m the slopes
of the o curves did not differ signsficantly from vanatiens observed when a slice

was re-uncubated and flushed several times with Ringer solution only
A\pparently no effect on the efffux could be obsen ed when 2—4-dyutrophenol (D\P)
was added to the flushing Ringer 1n concentrations from 10-7 to 10— M (Fig 3, B),
nor did the addition of Oubain 104 \1 nor @ ketoglutarate ifluence the slope of the
curve Identical efffux cunes were also mvanably recorded whether angiotensm
tnnrmlmuom up 10 10 7 M (10" g/‘h was present or not (Fig 3 C) It should be
d that of the prowumal reabsorption rate was ob-
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Fig 3 The efflux of sodium from thin cortex shees flushed with different medsa, from small
cubes of cortex, and from a purely passn e modeL The two curves (Land 1) an A, B, and C.
gie the efflux after incubation and re-imcubation of the same slicc 1 radioactve medum
The ordinate ges the loganthm of directly recorded activity remaming i the shee (Log Qi
during the wash-out peniod as a functon of tme (abscssa)

Fig 4 The cffect of temperature on sodsum cfffux from a thin cortex slice flushed with Ringer
solution The three cunes are recorded from the same slice after incubation and re-ncubation
1n radioactive medium The ordinate gn os the loganthm of directly recorded aetmty remainng
i the shice {(Log Qo) as 2 funcuon of ume fabscussa)

tamed invino by 1 1 imjection to the whole ammal of only 25 it (equal to 25 z) of ths
solution (Levssac 1963 b

‘The effect of changes 10 temperature on the efflux rate of soditm 1s demonstrated
in the figures (Fig 3Cand D Fix 4 A great change in the slope of the cune i the
casc of thin shees 13 seen when the temperature 1s changed from zero 0 37 G (Fig 30
Repeated effux cunes were recorded from a similar thin shice at 22 and 37 G which
allows a companson between the efffux rates at two less differing temperatures durning
she entire efffux peniod at comparable fractions of the cunve (Fiz 4) The efflux cunes
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Tager I Uptake of labelled sedium and sulfate afkes different penods of wneubauon n Ringer
solutions cantawmng 140 m\ Na and 6 mM 5O, Uptake ss expressed as acuniy
per cent of activy s 10l sncubation medim The Fatio gaes the volume of
disrrbutton of mifate relatne to that of sodium

€] 10 % of 10 2t mewb mediare

Rane
period min Uptake sodiam Lptake sulfare 50410,
12 510 514 Lo
12 67¢ e PR
12 373 370 100
24 560 60 100
23 540 574 09>

and the temperature effect on small cubes { bropsies™) of cortex {about 1 G153 mm
thickness) and of a purely passise model (cellophanc bags) of the same suze and shape
ase given for the sake of comparuson (Fig 3D}

D L ptake of sulfate

When thin cortical shees were meubated under aerobie condittons for different penods
of tsme m Ringes solutions w the presence of tracer amounts of “™\a and *80, 1115
seen from table 131 that after 15 min or more sulfate, 1n concentrations of 610 m\!
was taken up n 2 space equal to the sodium space I, honever, the concentraton of
sulfate i che imcubation medium was decreased by a factor 10 prelimunan expenments
shoned that sulfate was accumulated s the slices, indicated by a sulfate — space
exceedme that of water by 2 factor of 2

& Bfftux of suifare

Fig 5 shows that the eluaten curses for sulfase and sodmm when recocded wraudia.
neoush from the same slice, were closehy parallel during almost the entire course of the
eluation sn shees sneubated 1n Ringer solutions at a sulfate concensration of 610 m\{

5

.-

H
\ .
Fig 5> The nmultancous efffux rate of sodt
wm and sulfatc from thin cortex shiee The
Ordnate The loganthm of € ™ n wash

o medm collecicd o er 3 sec {Log
v

3
-
et
o

Abscsssa tsme
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Discussion

It was shown by Hanssen (1960) that the process of transcellular transport continues
1n the early post mortem pertod with the consequence that the proximal tubular lumina
had disappeared within 30—40 sec Later in rats by Stemnt ot a
(1963) and by Leyssac (1963 a) have further established that the proximal tubular
lumina 1n rats are 1 luded 1n the luted part of the proamal tubules
within 20 sec after the mterruption of the renal airculation and filtravon This fact
would mean that no transcellular transport can apparently take place from the lumen
side of the proximal cells 1n 1solated renal cortical tissue unless the lurmina are restored
The present invesuiganion demonstrates that this is not the case using mneubated cortcal
shices The incubated kidney rorical shice ss therefore apparently no model for studies
on the process of transcellular transport

The present results of calculated flular cation m fi 4
proumal tubular cells {Table 11) disclosed a very high potassium, low sodiim concens
tration similar to values obtained 1n nerve tissue, muscle cells and red cells

From the \ery moment of luminal occlusion foltowing interruption of blood eirculation
and filtration a senies of events are imtiated, Ieading finally to the completely abnormal
won ~and d 1 the bated shice Itwasobservedina previous
study (Leyssac 1964) that a swelling of about 50 per cent accurred 1n the proximal cells
already immediately followmg the luminal occlusion (20—25 sec afier nterruption
of arrculation) Ths carly swelling which suggests a marked change of the intracelfular
1on composition and water content, inferred to us that water and sodium {eaked mto
the cells from the interstitial spacc The changes m jon composition of freshly cut
slices 1mmersed 1 Runger solution under aercbic conditions at 37° C was studies
thoroughly by Whittam and Davies (1953) A further and rapd change in electrolyte
composition occurred Imutially sodium was gamed and potassium was lost from the
shce Although this process was partly reversed in the subscquent peniod the total
cation and water content was increased when a steady state was reached after 1520
mm of mcubation mostly because of a net gam in sodium So thus 15 the steady state
condition of an 1ncubated cortical shee at 37° C The net gam 1n sodum and water
during incubation 1s consistent with further swelling obsen ed in the present 1 estiga
uon following mcubation In close agreement with these observations an 1verage

intracellular * o more correetly average tubular concentrauon of sodium of about
and not less than 85—90 preq/g cells was esumated in the occluded tubules of icubated
shices (p 5)

Although the incubated kidney shees are greatly swollen at 37° C with a cellular
content of water and sodium incomparable with that of physiotomeal conditions 1t sult
remaimns a fact thatshices may ation e betweenthe
tissue as a whole and the icubation medium and that these modest differences ar¢
related to the metabolism of the shce However 1t remains an unsolved problem
whether these concentraton differences exist between the medium and cach cell 21 3
sather uniform pool of cells An nteryp of the ciuon
distrsbubion within the shices would be 1t appears a two-pool system conusting of 3
rather small pool of tubules with normal and functiomng cells and a large pool of
subules 1n which all the cells arc more or lest disintegrated and with respect to sadium
1n duffusion equihbrium with the medium The total tssue water would then consist of
1o components of which a major component of 75—80 per cent contains 98 per sent
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of the total sochum pool at & concentravon of 10 raegfl, wheseas the minar component
of 2025 per cent of the water contains anly about 2 per cent of the sodium at a
coneentraton of about 10 meql cellufar water

From the efffux curves it 13 2pparent that the xate of sodum loss from the meubated
slices was unaffected by addition to the flushing medium of known whibiters of actne
sadwm transpost, and cunes not sigmbicanth different from each other were obtamed
o matter whether the medmm contamed K+, Cat+, and Mg++ or not. Thus, any

actne” component m the sodmum effux covld nat be quabtatnely demonstrated by
thas techmigue

When changing the temperature i the medtumt from zero to 37° C A marked change
1n the slope of the efflux cun & was observed i the thun shiees, which might at first glance
erroneously suggest an ‘active” cornponent in the sodiora effas. E, however, the
sodaum activity 1 eechanged by a one-dimnznnonal diffusion process w a sssue sheet of
non-umform thickness, bke that of a tstue shee tut by free hand, cach thickness willt
represent one ungle poat The recorded efffux curve is then a compasite curve of a seae
of slapes each one single pool with one fume constant
(Ae~nt e, the significant number of ungle pools (A, B, etc ) atany particular
tme depending upon the tme constants (@, fi, et¢) A sunple companson between
stapes of tangents then has no clear physical meaming Thus, of calculated from the
ternanat sfope at zero” € and the slope after flushing for | mun at 37° © the apparent

Q" which ranged between 2 § and 2 3, may be charactenzed asa fakse (. The
eftlux cune may, howeser, stll be used for an approumation of the temperature coef-
ficsent of the process, since the sigmuficant sumbder of ¢xponential terms will become
reasonably comparable pmﬂdtd the wme constants do not differ too much This
situstion may be d the wmtersal Thus, when
a e shee was efoated and Tc»dua\cd at two dews diffenng wmperatures (22° and
27° C) or when e temperatuse was shifted betw cen these two tempesatares latein
the wash-out periad, K was possible ta esumate the effect corsesponding ether to
wientical abscissa values (time) or to wdentical ordinate alues (acuntty), which gave
sumilar results As appasent from the figure (Fig 4) these somewhat more - meamngful”
Quralues were considerably lower, and furthermare simifar + alues were obtained carly
and late i the washout pesiod The effect of chapges m temperature waas also studied
i a purely passne muodel, small bags of cellophane filled with collowd free Renger
soluton K" raunged from 12210 1 31, m accordance wath the expected salue far
frce duiusion of sodium m water 1f, howen v, albumsn was added to the Ruager e

the bags, which may be then a smore model, Q.a"ral
ungonhablie from thse ohianed from coracal ussue weve found
The data on the effect of emp 5 thus, are o e wath the that

sodium widhum the cortieat shiet 1t pamely exchanged with that of the medium
The finding that sulfate dunng mcubaton 1 a Runger medsur contatsing 0 6 m\

sulfate was jated 1 the slee ss with the findings of Devrup and
Lsseng 11955} atlow of sulfate Hi the medaum

of sulfate of § mM or more this acson was distnbuted i a space equal to the size of the

sodrum space This finding would seem unexpeeted of the cellular mtegrities were cons

sery ed with alegost normal permeabibiny pmperues ofthe cells Tr rmigh sul} be postulaced
d The

that sodiim and sulfate were n different
mrnuliancouly recorded efffux rate of: m&fa(c and sodsuso i
however that she fracuonad yate of joss of 3etaty per up
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Discussion

1t was shown by Hanssen (1960) that the process of transcellular transport continucs
1n the early post mortem period with the conscquence that the proumal tubular lumina
had disappeared within 30—40 sec Later n rats by Stanh et ol
{1963) and by Leyssac (1963 a) have further established that the prowimal tubular
lumina in rats are completely occluded in the convoluted part of the provimal tubules
within 20 sec after the p of the renal \! and filtration Thus fact
would mean that no transcellular transport can apparently take place from the lumen
side of the proximal cells 1n 1solated renal cortical tissue unless the lumina are restored
The present mvestigation demonstrates that thisis not the case using incubated cortical
shices The incubated kidney cortical slice 1s therefare apparently na madel for studics
on the process of transcellular transport

The present results of caleulated ntracellular caton composition 1n functiomng
prowmal tubular cells (Table 11} dusclosed a very lugh potasstum, low sodwm concen
tration stmilar to values obtained in nerve tissue, muscle cells and red cells

From the very moment of lurminal occlusion following interruption of blood circulation
and filtration a senies of events are imtiated, leading finally to the completely abnormal
150 composttion — and distribution 1n the meubated shee Itwasobsen ed ma previous
study (Leyssac 1964) that a swelling of about 50 per cent accurred i the proximal cells
already smmediately following the lurminal occluson {20—25 sec after interruption
of arrcutation) Thus early swelling, which suggests a marked change of the ntracellular
10n composition and water content, nferred 1o us that water and sodium Jeaked 1nto
the cells from the intersutial space The changes m 1on composition of freshly cut
shices ymmersed 1n Ringer solution under acrobic conditions at 37° C was studics
thoroughly by Whittam and Davies (1953) A further and rapid change sn electrolyte
composition occurred Imuially sodium was gained and potassium was lost from the
siice Although this process was partly reversed 1n the subsequent period the total
cation and water content was increased when a steady state was reached afier 15—20
min of imcubation mostly because of a net gain in sodum So this 13 the steady state
condition of an incubated cortical slice at 37° C The net gam 1n sodsum and water
duning incubation 1s consistent with further swelling observed 1n the present imvestiga
uon followmng incubation In close agreement with thesc observations an average

intracellular *, or more correctly average tubular’ concentration of sodium of about
and not Jess than 85—90 yreq/g cells was estimated 1n the occluded tubules of incubated
shices (p 5

Although the mncubated ladney slices are greatly swollen at 37° G with a cellular
content of water and sodium incomparable with that of physiological conduions 1t sl
remains a fact that shices may m 1011 ¢ cesbetweenthe
tissue as & whole and the incubation medium, and that these modest differences are
related to the metabolism of the shce However, 1t remaimns an unsoly ed problem
whether these concentrauon dilferences cxist between the medium and each cell in 2
rather umiform pool of functioning cells An alternative nterpretation of the cation
distnbution within the shices would be it appears a two-pool system conusting ol'il{
rather small pool of tubules with normal and functioning cells and a large pool of
tubules 1n which all the cells are more or less disintegrated and, with respect to =“d'““‘r
1 diffusion equibbrium with the medium The total tissuc water would then consist of
two components of which a major component of 75—80 per cent contains 98 per cent
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the fraction of truely” mtracellilar sodium m cortical shees In accordance with Wit
tembury's data a guanniavse analyus (Bojyesen, Leysac and Sveygaard “aichen 1965,
subsequent paper) has venealed that as smuch as [5~-2Q per cent of the exchangeable
sodium pool i about 40 per cent of the tissue water s notin diffuston equalibrium with
the medwum but 15 Jost ar 2 more slow rate
The present caleulated very low sodum ~ 2nd high potassum concentragone i ok
 toplasm. of functionmg proximal tbrtar ~oV
Lysuptasmatic
N wat uascinent membrane to the outsde From the

1
atress this b of 74 mV (Wi b 1960, Geebuch 1961, Whittembun,,
Sugmno and Solomon 1961}, whith was some 10 m\’ Jess than the potential difference
calculated from our observed potassum concentration rauo the mmmal work, ay
calculated from the equation

110
concentration dfesence of sodium ff =y a¥le 11) and a potentl dfference

w=RT {5‘) 4 EF (Levt and Ussing 1948}
<

will be 3 200 cal per eqv ol Na {377 C) Smc: 7 eqv Nanin v g be

gt e
each suprabasat eqv of ovn =« [ LB . S
and Thaysen {961} wuh  « e . o vt * e awh
become B0—90 per cent 15 o . v aluy rugh (me calerdation rests
upon the otno m the memb and therefore throw con-
siderable doubt on the general derl the An alt t

possibility 15 that sodwum transported across the cellular wall s not mumed with the
cytoplasmatic pool bt 1s on the conwran, confined to speaa! Lmracc)lu)ar s!ruclurts
allowing a localized bugh sedwm c by the e
port process includes ¢y tophysiolomeal mechan ‘. .
findino af a4 «

- p tstyt results an incubated mammaban idaes cottex slice at
3/ C may be visnabzed a3 u prece of ussue wmposcd largely of twn nast
tubules acn of which with the nnee b1
fhe ~at *
3
« . . .
a
w
stnated muscles

= wt tumover rate of sodium
o s st shist of istracellufar sodratn of other isues such as

The B 88 weh selanion counter and scaler were gencroushy supplied by Granss from the
Tubarg Fond and support to this wark was gnen to one of us (P P L) by Grants from Statens
slmaiclge \ ienskatafond sad Noro Fonden for whnch the author wib to rxpres his
gratde

£ I the calewhation s made feom the of an
Na g water the efficiency will it oty unreasonably large (70—80 per cent

of 30 peg
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The Antagonistic Effect of Human Plasma Albumin on
the Insulin Stimulated Glucose Uptake of
the Isolated Rat Diaphragm
By
Jax Jervern

Recened 13 January 1963

Abstract

Jervell J The ontagomatic efect of haman plasma afbumn on the mi.n stonulated of glucose upteke
o the valared rar daphragm Acta physio) scand 1965 65 33~4) ~— Alburmin ssolated by
several different procedures antagomzed the cffiect of msuln on he glucose uptabe of Lhe
wsalated rat hemubaphragm The antagonusm was sull present afrer the pH reducing cffect of
the atburnins had been corrected A deerease m pH was also found to have some msukn
amtagonstc effect There was no correlauon between the antagonistie effect and the free
fatty acid content of the albumins and adding palmutate fo a ponantagomsuc albumin dud not
ancTease ats antagonstic actvaty The antagonssne effect cannot be explawed by the calaum
and magnesum binding propertics of the albumia

An mnsubin antagonsue effect of human plasma albumn on the glucose uptake of the
ssolated a1 hermdaphragm was first observed by Vallance-Owen eral (319383) Lowy
e af ({961) confirmed this and w addiuon obsenzd that no antagomsm could be
demonstrated on the epididvmal fat pad of the rat The amount of antagomshc activity
ts higher m albumn fror drabeuies and predizbeties than from rormal subjects (V allas.
ce Owen and Lalley 1961) and alse 1 a high proportion of patients with cacdiac i
farction (% allance Owen and Ashton 1963a)

Alp and Recant {196%) besides venfying Vallance-Owen s obsers ation that diabenic
Albssee pwall sntaganee ghe sonalie 2fer 20 2 laver canmmtmtur ghor aamnat
albunun also report further experunents on adipose tissue In this tissue they found no.
antagonism but nstead a marked insulr ke actvity 1ILA) of cherr albumun Thss
SLA 15 probably caused by wsulin stself smce 1t 1s supressible by antr insulin serum

Kueen 11963) and later Cameron heen and Nenzinger (1964 have not found any
anwagonsuce effect sn thew albumin prtp:\rauons even though these were extracted by
the same acid h; dure used by other workers Ther albunun
gave a marked 1LA not onby on fatty fisue but also on the diaphragm

305301 teta phyteol weand Kol 65
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Buse and Buse (1964) using commercial Cohn fractionated albumin, found msubn
antagonistic actinaty on several insulin sensitiv m the diapl prep
They explain this antagonism partly by the increase 1n hydrogen son concentrauon
of the 1ncubation media caused by the albumin The remaining effect they suggest may
be caused by the free fatty acid content of the albumin

“The present study was 1mitiated to investigate the effect of albumin on variovs n
sulin-sensitive bolic p m the rat diap In view of the conflicting
reports which exist, 1t was neccessary to ascertain the presence of an insulinantagomstic
activity, and to evaluate 1ts dependence upon the pH lowening effect, free fauty acid
content and calerum and magnesium binding property of the plasma albumtn

Methods and material
Albumn
Human albummn was extracted from fresh, hepaninized plasma of normal subjects of from
siored plasma from ouidated bank blood Several procedures were used

1 The trichloroacetic acad (TCA) ethanol procedure as used by Vallance Owen etal (1958)
and most other workers 1n this field

During duslysis of the TCA~thanol albumn mixture a shight preciputate was formed whch
was partly removed by centrifugation either before freeze-drying or after the albumin was
redissolved for tesung

I Plasma was treatcd with ten volumes of acid (HCl) methanol as described Ly Michael
(1962) After centrifugation and filtranon the albumin was precipuated by neurralization
collected and washed twice with methanot and twice with ether After the albumin had been
it dried, the complete removal of the ether was assured by se dissalving i water and frecze-
dryin

T Ammonsum sulphate fractionation (hendall 1941) The frattion precipitated between
60 and 75 per cent saturation was collected by filtration dissolved 1n water and extensively
dialysed before frecze drying In some cases the supernatant afier 60 per cent saturation was
dialvsed direetly

IV Starch block clectrophoresis 1n veronal buffer (1ome strength 01 pH 86 Blocmendal
1860) The alburminfraction wascutout eluted with d sulled water ina Buchner funnel diatysed
and frecze-dned

Cystalline human alburmn from Nutritional Binchermical Corporation (V) and various
batches from A/E kabi (\ I) were also used

All dualysis was carried out in \sking  tubing 20732 tnches for 72 hry at raom temperatise
(lyorat2 € (Iland IV}

The 1denuty of the albumins was cheched by paper electrophoretic analysesin s eronal huffer
(pH 86 sonic strength 0 1; Albumin produced by method I was electrophoretically homo-
genous whereas slight globulin contaminations were found in albumins prepared by methods 11
and 111 and in the commercial preparations
The frec fatty acid (FFA) content of the albumins was determined according to Dole (192F)

a 5 per cent soluticn of albumin 1n hrebs Ringer bicarbonate b iffer (Umbreit Barms

using
and Stauffer 1939 N R
e

Incubation Technique

\ale or female albine rass (f 2 local strain weighing 120—160g were used m any (ne CXpert

smental dav the rats were of the same sex and weight { & 5 per cent) The rats were fed “:ff-’ohy,nri

et (21 per cent proten 3 per cent fat and about 56 per cent carbx hydrate) and fast
before use
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Borebs Ringer Tucarbonate buffec {Unbrent, Burns and Swufler 1937} was wed Insulin
was added by senal didvuon from a stock sofmon contaming 50 s per ml i 06 per oent
acens aad. Glucess and albumis were added 1 appropnate amounts

Osly the Jaseral and antenor parts of the rat hemidaphragms were used. \ler 13—~20 mun
soakang i cotd hrebs Renger buffer (+~10 ) the hemudaphiagms weze blotted gently on
Slter paper snd placed it § 10t incubation mediua n 5 ml Erlenimey ex Basks These weve cosed
with nubber caps and gossed for 3 mm through smyection needles with a gas ruxwere of 3 per
cent carbor diatide 1 oxygen “The fiadks were weebated for 90 mn at 37° Cand shaken 2t 2
rate of §30 double oscslfations per runute The tassue samples were then ninsed i water and
Sried at 160—110" € for 2 hrs and weighed The glucose cancentration of the mewbation medsa
was determined 3n tnphcate before and afier intubanon by thr ghucose ouidase method {Hugget
and \ixon 1957)

The wstsa} ghicose contentraton in the media was 3 mg per mt after incubyanon st had falfen
to around 2 & myg per ml 1 the absence of subn and to between | 5 and 2 mg per mi n the
presence of § 000 mcronmts uf msula pee sl The ghucase uptake was daculated as mg ghucose
‘aken up pes gram dry G per 90 s

c o of the meubaton media was determined with @ glass electrodie at 37°C m an
atmosphere of 93¢, O, — 59, €O, Adjustment of pH was made with 8 153 M sodsum
b carbonawr

In some experments patmiate was added to the albumun-contamng meda This was dove
by addeng 5 4 per ml of wanw {19° ©f 0 134 \Lsodiush palmitate 1o the incubanon medum at
37 C before adyutng the pH

Usualty § ar 9 rats weee wsed in one expenment. grving 12 or 18 fiasks with one: heruduapheagnt
11 €ach Three hermdiaphragms werc meubated m dentical media_ thus 2 or 4 dsfferent mevba

nan mrctures could be tested besides the standard Krebs-Runger buffer & inmilin The beme
draphragmns from the same rat were not  panred * (heen 1963} but all hemsdaphragms were
distbwed randamly between the different meubabon medid making it posable to compare
the glurese uptakes wnder diffcreat cond uows ducedly By pigorous controf of expenmentat
condartons e doserbed procedust gave tlose enough paraliels 1 demonstrate sigmficant an
tagorsm of the nyuhia effect [a aroat cases howevr the same vanables were tested on two
e mare different daws gving at least 6 parallels for each mean The wnsuhiz effect was s anably
hghly sigmficant and in the order of 60 to 130 per cent of basal ghurose wprake Stavsueal
analyss of tha 120t was carvwest out and Student s t tost used for Qetectminng the send
sance of differences betwren glucose uptakes wnder venous conditiors (Croxton 1921

cocflicient of correlation was ecalonlnied by the Pearvon product moment formula
{Lrotton 199y

Materiats
Crvstall ne_ bovine insulin was abtased fom Allen & Hanburvs Lad and the Brush Dirug
Hoyses 14d_ basch no 2266 25 6 uns per mp and from N\ovo Industn A § lot no 2467

10 crysalized the actay of the latter was asumed 10 be 23 6 unes por mg Otherwise
sandard h gh punty vhemical and Biochemucal reagents wese used throughour

Results

Alburen ssolated by alf the methods descrtbed antagomzed the offect of wmsula on the
glucose uptake of the cur hemudiaphragm (Tabke I The antagonisuc effect was very
vanable s mught be due ta saneng pH low ening effects of the dofferent albusins as
no checkang or adjusung of the pH of the scubaton medra was carried out in these
expertmenss The sanable effects mav abo partly be due e diffesences in the amount
of antagonum extracted by she <afferent methods and to differences n the amount
of antagooum presens m the onmnal phoma from which the extraction was made
A stemulators effect of the atbumuns on the basal glucose uptake was onh rarely found
expls b Zand 12 Thisism conteast 1o the results of Camyeron e of 1964 4w ho found
that their TCA-sthanet extracted altnmins always exinbrted 2 sumudataey effect on
basal glcose uprake
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Tazre I Glucose uptake of cut hermdiaphragms, incubated 1o buffer with and without al
bumzn sn the absence and presence of insulin

Glucose uptake of muscle (mg per g dry muscle per 90 min)

Per cent inls

¢ Buffer -+ brtron caused
b Buffer +  msuln d Buffer+  byalbumn
Exp Meth albumm (10 % umts  atburun + 100 {e—d)
no  od  a Buffralone (5pereent)  perml) msulin fraeryg

[ 245420(3) 340403(3) 473+15(3) 336109(3) 60
7 I 303419(3) 444:£1.2(3) 668+£23(3) 4474£23(3) 61
3 I+IV248412(3) 437439(3) 251424(3) 98
4 1 214442(3) 289434(3) 366£20(3) 297+£08(3) 7
51 346445(3) 306432(3) G00X05(3) 429+26(3) 67
6 I 264£10(3) 260£21(3) 542+13(3) 434+£23(3) 385
71 244:07(3) 260+05(3) 466232(3) 253:08(3) 9
8 N 264+10(3) 233421(3) 544:13(3) 294£12(3) 89
8 I 271%20(6) 307£15(6) 630£29(6) 319£23(6) 87
10 I 370419(4) 357:£19(4) 579%12(4) 426138(4) 73
HoIv 287£26(3) 515+51(3) 369+£06(3) 64
12 % 285£11(4) 31140G(4) 533422(4) 471108(4) 2>
13 VI 280+16(3) 289%23(3) 500£18(3) 469:38(3) 14
14 V1l 264419(3) 287415(3) 553+£17(3) 404:£28(3) 515

In this and the following tables 4 standard error of the mean and number of obscrs atons arc
grven with each figure Roman numerals refer to method of albumn 1solation described 1 the
text Inexp 3 the albumin was 3 8°, Thedifle between a and b s s gauf

cant (p~001) wexp | 2and 12 The difference between ¢ and d {tnsulin antagonism) 15
sugntficant sn all experiments except no 13 (Inexp 4 1land 12 p < 005 in the remaming
exps p 001

Inexp 3 the albumun used 1n exp 2 was subjrcted to starch block electrophorcais belore testing

No ad) of pH was perfc d in these

The albumin used tm exp 2 was subjected to starch block electrophoresis and retested
(exp 3 1t was then found to antagonuze the msulin effect completely and presumably
the sumulatory eflect on basal glucose uptake was also remosed by this reaiment

o
The hrebs-Runger buffer a1 37 C tn an atmosphere of 5 CO,—95 %, O, had a mean
pH ol 743 + 0026 ¢ S D} {3 measurements on 13 dufferent buffers) Solutions of 7
dsfferent albunmas 5 per centin hrebs-Ringer bicarbonate buffer) prepared by method
I had & mean pH of 707 — 008 and wmilarly 2 albumns produced by method 111
rave pil values of 7 15 and 723 habi albumun RIR 23 garc a pH of 685 and hatt
albumin RO 22 gne 7 20
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Tasis 1T Glucose uptake of ¢ut hemidisphragms at differeat P values

Glueeee uptake i mg per gram tusue pes 96 yua

Mo insulin Yosuhn 10 7 wasts per mf
pH 74 275413 {6) 586415 (6)
P8 12 238402 (6 g 109 (B)
PpH 697 278411 (6} 619 (B)

The ghicose wptake at the twa kower pH vatuer i sgmficantly (*p< 83, **5.< 0 003) lawer
than the uptake a1 pH 7§ The pH of the media was adjusied by substituting some hal for
N\aHCO, wn the hrebs Ry ger buffer

Tapre 31T The effect of vanvay alburan prep: h Pt f cag by
at adjusted pH and at pH 743

Glieose uptale 1 mg per gram dry fusue
per 90 mun

1T % unns of
pH of Do wsubn 10 2 s of  msulin perml  FFA content
wnadpasted pk wsuln perml  pH adiusted

of meduzen
Adduons wediasy waadjused  pHunadjusted 0 743 neq per mb
one 745 *238409 2ixid 3229 o
(1) {1 19}
§%5 albuma 733 240424 4334120 430418 13
Mewhod § 3 97 9
37, albumin 723 238336 479520 443420 Q7
Method UL (3) ') (37
3% albumun 720 L IR P T E P 474213 10
KAB! B8 27 3y {52y 9,
5% albumin [2:A) MR AT S A2 R e A ] 12
AN REA 23 {9) @
5%, aibumm 715 206£12 4397432 188417 B4
Method 11 16} [£1}) %)

Uptakes marked with an asentk?® difler ugnficantly fp D 03) from uptake without alburmun
(upper hine) 2 ascerske®* p D3 The pH was adjusied by addurg @ 134 A% N\aHCO, 1
the media The atbumen satated by method § was adsustod to pSE 7 4 befose freese
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Tasie I\ Effect of 5% alhumu on glucose uptake of cut diaphragen alter adjusting pH to 744

Glucose uptake 11 mg per gram tisue

¢ Baffer £

a Buffer b Buffer + wsulia
Lxp no alone 59 albumin (10 *eutspeeml
1 27826 327423 597441
2 245426 260415 HEFR T
3 283+08 322447 56842¢
4 209404 274422 53842
5 288450 373417 58443
6 249514 3 T424 572416
7 287411 354214 SF6£24
\ean 257409 (21) 30412 (21) 55 3£10 (21}

The albumins were all prepared by the TC \-cthanal method

The number ol observat ans 18 3 for cach Fgure except for the lawer I ne which 1s the mean of
Difference between columns ¢ and d (insulin antagonism) 1s sigaeficant (p < 005} aa exp
In the lower Line (mean) the antagomsm 1 fughly stgnefcane {p < 0001)

It was then of nterest to study the mfluence of pH changes on the glucos uptake of
therath h: The results of th (Tahle 1T} show that lowenng the
pH to 7 23 caused a moderate decrease 1n both basal and wsulin stunulated uptake at
pH 697 the snsuhn-sumulated uptake showed further marked decrease

When the pH af the albumincontamnng mcubztion meda was adgusted to 745 the
nsubin antagomstic effect was reduced wm those alburmng which had the most marked
pH lowerng effcct (Table IIf \fast of the albumins howerer retaned a sigaif cant
insufin antagomshie effect after the pH adjustment

Table I\ sumlasly shows the msalin antagomstre effect of 7 duflerent TC.3 ethano!
extracted albumins To avoud the effect of the vanable pH the mcubation media were

adusted ta pH 7 45 belore testing Al the pr were insubin the
insulin effect was 22—48 per cent lower (in one case 10 per cent} in the presence of
albymim  For the meaa of all these expertments the iasulin effect 13 28 pex

cent and hichly significant p 0001
During iacubations the pH of the meubaton media fell from 7 45 to around 730
the presence of albumin made no difference in this respect

Free fotty acids

Table \ shows the cffect of adding palmitate to the albumm contaming medium in
thuis cxperiment the habr albumun RAO 22 which 1s not amagomsic. se¢ Table 1T}
was used It 1s seen that the plucose uprabe or msuln effict was mot mfluenced by the
addtion of palmmtate
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Q Bufler 4 Ins effectan Intubaton. ®p wlubition. FFA conc
atbumin absenes of caused canaed of meduarn
+ nsubn alburmm By albumia by atbumin feeq per mi
445228 318 152 48% 142
453415 8 80 27°, ise
45612 s 53 23°%, 033
467429 329 71 220, 118
467220 296 1383 400, 182
46214 323 o a4, 087
538%215 19 28 102, or2
469410 (21} 294 83 232, 11

all experuments
12 5and6

Tarts \ Efiect of adding palmutate 10 albumin-contammg medss on ghucose uptabe of cut

hermdhaphragms
Ghucose upiake i mg per gram dry muscle
Insuba 10 ¥
o ssulin mis per ml
Bufler ajone 27218 9612
ho FFa (&) {6
Buffer ~ 59, alburan {RAD 22 RABY) W2 W91y
T\ conc 1 ueq/ml {6Y (6)
Duffer 37 albumn (R0 22 RARY 300412 49119
added patmitare FFA conc 18 peq/mi &y ¢

The wsutin effects are highly ssgmuficant (1
ghucose upiake wher FE\ are present
The pH af all meabaton media waa adjustad to 7 45

000Y) but there 1 o significant ihabrtion of

The FFA content has been determuinad in several of the albumsns used the results
are gien Table 1 and IV There ss clearly no correlation between FFA content and
efieet e coelhy of berween FFA and msubn
antagonyste effce 10 mg glucose pes gram dny ssue per 90 munutes 3 0 13)
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Tasee VI The effect of varying the calcrum and magnesium concentrations on glucose uptake
of cut bermidiaphragms.

Glucose uptake 1n mg per gram dry weight per min

Buffer -+ 1msulin

Buffer alone 107 unts per ml

Krebs Ringer buffer

507 meg Ca** /1 279417 572:+21

239 meq Mg**t (6) (6)

254 meq Ca™* {1 3384119 547127

120 meg Mg** 1 (6) (6)

128 meq Ca** /1 331131 5¢1£25

0 60 meq Mg** /1 (6) (6)

The uptake marked with an asterisk* 1 significantly higher (p < 005) than uptake m the
normal buffer Differences in presence of nsulin are not significant (p > 0 40)

Calcium and magnesuum

‘The Krebs Runger buffer used contained 5 07 meq calcium and 2 39 meq magnesium
per hiter Analysis of the upper albumin free phase after ultracentnfugation showed
that about 50 per cent of these 10ns were bound to the alburmin when this was presentin
a concentration of 5 per cent It therefore seemed important to examine the effect

of reducing the calaium and n the k medium
The results of these experiments are shown n table VI, and it 15 seen that there was a
shght d. of ! ficance of basal glucose uptake at the Jower

concentrations, while the insulin simulated uptake was not affected

Discussion

It 18 not surpnsing that alburmn, dialysed against distilled water and subsequently
freeze-dried, should decrease the pH of a bicarbonate buffer of pH 7 45 Albumin 13
e a- - 1w SIS

. K QPR S e 17 medd 2t srersgiomc point
- - . . Mect 18 to be
. . - ceze-dryng

(Sce Table 111}

“The effect of changing pH on the msulin simulated glycogen formation of the cut
rat hermdraphragm has been studied by Stadc and Zapp (1947) Using a phosphat
buffer they found no change in the mnsulin effect on glycogen formation when the pH
wasvaned between 68 and 7 4

Simlar studies 1n bicarbonate buffered media seem to be lacking Bhattachana {1961}

1n his thorough study of the effcct of metal 1ons on glucose uptake, dors not make any
A et * L4 eatleg s mav he mferred
. o
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From the results sn the present study st seems clear that increased hydrogen wn
concentration in a bicarbonate buffer, although it 18 assorated with a decrease in the
basal glucose uptake has 2 much greater effect on the insulin stmulated glucose up-
take, 1 other words mcreased hydrogen 10n conceatration has an insulin antagomstic
effect However, even after the pH of the alburmn-containing media bad bees ad;usmd
to the pH of the hrebs Runger buffer, a wnsulin effect

1t scemed posstble, a8 also suggested by Buse and Buse (1964), that FFA bound to
albumin mught accaunt for thss effect It has been shown n the perfused rat heart
{Stupp et al 1961) that D 4 m\ FFA will yeduce the audation of glucoese markedly and
the glucase uptake shghtly, while the glycogen coatent is increased They suggest that
this suught evplam the finding of high glycogen Ievels w heart muscle as opposed to hser
and diaphragm duting fasting and drabetes melbitas Sunilar results have been obtamed
by Randle ¢ ol (1964}, ead Bowman (1962) Oa the rat duaphragm the same type of
effect was observed by Buhinag (1963} He used 2 special FFA free albumen and added
specific amounts of known fatty actde, he found that when the FFA concentration was
ncreased from 2 25 1 10 jimoles per ml the glucose oudation, #Coghucose meotpora.
non amto ghycogen and ghutuse uptake wese depressed Even the lowest of these FFA
concentrations  however was well above any found sm the prevent studv Rapdie
et ob (186%) reported that 05 mM palmatate snhibited the wsubn-sumulated ghacose
uptake The effect howerer was small, and no data on statisteal gmficance was
gven Yo the present study the FFA contzot of the alburmn-contammng mtubangm
media vaned frum 04 to 19 ymoles per mt and there was very Intle correlavon
{coctfictent of correlation 9 13} between FPA antt msaly
effecr Adding palmnare 1o 2 noa antagonsne afournin dud not cause any antagomstic
ffect to appear

Suularly Buse and Buse {1964 personal commumcanon) reported that they cowdd
not pfoducc snsulin antagomesm by adding FFA to nonantagonstic amounts of albumin

the ansubn effect of the albumns tannot be expluned
by thmr content of free fatty acids
Anather well known property of plasma albumun 15 ats ability to bind calcum and
magnestam Cary (1955) found that the strength af the binding 15 about the same for
both yons consequently the relative binding of the two tons would be i dicect propor
aon to ther concentrations This 1s mn accoedance with aur kadings where about 50
per cent of both ealewm and magnestum were Yound 1o a 5 per cent atburmin sofution
Jt was alse found that lowenng the calowm and 10a halfer
aquarter of those 1 the hoebs Runger bufler did not decrease the ghucose uptake on
the contsary it scemed as though the basal uptake may be wereased Bhattacharya
(1961} Rods thai magnessm s necessary for the msubn cffect 2nd that caloum
the effects of Hawever, the offeet of wenesteng, the vl
conceniraton eould be invreome by wnereased magnesiem Jevels and the CafMg
FRUO 19 MO unporane
One 15 left with the conclusion that serum albumin ssofated by several different pro-
cedures antagomzes the effect of insilin on the glucose uptake of the rat hemidiaphragm
The effect 13 not explained by the pH reduction caused by albumin nor by 1ts content
of FFA or by s calcrum and magnesium tindisg properties
Buse and Buse (1964, persanal communication) stated they were able to remove the
aatagomhic actvaty from thesr Cobn fractionated atburn by dialyss Thewr antagonist
thercfore cannot be idenucal with the one found 1n thus study unce in both methods
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1 and 1T ¢he albumn was dialysed for 72 hrs before frecze-drying In the present study
the only non-antagorusuc alburn sample was the Kabr albumin RdO 22, wolated by
a modified Cohn procedure (Dr Bjorhng, Kaby, personal commumcancn) The Cohn
method, therefore, seems 1o yreld an alburin of no, or relatuely low, satagomspe
activity

The TCA-ethanal procedure is the method used by most workers studying the

118 bound insulin (Vallance-Owen et af. 1958, Lowy ¢t ol 1861, Keen
1963, Cameron ¢t al 1964, Alp and Recant 1964) This method 1s based on the observas
tiop made mdependently by Delaville, Delasille and Delawalle (1954), Levine (1954),
and Korner and Debro (1956) that TCA-precipitated plasma alburn dissofyes3n TCA-
ethanol and can be recovered after dialyses by frecze.drying Schuert (1957) shoucd
that after this treatment alburmn retamns sts ch 15tics with regard to el

mobility, sed: ! lubilsty and thermal stabibty. Rom and
Maurtr(waﬂ) found lhatalbumm treated 10 this way was identcal with nati e albumin
nats character and ch pattern 1n the rabbit A shehth

mereased suscepubility to trypun was found, this increase, however, was insigmificant
m companson with that caused by heat denaturatton Debro e of (1937} after TCA-
ethano! treatment of albumin, found shightly divergens properties by moving boundry
electrophorests at pH § 4 whereas at pH 8 5 the patterns were identical The TCA-
ethanol procedure therefore has many advantages a8 ay albumin extraction procedure,
at s relamnely simple and yields a product which 10 most chasctenistcs, mcluding the
smmunological, 15 identical with albumm solated by more complicated methods

Of alt the other protemns tested, Schwert (1937) found that enly insulin was soluble
m TCA-ethanol after TCA ¢ Pl in therefore probably follows the
albumin 1nto sohution 1o TCA-ethanci One rmght haye expected most of the msulin
to be removed during the extensie dialysis which follows, Crawg et af (1957), howerer,
report widely different permeabihitv ol 1nsuln through ‘Visking' tubmg of diferent
sizes Cameron ef o/ {1954) who found that their preparabons bad a strong msuhin hie
cffect both on the rat draphragm and fat pad, used “\ king’ tubing 18/32, thes was
reported by Crarg to be impenetrable 1o insulin What types of tubng other workers
have used 15 notknown The present study employed 20,32 inches tubung which accord-
g to Craig 1s easth permeable to tnsulin W hen msylin 1s dissolved i TCA-ethanol
and diahysed for three days no 1LA 1s found mside the dralysis bags whether 18/32 or
20 32 inches twhbing 15 used (unpublished results) It 1 possible, howeser, that nsulin
behaves differently 1n the presence of alburmn Indeed Keen (19631 found that adding
a potent nsulin newtralizng plasma inhtbited the ILA of his preparations and Alp
and Recant (1963 found that on an averace 65 °, of the scrum (LA could be recavered
m therr TCA-cthanol extracts when tested on the fat pad and thes acmu) could bc
counteracted by wsubin Their att howcver, compl
the effect of wsulin on the draphragm and showed na ILA on tha preparation

The TCA-ethanol procedure therefore extracts albumn, wsula 2ad an msuln
antagomst from plasma The different results obtatned with ths extract by different
workers are probably by small diff 1n the procedure which alter the
wlathe amounts of msulin and smsubin-antavomst retamed  The msulin antagonut 15
probabl bound 16 albumin simce st follows the alburmn i severat extracrion procedures
1ncluding starch-block electrophoresis but ts nnt enuical with albugun since it c3n
be removed on an acetvlated celulose column (\ allance-Owen et al 1938 by
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"The nature of the antagonut 15 not known Enuinch and Vallance Onen (1963}
Jave proposed that 1t 15 sdentical with the albumsm-bound B-cham of msub Thas 15 a5
yet uriconfiemed, but the suggestion opens many few posubilities regarding the etology
of chabetes melirtus, especially n view of the findmg of wercased msubn antagonism
0 the atbumin from essentin] dixhetics, p d man: members
of diabeue farmulies (Vallance-Owen and Ashton 1963 b)

Professor Otto Walaas for vafuable discussions and advice, and Mss Mart
il‘::: ‘:;;T":.ag Anne Gulowsen and stud med  Petter Aarseth for therr soliful technscat
ssstance Generous supphes of uwman plasna alburin have been received from Dr Henrd,
Bjorhng, A/B Raby, Stockholm, and 10 X crystatlized wsubo from Nosa, Gopenhagen
Frofessor Svemsson, Osto City Hospual has Lindly performed the ealonm and magnestom
amalyses Frazacial support from “Anders Jahres fand &l vitenskapens feemme™ and ~Notdisk
Insubinfond” 1 gratcfally acknowfedged
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From the Department of Physiology, Vetern i ton 58, the Dep: of
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Acute and Chronic Effects of Preoptic Lesions
By
B, Anperssos, G G, Garet, B Hiwerst and B Larssox
Recened 14 January 1963

Abstract

.

Andersson B, € C Gale, B MoKl and 8 Larson doste and cheomic ¢ffcts of preoptac lrstans

Acta phywet stand 1963 65 4360 — The effeets of preoptic and preopuc/hypothialasme
Aessons were stucied s unanesthevzed goats A gradual destructson of e enure Preopuc region
(the heat loss cerer ) was induced by protoe tresdsanon 1n twe anumals The lesons caused,
2 permarcatly sased heat-dissipanon threshold, an mopaired resistance to cold, a complete
adipstz and # lack of thermal inhatution of food iziake A febede sesponse 1o pyrogen was ob~
tamed s sprte of the destructiop of the proapue regon In coptrast 10 dve Protan kesions a
Tapily wnduced radiodiequesey {RE) coagutation aay fatal sl restncted 10 te pecopnc regon

fr aused mnal strong stovering and perpheral hsco-ad,

and thyeasd activation st ere hyperthernua, hyperglytemia, and death withis 16 hours tn three
goats stucied An abiliay 1o respang ta severe hypertherrmua with polypnea remamed  these
goans In twy goass prespuic RF keions were extended 10 mvolve most of the anterior bypo-
alamis These armals sunased an manal period of hyperthermia and sympathico-adreno-
medulfary actisdton One of them was studred fos 8 months and shawed sislay distirbances
of regulanon 2nd as the proton uraduted goars In one goat the
WF Jeswrs was vxended farther caudally 1o mvolve alio the mid hypotbatomie region

immedsate effects were retusl duappearance of usmnaty excrenon of poradienative dedelops
sment of mark: and derable b %

The absesvation of Magoun et el (1938) thas Jucal heatng of the preoptic egion of the
cal sern ates varous beat drssipanon mechamsms directed aventon o thas pact of the
brmm a3 @ sae for central  warmth detectory” Since then the role of the preoptic regron
#53 heat loss censer has been further efuedated in miany viher species by the expen-
mental technsques of focal displaccrnens o brun tempersture and of electrreat sumula-
won or clearraphysologieal recordimgs of Rrusonal activity (ef € von Eunler 1961 ang
Hardy {961 Ablatnn ewpernmtents offer anathes possible way ta soudy ¢he ympogiance
of the greopuc regyon in temperature refation, but reports on the thermoregulatory
eflects of preopusc fesions are relatreely few The reason may be shat acutely tduced

* Postdocsarst Research Fellaw, Dison of Neurological Diseases and Blavieass, U'S Pubbe
Health Servace
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Fig | The final extent of the preoptic lesions in the proton 1rradiated anmals (goats A anl H)

Below. Drawmgs of mud sagittal secuons through the hypothalamus showing the posivon of
permanently mplanted electrodes (1, 2 and 3) ami the sagittal extent of the lesions (Had)
1bore Photographs of transerc sections through the brams of the two goats at the level of
and m the direction of clectrodes no 2 Stamn Tolwdine blue

CI = Capsula interna Tpiphysis
€\t = Corpus mammiltare Hypophysis
CO = Chiasma opcum S = Septum pelluerdum

bilateral lesions 1n this part of the brain often hase lethal effects, caustng fatal byper-
thermia and hemorrhagic edema of the lungs (Gamble and Patton 1953) By vizorous
therapeute and numsing care Reller (¢f heller 1963) has succeeded in gettng docs
to sunnve aftes extensne preoptic/antertor hypothalamyc lesions Careful long term
stuches of temperature regulation 1 these antmals have provided new information 07
the wmportance of the rostral hypothalamus in the regulation of body temprrature
Keller has found that doge with preopuc lesions cxhibt 2 considerable impaement in
the regulanon agamnst heat Turther the dogs with preoptic/anterior hypothalamuc
lestons also show an impaired regulation against cold and become adipsic
Concomuant with studies of the thermoregulatory responses to local cooling and
warming of the preopsc anterior by pothatamic region in the goat (ef Andersion Gale
and Hofelt 1961 b acute and chronic effects of lesions of thus part of the brain have
been studied over the pass 5 vears To a great extent the obsernvations made are in
agreement with Keller s obserations 1n the dog The two techmiques used to produce
local brain lesions in the goat however hase made it possible o follow without the
interference of anesthesia | the effects of gradustly des eloping preopue proten Jesions
or (2) th= immediate cffects of rapudhy induced ¢ lative lestons The exper T
reported bere therefore are 10 some respects complementary to heller s studies i th

dog
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€ rostral Tcm lmsi!a)

Fig 2 X ray pietures of the skull of goat V1 showing the four thermocouple clectrodes 1
planted with thes uninswated ends i the preaptc regien {the rostral pasr) and i the mud
hypotbalamc regon {the caudal parry
Lefi Sideview  Reht Plome - 7
The pret
wsed for RF
regions
€O The pontion of the optic chiasma
€V The possuon of the mantnullary body
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axes, care was taken to distribute the radiation dose so as to produce eventually an extensne
Blataeal faenm m ool nm ths renmt o caman T b ag < tha afTacs = Whacs A oaon o ote

physical conditions as apphed for destrucuon of the median emunence 1n the work by Gale and
Larsson {1963), r ¢ a = 3 mm, b = 6 mm, A max = 40°, f max = 20° (for definitton of the
parameters se¢ Lebsell ef af 1960)

After completion of the irradiation the goats were moved back to Stockholm and placed in
their customary environment Thereafter the respiratory response to electrical sumulation of the
“heat Joss center” and the electrical activity i this part of the braw were recorded dadly for a
period of 25 days By following the gradual d: of the panting response
and by determuning the vanishing point of neuronal actinaty recorded between the two effec
tive  heat dissipation electrodes™, 1t was possible to obtain a certain idea of the onsct of and
the spread of tissue destruction 1n the ieradiated part of the bramn

Ingections of pyrogen The response to exogenous pyrogen was tested by admumstration of
pscudomonas polysachande (Piromen, Travencl Lab )} mtravenously in a dose of 11 pgfkg
bw

M ~ . N © e o PO U R

. P . . fin

1th

B Animals with radwo-frequency (RF) lesions .,
Six adult female goats (im the following referred 0 as I to IV) werc used Goats I and IV had
a pair of eircular silver plates implanted bilaterally in the internal capsula so that the ¢ylinder
of brain tissue bmuted by the two plates included the preoptic region A needle applicator for
dng was alsa ymplanted with sts th up 10 the center of the cylin+
der bounded by the silver plates Goats 11, I1I, V and VI had twe pairs of thermocouple
1, d ilaterally 1n the lamic region (Fig 2) The
Lateraly N £ beun et Iy abotit
slanta
. I tem-
= nption

[P R At

and unnary output were made

Production of lesions Coagulative brain lestons were made by applying RF energy betweeft
the silver plates or between the lated ends of the Je electrodes (iwo at 3
time and n all possible combsnations) The temperature in the heated part of the bram wad
raused to a level of 65 to 70° C The procedure took about 5 mint in the goats supphed with silver
plates and about 15 mm 1 the others The coagulation was performed without ancsthests
and with the goats standing in the metabolism cages It was not seen to cause pam of obvious
dhstress to the animals The only effects observed during the actual heatng of the preoptic
region werc strong panting and a strong urge to drink water a

Chemucal methods Plasma sodwum was determined by use of an EEL flame photometer an
plasma chlonde was determined according to Brun (1949) Blond glucose was dt(ﬂmlﬂn
enzymaucally as descnibed by Levin and Linde (1962) Urine was coliccted when normaly
voided and urmary contents of adrenaline and noradrenaline were esumated nunnme\:w: :’;
according to the procedure described by Euler and Lishajko (1961) Radwoohine }‘Iﬂ)ﬁh)
used to study thyroid by methods f y reported {cf And o a )

Hustology The same histological techmue was used as mn the ammals with proton Testof

Results
A Anmmals uath proton lestons
The postarradiation studies were contnued for 83 days m goat A and for 54 d:'?“:’:
goat B, after which time the animals were klled At the ttme of sacrifice, got 4 \:Or
sn good condition whereas goat B was 1n a poor nutritional state due to senso-mo!
disturbances affecting 1ts food mtake (see below}
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1 fnduntions of the onset and the spread of prevplec luesue destuctian
The den iopment of ussue destructzon in the preopuc regran was indicated by 2 geadual
disappearance of the pantng and vasodidatatiott response to- elecincal sttmulacon of the
heat foss center  In goat A thus response to sumujaton was reduced on the Tih
post uradsation day and had vanshed complesely on the {2th day after proton rrradiz
van of the preoptic remon The corresponding times wt goat B were the fith and the
10th post i days Cx with the & response 1o electneal
stiiulation of the  heat loss temer” there was 2 gradual seduction of the elecineal
Attty recorded between the vlectrodes 1 2nd 2 m gost A and eloctendes 2 and 31
goat B ifor electrode placement see Fig 1) After the 12th post srradiation day acuvaty
was no longer recorded ar ths site 1 goat B and hardh any m goat A The tateral
spread of sissue destruction to parts of the internal capsula became dramatically evident
sm goat A on the 1ith post wradiation day At 3 am that day the goar started to it
315 pght Toreleg and curn ®s head towards the nght Maomal nght tarmng of the
fiead and orching to the nght when kept free 10 2 pen were seen 2 hours Tater At 1
2 the goat agan held 1s head i normal position and no louger curcled to the nght
From noon until 3p m the ideatcal motor d g d on the i
side From thea en ne obyrous motonc duturbances were observed m goat A dusing
the remamng 72 days of observanon
“The eeurrence of motor effects m goat B was Yess dramanie Lafung of the nght fore
feg was observed on the Stk post irradiation day and  smslar contralaterat effect on
the 7th day afier irradiation From then ou the goat exhibued muscular weakaess and,
some dufficulues of standing and umpawed abifity to grasp hay with the ups and to
chew 1t These motor disturbances remameid unnd the goat was samficed on the 5fth
post srradistion dav and may explain the reduced food intake obseried i this goat
espetialh dunng the later part of the post wradiaton penod
Tt was thas obvipus that the brosn leson m both ammals bad spread 10 unohe the
ups of the im0 heat dwmpanon dlectrodes  and laterally sa far as w0 wmolve pacts of
ihe mternal capsula on both ndes witlun 14 days after proton wradsation of the preaptic
reqion  \ further spread 1o mole electrode 1n goat B and electrode 3 i gaat A did
ot accue ‘This was shown by the histologeal evamenation of the braws (Fig §) but
way also evidenced by the eflects of unipolar electneal stinulation va these two electro~
ges The tp of ehretrode 3 m goat % way wiwated in the md hypathatamse region Just
tateral 1o the caput of the bght paran erzaculas nuclens Stimulation via this electrode
02m\ 50cs caused shght Icking dunng the pre nradianon period From the 12th
post wrradiation day thas sesponse was changed ;1o shivering #nd the shnerng res
ponse 1o sumulauon remamed unut the goat was sacrficed In goat B the response 1o
electncal sumulation via electrode 1 (weak chewang wos etnents) remamed uschanged
umnt the goat was sacrficed

2 Alurentors efurts

The abimentars effects of the preoptic protom braons consisted of complete adipaia
from about the 8th post wrradianon day and omwarda and of 2 lack of thermal inhiby
von of food mtake These effects have been deserebed and discussed earker  Andersson
and Larsson 1961 Anderson Gale and Sundsten 1964 ¢} fn addivon goat B exhabuted
the seas-motor disturbances of eatny described above

¢ B3O L eaphpnol card Vol 63
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Fig 3 A comparson between the responses 1o
heat exposure (45°C) before (corcles) and after
{erosses) destruction of the preoptie region by
proton irradiaton 1 goat B MNote that open
mouth panung {double bining on respiration cur\‘c)
e —— L et B

WiiTl JELLA 1emperature nad Teached 4 L.

3 Thermoregulatory effects
For the first 25 post wradiatton days the goats were kept 1 the same rocam as dunag
the pre-sradiation penod Dunng the imual 14 days the temperature of the room
remained at 18 £ 1 C In this external em the rectal temp within
three days after iradration rose from a normal level of about 39 0 C to a fevel fluctuat
g betneen 400 and 40 5° C and remamed hyperthermic untl the 1th post radia
uon day At this time the onset of autumn weather caused greae fluctuations of the
temperature of the animal room, which at mght reached as low a3 13° C H wasthen
obseried that the rectal temperatures of both goats become hypothermue and erratic
tending to follow the fluctuatons 1 room temperature Tar ths reason bath ammals on
the 26th post wrradiation day were moved into a room 1 which the temperature wWas
mantamed constantly at 25 C Both goats remawed in this external temperature for
the remamnder of the obseration period with the exception of brief persods of tume
when their responses to heat and cold exposurc and to pyrogen were tested A 257C
the rectz) temperature of the goats remamed about 1 C abose normal level

Responses o heat load  The scxponse to an extersal heat load  heat chamber at 45° C)
was tested on the 21st and 82nad post srradiauon day 1n goat A and on the 23th post
wrradiation day m goat B Both goats had i sumlar tests performed duniog the pre-
wradanon penod started to pant with open mouth fresp freg 300—370 mn) when
the rectal temperature reached 2 level of 403 t0 40 7 € During post radiation heat
eaposure no open mouth panting occurred in spite of rses tn rectal trmpeeatuse 10
between #12 and 415> C Howeover an increasc 1n resprratory frequence to aboat
200 mn was seen dunng the post trraduation heat osts when rectal tempersture reached
alael cfabout 41 € Fig 3 [t was thus evident that a certain abihts to respond ©
hvpertherrma with polvpnea remamed sn the goats after destrucuon of the preoptic
rezion
Resporses o cold After ut had been observed that the wradsated anumals also showed
an impared regulahon aganst cold their responses (o brief penods of cold nl'”“‘;
were repeatedly tested  For comparnson paraliel studues of the sesponse of norm?
caate were made on each occasion The texts were made aitherat 5 Corat — 10 €
When cxposed 1o cold the norma) antmals soon started to shiver and thus mamtained
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Fig 4 A companson between the effects of moderate (crosses) and severe (areles) cold exposure
on deep body temperature m goat B after destruction of the preoptic regian Shivenng 1s ndic

better masntaimed

The blood temperature 1n the anterior caval vemn was measured about 5 cm from the heart,
¥ig S Fecer response to pyrogen after complete destruetion of the preoplic regum
The experiment was performed on the 80th post wrradration day m goat 4 Pseudumonas
polysachande (Piromen, Travenol Lab ) was gwen intravenously m a dose of 11 glhg b w

(at the arrow) The temperature of the blood was measured 1n the aatenor caval sain about
cm frem the heart

or even raised their rectal and caval vewn temperatures sightly In the proton irradrated.
ammals when exposed to moderate cold {+ 5° C) there was a continuous drop in these
temperatures to a level of between 36 and 37° C Only at this degree of hypothermia
did moderate shivenng appear, presenting a further drop and sometimes causing a
nise in body temperature Such shnenng dramatically grew very strong when the goats
were led back mto the warm roorn apparently faciitated by the forced muscular
exercise

Surpristngly enough the wradiated goats were better able to mamtam bedy tempera-
ture during relatnely short (2 hours) exposure to severe cold (— 10° ) At this tem
perature shivering became apparent much sooner and grew rather strong A comparson
hetween the effects of moderate and severe cold exposure on caval blood temperature
n goat Bis given in Fig 4

Responses to pyrogen The responses of the proton wrradiated goats to exogenous pyrogen
were tested on the 42nd post irradiation dav 1n goat B and on the 80th post irradiation
dav m goat A, 1 ¢ on the 12th and 3rd day before the goats were sacnficed At this

tme the lesions of the preoptic region were likely to have reached the extent found m
e RN -

vemn blood temperature had fallen to normal levels at the bme of injection of pyrogen
The mtravenous njection of pyrogen was m both irradiated goats found to cause the
similar febrile response as in intact goats After a latency tme of about 40 mun the
antmals started to shiver and the rectal and ¢aval vein blood temperatures vose by
about 1° € and remained elevated for about two hours (Fig 5)
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Tarwe I
Maxsmal Imual
post lesomng  shuenng and
Goat  rectal temp penph <, Changen
Sutz of Jesion no < vasoconstr blood guucese
Preoptic region 1 421 ++ + 300 at
7 hours
Preoptuc region n 425 +++ + 400 at
10 hours
Preopuic segion n 425 dt 4 1004t
6 houns
Preoptic region and antenor hy v 414 St + 400 at
pothatamus 10 hours
Preoptic region and anterior hy AY 418 R +60ar
pothalamus 30 hours
Preopuc antenior hypothalamicand N1 Hypotherrma  Mone —70at
mid bvpothalamic regions 364 2110 61 0urs
hours

4 ihstalogy
The Mstological examnanion of the brains of the proton 1rradsated poats revealed
extensne bilateral Jestons imvolving the entise preoptic region The extent of the lestons
are shown on mucrophotographs of transierse scctions through the preoptic resion
and on drawings of midline sagittal secuons in Fig 1 The lesions 1n both goats were
shzhthy larger on the Jeft mde The destroyed regon was larger i goat B than 1n
gost A In goat £ it muoled more of the internal capsula whnch mav explasn w1y
senso-motor disturbances appeared in this antmal Tn nerther goat did the tesion extend
w0 far caudally 1nto the antenor bypothalamus as to touch the descending column
of the fornix or the parasentncular nucla

B Amrals cuk P lesions

Destruction of the preoplic and the preoptic hypothalamic fezion by RE
the unanesthettzed (oat produced three diffrrent types of derangements an W enad
homeostoss which could be corrclated with the degrer to which the lesons eveendrd

Fraun, 10
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4, Change n urmary
noradrenabine (N} P Change in

and adrenahine plasma
{3} excretion pRpn Comments
ot studsed +8at Dead at 11 houns Pulmonary ederma
2 bours

e 150 - 1003t Dead 21 12 bhours Sywprems ol palmonaty edema
A-8a0ar 10 hours

12 houre

SA+E 40 Tead a¢ 18 houny Sympuams of palmanary edema
A 1008 a % haurs

12 hours

“at sudied -~ 232t Huypexthermic 2nd byperactine for 48 hours. Thea

7 hours normotherme and sluggsh alled on day 2 @
poot cendivon
Ty 3 ™MA-~ 163 a1 studied Imeal hyperthermaa for 7 days  Thea smpured
140 regulation agasnst both heat and cold Adipma
Davd N4~ Ralted 1 good condivon afler & manthe
A 100
Dav 20 N0
A+0

1100 o siudied Hypothermic Somnolent. Adipsic Falled on day 6
A W

16 hours.

caudally imto the hypothalamus The effect of the levors m the sic ammals studred are
summartzed 1o Table

1 Lesions mawdy restricted to the preopiic region

In goats I 11 and I the coagulatine lestons were found at histology to be confined
primanty to the preopuc regan The extent of the leson s goat 1L s showain Fig &
In marked consrast 1o the slow ovset of moderate v perthermia induced by progresssee
inacuation of the heat foss cemer’ By proton arradiauon. the abrupt coagulation of
the preaptic region bv RF heaung i these throe goats reselted 10 an smomediate and
marked of ans 3!

Thus upor campletion of the RF heating the amumals t preathy exhibited strong shin
enag and mfemse sasoconstoction even though room temperature was above 20° G.
The mtepsinn of shhenng gradualiv hed ax the ceetal rase, and
shivenng ceased withun 3 hours by wineh time rectal temperature had reached 412 €.
At the Eeerl of vecal temperature maderatr polvpoea appeared  The rertal iempera

[
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Goat 1 Goat v Goat vi

Fig G Fxamples of the three tpes of preopt cihy pothalamie RF lesions stud ed
hore Drawings of transversc secttons through the preapuc region at the level of the anten ¢
commussure (A

text
AC = Anterior commussure Ep = Epiphysis

CI — Capwia mterna Hyp = Hypophyss

C\ = Corpus mammillare MI = Massa intermedia

CO = Chiasma opticum S = Septum pellucdum

ture continued to rise t0 425 Can with | peripheral vasoconstric

tion findrcated by low ear surface temperaturc) and increase in respiratory frequency
to 150—200 per mun

During the tnwtal period of most rapd temaperature rse the goats remained alert
and occasionally ate hay and rummated After 3 to 6 hrs they became increasinsfy
restless and agitated showing marked forward progresston It wasnecessary torestrait
them n order to prevent thar pitching forward out of the metabolism cages

Assoctated with the rapid extreme post lesioning activation of necuromuscular het
production there occurred also a marked actnation of hormonal thermogenic mecha
nusms Within 3 hes plasma protemn bound [91/PBI) and blood ghucose levels were
strabingh clevated and continued o mise as hyperthermia progressed fsec Tabile
The two goats 111 and 1) n which urinary excreuon of catecholammnes were follawed
showed a progresine increase m sympathico-adrenomeduliary actinty with a paric
wlarly stnking elesation of adrenshne the normal rato of noradrenalne to adreniline
being reversed Termunally adrenaline excretion had isicreased about §0 tmes wheres!
noradrenaltne excretion was doubled
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¥ig 7 Efects of scute RF dostruchiom of the preoptic segion 1w goot 4T
The cxtent of the lesion » shown i Fr € 7

of the prean ==

The nse .

medullary <

3nd acrras M “
he destruct +jassermia waith polypnes
{resp 2bove w4 LU goury.

Fig B The acute efficts of RF-destriction of the prengtic the antersar Ryposhalamic and the mid hypobhalare
reguns in goas 41

“The eaent of the leon s shown m £ ©

Note that ihe exiension nf she preophic Jevon eaudally so smolve also the mud hypothalasse

sepon comered svmpathetic telease mto an talibion (vietual disappeatance of unnary
excenon of %y pogh and

Death accursed i these goats 2t 11 12 and 16 hrs post soning and seeaed to be
due 1o pylmonan edema aad hvpertherrua Goat {showed a profuse mucowd salnaton

and sales termunally The effecss of destrucson of the preoptic yegion n goat I are
shown m g 7

2 Lesions sn of wng the preaptn end the anterr hypothatamic regions

Twogoats IV and v in which the RF fesions besides destroving the preoptic veqon,
extended caudally w miohe the antenor hvpothalamus sucvwed the acute hypers
therouz atter induction of the leswons The extent of the lrstons 1o goat | i sbown m
Tig 6 The mutal sesponse of these tho goats to brasn coagalation resembled that
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described above — shivening and pheral vas and deyelopment of
hyperthermia with mod polypnea Rectal terperatures

however, did not nise quite so high as 1n anmals with RF-lesions restricted to the
preoptic region, nor did the ammals scem to become so agtated

Goat IV remained hyperthernme and hyperactive for 48 hrs It then became normo-
thermuc and sluggish and developed gastro-intestinal stasis It was hlled 1 poor con-
dition 5 davs after induction of the lesion

In goat V the acute hyperthermia persisted for 7 days after lesiomng On the 2nd
and 3rd days the unnary excretion of noradrenaline rose to peaks of 165 94 and 254 %,
above control while adrenaline inercased 100 95 At this time blood glucose was elevated
409, Dunng this pertod of hyperthermia (rect temp 407 to 41 2° G}, respiratory
rate was mamtained at 60—96)mmn, 1 ¢ moderate polypnea The gradual subsndence
of hyperthermia occurred 1n association with a decline in uninary excretion of cate-
cholammes Thus, on day 8 post lestonmg, when rectal temperature had falien 1o
40 3° C, catecholamimnes 1n unne were only shightly elevated, and by day 30 were at
pre-lesion Jevels At this pomt the ammal showed impaired regulation against both
heat and cold and continued to do so until sacrificed B months post lesionmng When

d i 1ts v (at 21 & [° C) sts rectal temperature stayed

about 1° C above nosmal, when placed at 18° C the goat became normothermc, and
when exposed to cold the rectal temperature fell to hypothermic levels As m the
antmals with proton lesions, the shuenng response to moderate cold exposure was
absent or very weak in spite of a fall of rectal temperature below 36° C, whereas the
shnenng response to severe cold exposure was more accentuated

The alimentary effects in goat V were also similar to those of the goats with proton
Iesions The goat was thus permanenily adipsic Its necessary water mtake was mamn-
tawned by providing a grain-water mixture dailv, which the ammals drank voluntanhy
In order to test the completeness of adipsia, this fud on two occastons was withheld
for a 3 day penod while drnking water was continuously available Duning these
penods of dehydrauon the goat never drank water even though plasma concentrations
of Na and Cl rose to 196 and 160 meq/l, respectively

3 Lesion extended to tnrolie the mud by pothalamic region
A large R lesion mvolving the preoplic, the anterior hypothalamuc, and the md-
hypothalamic regtons was nduced 1n goat VI The extent of the lesion 18 shown sn I'g
6 In marked contrast to the RF lesions restricted to the more antetior part of the bn;un
this lesion resulted 1 hypoth The rectal fell 26 c
within the first 2 hrs after lesiomng 10 with the develor of t
behastour, perspheral vasoditatatton and 2 fall in blood glucose to 20 me/100 ml from
anormal level of about 50 mg/100 ml By 12 hry post-lesioning Trctal temperature w38
365 C Svmpatfuco-adrenomeduliary actnaty was reducea’ dunng chs amianal as
indseated by a wirtual disappearance of noradrenaline from the unne Adrenaline
values were practically unchanged The acute effects of the lesion are shown m i 8
Although mamtained at 2) = 1 C goat VI remained hypothermic (33 C rcflﬂ:
temperatare) dunng the next G davs W thun this pertod of bme the blood glucose lev rr
gradually returned towards normal 1 v injection of pyrogen (1 jpg/ke b » h°
Piromen) on day 5 post lesionung resulted in 2 0 5° € nisc in rectal temperature watl ﬂ:
1 hr but without inducing shivering Because of showing ectreme sluggishncss (he 503!
was killed 7 davs after induction of the lesion
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Discussion

Ina long senies of ablation and transection experiments in the dog hueller and conorkers
(cf Heller 1953) have provided 1nvaluable information on the spatial organization of
central control of body temperature The results may be summanzed as follows
Complete porkilotherma 13 obtained by wide symmetrical lesions destroying the yunctional
tissues hetween the hypothalamic grey and the habenular tracts, or by complete
transection of the brain stem at any level caudal to the cephalic portion of the midbrain
Potkilothermia agamnst heat wath near normal regulation agawnst cold 15 seen as result
of a transection of the bram stem at the level of the pons leaving only the pyrammdal
bundles mtact The opposite, parkilothermia against cold wath retention of normal regula-
tion against heat 1s obtained by tissue defects destroying all the posterior hypothalamic
grey, or by a 3/4 ventral transection of the bram stem at the pontine level Transections
of the braun i front of the preoptic region, on the other hand, do not much nterfere
with the regulation of body temperature It 13 thus evident that the hypothalamc heat
duspation and heat conservation outflows may be separated at the midbrain pontine
level

Of particular interest for the discussion of the present results in the goat are heller’s
observations on the effects of lesions restricted tq the preoptic/anterior hypothalamuc
region m the dog In contrast to what mght be expected from earlier studies of the
effects of preoptic lestons (Teague and Ranson 1936, Clark, Magoun and Ranson 1939)
Keller found that such lesions do not cause a lasung complete pokilotherma agamnst
heat although the sesult may be a permanently rased heat disipation threshold The
same holds true for large lesions involving most of the hypothalamus Another interesting
observation of heller’s 15 that dogs surviving lesions m the preoptic region mas also de-
velop an impaired regulation against cold and may become adipsic.

It 15, however, extremely difficult to obtamn survival after large bilateral jesions
restricted to the preoptic regon It may be argued, therefore, that if an ammal with
an appropriate preoptic lesion could be hept alite, 1t would become completely and
permanently potkilotherrme agaimnst heat The results of the proton lestons 1n the goat
indicate that such 1s not the case Proton trradiation was selected as the experymental
toal for two mamn reasons It was thought that the gradual devclopment of bram
destruction would give the ammals fime to  compensate” for otherwise lethal effects
of a complete destruction of the preoptic region Secondly the absence of anesthesia
would avoid any masking of the effects of the lesion By the use of proton irrachation 1t
was 1n fact, possible to obtain goats surviving brain lesions of a size and a localization
(Fig 1) that would have been lethal if induced acutely 1n 2 one stage operation The
engd result of the proton rrradiation 10 both goats was a complete destruction of the
ussue which on electncal ded with the actnation of heat d
mechamsms (the  heat loss center’ ) Stll, these goats responded o hyperthermra with

- P E

with acute RF lesions restricted mainly to the preopue region stopped shienng and
responded with polypnea when the bodv temperature reached about 41° C

After an imitial period of constant hyperthermia at neutral room temperature 1t
became evident that the destruction of the preopuc region in the rrrachated goats had
also caused impaired regulation agamst cold Local coohng of this part of the bram
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uoun ol warmth detectors  and sumulation of “hypothermia detectors” (Hammel of of
1960) The eventual imparred ability of the ammals to maintam body temperature im
a cold environment after preoptic lesions speaks mn favour of the latter concept The
preoptic region may therefore be regarded notstmply as 2 heat loss center™ but rather
as a thermoregulatory  center” of importance both in heat and cold defence Revent
mucroclectrode studies have mn fact provided direct evidence for the presence sn this
part of the bramn of two Linds of thermosensitive neurons (1) those reacung specifically
to 2 nise i focal temperature, and (2) neurons reacting specifically to a fall 1 Jocal
temperature  The latter are numencally much fewer than the former {Hardy, Hellon
apd Sutherland 1964)

Although reduced, cold defence was by no means abolished in the goats with proton
Iesions Thus only moderate hypothermma developed when the ammals were exposed
to cald. It was also obsers ed that forced mosement of the goats strkmgly accentuated
their shi enng response dunng hypothermia Reller (1963) obsers ed the same phenome
non in rud thalamie preparations and it 5 evident that his conclustons alse hold
true for the goat, namely, that there 15 a central segment of the heat consenauon
outflow which 1s temp dep but 15 not th 11 d* Asin normal
animals shisering in the preoptically lesioned goats was also dnen by the inflow from
penpheral cold receptors since exposure to severe cold induced shisenng at a much
mulder degree of core hypothermua than did expostre to mederate cold (Iig 4)

A widely held view on the central action of pyrogens s that their febnle effect 1s duc
10 a direct mhibitory action on the preoptic “heat loss center™ This would mean 2
resetung of the regulated temperature 1o a lugher fevel The obsenation of Andrrsen
Hammel and Hards (1961) that the hyperthermue effect of preoptic cooling 1s potentt
ated by pyrogen has been talen as a suppors for this view However the two goats with
proton lesions showed a marked febnle response to pysogen, mdicating as do the
experuments of Chambers ef o (1949), that pyrogens may act at 2 lower level of the
bran to causc fever

The alimentary effects in the goats survnng preoptic destruction were adipsia and
a lack of thermal mhibttson of food mntake This is in agreement with the ahmentany
effects of expe: Iy induced local temp changes 1n the preoptic/antenor
hvpothalamic regron and indicates hat there ewsts an nterrclation between the
regulations of body temperature and of food and water intake {cf Andersson 1963)

The use of permanenthy tmplanted electrodes made st possible to study the immediase
effects of preoptic and preoptc hypothal lessons heuzed goats The
explosn e nature of fatal hyperthertma developing after RT leyons restricted to the
greoptic remon lustrates the powerful mbubiton. mfuence normally mamtamed b

ths part of the bram on and h 1 the 3T The occurrenct
of diate strong shinering and perr N and the quick mobihza
von of h ) thermozenests are with an abrupt release from preoptc

intubiuon of hvpothalamie  centers  subsenving thermogepesss That this s dueatirast
11 part 10 a destructive mbibiton of warmth detectors 13 indicated by the facs ¥ :\)‘
preophic coobnz gives a sipular although less pronounced response (cf Andersson ef i{
193 b Dunng preopuc cooling also the relatne inercasc 10 unnary Cxeretion

adrenaliae 1s greater than that of noradrenatine Andersson 2ol 1963 b The masne
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y actvation following wpon preoptic RF-
destruction was probably the man cause of the fatal hyperthermsa and pulmonars
edema seen 1n goats I, I and TII Thus would be 1 agreement with the ebservaton
that the development of pulmonary edema after preoptic lesions 1 the rat may be
prevented by cuttng of the splanchnic nerves or by cervical spmal transection (Marre
and Patton 1956 2 and b) Ganghomc blocking agents present the deselopment of
hyperthermia durmg preoptic cooling 1 the goat (Andersson of af 1964 2) and at
would be of mterest to study whether they would also prevent or delay the lethal
effects of acutely induced preoptic lesions.

‘The caudal extenston of the preoptic RF-lesions to iny olve the antenor hypothalamus
apparently reduced the intenaty of the mtial sympathico-adrenomedullary response,
which mav explam why such lesions caused less pronounced hyperthermss and per
mutted survnal of the goats It would appear that the partal destruction of hypo-
thalamic sympathenc ‘ centers” resulted mn a d: of the release ph
Similarly, the extension of the lesion further caudally to 1molve akso the mud hypo-

thalamic region {goat VI) d hetic release 100 an nh and caused
and immediate fall 1o body temperatuse.

The nsestigation was supported by the Swedish \fedical Research Council, the Swedish
Atomic Research Couneal and the School of Aerospace Medicine, AFSL through the European
Office, Aeraspace Research U S Air Force, contract No Af61 (052} 740
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From the Tnsttute of Zoophysiology, Uppsala Sweden

Periodic Variation in the Amount of Semen Yielded at
Spontaneous Ejaculations of the Male Rat
By
J E Kintstrom
Recened 15 Januvary 196>

Abstract

§ E Rablstrom Pertadic cartation o1 the amount of semen yielded ef spantancaus eyaculations of the male
Jaf Acta phnsiof scand 1963 65 61—6% — Aale rats have been presented from grooming
the perus by means of @ suff gdle and the spontancously eaculated semen has been collected
The amount of semen vielded varics vhy thmically with 2 mean perod of 4 # days

Rhwihmucal vanatons 1n male sexual functions have been demonstrated 1 men bulls
and rabbits (Doggett 1956 Doggett and helers 1962 hahlsirom 1938 1962 1963,
Degerman and hahlstrom 1961 1964 kahlstrom and Hornstan 1964a b hahlstrom
and Hudtras 1965) In the rabtat at teast some of these vanations are dependent upon
westicular hormones (hahlstrom and Degerman 1967 Hornstein  Kahlstrom and
Degerman 1964 Kihlstrém and Hornsten 1964b) In all these studies semen was
collected with constant intenals of tune by means of ap arufiea) vagma This regular
tandhing ntroduces an external rhythm which mas induce or fluenre the cychic
phenomena studied Rats however ejacufate spontaneously without external stunula
ton and the vielded ejaculates appear as pluzs of coagulated semen which may he
collected Orbach 1961} Consequently 1t wall be possible to obtain information whether
or not o clic vatiations accur also 1n spontaneous sexual actnvities

Material and methods

o umal thethm with a dark peniod extending from 8 p m 10 8 2 m Belaw the net floor of
€ach cage was spread a paper from which the sesunal plugs were collected Each cage was
ccnnccted With a umer and equipped with an electromagnet automatscally placing a sheet
«f paper below the floorat8p m 2a m etc Thus the eyaculates could be collected mn baches

a1
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Taste I The found distnbution of the lengths of the 8aps between maxima compared with
the theoretscal distribution to be found w a senies of random numbers

Number of gps
Number of to be found 1n the

Length of the gaps found theoretical distn (F~-T*
gaps 1n days (=F) bution (=T) T
0350 33 5720 1024
075 32 4766 515
100 37 2451 636
125 15 954
150 6 303
175 6 4 082{ 1500 5198
200 7 ol9
225 3 003
250325 1) 003

%t 7673

p<0000a

two from each light and dark periods The papers were removed once a day 1nd the phig
dried over silica gel to constant weight As the plugs vary considerable in size, the total weight
of the plugs yiclded per period was taken as the most suitable measure of the actity of the
sexual organs

The statistical method used 1n discovening ¢ycles has been described earhier (hnhl:m:;
1962, 1963 Degerman and Kihlstrom 1964) and will only be shortly reviewed  The collect
data were arranged i chronologieal order with a constant wterval of the ume si¢ houss l;!
the senies all maximum and all mimmum values as to the total weights of the plugs were marked )
The distnbution of the lengths of the gaps between these maxima has been compare
with that found 1 a series of random numbers (Kermach and Mchendnick 1937) *”’;
detailed oformation was obtained by rearrangieg the serics in horizontal rows of -dmmh
length onc below the other This arrangement was repeated, the number of fiqures in eac]
row vanyng from 3 to 25 Unless the collected data express cyclic vanation, the maxx:dnlnm
values will be distributed at random among the vertical columns abtatned by the pmc' ure
described A cyclic vanation of a given length 1s however mamfested as an accurnul :ulmln
of the regulariv recurning maximum yalues 1n one column This happens when the lmlrm pal
row has a length approaching that of the cycle or of a multiple of the cycle The probability .
a grven frequency of maxima in a vertical column 1s statsncally different from that npffl )
if the salues were distnibuted at random amang the columns has been tested as deser! m‘
earher (Rihbstrom 1962 1963) In this test smali mauma are gven the same impx ru‘n;c :‘
those deviating more markedly from their adjacent salues The mean weight (alcul.\l,ﬂ rom
the column with the regularly recurring maxima was therefre compared with that cakeu aed
from the colurn having the regularly recurrmg minima by means of t test. The shortest £
gming sgmificant cvchieny and a wgraficant difference i mewn weights beecen colur
with recurring mavima and mimma was regarded as approvimating the length ¢f the ©

Results

The expeniments lasted from Apni! 21 to June 8 In most cases at least one eac ul.;lt 3:
day was yielded Plugs scre found duning 18 per cent of the six hours pen(k!"uh
faghest number per peniod being 6 plugs and the mean value ! 2 plugs In all an:
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“Tame 11 Statistical analys s of the cyelic ph n the weights of yelded
eyaculates of male rats

Difference between colurns with

Test for regularly tecurrng mumima maxima and mumma, respectn ely
Penod
fength 1n
Ratno days t f p< t £ P<
1 325 210 141 0025 18% 20 00>
1 425 21% 8t 0075 218 9 00>
m 550 19, 149 Q0> 207 1 003
1\Y 400 317 109 0005 358 12 0els
A 450 173 150 00> 190 16 005
550 173 150 8903 206 12 003
Vi 325 257 167 00l 181 18 00>
350 299 166 0025 179 18 004
450 209 186 0022 370 184 000
vi3 20 175 1654 003 212 28 0025
450 183 157 00> 19 1% 00>
vIIL 528 173 134 00> 260 10 0025

the greatest number of plugs was delnered berween 8 p m and 22 m (hablirom
1965)

As scen from Table 1 the distnbution of the lengths of the gaps between peaks 1n the
weghts of the plugs s far from haphazard which mdicates the occurrence of ¢yclie
phenomena Table 11 gnes the results of the statistical analysis using the method for
testing regularly recurnng mawma All ammals show statistically sigmficant cycles
having sigmificant differences between columns with recurnng matima and muma
respecuvely In an eather paper (Rhlstrom 1965) a durnal rhythm 1n the spontancous
ejaculations of the rat has been demonstrated This dsstinct thythm with a length of 4
wtenvals of counse nfluences the longer gycles and mest tycles with 2 length bemg
amuluple of 4 are statistically signuficant In order to avord thus influence by the diur
nal thythm all these cycles have been excluded This of course decreases the probablt
ties found Howerer in one ammal number IV, only these cveles are ssigmficant the
most pronounced one having a length of 40 days (16 imtervals) This figure perhaps
represents the length of the evdle 1n this indiidual Three ammals number v A\ Y and
Vil edubit 2 or 3 sigmficant cycles of somewhat different lengths This mav depend
upon varying lengths of individual eveles The lengths of the most pronounced eveles
range from 323 to 5 30 davs with 2 mean of ¢ 4 days.

Consequentlv the spontaneous actmaty of the sexual organs of the male rat vanes
rhvihmically As this perodicity occurs in the spontanecus deln ery of ejaculates during

constant. cond the ought to be end: protably of
hormonal nature
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Abstract

k:m:\\ n The ddapfnhnn cm( (ﬁ: nlumm between discharge frequency and curvent strength of cat
by I m)edtd currenlts Acta physiol. scand 1965 65

65—73 — Cat by slmdy curmm myected
through the trp ofan uuuu—elccu’ode T

of pable of ding to steady curtents by long ]asung and
well d repentive disch Such d; from vanous

stud ed vath regard (o the adaptation and the slope of the baear relaton bcm:mckscharg:
—

muscle stretch

Gmml Rernell and Shortess (1963 a b ¢f also Shapovalos 1964) studied the repetitine
set up m by long lasting inyected currents They were
manly concem:d with cells which duchargcd repetitively 1n a well maintained manner
( dischargmg eells ) Th lus threshold for ex oking continuous finng
of a neuronc was always higher than the rheobase and the relation between discharge
frequencs and current strength (the {1 relation’ ) was found to be binear over a con
siderable range The finng rate as well as the value of the proportionahty constant for
the kinear £ I relation (the {1 slope ) decreased by vanable amounts during the mitial
part of contmnuous neurone discharges (the  imtal phase of adapeation ) Sometmes the
finng rate would also decrrase during later penods of the discharge butduning this late

5 653003 dcta phy vol rcand 1ol 65 65
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phase of adaptation”, the {1 slope stayed constant (Gramit ¢f ol 1963 8) Howeer,
many of these findings concerning continuous neurone discharges could not be direetly
apphed to the repentn e finng of cat motoneurones as most of the results of Granu et of
{1963 g, 2) were obtaincd from the rat, and because an unknown proportion of their
motoneurones would discharge only phasic burst in response to long lasting currents
{* transiently discharging cells”)

One aim of the present work was 1o extend the quantitatsse analysis of repetitne
finng (Grant ef al 1963 a, b) 10 a greater number of cat motoficuroncs Another aim was
t0 tigate ch diffe 1n repetiuve firng prop such as those
summanzed above, and to correlate them wath the duration of afterhy perpolanzation
as measured by antdromrc spike discharges Ths latter part of the insestigation was
inspired by the earher findings that motoneurones, which respond to muscle stretch
by mamntamed repetitnne finng {the * tonic™ units of Granit, Henatsch and Steg 1926
Gramt, Phillips, Skoglund and Steg 1957) have long afterthyperpolanzations (Eccles
Eccles and Lundberg 1938, Kuno 1939, Eccles, Eecles,Iggo and Ito 1961) Previous work
has also strongly indieated that the repetitive finng elicited by matatuned reflexactne
ation ss sct up chiefly by comparatnely steady synaptic currents (e g Eccles 1933, p
174 1, 1964 p 114 T, Trank and Fuortes 1961, Granut and Renkin 1961) Duc to
differences 1n the synaptic orgamzation {¢f Eecles, Decles and Lundbreg 1927), the
same muscle stretch would perhaps produce synaptic currents of greater strength and
duration 10 the * tonie "than 1n the * phasic” cells. A possibility alsa to be considered
however, 15 that muscle stretch produces similar currents in both types of eells but that
the * phaste™ neurones {which have short afterhy perpofanzations), because of inherent
membrane properues, are Jess capable of setting up well mamtained finng in response
to a stead) depolanzing current (¢f Sasaki and Otani 1961, 1962)

The present results strongly ndicate that the majority of undamaged cat motoncd
roncs, whateser theie durauon of afterhyperpolanzation, ase capable of sctting up con-
tinuous discharges i response to long lasting myected currents The quanutatne daa
on mamtamed repetttive finng as presented 1n this study, were found to be wellin
accord with those of Gramt ef af (1963 a, 8) Repcutne finng at higher frequencies,
and the hmts of discharge frequency will be dealt with in two consecutine paper
(hemell 1965 2 &)

Methods
The results deseribed i this and the two cansecutrve papres (hemell 1‘9;,) . n.sm:;\;b;v‘n
oo -
ELOSNA om0 can o e Flaxedil May & Daker 13 and

The animals were d with g
mamtained on artificial rexpiration \entral roots L7 and $1 were cut and it e dustal r:;;"n"
were placed on sumulaung electrodes  the spraal cord was covered by warm hquld‘m .
Sumulatng electrudes were placed on the hamstring pap) 164l and common perneal S
Intracellular records were nbuuned from alpha motancufones in segments 17 :’ﬂ"
com entional single barrelled glass microcapillary clectrodey filled wuh 23 potasium R
Stmulating rectangular pulse currents were pawed through the recording mucroelectrode ()
Arakiand Otant 195> Current strength was monuc red by recording the vohage d"’P =<:; %
resstor placed in seres with tf ¢ microclectrode A sesustve rudge was usrd for d mimist Y 5
artifacts. The bridge included a vanable potential souree to asord drarmung current from s
Comventional eathode € llowersandd ¢ ora ¢ -coupled amphficns were used The recorfid
equipment included two double beam ancdloscupes. In some expenments conbiu s 1y
of membrane potentals were aken ung ad ¢ recordng pen writer full defiec
see, knograph G Tvpe 25G Rodhe & Schwarz
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Fig 1 Records of repetitive discharges set up in three different motoneurones by the current
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Results

Transuent firing of moloneyrones stumulated by long lasting eurrents
\fotoncurones which would respond only by “transient discharges (3 ¢ single spikes or
brief bursts) atany current strength will be referred to as  transiently discharging cells
Some transiently discharging cells would only fire one or at most two spikes at any
current strength (Fig 1 A C) Other cells responded with bnef bursts (Fig 1 D) Such
bursts might consist of a few spukes or of a discharge lasting up to about 2 sec Its max
mal duration was as a rule obtarned at current strengths jJust above the one nccdcd m
chert repetinve fintng On the whole the fr always p:
throughout the penod of discharge but appreciable rregularities m the rate of finng
were often observed Throughout the peniod of discharge there was also a progressive
and often quite pronounced dimmution of spike size

Motoncurones which at least for some tme after penetration would dehner cone
tinuous discharges (1 e repetitive discharges whose fining rate stavs virtually constant
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for a long tme), will be 1eferred toas continuously dischargimg eells’ Fig 1 L) It
should be noted that coutrnuously discharging cells may respond by brief bursts to
currents which are either 100 weak or too strong for ehaiting a steady repeutnc finng
(f Gramt et al 1963 2)

In the present results, 89 lumb 1 d a careful study of
repetitnve fining at a number of current strengths At least for some time after penetra
tion, 56 of these cells discharged continuously (Fig 2 A), and 33 cells discharged onh
single spikes or short bursts (Tig 2 B)

Fig 2 shows that ponding 1y (A) and ly (B)
to 1nyected currents cannot be clearly disttngurshed from cach other on the bam of
differences in the ume to peak of late afterdepolarszation Tyme ta peak of late alter~
depolanization (see Methods) corresponds to the duration of afterhy perpolanzation 25
measured by Eccles e al (1958) The average time to peak of Jate afterdepolanization
was 77 = 92 (S D ) msec for the contnuously discharging cells in Fig 2 A and 80 + 26
(8 D) msec for the transiently discharging cells :n Tig 2 B The difference was not
statistically sigmficant (t test p > 05) \Motoneurones with long duratons of after-
hyperpolanzation were comparatu ely scarce i the present matenal Many cells with
long afterhyperpolarizations were secn, but 1t was often difficult to obtain stable enough
measurements from them (¢f Runo 1959) Thus was probably due to the smaller size of
such eells

Granstetal (1963 ) noted that in some cases a cell early 1n the experiment responded
by contnuous firnng while later on 1t only gave a transient discharge or vice versa In
the present material also this very often was the case When the resting membrane
potential and the spike stze decreased Just before the inal deterioration at the end of 3
penctranon most of the contintaushy discharging umts whatever ther duration of after
hyperpolanizatron deles ered only ty preal transient discharges Such transient dischwze
were silar to those shown i Fig 1 A D and quite indisunguishable from the transient
discharges of the cells cotlected in Fig 2 B Other cclls could imuafly discharze onh

transiently but later on became capable of continuous finng Thischangen the dxcch:m\‘;
nerease of the b potennal

propertics was alw 13 accompanied by a
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(¢f Gramt ef al 1963 a) The transiently finng units of Fig 2 Bwere generally unstable
and soon detenorated

‘These obsers ations indicate that at least many of the transtently dischargin, cells were
depolanzed because of damage mflicted by the mcro-electrode On this view, large
sprke swzes should be less common among transiently finng cells. This zlso proved to be
the case Twenty one units out of the present materral possessed sptke sizes above 80
mV and 19 of these umits gan ¢ continuous discharges (Fig 2 black areas) The average
spihe de for all the cells ncuded 1n Fig 2A was 71 &+
-+ 14(S D) m\, for the transiently dischargiag ones of Fig 2B, 65 £ 12 (S D) mV
The difference between these mean values was sigmficant (¢ test, 603 > p > 002)
Small spihe sizes were also often found 1 continuously finng umis which 1n all other
respects seemed perfectly normal Low absolute values of spike sizes and membrane
potentials might however be due erther to unknown factors in the recording technique

or to excessive depolanzation of the impaled umit ot to both these factors 11 combina
uon

It can be concluded from the findings described aboe that at least the majonty of
undamaged motoneurones, whatever thewr duratton of afterhyperpolarization (tme to
peak of late afterdepolarization) would be capable of setung up continuous repetitive
discharges i response to mjected currents

‘The rheobase of 18 transiently discharging cells was on the average 9 1 + 70 (S D)
D3 Tt wasnotsigmificantly dufferent from the sheobase for conuayouly dischargng cell
(92263 (S D) nA, 43 cells) In 12 dy d. and 22
discharging cells a notch could be seen on the nsing phase of the action potennals 1
repettine finng These unts show ed a distnbution to time to peak of late afterdepolanza.
tion sumular to Fig 2 (¢f Sasaks and Qtam 1961)

S 1 slopes and adaptation of continuously firing motoneuronss
The features of discharges at higher frequencies will be treated 1n a subsequent paper
(Rernell 1965 @) For lower discharge frequencics the general findings by Gramt ef of
(1963 @ ) concerning the adzptation and the Lineartty of the f [ relation could be fully
canfiemed 1n the present greater number of cit motoneurones

The tital and the late phasc of adsptation are llustrated i Fig 3B The firing fre
quencies elicited at three different strengths of sumulation were measured at three
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Fig 4 f1 slopes calculated
from the frst interval (flled
J cireles)  the second mtenat
(tnangles) and tle steady

e
t
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4T I rents Values from the same
£ E | L I umts are interconnected by
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PR 3 agamst time to peak of late
ST T T e ame afierdepolanzation

different times after the onset of current, as marhed in the diagram Fig 3 A shows one of
the records from wiuch the measurements were obtamned In ths cell the instial phase of
adaptation lasted only during the ficst 3—4¢ ntervals, and the unit thereafter fired
according to a { I'slope of 1 2 1impulscs per sec per nA (imp/sec/nA) (Dig 3 B) Afurther
decrease appeared in the fining frequency later on (late phase of adaptation), but thef 1
slope remaimed constant The late decreasc in ratc of discharge thus differs from the carlv
drop m finng frequency in that 1t takes place without a change 1 the waluc of the
{ Islope (¢f Gramteta! 1963 a, b) The f I slope obtained from a continuous discharge
after the mital phase of adaptation will be referred 1o as the ‘steady state f I slope”
Gramit et ol (1963 a) used the term  slope constant for the adapted state”

The late phase of adaptation was seen 1n 15 motoneurones Generally, the discharge
frequency decreased slowly duning thus phase of adaptation Sometimes the late phase of
adaptation would be apparent 1n less than 2 sec after the onset of stimulaton (Tig 3},
i other cases nothing was seen of st until after 5--12 sec of continuous repetitve

actity In most cells the d qs was My constant for several sec
onds once the initial phase of adaptation was over
In four the repet finng was d for 35 scc or more, and n

all these cases the steady state { [ slope remained constant throughout {¢f Gramst et ol

1963 &

The imual phase of adaptation of 30 motoneurones lasted for 1 ery vanable tmes 13
might be finished duning the first 2--3 intervals (0 1sec or less, f Tig 3) or it would last
up to about one sccond A quantitatne measure of the imitial phase of adaptation can
also be obtaned by comparing the values of the { Tslope for the first and second intersals
to the values of steady state f I slopes (Fig 4) Ttisseenn the diagram (Fig 4) that the
relanion between these f [ slopes was very vanable

Fig 4alsoshows the range of vaniation off I slopes obtained from the first two mtenals
They werc on the average 68 = 39 (S D, 17 unwts) impjscc/nA for the first interal
and 40=26 S D 2} unus) impjsec/nA for the second intenal

Steady state {1 slopes could be obtained by two different methods Some cells were
«timulated by constant currents lasting two seconds or more and often a pause of about
hall 2 minute was allowed between cach perod of sumulation {¢f Tig 3) Other unis
were contnuously stimulated for several seconds while strength of current was changed
step-wise Under steady experimental conditions both methods were compared m 4
rmotoncurones and were found to give stmilar vatues of the steady state £ [ stope (¢f
Gramit et ol 1963 b [ 1 slopes for the first inters als could be obtaned onfy by the for
mer method and onby in cases for which the stimulation arufacts were small
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In Fig 5 the distribution of values of steady state { I slopes from 40 motoneurones
with continuous discharges are shown The steady state I I slopes vaned between about
04—45 mpfsec/nd and were on the average 19 10 (S D) impfscc/ud The
presentvalues of steady state f T slopes were on the average somewhat smaller than those
found n Tat and cat motoneurones by Grant ¢ al (1963 a)

The vanation m adaptation and f I slopes described above, was not related to nume
to peal of late afterdepolanzation 1 e. to the duration of afterhyperpolanzation as
measured by Eccles 2 al (1958) For the mtial phase of adaptation and for the value
of steady state f T slopes this lack of correlation 15 demenstrated by Figs 4—0 In Fig 4
the values of the various f I slopes are plotted against tme to peak of late afterdepolanza-
tion InFig 5 dashed areassignify motoneurones with a time to peak of late afterdepolar-
1zation longer than 90 msec

Sasaki and Otam (1961 1962) suggested on the basts of their expeniments ost accom
d: that with short afterk

72 msec)
generally would require a higher current strength (in umits of rheobase) to fire
repetitively than motoncurones with long afterhyperpolanzation (mean duration
102 msec), at least in cats anaesthetized by Nembutal This could not be confirmed
1 the present experiments The threshold for contmuous finng vaned between 17—
33 0 nA and was on the average 11 592 (S D, 50 cells )nA In units of rheobase the
threshold for continuous finng was 15 +£04 (S D, 43 cells), which 1s close to the
corresponding value obtamed from rat motoneurones (Gramut ef af 1963 o) For 17
units with tume to peak of Iate afterdepolarization shorter than 70 msec the relationt
betneen the threshold for contmuous firing and the rhecbase was 1 54 04 (S D), for
11 umts with ime to peak of late afterdepolanzation longer than 100 msec, 1t was [ 7 £
06(S D) The difference was not significant (t test, p > 0.2) The threshold for con
tinuous finng was always higher than the theobase

The findings described above concerming the vanation m adaptation, £ T slopes and
the threshold for contimuous finng remamned vald also when cells with high spike
amphtudes or membrane potentials were selected

Discussion

Gramt ef al (1963 a ) studied the continuous repenitive finng of rat and cat moto-
neurones which were smulated by long lasting 1njected currents Therr findings con-
cerning continuous discharges could, however, not be immediately applied to the repe-
uuve firniog of cat motoneurones because most of thewr results were obtained from the rat,
and also because sev eral of therr cells discharged only short bursts in response to steady
currents It appears from the present findings that many of the transtent responses
were from ¢clls damaged by the microelectrode and hence excessn elv depolanzed, and
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that at least the majonty of undamaged cat motoneurones would be capable of settng
up a contmuous repetitne discharge 1n responsc to a long lasting cusrent {¢f Pascoe
1937} Tor repetitne finng see up by steady reflex sumulation thus imphies that 2
motoneurone need only be exaited strongly enough in order to respond by a cantmuous
discharge {¢f Henatsch, Schulte and Busch 1959) The present data concermng il e thresh
old for contmuous finng the { I relation and the adaptation of contimuously discharg
ing cat motencurones mght also be helpful 1n the analysis of refles fing The quantta
tive data were on the whole well in hine with those of Gramt of of (19532 5) Same
specral prohlems concermng repetstive finng at hugh frequencies and the s of
discharge frequency wall he treated in two consecutn e papers {(hemell 1965 ¢ 4}

The exstence of mherently phasc cells 13 hard 1o exclude in the present compheated
situation {¢f also Barron and Maithews 1938, Tuortes 1954}, but at least they appear to
be comparatisely scarce This view 1s consistent with the finding that motoneurones when
tested by slowly nsing currents usually show but hitle accommodation {Trank and
Fuortes 1960 Bradley and Sonyen 1961, Sasaki and Otam 196} 1962) Ninsmat current
gradients have generally been found only in with low sprke amplitud
or dumng signs of deterioration (Bradley and Somyen 1961, Sasaki and Otamt 1962)

Tt 3330 this consest of anterest fo note that alsa the pyramidal neurones of eat cercbral
cortex generally are capable of responding by ] reg fining to a steady
myected current (Creutzfeldt, Lux and Naawmsento 1964) The finng rate decreased
duning the mitial 70 100 msec, but was thereaficr sirtually constant The 11 relation
was approvmately linear also i the pyramudal cells The thythme proprrties of these
cortical neurones are thus mmelar to those of contmuously firng motoneurones 23
| d 1 the present To judge by the slustratons of Creutefelds el
(1964 the steady state f § slope has a much larger absolute vatue (in imp sce A
the pyramudal cells than in lumbosacral motoncuranes The two 1y prs of newrones
appeas to differ also 1o that the early drop of finng rate in the pyranudal cells accursto
2 larpe extent without 2 concomitant deerease of the {1 stope

The d of afterhyperp s ¢ tnic to peak of late aficrdepolanzation
encountered 15 the present matersal were wsually beteen 50120 msec (Fig 2y and
pracucally always shorter than the durauons of aficrhyperpolanization af solrus moto-
neurones as measured by Eccles ef al (1958 1963) Such properties of zepenne fiang
which vaned with the dusation of afterhy perpel wma manner v ould
however presumably be rescaled also by the present matersal The resila strongly
mdicate that the majornty of d cat lumb t i “h’mt:
therr duration of afterhy perpolanzation {¢f Tiy 2) are capable of produang & well
mamntatmed repettree discharge 10 response 10 2 seady cusrent L ery latle adaptanon
and a fow threshold fur conunuow finng (n umits of theohase <f Sasaky and Otam
JUGE 1967 was also found 1 many motonrurones with very short me to peak of bate
afterdepolarization The only differences botween the repetitne dsscharges of mote-
neusones with dhfferen o of afterhy perpol that could be found by lh;
present mrihod concern the upper and fower himts of firing frequency b st thew W)
be consdesed tna subsequent paper heenell 19656 Thus the present findings fasour
the view that the differences between tome and  phase  motanrurones i !hf'ﬂ'
capaciy 1 fire repentinehy in sponse to muscle stretch (see Introduction are mamal!
dur to diffrrences of symaptic orqanzation such a3 thote described by fecles & !
{1937} For a final tr31 of 1} 13 pomt 1t would be important ta compare effrets of e
gtretch with those of injecied currents 1n the same motoneurones
Thie present work has beee aupperted b geants from Resenanonsaplaget harol nka ot
wtr
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High-Frequency Repetitive Firing of Cat Lumbosacral
Motoneurones Stimulated by Long-Lasting
Injected Currents
By
Danier KrrseLL
Recerved 18 January 1963

Abstract

Kemnell, D Highfrequeny repetitice finng of cat lumboracral motoneursnes stimutated by long-
lasting ampected cutrents  Acta physiol scand 1963 55 74—86 Repetune ducharges
were mitated 10 motoneurones by steady currents sajected thruugh an neracelfalar mcros
¢lectrode At weaker currents, produang firing rates up to on the average 31 (30-—-8Y nmy 7\;,
g A P ¢ R P A i st 4 ¥

\ . . '

each approumately fitted by a separate straight hine i the graphs relapng impulse frequency to
cusrent strength The strasght ine wich referred to steady fring within the secondary range

3 2—& times siceper slope than the ont characterzng the primary range Motomeurones

. . PR

. ' ' . y

. . !

. ' .
0 the reprumve finng of refiex)y acuvated moroneurones

Granit hemell and Shortess 1963 ¢ &) studed with an mtracelnfar secordag
technique the repeutine finng of nulated jong-lasting mnyectrd
currents They found that i steady sepeutive finng by them called “adapred” finng ¢
the refaton briwcen dscharge frequency and current strength was well ficted in 2
stratght kne up @ current strengths productng firng rates on tse average of 61 mp ¥<
nrat and 37 tmp sec n cat motoneurones At higher currentstrengths, the curvestendrd
to decline ey much hugher discharge frequencies could, hiowever, be obtatned fmﬂ!
the early portion of the repettive discharge During the initial phase of “adaptavon e
tenpuise frequency dimanished af 2 Fate which sared from cel) 10 celf and was depeadent
on current strength - Also dunng the 1l portion of the repeine discharee the firing
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rate was approumately lnearly related to current strength, but the slope of thus hnear
cune 1 as considerably steeper than that obtamned for the subsequent steady state of
finn;

\Igost of the ins estigations of Granst, hernell and Shortess {1963 a) were performed on
rat motoneurones VWhen trying now to extend this work to a larger materal of cat
motoneurones 1t proved possible 1 many cells to ehat comparaty ely ugh frequencies
of steady chscharge by mjected currents In plotung the discharge rates agamnst current
strengths the values obtamed with the strongest currents very obviously fell above
the straight hine that fitted pownts for weaker currents In such cells the curve relating
steady finng rate to current strength had a steeper slope for strong than for weak
currents For the mmtal spike intenvals of the repetitne discharge the corresponding
curves generally showed upward deflections with stronger currents and this held good
also for cells 1n which the curves for later penods of discharge turned downward. A
description of these findings forms the subyect of the present paper The findings are
discussed alse 1n relation to problems concerning the repetitne firtng chated by reflex
activation

Methods

Nlast of the present results were derised from the same experuments as those of an eatl er paper
(Remnell 1963 @) 10 which the methods were g ven 1n detail The experzments were performed
FU A AN

The present myest gauon 18 concerned ooly with motoncuranes which were capable of
respond ng bylong lastun currents with a well mamtained repetin e
discharge (¢f F ¢ 1 and 63) Some cells were sumulated by constant currents generally lastine
2 sec or more_and a pausc of about half a minute was allowed between each penod of sumula
ton (¢f Fig 6) Other neurones were contmuowsly discharged for about 10—60 sec while the
strength of current was changed in steps (¢f Fg 1) At least over a range of weaker current
strengths these tho methods g ve pracucally equal values for the relanon berween steads
finng rate and current strength (Grant hernell and Shortess 19635 hemell 19534 Onl the
former method can be used for nvest gations of the relauon bétween finng rate and discharge
frequency during the meual sp ke mtervals of repetitrve discharges

Mant cells wh ch showed well mamnta ned repetitne firmg i response to wyected currents
could not be used i the because therr hanged
dunng the testing procedure or berause they detenorated or were lost before 3 sufficient
number { measurements could be obta ned
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Fig 2 g3
Fig 2 Same cell as Fig 1 Steady discharge frequencies plotted against current strength. The
1alues were obtamed from the discharge which 1s partly shown in Fig 1 Current strength wxs
changed m steps at 1 0—1 5 sec mtervals and finng rates were measured over ! ¢ final 05 sec of
discharge at each current strength Straight Lines are fitted to the values obtamed at weak and
strong currents respectinely and the slopes of these fines (imp sec n.A) are mdicated by numbers
atarrows.
Fig 3 Motoneurone of spike size 93 m\ at sesung membrane potential Steadv d scharge
frequencies are plotted aganst current strength and straght Lines are fitted to the valuss 2s
Fiz 7 The values were obtamed from a continuous discharge (¢f Fig 1) and fring rates were
measured at 0 1—0 6 sec following the anset of cach current styength

Finng rates which on the whole do not decrease or increase over at Jeast half 1 second of
constant sumulation will be referred to as ‘steady discharge frequencics The Jowest current
strength which 15 capable of el iing a well marntatned repetitine discharge will be called e
shreshold for continuous firng The refanon between discharge frequeney () an} curreat
strength 1) wall be called the 1 relaton  Current strength 1s expressed inn A () nd =10
4

Results

Steedy repet t1 ¢ fring
Frg 1 shows records from 2 cell which would discharge to injected currents in 2 man
tamned manner up 1o vers hugh rates The cell was conunuously sumulated by alont
lasung injected current whose strength was changed 122 steps 2s indicated Fie 1)
Dunng the tmual 0 1 sec after onset of the current at strength 646 nA Fig 1B th”
finmg rate avera~ed 210 smp sec One sec after the onset of this current steenzth the
discharge frequency proved to be stable at around 170 1mp sec Fig 1 also stows that
both bore and afier sumulaton by 64 6 .\, stcady finng a1 around 100 1mp sec w28
obtamed a1 current strrmgths 339 and 54 6 nA

In Fig 2 steads discharge frequencies are plotied against the respectise strencths of
injected current The vafues were obtaned from the long lasung dischare p:ﬂ‘;‘
which 15 shown 1n Fig | At current strengths of 46 2 nA or las the salurs are nell
fited b astraszhi line with a slope of around 1 6 imp see n\ For stronger currents 12
cune relatng discharze frequency to current strength the (1 cune  bends 7
upwards Fiz 2 A umilar upward defection of the {1 cune for steads fan, w36
seen 1n 14 out of 30 investigated motonrurones
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In Fig 2 the values are too few to show the shapeof thesteeper partofthe f I curve
A greater number of values were obtained from six otber motoneurones behaving
sirilarls, and two of these are dlustrated by Figs 3 and 4 The bighest discharge fre-
quencies which are plotted 1n these two diagrams (Figs 3 and 4) correspond to the
maamal rates of steady finng winch could be ehoted by myected currents in the sespee-
e expenments In some cells the £.5 cun e showed a tendency ta become less steep at
the very laghest firing rates However, 1t appears from these six cells that the relation
between steady discharge frequency and current strength could be approumately
desenibed by two straight hines of different slopes (Figs 3 and 4) One of these lines
extends over a range from the threshold for continuous finng and upwards (Figs 3 and
4) and uts slope wall 1n the followng be referred to as * prmary £ 1 slope” The corre.
sponding discharges will be said to occur within the * pnmary range” of finng Dis-
charges at frequencies higher than those compauble wath a primary 1 slope will be
referred to as finng within the  secondary range”, and the slope as the  secondary f-I
slape” Al { Lslopes slope constants) are gnen in implsec/nA

In the six celfs with which a Targe enough number of measurements was ublnmed for
showing that the f [ cun e for steads finng T Linear alsoin th
range the salues of prnmany and secondary { [ slapes (the latter within brackets) were
L1027 Fig 3),0167 Fig 9 14135) 23 341,20(200 25(50) imp sec/nd
In three other mot only o wete avatlable for an approwmate
calcultion of the secondary { I sfopes The primary and sccandary £-1 slopes for steads
repeutine firmg 1n these cellswere 1617 5) (Fig 2 17 (40,20 (30) mp'sce/nA
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On an average the pnmany £ 1 slope for these nme cells was 1 7 amp sec/n and the
torresponding secondary £ 1 slope averaged 4 6 umpfsec/nA (Fig 8) The yalues show
that about 2—6 times less current s needed to obtata 2 given change m steady dischanye
frequency at lagh than at low current strengths m the cells which are capable of d s
charging in 2 mamtamed manner i the secondary range Such cells are abso capable of
sctng up a steady discharge of very hugh fiang rate (Fig 1) For nine motoneusoncs
whose { 1 slopes are gnen above, the mavmal frequency of sieady duscharge aeraged
123 & 38 (88—195) impjsec (mean, S D and range) These mavemal firag rates were
produced by current strengths 42 2 14 (2 46 6) tmes the threshold for continuous
finng It should be pamted out that sn most of the cells comparainely few curren
strengths were used so that the values given for secondary I stopes and masimal
fi ofsteady d. b dary range arconly app ndicating
arder of magmtude

In the present matenal of 30 motoncurenes 14 were capabie of sctung up steady
discharges in the secondary sange In them the pnmary {1 slope for steady repetiase
fintng was on the average 1alid up to 2 current strength of 27 o 0 7 ( 64 2) times
the threshold for contimuous finng The maumal frequency of steady firing witha the
promary range was 52 2 17 (30—74) ampisec In 5 cells the maximal discharge fre-
quencies within the range of the prmary £ 1 slope were as fow as 3036 smp sec (f
Tigs 3 and 4

Discharges at frequencies within the secondary range could be well mameawed at
least dunng many seconds of continuous sumulation (up to 19 5 sec tested in one celly
With weak curreats the same cells always had a primacy £ 1 slope bath rmmediately
before and after the application of the stronger current by which finng rates witun the
secondary range were determmed

In 30 motoncurancs there w cre 16 cells whuch wauld shaw steady discharges pracucalh
only within the range of the prmary £ 1 slope, s ¢ the {1 relation for steady finng
could 1n cach of these 16 cells be approumately described by a single straight hine {f
¥iz 7; With stronger currents firtng was not well mamntaned and the §1 cune
ultumarely taoh a downward course {if Figs 6 and 7} These 16 cells thus behaved ke
thase descnbed by Gramt herncll and Shortess (1963 2) The fitting of strasght fmes 10
the £ refavon for steads firtng withm the pnmary range could for them be camed
up to a current strength of 28— 11 {1 3~54) tumes the threshold for tnnlmub;l;
firtng  The manimal frequency of steady finng within the pnmary range was 51

30--84 smp sec These averages as nell as the range of vananos of nd sduat \:x::

are sers sindar ta the corvesponding salues for the 14 cells capable of setung up st : y
discharges alsa 1n the secondary range (see above) For all the 30 motancurones 3 ,ﬂ‘
together the maximal current strength with which steady finng occurred with n ihe
prman range averaced 27 10 /1 35 4) umes the threshold for contimuout ﬁnn:’
The corresponding mavemum frequency of steady finng within the pnmary 73ngs ¥
St 15 30-8% mpsec The motoncuroncs which did and those which did nat
masntam finng within the secondary range showrd no statisically sigmificant dxﬂ'rirrnff‘
with respeet to thewr as erage value of the pnmary £ 1slope the wine coune of alter ug:’:ﬁ
pat. the spke amphtude and the hold for fininz Wit mb o
groups there wese umits possessang spike amphiudes up to 92 m\ and reatag ,,,..,,;7::(
potentials up to 74 m\ Howerver it was seen in a few caves that discharges i el
ondary tange were better mauinta ned w hen the membrane potential i the courﬂ;“gw_
ecpenment spontancoushy increased  These observatons wdicate that some
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ig 6 Motoneurone of spike wize B2 m\ at resting membrane potental. Repentise discharges
setup by the curreat mcngm wdicated A pause (about 30 sec} was allowed between cach
strength of sumnulation Dunng the smitial part of G the peaks of the ypikes are not shown The
upper beam signals strength of current

neurones mght have been less capable of maintaining duclurgs n the sccondaq
range becausc they were damaged by the il and hence
depolarized

Adaptation

The curves of Fig 5 were obtamned from a motoneurone which vas capable of steady
firing 1n the secondary range Impulse frequencies are plotred agasmst current strengths
for the first and the second spike intersal as well as for later penods of the discharge For
cach curtent strength the finng rate 1s fugher m the early than in the [ater parts of the
discharge (Fig 5) The decrease of finng rate as a function of surnulus duration will be
referred to as  adaptation* (Gramt, Kernell and Shortess 1963 4) Itisseenin Fig 5
hat the respeciss e values are well fivted by straght hnes aver a range of weaker currents
Wath styonger currents the -1 cunies are deflected upwards for the 1mnal intervals as
well as for later periods Thus the subdivision of maintained finng into  pnimary” and

secondary’ ratge can apparently also be used for the easlsest intervals of the repetitive
discharge The pnimary {1 slope has 2 larger value intrally than later on i repetitine
g to trans-membranc currents (Fig 5) as shown by Granst, hernell and Shortess
1963 a ¢f also Shaporalov 1964, Reernell 1965 a)

In 8 of the motoncurones which were capable of steady firing 1n the secondary range,
the relation between umpulse frequency and current strength was also mvestigated for
the imual intervals of the repentin e discharge In all these cases the cunes for the smual
mtervals became deflected upwards with stronger currents (¢f Fig 5)

The values plotted 10 Fig 7 are from a motoncurone which did ot mamtain firing
within the secondary range Some of the records evaluated in Fig 7 areshowninTig 6
Wath the swongest currents, the § 1 cunve in the end toms downwards (Fig 7), and at
thus streneth steady finng no more gecurs (Fig 6 C) Hawever the cures from eaxlne
parts of the repete discharge are deflected upwards (Fig 7) Apparently the cefl 1s
capable of finng in the secondarv range for a brief time but 1n the long run cannot
mantan these high discharge r:um The mitial { 1 relanon could be measured 1 12 out
of the 16 firng 1n the secondary range OF
these cells 6 fired transientls inthe sccondnry range for about 0 5—1 0 sex: after the onset
of sumylation (Fig 71 In the other 6 cells, finng 1n the secondary range lasted for
‘bref durauons sometimes permitung a few spikes. on\) lz :ppe:.vs Trom the prtsml
results that fund: Il are
range but some of them only for extremely brief durauons

mth Y
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Fg 7 Fig 8
Fig 7 Same cellas Fig 6 Diagram showing the relaton b d yand
strength at the indscated frer anset of 1 “Three of th from which the

measurements were obtamed are shown m Fig 6 Strarght hines are fitted to the \aluey gbtaned
a1 weakey currents, and the glopes of these lines (the primary [ T slopes} ar¢ 22,18 and 14
mp sec nA respectvely
Fig 8 Schematc Companson of the relatan between finng rate and carrent steength at nz;:
and at strong currents The fures represent the firstsmpulse intesval after anser of current and
stcads, srpeutine finng respectnely The diagram o based on average values obtaned rrran:
different ¢ells In the dugram the vatues of prunary and sceondary 11 slopes for the u;,
impulse intcrat are & 3 and 24 9 1mp sec/nA respectively (averages frorm W0 cells) The v.ﬂua,
primars and secondasv {1 slopes for steady finng are 1 7 and 46 wmp scc nd ra;:cﬂll](x\
avetages from 9 cells The theeshald for contimuous firmg 18 155 nA (average from 50 ec. i
hernell 1965 5 The values of maxsmal cussens sirength and dischacge frequenty withsm l"
priman range are taken from §able 1 {marked by cadles m the diagram} The :ppm!u'nﬁ(d
border betwecn the prmar, and the secondary range 18 indicated by the harwantalt mrerrupt
fine further comments i text

Yakig 5and 7 1t s seen that the bnear cus ey within the prmary range change thaw
slope at approvimately the same Giring rate farrly independens of stimulus duration
This behavsous securred in the 20 motoncurones i estigated, the mavimal discharer
frequencies obunned within the prman range could be fugher imually or Iater, 0 3
randam manncr bt farze discrepaneies nere but rarely encountered The discrepancies
hat occurred mas oftent have beers due to the fact that the foll extension of the ;mm:z
range 1 most cases had 1o be approxvmated on thehassaf a relatively smalt oumber
current nteps s the cells adapted the maxsmal discharge feequency wothn the ;mm;]r(\l
cangr cequired increastghy stron.et Wans-membrane sumulauon The aborve rﬂr”
held equally mocd for neusoncs whichdid Beg 3 as welt as for those which did pot { ;.n
7 drscharge sieadsls within shesmcondan range Thusthe tﬂvmmuuonc!(he:!n;vm::;1
the prumar range parallrls an extension of the range stselfn terms of cussent strend .
Table 1 shows how well m experiments on sdaptasion thie upper fimit of the pras
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Taptt T The maxmal current strength and discharge frequency within the range of pnmary
£1 slopes from different parts of repetive discharges

First interval Second interval Steady repeumve firtng
= % < % e %
§ £ = £ £ = i f =
Z & R 2 & w e & 2w ©
Current
strength
(an vmts of
threshold for
contmuous 15 10~ 05 13 21 15— 04 13 30 18~ 208 I3
finng 27 28 45
Discharge
frequencs 54 22— 20 13 55 16~ %23 13 5% 30~ 14 13
(smp/scet 83 100 74

Al values are from the same 13 motancurones 8 D —standard deviation n=number of cells

D) flerences between the 2verage values of discharge frequency are not statisteally s gmificant
(et p 09} D Gerences between the average values of current strength for the first and
the second mnterval and for the second nterval and steady repetitive firng respectively are
stasistically s gruficant (t test 060> p > 0 00F) The mareral consists of € cells whch did
and 7 cells which did not discharge steadily in the secondary range Essentially sumitar pesults
wert obtmined a3 the data from each of the two groups were compared separately

Tangt 15 set by a constant Wmaxamal impulse frequency rather than by constant current
Thus 13 not the case 1 the secondary range 1 which discharge frequencies as high
as 300—600 impfsec only occur at the carkest spile intenals sueceeding onset of
sumulation

In the secondary range, th was often refated ma
roughly inear fashion also for firng rates measured from the first two ntervals of the

repentive discharge The corresponding cunes generally became less sieep at finng
e L ~0an AR

r - .

€ " -
200 1mp sec the pnmary and secondary f U slopes for the first intenval of the repetiive
dischatges were 65+ 32 and 249 £ 9 7 unp/sec/n respeemnely (mean and § D for
i0cells) Ttappears that for finng in the secondary range, similar 1o what has beea shown
Tor firrng withun the primary range the slope of the [ T curve 15 much steeper mually
thin later on in the discharge (f Tag Sand 7)

‘The main findings of the present study are schemaucally presented in Fig 8, which
shows the approuimate relation between finng rate and current strength for the first
spike intenal and for steady firng respectively The diagram was constructed on the
basis of average values obtamed from chfferent cefls The numentcal values of discharge
frequencies current strengths and € [ slopes duffex cansiderably from cell tocell, but the
\alurs for cach cell were interrelated m a manner symifar to Fig 8

© 623003 1rta physmol scavd b ol 65
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Afterpolentrals
As was described above, motoncurones have different repetitne properues when
sumulated by weak and strong currents Signs of a change in the behaviour of a ecll
above a certam current strength were found also in the alterpotentsals succeeding the
spikes From obserung thy it ding the espikesit was generally
possible 10 predict whether anv g en discharge feit within the pnmary range o nvt
As fong as strength of current was law, the motoneurones which would set up welt
mamtained discharges always fired repet spikes d by aft J:

ot ten o g all
- . . Bas
tathely

Jong lasting phase of progressive increase of membrane potentiat The time {rom the
onset of 2 sptke potential to the point at which 1t reaches s maamum valve (Fig 9A
and B arrows} will be referred to a8 time fo maximal afterhyperpolsrization Witk
antidronuc spikes (¢f Fig 9 A) the ume to masimal afterhyperpolarization of 13 moto-
neurones was on the average 14 5 (9—23) msec Wath repettne spikes at the lowest
finng rate the correspanding value was 13 4 (8~—21) msec, and at the mavximum finog
rate withun the primary range 10 3 (6—19) msec

In discharyes ehested by currents stronger than those which set up finng withia the
primary range the time to maximal afterin ferpolanzation was pracucally alwaysvery
short around 7 msec ) and the repetitive spikes were succeeded by afterpotenis
simfar to those shown 1n Fig 9 C Thus beld good ierespectsely of o hether firung could
be maintamed at frequencses within the secondary range or oot A3 has bren shown
certain current strengths would mitally ehat finng within the sccondany fanse and
fater on onfs withun the prmary range (Ligs 5and 7) [nsuch cases the imval impulses
had 2 vers short ime to maxsmal afterhy perpolatizauon (around 2 mseer When Tater
on finng occurred only within the primary range the sprkes had afterpotentials with 3
long time to mwumal afierhyperpolanzation taround 6~19 myec  Dunng slow
transinons from wtial firing within the secondary range to fater finng watfun the priman
range (f g 6and 7 the ume 1o mawmal afierhs perpolanization often s 3nedn an
wregular manner bemg sometimes Jong sometmes short

The s1ze of the repetine sprkes measured from the discharge Ievel to the pea
action potenttal generally brcame smaller as finng frequency increased and thus Leld
good also within the priman range There was hosever no eapraally marked chiange
1n the spike size 3t the turmiag powst fror the primary to (he srcondry Fange Tie

& of the
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tranution from iniual fining within the secondary range tolater finng wathin the primary
range was generally not accompaned by an increased spike size (¢f Fig 6 and 7)

Firmg within the sccondary range, accompanied by short ime to maximal afterhyper

polanzation (around 2 msec), could often by seen with repentine sprkes which were
around 50~60 mV, and thus definitely above the size of so-called IS or A spikes
(Coombs Curtisand Eccles 1957, Fuortes, Frank and Becker 1957) Alsoan the repetitive
discharges of reflexly activated motoncurones the spike s1ze has been found 1o decreasc
as the firing rate mcreases (holmodin and Skoglund 19:8)

Many cells did not respond by any recurrent mhubutory post synaptic potential
(Eccles Fatt and hoketsu 1954, Eccles ez al 1961) to antidromic stmulation At the end
of a penetration several such eells became ncapable of deli an antid sprke
VWhen this happened the orthod, post-synapl would stil be present,
and so the lack or presence of recurrent imhibitory post synaptic potentials could be
checked by antidromic stimulation in the absence of spike responses The general
behaviour of the f I relation and the o Is 10 repetit to imjected
currents was the same 1n motoneurones with and without signs of recusrent mhibiuon

Discussion

Gramit hernell and Shortess (1963 g) did not find motoneurones which were capable of
setting up steady finng in the secondary range However most of their expeniments were
performed on rats Exenatlow current strengths  they found 1t more difficult to produce
well discharges in from rats than i those from cats
Rat matoneuranes are on the whole smaller than cat motoncurones (Gramt Kemelland
Smuth 1963) hence they are presumably more casily damaged by the micro-clectrode
oo a r. Pl o1oe

Lxtensne miestizations of the relaton between finng rate and currentsirengthhas e
been performed with the py ramidal eells of cat & cerebral cortex {Creutzfeldt et ol 1964)
\lso 10 these neurones the slope of the { | cunve was steeper wath strong than with weak
currents for the istial part of the repeutive discharge In steady firing the curses were
- e . v

found snhe Lasa V eal a4 v, o

bu

T . .
from cat motoneurones (¢f bigs 3 and 4)

Quantative descriptions of the repentin e finng of motoneuronesin response tomyected
currents as miven in previous papers Gramit hernell and Shortess 1963 ¢ & Shapovaloy
1964 hemcli 1965 a) and 1n the present mvesugation (¢f Fig B should aid us m the
understanding of repetitive finng in response to reflex actnation see below It 1
however difficult at the present time 1o mve a good theoretical xplanation of the facts
presented by the above imestigations because relany elv hittle 1s known about the mem
brane properties of and the hantsms taking part n the
production of 4 repeuine discharge The marked changes seen in the propertes of
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motoneurones with regard o slope of I 1 cunves adaptation (Fig 8) and afterpotentials
(Fig 9} dependent on current strength and duration may be, for instance, due to
shnft n the nite of ympulse mitiation or 16 a block of some portion of the membrane
adjacent to the micro-electrode Fining 1 the secondary range did presumably eccur
without a complete block of the membrane responsible for the 8D or B-camponent of
the spike potential (Coombs ¢f al 1957, Fuortes ¢f af 1957), because the spikes often
considerably exceeded the IS or A-component int size (p 10) In the expeniments on
adaptation it was found that the maximal firtng rate withn the primary range remaimned
about the same although loss current was needed for producing maximum rates imuatly
than fater on {Figs 5,7and 8) These resubts indicate that not only the current strength
but also the repetition rate could be of importance in determining the upper hmst of
the primary range Recurrent snhibitton (Eccles ef ol 1954, 1961) appeany not to be
deaisie mn the present context (p 10} It 1s also difficult to attrsbute the changed
propertcs of the motoneurones with stronger current (¢f Figs 8and 9) toanntraceliular

of rons duced from the mrero-ch de because the oclls fired
opumally in the secondary range (Iig 8) with a very short time to maximal afterhyper
polanzanon Fig @ C) yust after the onset of the stmulating curremt 1t 1s not clear why
some cells would only set up transient discharges 1n the sccondary range Some of
these latter cells might have been damaged by the nucro-electrode (p 5)

The afterpotentials ocurning in repetitn ¢ ducharges as well as problems concerning
adaptation, have recently been discussed also by Granst Kernell and Shortess (1963 o)
and Granit, hernell and Smuth (1963) A further discussion has to wast untit more
informauon 1s available

Earlier studres have strongly indicated that the repetitive firng of motoneurones i
response to mamtained reflex actvauon 15 sct up chiefly by relatnely steady synaptic
currents (e g Eccles 1953, p 174 1T 1964, p 114 1, I'rank and Fuortes 1961, Granit and
Renkim 1961} Results obtamed by mnjected currents should clearly be tested also 30
situavons employing synaptic excitation The hugh slopes of the £T curyes 1n the
secondary range suggest however, that at bugher firing rates the duscharge frequency of
reflexly acts ated motoneurones can be influenced by fairly small changes in the syraptic
imput ¢f Iig 8) With inhubition for instance, the same sumulus would cause a much
targer decrease of finng rate at high than at low discharge frequencics “vothing of
thes sort was found by Granit and Renkm (1961), who studied the interaction between
s\naptic excitation and recurrent tnhib wm tin elv d otoncuroncs
Howeer their discharge frequencies were generally less than 40 imp/sec and at l)uﬂ"
rates the sccondary range of firtng would not be of much importance Tt s therelre €
interest to note that at least some lumbasacral alpha motoncurones may discharse at
high rates also 10 response to synaptic excitaton (e g Adnan and Bronk 1929 Wibon
and Talbot 1961\, bel to the d muscle are known [0
reach firing rates as hugh a5 60 90 1mp sec duning long lasting discharges ehiated By

reflex sumulation Adnan and Lronk 1929 Lsen in the anaesthetized animals usrd 1
the present m esttgation te was possible by tetanie sumulation of the brain stem or ofthe

e
hamstning of the pophteal nerves to ehat mamtaned discharges 19 some m:l:‘
- g et e cones
. . - v . -

. T f
s
e ! h tfnu -t
Far a further discussion of the possible physiological ngnificance of the presen .
1t would be of interest (o know whether motonrugoncs tperatng fast miscies 512
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discharge n the secondary range at higher finng rates than motoncurones belonging to
slow muscles Antidromuc spikes are generally succeeded by short afterhyperpolanza-
tions 1In motoneurpnes mnervating fast-cantracung muscles (Becles, Ecceles and Lund-
berg 1958 huno 1959, Eccles et ol 1961) In a subscquent paper 1t will be mvesugated
whether the maxymal discharge frequency 1n the pnmary rasge s correlated with the
time course of the ikes {hernell 1965 5)

Under the present expenmental conditions it was gencrally possible to predict from
1he time course of the afterpotentials {¢f Fig 9), whether a steady discharge belonged
10 the primary or the secondary range These findings suggest that alsoin the repetitne
discharge ehcited by synaptic activation, the time course of the afterpatentials may re
s tir e e [

(Kernell hshed! In repetitive disch chated by muscle stretch
lhc afterhyperpolanzations * are often much Jess promunent at hugher than at lower
finng rates (holmodin and Skoglund 1958, Gramt, Kellerth and Williams 1964)
In such discharges the tme course of the afterpotentials measured as tirae ta raxiral

becomes also p 1y shorter at higher finng rates (hol
modm and Skoglund 1958)

The prescnt work has heen supported by grants from Resenvationsanslaget harolinska Inst
tutet
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Abstract

Kemell D The it f rong fequeny n cat lamboracral matomeuroes postssng dffren it cours of
nd 1965 £5 87—100 — Long lasing repentive

of the motoneuroney

In experiments employing varous forms of ‘natural’ sumulation 1t has bcen observed
that the finng rates are often higher in rapdl;

muscles than in those belonging to slowly contracung ums (e g Adnan and Brouk 1929,
Dum)-Brmm 1929, Rexd 1949, Sasaks 1963) Th
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repetitive firng of rat and cat motoncurones sumulated by injected currents The dse
charge {requencies were on the whole lugher in rat motoncurones whose antidromse
spike discharges generally possess shorter afterhyperpolanizations than have those
of cat motoncurones (Bradley and Somjen 1961}

The aun of the present study was to compare the discharge frequencies intiated by
injected currents in cat motoneurones which had afterhy perpolanzations of different
J as d by J spike disch The Hinng rates of these motor
neurones will partly be considered 1n conjunction with the relation between discharge
frequency {f} and current strength (1) (the *f [ relation ) in the respective cells The
proporuonality constant of the hinear £ 1 relation will be called the { 1slope® Thefl
slope of that part of the £ T relation which 18 linear for firing rates down 1o the rummal
discharge frequency will be referred to as the  pumary 1 slope * (Grant of of 1963
Rernell 1965 b) Finng rates for which the T relation 1s inear with a primary f 1 slope
will be referred to as discharge frequenaies in the  primary range’  Tinog rates which
arc higher than what )s compatble with a pamary {1 slope will be referred 10 as
duscharge frequenciesin the  secondary range  (herneli 1965 8) Thef I relationsofien
approumately hnear also for most of the finng frequencics 1n the secondary range and
the value of the secondary {1 slope 1s always larger than that of the corresponding
pomary £ 1 slope from the same eell (kemelf 1965 5) \fany motonturones are ot
capable of mamntaimng distharges in the secondary range of finng (Gramt ef ol 1963
Rernell 1965 8)

Tt will be shown 1n the present work that in long lasung repetitine discharges the
mimmal finng frequency, the maumal finng frequency in the primary range and tte
maxmal finng frequency m the secondary range are alf faster 1n motoncurones which
hasve short afl 1 foll their d spikes The {ndinsy
will be discussed masmly 1n relation to problems conceming rontrol of muscle tension v
motoneurones

Methods

Most of the results were demed from the same expenments as th ose descnbed in two nrlz

papers (hernell 1965 a ) and the methods were gnen by hernell (19626} Tle txrwnmt:‘;

were on cats hetized by barbitone (3540 mg kg 1 p) fntracellub
- - ) v = mapler o

simlar to that shown in Fig 2C o
Current strength 15 expressed in nA (1 aA = 10 > A) D scharge frequencirs are €
smpulses per second (imp sec

Results

The time course of afterpotentials rucceeding anfidromc sprkes
In the present dusch . were related to the time tmm(o:
afterp {s succeeding spike discharges the latter being ef ened 3
resung membrane potentuial The afterpotentials were measured in two diffcyent wass
arther from the onset of a spike discharge to the paint of maximal afterhy pr")!lHllt
non (“wne to maximal afterhy perpolanzation between the fawer arrowt in tf ¢ 0¥
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11g 1 Diagram showing the relation between tume N
to maxaumal aft:rh)’ptrpc’aﬂlﬂlmn and time to peak. e
of late aft
Spike disch were chcucd b f
Jation and the afterpotentials were measured as i
dicated by arrows 10 the inset ‘The population was
arbitranly grouped into classes at 10 msec mter-
vals along the abscisa, excep for the last class
which was made larger to increase the size of the
sample Vertical solid Lines mdzcate the sizes of the
sespectiv ¢ standard deviations The range of van
atson of values withun each class 1s indicated by filled
circles Mean values are for each class indicated by
crcles fnset records from threshold antidrormc
of 520

5 s

sweeps B T Te e

signals strength of current

of Fig 1), or from the onset of the spike 10 the peak of the late afterdepolarization { time
to peak of late afterdepolanization”, between the upper arrows 1n the mset of Fig 1)
Time to peak of late afterdepolarization corresponds to the duration of afterhyper-
polanization as measured by Eccles et a (1958) Time to maximal afterhyperpolariza
nion has 1y been measured only d (e g Brock, Coombs and Eccles
1952) From earlier experiments 1t would be expected that the time to maximal after-
by perpolanzation 1s significantly correlated to the ame to peak of late afterdepolariza
non (¢f Eecles ef al 1958, huno 1959) From the point of view of the present work 1t
15, however, of some 1nterest to know how closely these measurements correlate

Fig 1 shows that the relation between time to maximal afterhyperpolanization and
fime to peak of late afterdepotanization actually 1s rather vanable The same value of
ume to maximal afterhyperpolanzation could be obtained from motonturones with any
ume to peak of late afterdepolarization less than 110 msec (Fig 1) The diagram also
nducates that the values of ime to mavmal alterhyperpolanization obtained from cells
sith ume to peal. of late afterdepolanzation shorter and longer than 110 msec respectively
show practically no overlap (Fig 1) The number of cells with a long tumie to peak of late
afterdepolanzaton is, however, too small to allow any definite conclusions on this pont
The relation between time to maximal afk:rbyperpolanzauon and tme to peak of
late d hada r =+ 076forthe 90 cellsof Tig I
When considenng only the 77 cells which had a tume to peak of late afierdepolanza-
tion shorter than 10 msee (Fig 1) th was+051 Th 1
was hughly sigmificant in both cases (¢ test, 0001 > p)
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Te @ Do - ta "

motoneurones  Firing rates were measured
over 05 sec in Jong lasting discharges el ¢
sted by injected currents Iime to peak of
late afterdepolanization was messured as
mndicated by arrows i the mser The i ne
1sdrawn through points for which the min:
mal finng frequency = 1fume to peak of
late afterdepolarization Jase! record from
threshold anudromic stimulition of moto-
neurone 15+-20 supenmposed sweeps
e )

Moma_tequency of trog

s G 15 20
1/4me 10 peak of lo s G ® depela 70 on

The spread of the values tn Tig 1 could not have been caused only by errors of
measurement In the majonty of cases ime to peak of late afterdepolanization could
easily be approumated to within a few mullseconds, and time to maxsmal afterhyper
polanzation could be measured to withun a millisccond

The varmble relation between time to maximal afterhyperpolanzation and time to
peakoflate depol: 1sapy not due to the varying amounts of recurrent
inhibition impinging upon the cells Of the 90 motoneurones in Fig 1, 53 showed no
recurrent nhibitory post synaptic potential (Eccles, Tatt and hoketsu 195) when

dromecally just at threshold for cliciting a spike response (¢f Fig 2A) A
curve which was almost identical with that of Fig 1, and which showed the same spread
of values was obtained from these 53 cells alonc

Both nime to maximal afterhyperpolanzation and time to peak of late afterdepolanza
tion were always virtually the same after sprkes eliited by short ingected pulses of
current as those following after antidromic spikes This was also the case in units
showing recurrent (nhubitory post synaptic | Is of mod size to
stimulation In two of the cells which were used for the analysts of repetitise finng {see
below ), the antidromic spikes had become blocked, and 1n these two cases the ume

course of the after was actually 1 from single spike discharges chiaited
by depolarizing pulses of less than | msee 1n duration In all the other cells the nme
course of the after s was ] from i spike discharges

Mintmal finng frequencies
In ihe vast majonty of cat the Treg ofc
could be preasely defined and measured With steady repetitne discharges at |
runimal firing rate a shght lowenng of the current strength would either make the
repeuts¢ finng highly irregular or the repetitne discharge would stop altogether f
Granit et al 1963

In most of the 31 motoneurones whose mimmal finng frequencies were mvestiated
the late fterdepolanzation which succeeds the afterhyperpolanization apprared € be
farger after spikes 10 irvegular repetitne discharges set up by weak currents {(Fig 31;‘
than after spikes clicited antidromically at the sestins, membrane potential (Itg 2

G
he
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Tasee T Correlations between Limuts of discharge frequency and reciprocal values of the time
course of afterpotentials

r PR
Minmmal duscharge frequency

and A (cf Fig 3) +098 31  0001mp Highly sgruficant
Mimmal discharge frequency

swd B +074 31 000l>p Highly significant
Maximal discharge frequéncy 1

prooaryrangeand A {cf Fig 4) +058 32 0001>p Highly ngabcmt
Maximal discharge frequency m

primary sange and B (cf Fig 5) +073 32 000I>p Highly sigmificant

Maximal duscharge frequency

secondaryvangeand A (fFig 7)) + 069 131 001>p>0001 Signficant
Mawimal discharge frequency

secondary range and B +07% 13 001>p>0001 Swgmficant

£ = correlation coefficient 1 — size of the sample (number of cells) P = probability
A = 1/time to peak of late afterdepolanzation
B = }/tume to maxma) afierhyperpolanzaton

arrow) The time to peak of late afterdepolanization was, however, much the same
after spikes 1 wrregular repetitive discharges set up by weak currents (Fig 2B) as after
those eliated antdromucally at the resing membrane potential (Fig 2A, arrow)
As a rule, the longest 1nterals encountered durnng steady repetitne finng (Fig 2C)

against [/ime to peak of late aftevdepolanzation Time to peak of late afterdepolariza-
tion was measured from single spike discharges, generally elicited by antdromic
sumulaugn (Fig 3, wnset) and the finng frequencies were measured over half a second
of steady repetitine discharge The straight ine 1n the diagram was drawn through
points for which the mummum finng frequency (tmpjsec) was equal to 1ftume to peab
of late A (sec 1) ‘The I values follow this line quite
closety In the present matenal no motoneurenes displased steady repetitive discharges
at firquenaics slower than 1fume to peak of Jate afierdepolanzation (measured from
single spike discharges) Fig 8 (lne a) shows the regression line calculated from the
ralues of Fig 3 and statistical data are found 1 Tables I and IT
‘The minimal finng rates were sigmificantly catrelated also to 1/time to maxamal after

hyperpolarization (Table I) The correlation coefficient for ths relatton (r = +0 74)
was, howeser, smaller than the one obtamed from the 1alues of Fig 3 (r = + 098}

Vanimal finng frequencies tn the prinary range

In Fig 4 the maaumal discharge frequencies 1n the prmary range,1 e withun the range
of a pnimary {1 slope, were plotted agaunst 1fume to mawmal afterhyperpolanzanon
Time to maumal afterhyperpolartzation was measured from single spihe discharges,
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Fig 4 Fig 5
Frg 4 Dugram showmng the relation betwern the maximat discharge frequency within the
primary range of fising and the 1 value of ime 1afierh 2

motoneurones The bne s drawn through pomts for which the maximal frequenty of finng
withint the range of the primary {-1 slope == 1/ume to maxumal afterhypernota=
cles represent celis able to dusplay repentn e finng at frees <~

mzgmore than 05 se¢ Trangles represent cells . .

range for as long as 0 Ssec, Cureles vepresent umt 4

sange of pnmary £l slopes were obtaned oniy  + . e dischargrs
1t 15 not known whether these unsts wouldserw annined finng ai frequenies withis the
secondary range

¥ig 5 Diagram showmg the relauon betw zen the maximal finng frequency withsn tic primary
range and the reciprocal valuc of ume to peak af late afteedepotanzation Same cells and sy
bols assn Fig 4 The 16 units whose salues were closest to the hae i Ly & 2re mdicared by
wide cirelrs The equation for the regression hine 1 geven m Table 11

generally ehiested by anudromse sumulaton The straght hne m big 4 was dravwn
through points for which the maumal frequency within the prmary range (mp stc)
was cqual 10 | tunc to mavmat afiethyperpolanzation (sec #) The firtng rates plotied
i Fig 4 are seen to vary between 30—102 smp sce

For cach cell in ig 4 the hughest maumal discharge frequenty within the prsae?
range was uken weespectss e of whether the measurement referred 1o Use imsiat tmputse
mtenals or 1o later periods of the discharge This was done because the results of 3
previons studs mdicated that the uppes Yt of the primary range 18 set by & conttant
maximal impulse frequency n expenments on adapiation {Rernell 1963 ¢ The mav-
mal firing frequencies w b the range of 3 prmary £ T stope arc generath 1ony smilsr
independentls of whether they belong to the initial o 1o the latec partion of the discharge
(Kernell 1965 4 and results such as thowe presented below, but with a samewhat
Yarger spread of the «atues were obtamed also when the measurements were confinnd 10
steady firtng rates for stausucal data, sec below .

\ssecnm Tig 4 the maxumal discharge fsequencaes 1n the primars range for {6 ":‘E
of 32 cells were within 5 wrmp sec of § tune 1o maximal afteshyperpolanzation fhoe .
motoncurones did Bot 1n ans other obsious way differ from the 10 cells m which he
corresponding discrepancy exceeded 15 imp see I several of these fatier cells ﬁm’:
within the sevondan range also cleardy occurred at freguencies which wese nhmh}(
than Vtme to maxtmal afterhy perpalanzation. Howevrr, at should be nated U
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much of the spread of values in Fig 4 (of also Fig 5 and Table I) could be due to the
esrors involved m the measurements The maximal finng rate within the primary range
had often to be approstmared on thebasis of a relatn ely small aumber of current steps
and the true” maximal impubse frequency pught bas e required a current strength
between the steps used

In the present matenial, the mtervals obtawed from repetitiy e finng m the pnmary
range were never defirutely shorter than the e to maximal afterhyperpolanzation
obtaned fiom stngle spike discharges in the same cell (Fig 4) It s m this context of

N C e A e e vee L v Lew o oen P .

“The same frequencies as in Fig 4 were plotted 1 Fig 5 aganst 1/ume to peak of Iate
afierdepotanization (sec ¥) The values appear to be more scattered 1in Fig 3§ than i
Fig 4 This was also the case for the 16 cells whose maumal frequencies i the primary
range were most closely correlated with I/ame to maximal aftethyperpolanzation

- . v - v

Table 1T
The relatton between the maxunum steady finng rate (mca:ured over 0 5 sec) wathm
the primary range and 1/trme to maximal had the
coeffictent r = + 0 93 (28 cells) Forthe cormpondmg relation to Y/tume 1o peak of fate
the fhi was r = + 052 (28 cclls) Both these
were 1 i (t test, 001 > p > 0001}

Absolute mavimal firing frequences of long lasting repetitt ¢ discharges

The term absolute maximal fining frequency refers 1o the hughest finng rate (xmp sec)
which could be elicited m a motoneurone, urespective of whether this maximal
discharge frequency occurred 1n the primary o1 the secondary range In Fig 6 the
absolute mawumal fiung frequencies of 28 motoncuranes were platted agawmst thewr
umes to peak of late afterdepolanzation (msec) The latter were measured from single
spike discharges generally elictted by antidromic stimulatiop The cells were stmulated
by currents of varying strengths up to a strength which depressed further repeumve
firng  \n approvimate measure of the absolute mavimal finng rate of Jong lasting
n'pthu\Lc tjlsch:lrgcs was obtuned by counting the maximal pumber of spike intervals

Raemetd ki o PO

between these average values was highly sigmificant (1t test, 0 001 > p , and there was
practicalls no overlap between the twe groups (Fig 6 filled circles and crreles respec
el Newrones belonging 1o these hwo groups were not sigificanths different with
respect 1o average values of spike size ume to maximal afterhvperpolanzation or time
15 peak of 1tz afterdepolanzanon o Fig 6) The abilits of motoneurones (6 maintamn
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Fig 7 Diagram showing the relation between the maximal discharge frequency in the second ey
range of firing and the reciprocal value of time to peak of late afierdepolarization Discharge
frequen 1es were measured over 0 5 sec of constant sumulition The 13 cells included i it
diagram were all able to maintain firng 1n the secondary range during more than 2 sec The
cquation for the regresston lin 1s grven 1 Table I

firing the secondary range 1s apparently important for making them reach hugh rates
of discharge, as measurcd over half a second (¢f Rernell 1965 5)

For ble of firing 1 the secondary range (Fiy &
crrcles), the absolute maximal discharge frequencies (measured over half 3 second), were
close to the maximal firing rates tn the primary range (¢f Tigs 4and 5) (hernetl 19655)

Thirteen of the cells from Fig 6 marmtained a discharge in the secondary range dunng
more than 2sec In Fig 7 the maximal discharge frequencies in the second wy range,1 €
the absolute maximal fining rates (cf I'tg 6) recorded from these 13 cells aze plotied
against 1jume to peak of Jate afterdepolarization (scc *) The finng rates of Iig 7
varv between 54—218 tmpjsec Much of the spread of values i Iig 7 {¢/ Table 1)
could be due to stmilar errors as those 1nvolved i the determination of mavimal finng
rates within the pnmary range (p 7). The regression hine of Fig 7 13 shown aloon
Fig B (Iine ¢) and the corresponding equation will be found m Table 11 The mramal
discharge frequencies tn the secondary range (measured over hall a second) wert
sigmiicantly corretaced (o both { trme (o peak of fate afterdepolanzaiion snd Hume to
mawmal afterhy perpolanzation (Table 1) The latter relaion gave 1 spread of
values ssmlar to that shown in Fig 7

The cells of Fig 7 were all capable of fintng sithin (he secondary range at frequenas
which were steady durng 0 5 scc or more At the highest current strengths such steady
finng would somettmes be obtuned onls after a relatnsely long period of gradual dropin
drscharge frequency following the onset of current In some of these cells sumutanon 4;
the veny strongest currents was mantaned only dunng 2 relatively short ime (nrmm;
1sec) and steady finng did not occur during thus perod of stmutauon In several .'
the 13 cells 1t could be checked howeter  that the maxtmal rates of steads discharg
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Fig 8 Regrewon hines showing the relanon
between himus of dhscharge frequency and the
reciprocat value of time to peak of late sfierdepor

g

Yarszation The regresaan hines were calowbarest i pers—.

for values esrlier shown s Fig S{mea), Fig 31

(hoe B) and g 7 (lnec) respecuvely, and the ¥

conesponding equations are gnean Table I 4 N

asroun % indeate the his of ducharge e e |
equency for cells which Yave 3 e to paak of y

xm afccriepolanzatron of 103 muce Further ex- 2

planation m text

were of the same order of magntude as the frequences plotted 1o Fig 7 The masmum
steady fistng rate found was 195 imp/iee (measured over 0 3 sec of constant stmalation)

The discharge frequencees discussed above have all been measured over halfa second
of constant stenubakior. However, 1t thuuld be noted that very ngh finng rates (up w0
300600 mp/see) could m wast cells be chated durng the mitalimpulse mien als after
the enset of stunulation (of hoernell 1965 &)

1t does not appear hkely that very strong currents which block the sorpa membrane,
would ehewt repentne finng far out tn the axun, not recordable by the electrode in the
soma Dunng the tourse of the present work wntrsspinal motor avons were often
penetrated {for entenia, ¢ g Frank and Fuortes 1935}, and 1n these umits it was never
posssble to elist a steady repetitive discharge by snjected eurrent Thas 1 conaistent with
the previous findings that tntraspinal motor axons have a fast accommodation when
nyestigated by stow by nsing currents In conteast 1o what has been found for the soma of
motansurones the mtraspinal mator fbres always require a msmmal carrent gradient

Bradley and Somyen 1961, Saszks and Otans 1961)

The range of discharge fregquencies wn motoneurones with diffevent tne cowrse of aftespotentealy
The masn resuts of the present work are summarized in Fig 8, which shows the regres
sson lines relating the mimmal finng frequency (hue a, of Fig 3} the maamal finng
frequency i the pnimary range (hoe b, of hig 5) and the maxmal Anng frequencs in
the secondan range (lne e ¢f Fig 7) respeetnehy to 1/nme w peak of late afterdepolarn
2ation The regresseon haes axe shown for v alues of tame 10 peak of Late aficrdepolanza
tun between 50--200 msec which 15 about the range of varation m duration of after
In perpolartzation found by Eccles ¢ of (1938 19611 1t should be posnted out that the
salurs represenied espeaially by bines b and ¢ (Fig 8 o to be regarded only as rough
approumanons ¢ Table ¥} and that raost abservations were made on cells with
a tsme to peak of latc afterdepolanzanon shorter than 120 msec Honwever the diagram
gries 2 general idea about the finpg rates eccurnng i the primary and the secondan
range of firsngt tn motoncurones with different duration of aflerkyperpolanization the
latter measured as was done by Yccles e af (1938) It ssyeen in Frg 81hat motoncurones
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Tasre 1T Equations for regression 1 nes relating limuts of discharge frequency to the reviprocal
value of trme to peak of late afterdepolanzation

2 \Gmmal discharge frequency =102A3038
b \aximal discharge frequency in primary range INALDLI
¢ Naumal discharge frequency in secondary range = 1033 A+45 SE,=2378

A — ljume to peak of late afterdepolarnzat on (sec )

SEy, — standard ervor of the regress on coefficient (smpjsec/sec 1)

Discharge frequencies are expressed in impsec

The equations were caleulated by the method of Jeast squares from the values shoy n 1 Fgs 3
5 and 7 respectively

withshort afterhy perpolanzatons have a larger range of discharge frequencies (¢f Gramt
et of 1963) The difle between the it for ines a and b and for
lines b and ¢ respectively (Fig 8, Table I1) were both statistically nignificant {t test
005> p ~ 001) The data symmarnzed 1n Fig 8 will be further considered in ghe
Discussion

¥t should be noted that the kmuts of duch freq were also
cotrclated with time to maximal afterhyperpolanzation and time to peak of late

fterdepol: c 1 values of the correlation coefficzent for such refa

tons were, however, always a Lttle smaller than the corresponding salues shown i
Table I

The findings of the present work were also found to be applicable to 2 sclection of
cells with high membrane 1s and spike amplitud

Discussion

“The results presented show that 10 motoneurones stimulated by injected currents the
himuts of finng rate of long lasung repetitin ¢ discharges are significantly correlated with
the tume course of afterhy perpolanization the latter being measured from single spike

discharges (generally antidramic) The ume course of the  afterpotenuials an sepeuine
1n current sirength

finng alters to a o le degree as a e of
and discharge frequencsy {hernell 1965 &) The fzctors resphnnible for lhcumc‘ “’mj
of the afterhy perpol ding single acuon § Is 1n the P

state must nevertheless be important in determimng the mummal impulse frequency 38
well as the maximal finng rate within the primayy and secondary range respectively
An extensne ducussion of this point 1s difficult brcause relatn ely Litrle 1s known sbout
the b properues of and the ticated mechanisins takeng pat
1n the production of a repetitss ¢ ducharge

The samples 1 Tahle I are small and so 1t 15 dufficult to draw any defte conel
s10ms from the dfferences between 1he correlation cocffinents Furthermore broause of
T 1 the of 1he maximal finng rates withmn the
pumary and the secondzn range were subjected to an error ducused on P .
Hiosener, some of the findings 1n Table I rase quesuons about the posuble sigmificaner o
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Fig 9 Cune traced from Cooper and Eccdes '
{1930), showmg the relation benveen Wometne
tension of the medial gastracnesysus musclc and
7ate of stsiation of the pophieal nerve. Fusion
frequency indicated by arrow Asrows [--3 show
1o the some frequencies as the corespandimg Rr-
rows m Frg 8 Further explanation i text

RN

the two d parame of the afierhy perpol When tume to maxsmal
afterhyperpolanzabun and tioe to peal of late afterdepolanzation were plotted agaumst
one another they did, for unknown reasons, to a certan extent vary independently
{Fig 1) Dot unexpectedly, the mnumal finng rate was hetter correlated with Hume
to peak of lase afierdepalanzanion (if Fig 3) than witk Iftune to maxamal afterthypes-
polanzation {Table I} For the eaxumat firng rate withun the pnmacy range the teverse
was true {Table I, ¢f Fig 4 and §) Furthermore, the time to maxemal afterhy per-
polanzation {measmred from siogle spike discharges Jseeraed 10 be about ¢qual to the
shortest possible spike interval between spikes fired within the prumary range (Fig 4)
Yhus, both the of yperpolanzauon are of mtesest for predicung the
behaviaur of motoneurones wn repentue finrg On the bass of these data 1t 18 alsa
suggested that the upper and the lower hmuts of the primary range may, to some
extent, be set wdependemly of each ather (Table I}

Tarher studies have strongly indicated thas the repetnns finng of motonenrones ;n
response to mantained refiex activation 13 caused cluefly by relaiively sieady synapue
currents (¢ g Eecles 1953, p 17441, 1964, p 114, Frank and Fuortes 1961,
Gramt and Renkin 1961) Thus the prestot results would ymply that also under the

of d reflex of dfferent d af

yperpol would be iy capable of disch at dsHerent mimmal

and matimal smpulse freguenaes as has been earhier suggested by Tocles ot of (1958)
and others [t1s known from studees of spike disch that

sanenatng slonly comtracting muscles generally possess loager afterpolanzations than
those nen ating fast mascles (Boclesdf of 1958, 1961, Kuno 1939} It has also been
shown that the motoneurones themsch es actually bave an sefiuence upon the speed of
contraction of the muscles they innenate (Buller, Eccles ang Eccles 1980 ¢, &) For an
effective modulation or refiex 1ension the contraction speed of the muscle should be
matched to the of sty {¢f Adnan and Bronk 1919,
Teecles et ol 1958) It 13 therefore of interest to compare huts of discharge frequency of
Tumbosacral motonewrones {f Fig 8} with the results of prestously published wark on
the relation bemneen rension and sumudus sate (Fig 9) i such muscles whose moto~
neyrenes have been studied also with sespect to the duration of thesr afterhyperpolacza-
von (Fecles #f af 1958 19611 The present data were from motoneuranes wuk wlatin ety
short afterhvperpolarzzation t¢f Fig 6), and the resulss should therefore st the first
snstance br compared with the ch fast band-bm suscles N gastroenemen
medmbs will be used for this purpose

The matoneurones of the medal gastrocnemius bave 2n mverage durauen of after-
hyperpolanzation of 103 msee, counted to peak of fate afrendepalanzasion (kecles of af
1961) According to Frg 8 the aumemal discharge frequency for this duzaten of after-

7 N deca phynct rcand ol 65
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hyperpolanzation would be about 11 impjsec {arzow 1) and the mavmat finng tates
vathin the primary and the secondary range would be roughly 46 ymplsce {amrow 2}
and 105 smp/sec {arrows 3) respectively These himuts of finng rate predscted from the

pok: of medial g are ndicted by
arrous I3 1 Fig 9, which shows the amount of isometne tenstan obtaned withthe
medial gastrocnermius muscle at vanous stimulus frequenaes (Cooper and Cecles 1920),
1t appears (Nig 9) that on the average a medial gastrocnemis motoneurone would not
setup asteady rep k fi } than thosefor which the twitches
of ats uscle start to summate {arrow 1), and that it would not mamntata discharges at
frequencies much higher than those for which the muscle shows a maximal tetanic
tension {arrow 3) The speed of the medial gastrocnemuuy muscle and the predicted
himuts of dusch freq for medial therefore scem ta
be well fitted to cach other

The motoneurones sanen ating slow muscles (e g solews) have generally much longer
afterhyperpolanzation than those studied 1o the present work The hmnts of finng sate
for motoneurares mnervatng stow muscles may, however, tentatively be denved from
the regression haes of Fig 8 Soleus motoneurones have an average durauon of afler
hyperpolarzation of 185 maee {Eccles 2 al 1961} Accordmg to ig 8 their mmmat
discharge frequency would for this duratian of aftechyperpolarization (1 ¢ time ta peak
of fate aftesdepolanzation) be around 6 wmpfsec, and thesr maximal fistng rates within
the primary and secondary range around 32 impfsee and 60 srmp/sec respectvely Thrse
predicted hmts of finng rate of soleus motoncurones are well w hne with the earher
findings that the twitchies of the soleus muscle start o summate at a sate of tetame
stimulation around 5sec, and that the maximal tetame tension of the muscle i reathed
at a sumulus rate arourd 60/sec {¢f Matthews 1959, Buller and Lewss 1964}

Under the present ! cond: several were unable 1o fire
in a snantaned manner sn she secondary range, and 1t 13 not known whether this was
duc to damage or (0 some whcrent properties of those celts (hemelt 1965 3}, Sush
neuranes 1f naturally cecurring, might be unable to mamntam the full tetame tension of
therr motor uants (¢f Fig 9, arrow 2) Tt 1s therclore of interest to note that a¢ least some
muscles i the cat {Cooper, Denny Brown and Shernngton 1926) and 1n man (Brghand
and Lippold 195% Merton 1954) actually may deselop full tetanic tennon i rosponse
to motoneurons actnaty eherted by synaptic mechanisms

Pz 9 alo she possible physiologrcal of finng withun the
secondary range {f hetnell 1965 8) The steeper part of the cure of Ftg 9 corresponds
10 Treq at which the fire in the prmary range (between arrans }
and 2} and the less steep pars of the curie falls mainky withan 3 range of frequencies
whieh corresponds to the secondary range of fireag of the motencurones {between agavd
2 and3) It has been shawn that for steady repetits ¢ finng of motoncurones the aaloe
of the secondany {1 slope 15 about 26 times farger than that of the coreeponding
prmary [1 stope (hemnell 1965 &) At finng rates i the secondary range, a guen
snerease of excrtation to the motonturency would thus elict 3 Langer crese 2 dudmx;
frequency than 11 would cause n the pnmary range Thisis asat were, also w hoe M;’
the properties of muscle t¢f Fig 9) because for the final efforts m the production
tension a large wcrease of finng frequeney mght be required

Perhaps it should be pointed out that the rough compansons in the peevious P’;:
graphs wese made only far the sake of discussing some genesal prnciples OF x«lh«
further cypessmental work would be required for definite answer to shese an

P
thyy
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problems concerning the relation between the repentive finng of indivadual moto-
neurones and the tension developed by their motor umts under various curcumstances.

The mtmumal freqy fsteady disch Iy obtaned from cat lumbasacral
Imotoneurones 1m response to refles sumulation have been around 5—20 ump sec (¢ g
Denny Bro vn 1979 a Gramt, Haase and Rutledge 1960) As the duration of afterhyper
polanzanon 15 known 0 be between about 50—200 msec {Eceles et al 1958 1961)
these data are well m lne with the present results (¢f Fig 8 hne @) The maxmal
impulse frequencies obtamed by myected currents m the long lasting discharges of the
present work were often cons derably faster than those previously found wth reflex
stmulation {¢f Adnan and Bronk 1979 Dmny Brown 1929 Gramt e of 1960)
The {astest firmg rates of the f refledy activated catlumb
motoneurones have been around 60—80 1mpfsec (quadnceps motoneurones  Adnan
and Bronk 1929) However, there 15 no definste mdication 1n the earlier iy estigations
that the maxmal finng rates of reflexly acmed motoneurones were determimed by
the mhereat of the Ives For a more detalled comparison
of the present findmgs with r:p:ume rcﬂg ﬁrmg the duration of afterhyperpolanza
tion has to be known for the d

The present work has been supparted by granus from. Reservat onsarstaget, harol uska Tsn
tutet
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Spectral Sensitivity of Single Units in the Cortical Area
Corresponding to Central Vision in the Monkey*
By
MARGARET A LENWOX-BLOHTHAL
Recened 18 January 1962

Abstract
Lennow-Buchthal, ¥ * ¢ * it e a oo . .
zestan 10 the monkey - .o
wx corresponding . . .
remaed pacwons L e e

Phvsolagical evidente beanng on the Young-Helmholtz and Henng theones of cot
our sision has been slow w a 1} AMasks (1963) d d that single cones
coniamed one ar the other three prgments substannanng Young s basic postulate
Early microclectrode studies m the seuna demonstrated, too, that the responses of
sungle unsts afier stratg monochromane Mluminaton fell wmto three groups maamally
seasiene o blue green and red (Granit 18353 Laser studies demonstrated opponent
colour sesporses n the getna clements penpheral 10 the ganghon cells responded
oppositel to opponent colours and reninal ganghon ¢ells could be bBrought 1w do so
when cemer or the periphrry of theer feceptne Gelds was sumulated (summarized by
“MacNichet 1964) This opponent pattern of respoase 13 transmugted to the gennculate
s the monkey, where ungle untts responded opposttely, that is 12 an on or an ofl
fashion to opponent colours green-red though the flashes umunated the revas dif
fucely De \alos 1960 De Valos Jacobs and Jones 1962, Otber umrs, on-cells,

respondrd over the whole spectrum but with well defined peaks of sensitny (De
\ alows 1960)

* Thus wwesugstion #as supported m part by Public Health Service Grant NE-03943-02 from
the Division of Research Grants
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. Fig 1 Combined speciral sensinvity
> curves of uruts 1n the cortical area cor
responding to central vision m the
monhey
8 A Low cniterion of threshold responses
to at least about a fifth of the presents.
© tions The arrows indicate responses at
the lowest available intensities The ()
indieate entenion respanses at lower but

'l .- not at intermediate intensitict
e - B High cntenion of threshold the
i - . highest reliable number of responses to
W s W @ wever+ 2t leasta thurd to 2 halfof the prescota
WAYELENGTH tions
Sensitnaty
( blue green @rcd
Number of units 8
Number of presentations 17 23 23
Cnterion number of responses A 5 5
B 7 7 1

The single symbols on the nght indhcate the 1wo 1esponses 1o white with the cntenon wsed

In the cortex of the monkey 1n an arca corresponding to 15° from the fovea single
units responded essenually as in the geniculate enther a3 on responses with broad
spectral sensitaty or an an on-off fashion oppesitely 10 opponent colours (Motokawd
Taira and Okuda 1962) In the cortical arca of monkey corresponding to the fov¢3
or 1° to 2° displacement from 1t we did not find reproducible opponent colour 1€
sponses in single umts  those single umits which responded reproducibly to restricted
portions of the spectrum did o to blue green or red (Andersen Buchmann and Lenno¥
Buchthal 19621

The method of determining the spectral sensiuvity of these single umts has been described

{Andersen et af 19G2) Bricfly the monkeys were 1 ghily ancsthetized with chloral ne urtlhm':
and 8 msec flashes were delivered once a second to one eye i Maxwellian view s nqle’ :'r“(r
. . -
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SPECTRAL SENSITIVITY QT VISUAL UNITS o

H e L
Fig 2 The spectral semsmity of the 0
° : 3y B
o
O Four units (10 presentations) responding 3
16 green Crtenion of threshold, four re- .
sponses The interrupted knc indcates the | o

uncertam thresholds

{ ) Critenon responses at lower but not
termediate intersities o

3t imtermeds I —

apptalta wlly SaI et Ul UL UL LUIG 1) LR 3 SIRGIE URAS Traprtrd @ gy it o
were not mcluded, since their threshold was not determined

The blue sensittve wmts showed a clear peal i spectral sensitivity 2t 47% +, —
responded up to 530 nm with the low criterion of threshold (T'g 1A} fors po
- «

Fore vomrmean tm ALY Con an e

' ’ ’ - Y Fuaet
’ Fr
LLUELA (UL SIURIE 32 EIE 1D)
The green-sensitive unitedid nat reenand renead e b1~ L -6 .

. e
1upied Lurve 11g 2), and 11} responses oftenest 10 blue-green and o, -

that 1s from 450 nm to 545 nm with scattered fesponses aboye [
peaks of sengstivity at about 500 and 590 nm and with fow tesprra.- .
Ine Fig 2) The responses in thus latter group were especial” e
green-sensittv e unisaccording to ther predorminant kind of rryr, .,
w Fig 2 wese obtaned Howeser, there was no clear divisur -
i this group, since any onc umit could respond to green ates. <
and yellow duning another tral or during another portion ¢f+,.

- g g
St g =
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Thus, the orgamzation of umits 1n the cortex corresponding to central vision 11 essen
tially tchromane with clearly defined blue- and red-sensitive untts and with green
sensites ¢ units which responded sparsely, vanably, and which could respond ina saguely
oppenent colour fashion to about 500 and 590 nm How 18 thus nchromatic code de
rved from the opponent colour code n the gemiculate (De \alows 1960 De Valos
Jacobs and Jones 1962) Our working hypothems 1s that the “on * charactenstics of
each on-ofl” gemculate cell are found 1 the colour-coded cortical units I subsequent
work (unpublshed observations with C Guld) we hase used long as well as short
flashes and have not found true  off” responses among the clearly colour-coded curtical
units The latency of the umt s responses may be long, but prolongng the flash dem
onstrates that they are not true ofT” responses Ve assume, then, that the extreme
sed sensin sty of the red on® cells in the gemenlate (De Valous ef ol 1962) corresponds
10 the red-sensifive wrsts n the cortex, the extreme blue sensitnaty of the “green-on™
unuts in the geruculate (De Valos ef ol 1962), to the blue-sensitny e urts in the cortex
The green sensiuveumtsin the cortex must, we think, reflect the “on * sensitrvaty in the
middle range of the spectrum of both “red-on” and  green-on * umits in the gemculate
(De Valors et al 1962} Work 13 under way to test this hypothesis
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From the Un vess ty Inst mute for 1 Mechame Copenh Iy of endo~
crnology and depariment of medstine and The Mathemateal Srattate of the Un ety of
Copeshagen Depastment of numencal analysn Deomark

Analysts of the Efftux Kinetics of Sodium from Small
Cylinders of Rabbit Kidney Cortex
By
E Bopses P P Levssac and B Svejerann Mersen
Reve ved 20 Jonuary 196

Ab

Bower. £ P P Leysacand B 8 Niehen dnaly uof the offfux kunet <o sod wm from small 8 nde s
of rabb  kudney co s Acta physiol scand 1960 65 10§19 —— Based upon o cifferent

P models 3 and a more_realistic communicat Ng Mo~
catopa tn ent system the effux curves from n o corucat eylinders of rabb ¢ k dney were sub-
ceted to 3 graph cal and 2 numerical anal ws respect oy A faul good correspondance was
obtamned b ween the results of bath tvpes of anal s and a surpns ngly good Bt with the ex
per mental data was abita ncd by the numerscal analysis The reslis of the b ter anat s showed
that wt the ¢yl aders 83 ©, and 82 °, of the exchangeable sodhem was 0 d Hus on equ Tbnum
w h he medwmn The iffusion coeffcent was calculated to be 73 % 304 cm® see at
2, Gand 13 107 em® sec 4t 40 € From separate detert nat ons of he average co
cen ra on of exchangeable sod ups 0 usue  ater na serie of o33 aders of s i lar 4 mens ons
ax those used for the analys s of the efffux curves ¢ was caloulared that the frac zo0n of exchange
able sod um wh ch 1 no1 n d ffamon equ Sibnum with the med um (1570 %, occupred a
frac on of the tissue wa er of 30-—45° at a sodiom concen ration of about 50—40 meq
Tak ng an area to clume 1@ ta cotrespond ng o a s nghe prox mal whwde a fae rate was
calenla ed and found to be of an order of 10--100 tmes grea ¢r than ¢ at cbimned n s nated
muscles b d flerent nves g0 om.

n a pre ous paper Bojesen and Levaac 19631 data were presented wh ch rassed the
quest on whether ao act ve transport of sod um responsible for the s0d um concensta
t on grad ent bewween che mod 4m and the nssae water known to be dependent upon
the metabol smx of the 2 ssue Mudge 1921 Whittam aed Davies 1933 wmght atall
be demonstrable by k nete stud es n the case of a farge sod um pool m & fluson
cquibrium  ath the med um OF most s gn ficance for ths doubit  as a close equal 1y
o olumes of distnbution and cfflux rates obsered b experrments 3t FSlabelled
sulphate at a concentration of 610 m\{ and ¥sodswm Taking mto account the
d feult es offcred by the compl cated & net o of dhe dalfusion process m shoes af Wt

185
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defined thickness to an analysis of the temperature dependency of the Process, 1t was
p le to on this basis any sigmificant deviation from the

diffuston kinetics, m opposition to the conclusion drawn by Lassen and ‘Thaysen (1061)
This negative result was roughly m agreement with the result of Mudge (1933) and
other data on the rate of uptake of sodum by cortical slices (Davies 1954, Whittam
and Willis 1963) It remained, however, possible that a quantitative analysis based on
an mmproved techmque mght allow a determination of the diffusion coefficient of
sodium in kidney cortical tissue 1n vitro and the detection of a minor rapidly exchange
able intracellular sodium pool

Thin slices of kidney cortical tissue are unsustable for this purpose for several reasons
Fiest of all 1t 13 1mp le to d the distnit ofa on the different
thickness of the slice, 2 parameter, which 15 essential for the determmation of a dif
fusion coefficient, since the thickness 1n the second power determines the rate of dif
fusion Secondly, the zero value of the activty mn the tissuc will always remain 1l
defined no matter how one proceeds, because of the relatnely very large and rageed
surface area Incubation medium adhenag to thus surface will be rinsed off in the very
begmmng of the wash out process and will therefore invanably cause an il defined
overestimate of the zero value Thirdly, some fractions of a thin slice may be so tha
that washing medium actually might flow through hales or intertubular spaces, render
ng calculations according to an average thickness meantngless

Optimal conditions for a quantitative analysis suitable for the detection of a rapd
exchange process for sodium would be such 1 which a maximum rate of sodium Jost
by diffusion and an adequate oxygen supply 15 combined with well-defined geometry
and sturdiness of the 1solated prece of tissue Cyhnders of kidney cortes fulfH the re
quirement of well-defined geometry, but it turned out an practice to be dafficult to ob-
tam sturdy smooth and regular cylinders of some length wath diameters less than
11—12 mm Ths techncat difficulty raised the question whether an adequate oxygen
supply by diffusion was at all obtainable with well defined geometry, stnceatss gentrally
accepted that shices of I er and kidney tissue must have a thickness less than 0 3-~05
mm if the central parts shall be sufficiently oxygenated by diTusion at an oxygen ten
sion of | atmosphere in the medim (Umbreit el 1957) With an oxygen consump-
uon 10 rena) cortical ssue of 0 5—2 O micromotesfg tssuefrmn at 37° € (Lawen and
Thaysen 1961 Whittam and Wllis 1963) and a Q. of about 2 theexygen require
ment does not exceed the supply obtained by diffusion from the entire tissuc of ¢y Lindneal
geometry at 25° C and for about 80 5 of the tatal mass at 37° G (diameters of 11—
12 mm and an oxygen tension of 1 Atm in the medium) when caleulated according
10 the equations 25 31 and Tig 3 miven by Hull (1929) It was therelore considered ':
be feasble although at the borderhnc of safety 1o obtawn a well-defined geometry an
at the same time adequate oxygen supply by diffusion

Methods
Rabbits were killed bv neck struke and the kidneys removed 1mmn.l|:‘lclyl (n'ruc:-l. ?_hf::
. ' aten
: . meg
" A

) nog
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Results and calculations

In order to obtain a correct value of the activity remaining 1n the cylinder at any tume,
the ratemeter curve must be corrected for 1) the zero setting of the ratemeter, 2) the
background actmty of the counter, and 3) the actwsty in the chamber outside the
cylinder Ths last correction, 2 dead space error”, 1s evaluated as follows

The total activity remarnsng 1 the chamber 2t any ttme 12, 5(t°), 1s the sum of the
actity 1a the cylinder, Q(t°), and the actvity 1 the one ml volume of the Sushing
medium, B(t%) From the assumption of a perfect muang in the chamber therefore

(@) S(t9) = Q(t) + B()) 1

Since the flow rate was 16 ml per mun, we have

a5
®) ——-=B6
Combrming (a) with (b) we get
a5()
© QuE=se|1+ & >
16 5(t%)

From equation {c} the activity in the Ussue at any time, t°, 1s seen to be equal to
the observed total activity times one plus the relatne rate of change of total acuvity
m 1/16 of a min at this ume This was onl: for the 1

'y
val 2 mun and did not exceed 5 per cent at 25° C and 9 per cent at 40° C for the values
used 1n the analysis

A Graphieal anolyns of the corvected ratemeter eune

Diffusion kinetcs of a substance dissolved 1n 2 homogeneous body of cylindrical geom-
ey the length of whuch 1s large compared with the radius, can be described the
equation
Dt Dzl N
om gt _Dme Dot
h —— =4 * 4 +e a* -

Qo)

[
This equation has been denved from the gencral law of diffusion by for mstance
Hl (1929) and Jacobs (1935) It says that the amount of substance remainng 1o the
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big 1 A plot of the fancuon

D g t
"o of Q(o)\m\unmefmm
recorded {rom twe cylinden at
two dulerent temperatures

homogenous cylinder with 2 radius (a) at a time (1), (Q(1)), 15 equal to 4 tmes asenes
of exponential terms, 1 which the time constants are products of a common factor
(D/a%) (thc diffunion coefficient over the rads of the cylinder tn the second power)
and a senes of numbers (1; ¢, ¢4 ¢tc) which are the zero vatues of the Bessels functien
Jo{x) with the numencal values 2405 5520, 8654 etc Trom this equation a (able
between corresponding values of (Dt/a?) and Q(t)/Q(o) has been calculated by Hill
(1929, Table IV) Since any obsenved value of Q(t)/Q(o) at an shserved () wilt cor
respond fo a value of (Dt/a?}, given i the Table (Hilt 1929) D/a® may be determuned
by graphical analysis This procedure 1s analogous to the well known graphical analyns
of a logarithmic function Thus if the process studied docs follow the kinetres of dif
fusion 1n a eylinder, such a plot will of course yield a strarght hine through zerd with
a slope cqual 10 D/at

Fig | shows such a plot for two different eylinders of renal corucal tissue flushed at
25° and 40 C It clearly demonstrates that the efflux knetics of sodium does ot fof
low the expected straght line charactenizing dsffusion However a tlear deviatan
from the diffusion kincues 15 not ohsecved m the fisst two mun 10 winch about 70 per
cent of the inial activaty 1s lost Thus an analysis according (o 1 o component )y
tem seems appropriate

R Graphucal analysis of the ¢fffux curse tn terms of a ton communwcateng fuwo compartment model
Reynes (1934 hat discessed the possiblity of perforrmng a grapheal anlysis of the
efflux kinctics of sodium in strared muscles of eylindncal geometry assuming sodmm
o be distnbured 10 two P ents (o Hatar furd solume and
the sntraccllulas volume; An explictt expression suitable for graphical analyss was
however not obtamed and a mathematical analyws of the proper model was used for
esaluanion of the error introduced by the graphical analysis according v a smplifird
model The umplified model was one 1n which the twa compartments were cansidered
ta be non-communicating In case of small stnated muscles this error was shown to be
of some although not of serous mportance because of a great difference between -
rates of loss from the two compartments In the present case H1g 1 showy directly that
we cannot expect 3 snilar favorable situation when kidney cortical cylinders are wed
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¥ iy the eval of the slow must become greatly erroneous and
the rate constant senously underesumated The graphical analysis s, however, of salue
25 & reference for the rumentcal amalysis of the data according to the proper model

ew PR L e e v i -

CGE E

& F=rg =X
N may be determined by direct anatous of the wcubated eyhinders and was found to be 0 7
D8 at 25° C when Gy was 140 meqv per hiter, as n the present expenments {Table I} By
these termy the follow g relatronship custs betheen dhe sodium concentration of the two com-
pattmeats

s & Q-g

3 [

if the contentraton of activity n the E~compartment 1 denated by (u) and thatia the (1 —E)
compartment by « the following equatton describes by definon the exchange proces of
sodeurn between the two compartment (heynes 195§

4 j—tsl!\—l(i_l}=x\{ “'E’),

[ B VIR R,
10 which (M) means the flux cate (mequiem® sec) and (A) and (V) means area and volume
of the structural umt tepresenung the {3~ E) compartment. The term {K) 15 merely a com
mon contans comprising some characterstcs of the system

. MA
K=
In the case the systern s canstdered 0 consist of twa foB-CHMMURICAUNG Comparunents (a)
Wil be zero for all values of () Solving equation {4} we then get
vin 11-E)
" W T NETE
Since ihe Jos of actnaty from (E) 13 described by the equation for diffasion 1n 3 cyhnder (eq 1
she following equation desenbes the twe integrated processes n termas of the smplified modet
Dt Dot U~E
® Qu aFa(f‘T+-“T - + g-F RNETE
Wie - 5

In Fig 2 the dog of Qis)Qie) 1 plotted agamst urue s 300 28 the first term of equation

thy beconies negligeable selative 10 the second tesm  the curve will be described by this laster
(~£)

term with 3 slope equal o K g~ An extrapolanion of this part of the cune will wter

ceptwth the ordnate ata calue of fog (1 F1 The results abtatded ac two diflerent termpera-

tures from cach of the o erhinders are given 1n Table I It u obuious from the Fry 2) that

an analvs accondmg to the exirapolation 13 3 fough approumation onh stressing the necessety
of a aumerical analyus
ed ot

Thes rt

by 1]

Plaws . ' .
large

from .
[ .
na -
mat e
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¥Fig 2 A sun logarnhmic plot of recorded Q-*—L:l versus ume {mun) from the 1wo o3l nders at

25 and 40> C. The intesoept with the ordinste of the tangent 1o the final slope mdicatert ¢
Aalue of the non<diffusible fraction of sodwm (I — F}

ar ane et prue
/
.
. / Lv
‘ g /'
* / 4 ¢ .
. B
e o2 .

D f,
Fig 3 A plot of the funcuon (-;-) otg-(% vers time {mn) recorded from thetwo ol aders
2021 and 40 C @ mtegrated diffusion and exchange procasses A, after subtract on of the
cxchange process

© Auwmerical analysis of the offlex urie w ferms of @ communicating taosompartment modeh
The total actvity present in the cybinder a1 a ume (1) is descnbrd by the equation

.
Q) = 29L7¢r ydr where flr 1) = (J-E})v + Euw

ta teroa of the commusicating two.compartment mode! this function haa two properics
which can be destnbed by partial differentiat equations (heynes 1956)
tu By 1 du &
o s -eolm pg)-u-mE !
wanon simply £33 that the amaunt of actavity lost from the fratuon Eofa dn!fcm‘u‘
solume of the cviinder at 2 distance it from the vester i the tme mterval {dr) w the amoco!
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lost by difitsion munus the amount added from the (1 — E) fractton of the same differential
volume 1n the same fme mterval (49

@

Equation (8) expresscs as in cquation (#) that the rate of loss of actwty from the (1 —E)
compartment i the dstance (r) from the center of the cylinder 1s proportional to the dufference
between the speafic actwsties of sodum on the two s des of the boundary between the two
compartments

The boundary conditions are t =y oforr aando <t ulr o) and v{r o) aze con
stants u, and Vo having the ratio

w 1B
WSNET®
The known constants of the problem are a N and we want to find the values of E D and
K giving the closest fit to the observed function Q (1)
‘We assume a solutton
u RUandv RV
where R 1s a function of r alone and U and V7 are functons of t alonc By the theoreme of um
queness we know  that i such a solution exists st will be the solution sought for
Puttung the oxpress ans for 1L and v mto {7} we abtaw,
(1—ER} +ERU =ED (UR +UR[)
where primes denote denvaton with respect to the independent vanable 1 question
The equation may now e separated .
o
© R +Rjr+gHR—0Oand
(10) (1-E)} +EU +kU=0
where k* 13 the constant of separation
‘The general solution of (9) 13

R=4F

1 +B1o

- . k
VED \EI
where 4 and B are arbitrary constants The second term may however be discarded as our
solution has to rema n fnte for r — 0 Subst tunon of u KU 2nd v = RF 1n (8) yields

an I =KU—cP)
We may now chminate U between (10) and (11) and have
(12) (EfR)F 4+ (1-E + Ec + &YK)} +4%ch =0
Here the general solution 15

s V = ammt + bent

where ;t and » are the solutous of the quadratc

(14) ZEMk + (1 E+Ec +H7R) +Khc=0
and ¢ and b are arburary constants

The solution 1s valid only when s # » which will prove 1o be the case
The general solution for v niow is
k

v EFT e et b

for which the general solution for u follows when put mato (8)
&
U= (e (s €) st - (/b ) ber)
The boundary conditions for v {and u) demand that we chose for £ values the numbers

f o AED

i

where vyare the solition of Jo{v) — © The pand r values are the correspondung sotutionsof {14)
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To determinc the tonTepontng values of s and b taga andd we putt = 0and get
w
to= L Jolvi i) (2 4} and

- Zl Jolvs elo) ((u /b + cle 4 (o Ik JB)

The general 1l eory for the development of a function 1n terms of Bessel funct ons gren
.

29,
&~ 2 s
¢+ o W{z]a(v, tfa) dv
ofr
1o e +3 =A
h 1 2
where AT
From t e expression for u, we get 10 the same way
{16 it htea+(r h+ab ~Au
Solation of (137 and (16} with respectto g and bigres
R
and
#
A i

Inwhat follows we put r — g =g
Sow

Fle Y ve t A Jolv ey b (4
i

where
Bt 1-E~Fc~Eu h ev vjg —(1~E+ Ec+Lr/R)e tplg

For Q 1 weget
-
Qft =218 ¢ ; Nkanfegolv wia dr
o} .

-
31Le y 20
et V?
ke KD
Iwepuil B cE=Eganduscsy == =v’ 5 ¢ wemy wrie
e Tl Do o p_::_nj
Qs 411.‘“15;'“‘._,7;)_;. (v_*"),

Den tng the factor in front of the X by C and the corfTaents of e exponennsls in m ands
we get

17 e Crimtt aen
t
LMl e

The actua] caleulation was done 1n the | llow ng way -

Equdntant valurs of e €2 1 functon (o1, and; =032 umdp:m;m’l,:w
the annally reerded trace by deaw ng an ven cune theush (e gace and 3T B0
corrrctions mer e aed abine p 3 -4 [le bta ned salurs are den m: :;»_,, Hd
valus f E. D I Jrom e grapt adanat3a 11l ¢ same data in terma of the ump’ L 00
wert g ven to the compu et the CIER  the \Mathematieal Insteu e

Cerrnhage
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Tamz 1 From the wet we ght of the cylinders and the sod um concentrition of the totaf tissue,
the average concentration of exchangeable sodium 1 tatal tissue water (G} was
calculated taking total water space as 08 of wet weight (Robmson 1950, Whittam
and Dayies 1953) The sodwm concentration of the incubanon medium (equal to Cu)

C
nas 140 meqv/l H:O N i caleulated from

Noof  Wetweght Exchang “\a Exchang “a
Tmp ol g meq kg wet w meafkg RGN
av range
25°¢ 3 105(8 5_125) 8147 (sd) 10059 (5d) o g0
38 C 8 9(7—11) 8314 11025

In the computer the corresponding values of m; o n and 5 were caleulated and the con
stant C computed to miunuze

Fmax
£ = E(Qolty) — Qui)’(Py
) e

munimuze St

The resuling values of M, = Gm, A, = Cn, and p, and v, are used for the ¢calcula
uon of discrete values of Qe(t,) which were redressed by the previowsly apphed cor
rections to correspond to the onginal trace These values were plotied in the traces
and shown 1o Fig 4 It 18 seen that 1t will be very difficult to draw a smooth curve,
which will fit the recorded trace better than one through the calculated values, and
for all values were the differences between the smooth curve drawn a pnon and the
ealcutated curve smaller than £, From the d:scnnunm:y of the boundary conditions
ast=o,asan of the Gibbs ph triby of the
small differences between the a prion values and the calru!alcd values way 1o be ex
pected and acrually observed

The direct search 1s a safe but very slow method A lineanzation method would be
much faster, bat the numerical delicacy of the problem would probably cause the com
putation o diverge 1 many cases Wath 20 exponential terms and 20 xalyes of (1)
the calculation time was about 20 tmn The seositiviey of the result of the numencal
analyss to preliminary values of E, D and K from the graphscal analysis was checked
by gwing the computer values differing by 30 °5 i the oppasite direction of the ob-
served difference between the (wo results. Thus procedure was found to be of no ngml
cance to the result of the humencal analyus It can therefore be concluded that the

numencal analys:s offers a well.defined description of the data m terms of the proposed
model

+ A copy of the ALGOL-programme will be aent by the authors on request

8653000 Acta phyrol scend Vat 65
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Taste 11 Data from graphical and numencal analyss of efllux cune frot twe cylindens 3¢
ussue sodium in diffusion equikbrium with the medmm. E - he fraetion by valume

sodium concentraunn 1 tusue Water aver sodium concentration i the meda

A
R =g, eep 5)

Gyl Difl coctl
radis Na D10t
fem) om? sec F

25° 4C* 257 407

Non-communicit. IWo-compart, o050 65 913 083 08
modet 0055 65 310 aes 82
Communteat, twa-compart model 0060 73 104 087 (333

8055 73 193 033 077

% A J' < ol
H
o
v
“l t
A \ :
“\ \"‘\) &
N « - o f e
— - - Ll Y8
N E e _}_7.'
TR Caarmasa ey

Fig 4 Supcrimpuencd on the directly recorded trace of (1) during the efflux (continous Cunve!
are plotted correrp Laged values ed from the
tnocorapartmet moded

Discussion

A basie condition which must be fulfifled before anc can accept the model undn!ﬂ,"l;
the calculations 15 that the calculatrd diffusion coeffictent of sodium comes oul wm‘
3 2 de and temg dependeney The free dsffusion (orﬁl:‘"u
of sodium 10 water at 25 G t, accarding @ calaulations by saversl zulh(;n ;tt ‘—muAl
26d Burn 1949 hesnes 1934 Johnson 1955 about 12 » 10 ¢ um®sre ';:\;‘ e
diffusion corfiicent in the present expenments w3y found to be about *
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two temperatures D wirtuel diffusion cocfficient of sodum 1n tssue F fraction of total
of tissne water m which sodium 13 1n diffusion equilibraum with the medium N the average

a—) t ume constant of ihe exchange Process of sodium from the (1 E} space

N 08 N 07

Rate constant of Rate constant of

Na exchange Na exchange
Cale space for 1E Cale space for L FE e
fee f B=FN  1ORTR g 10 e g pary VR g 100

25> 40° 29° 40° 25° 40° 2° 40”
069 067 19 37 060 053 19 39
068 065 1 38 G50 0s7 2y 39
070 667 20 48 061 @59 23 56
066 062 28 60 058 05+ 30 55

. 2 . .

at25° €. In the case of muscles this reduction 15 readily expluned, accordng 10 Harns
and Burn (1949), on the baus of the heterogeneity of the tissue system and can be
considered as an effect of a teduction of the differential area avaulable for diffusion

On this background onc may understand that the virtual diffusion coellicient of sodium
1 kidney cortical shices 1s hugher than 11 stnated muscles, since the relatie volume
of the heterogencous systemn available for diffusion 1s also found to be greater in kidoey
cortical ussue The temperature coefficient (Q,,) may be calculated as a measure of
the temperature dependency of this virtual diffuson coeflicient, and was in the preseat
two expenments 1 3 and 1 7 In the evaluation of these figures one must have m mund
hat each value is based upon data of two Sutcessn ¢ expennments with the same cyhinder,
shat the tissue 1s farrly elastic, and that the caleulated diffusion coefficient s a function
of the radws 1a the sccond power These cxperimental circumstances imply that a.
determunation of a true ;4 Mmust be based upon a series of expeniments The two values
given should consequently be considered ax nampln only One may conclude that
with respect to de and 1he obtaned diffusion coef-
fictents of sodum supports the \alxduy of the model The present finding that a 15—
20 °, fraction of the exchangeable sodium pool 1s not in diffusion equilibrium with the
mcdmm may apparently be difficult to reconale wath the previowsly reported identity
(within 53—10°,} of calculated distribution solumes of sodium and sulphate (6—10

mM) in shees {Bojesen and Leyssac 1965) It i, however, mast ikely that this ap-
proumative identity 1s not real but 1s due ta sulphate accumulation 1n subcellular par

ticles of partially Iyzed cells snce Davies 2 a? (1961) hase reported sulphate accumulz.
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Tame 1l Data from graphical and numencal analys s of efflux eurves from two cyl nden ot
tissue sodium 3n d ffus on equ | brium w th the med um E the fract on by volume

sod um concentrat on In ussue water over sod um concentration m 1 ¢ med um

MA
K- eep 5)

cyl DT eoeff
radws  NaD 104
em)  emsec F
25¢ 46 25 40
Non communteat two compart 0060 65 91 o085 o084
model 0055 65 110 o085 082
Commun cat two-compart model 0060 73 104 087 08+
0055 73 153 083 077
p I ; I R
" - we o«
|
B !
o
N w “
o w - - 7
% L R e

I3
Fig 4 Supenmposed on the d rectly recorded trace of Q(t) during the efflux (cont nous zur\;:
are plotted correspond ng equ distant calculated values computed from the commun cat
tno-compartment model

Discussion

A basic condition which must be fulf lled before one can accept tf € model underlyng
the calctlations i that the ealculated diffusion coefF eient of sodium comes out w1
a bl de and ¥ dependency The free d fluston coefloent
of sod um 1n water at 25 C1s accord ng to calculanons by several autl ors (sce lhm;
and Burn 1949 Rcynes 1954 Johnson 1925) about 12 x 10 ¢ cm?sec ! 11 e\ul;ll
Aiffusion cocflicient i the prevent experiments was fo nd to be about 73 X !
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15, however, roughly 1n agreement with the difference of 1030 mV 1n intracellular
electnical potentials of hadney cortical cells 1 situ as opposed 10 shees reported by
Whittembury (1964) hadney cortical tissuc under the present and mosth used condr-

- Toaw . £y Ta e

equilibrium with the medium with respect to sodium It s of course possible that this
varation corresponds ta charactenste stractural segments of the nephrons. If thisasso
most of the resistent fraction must include certain parts of the proumal tubules smce
the (1-E) compartment 1s 2—3 times greater than the fraction of distal tubules 1n the
cortex

The Q4 of the exchange process of sodnmm between the two compartments was
found to be about 1 7, which 18 equal to that found for striated muscles and the frog skin
accordimg to Ussing (1960, Table ) This value 15 independent of the chosen value of
N, but rely of course on the assumption that N has been the same under both expen
mental cond:tions (25° and 40° C)

The fasrly lugh Qs and the fact that incubated cortical tissue 1a vitro maintams a

sodsum concentration lower than that of the pedium 1nvates to a calculation of the fux
;

R\AC“) which amounts to 240—350 peq/cm” sec (\ = 07 and 0 8 respec-

rate (\I =

tively) taking the raio V. A = 1/2 and r as the outer radwus of the proximal tubules in
\itro (r — 20 u) (Bojesen and Leyssac 1963) This flux rate may be compared with the
sodium flux of stnated muscles, which on an average was found to be 5—10 peqfem®
sec at about 20° C by a number of myestigasors (sce heynes 1934), and with the net
flux rate 1n proximal tubules 1 v1+0 of about 3000 peq/erm? sec found by Windhager and
Giebisch (1961) The latter figure corresponds closely to an occlusion ume of 20 sec
measured by Leyssac (1963) at relatiy cly low filtration rates, usmg the obsen ed radius of
12—13 1 1n the calculation The flux rate of the best presen ed fraction of the mcubated
ussue 13 therefore of the order of 10 umes less than average rate of net transcellular
transport of the prexumal tubules in the filtermg kidney 1n v1v0 A companson betw een
the 1n tro recorded flux rate of sodwum and net transfer rate under physiological 1n
wnoconditionsseems however only meaningful if the i vatro flux rate may be consider-
ed to be a transcellular transport in contrast to a protess analogous to that of sodum
extrusion from other types of tissue (e g muscle, nenve, ete ), n which 1t only serves the
of the Ilular electrolyte It 1s not quute impossible that
101S a3y gain access to the brush border (lurmnal) side of sull functioning cells by diffu-
sion through disintegrated nerghbouring or epposed cells of the same tubule If, further,
1t 1s assumed that transcellularly transported sodium 1s mixed with the intracellular
(cytoplasmatic) sodum pool and that sodmm 1t activelv extruded exclusnely at the
basal (pentubular) side of the proxamal cells, then the flux rate measured in &y inders 1n
sitro will actually represent 3 true transcellular transport rate Only 1n the case that all
these assumpuions are accepted wall 1t be reasonable to relate the measured 1n vitro
flux rate to the 10 times greater net flux rate 1n the functioning kidnev and to the
suprabasal oxygen consumptions of cortical tissuc 1n these two states (1n ¥Itro versus in
VIv0 at an average rate of reabsorpuon) It then turns out that the flux rate as well as
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the oxygen consumption in vitross reduced by approvximately the same factor {assumung
n agreement with the recent obsenvation by Blond and Whutam (1964), that presened
and lysed cells arc about equally responsible for the sodium dependent o¥ygen ron
sumption in corucal tissue m vitro of 0 5—~1 0 pmolc O,/g tissue/oun obsersed by Lasen
and Thaysen {1961) and by VWhittam and Wilhs {1963)) Any attempt to approymate
then vitro bssue function to the 1n vivo state of the celle by ymprovement of the medium
until maximum oxygen consumption must be hased upon all these assumptions It
docs, however, appear more hkely that the flux rate measured v vitro has nothung to
do with the normal transcellular transport process, but rather 18 2 mesure of the proces
responsible for the mamtenance of the intracellular elcctrolyte composttion I this be
true, 1¢ 13 a measure of the steady state flux at a balance point of passis ¢ sodium permea
biltty and the sodium stmulated extrusion process Jn thiscase the alternative of whether
a tubule celt wili becomelysed or not will depend upon whether the balance point eanbe
reached at an tntracellular sedium concentratian Jow enough 1o ascertatn a suflicently
small cell volume and sodium permeability Along ths Iine of reasomng optumal con
ditions for cortical trssue in vitro would be such, ut which a small volyeme of disterbu
tion of sodium 1s combined with low flux rate and low oxygen consumption That the
mavimal oxygen consumption may be musleading o the choice of medrum clectrolyte
composition 15 1ndicated tn the case of Iner shees Attempts to optimize the medm
with regard to oxygen consumption (hrebs 1950) has led to a salinc medium which
contains a £ar too high Na k. ratio with special reference to glycogen synghests (Tlasungs
et al 1935) These Latter also showed a derable lossof p when
Iiver shees were incubated m a similar Rangers solution with hich sodium concentra
ton

It thus appears as if the problem of swelhng of provmal tubulay cells 1 vitro s
closely inked to the problem of whether the process of reabsorption 1 the proximal
tubules is confined to specialized, subcellular organells as suggested previoush (Boje-
sen and Leyssac 1965) or whether the unidirectional net sodium transfer mnano®
caused by 2 sodwm pump® localtzed at the basal membrane and pasive transfer
across a permeable luminal membrane as suggested by many authors The present
technique in refined modifl (cylmders of smaller et ) mughy therefore
contribute to the solution of this interesting problem
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Autoradiography of Injected Albumin-Bound
1-Ci-Palmitate in Pigeon Pectoralis Muscle
By
Craes Wirsi~
Recened 20 January 1965

Abstract

. ' [N

Tatss considered to be the main fuel in sustained muscular work Itis transported to the
muscle an the form of free fatty acids (TTA) releascd nto the blood from the wdipese
ussuc and bound to plasma albumin The uptake of FFA 1n skeletal muscle as i other
ussues 13 believed to be d maimnly on conc and on plasma flow,
whereas nutritional factors scem to determine the extent to which the ITA taken up by
the cells are oidized or stored Available data indicate that, 1n the resting muscle, most
of the FTA are incorporated mto tnglycendes or phospholipids and stored 1n the mll’;\'
cellular fat pool (Havel e af 1962, Goransson and Olivecront 1964) Histochemsca
M estigations suggest however, that the uptake and storage of fatty acids may pot be
equal n all muscle fibers Tat droplets are most pumerous in fibers with a Innl: content
of oxidathe enzvmes (Nachmuas and Padykula 1958, George and Naik 1938) The
skeletal musculature of higher yertebrates 1s composed of three types of fiber, namely,
red, wtermediate and white fibers (cf Ogata and ‘Mo 1964) which also seem to dnrl:g
as three duunct populations in the fetus (Warsén and Larsson 1961) Dunng enhanc
FTA molnlzation as provoked by noradrenaline snfusion, the three types become
eauly disunguishable owing to the different degrees of Iipid depontion in the u:‘(r;rhm:
{Carlson, Liliedahl and Wirsén 1965 MMaunsbach and Wirsén 1965) This hipid d tptzl
tion 18 generally correlated to myoglobin thus justfying the contention that mast

13 deposited within red fibers (Carlson of af 1965)

120
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Howeer, the distribution of stainable lipid 1n a tissue section 15 no defimte proofofa
heterogencous uptake of FFA The fatty acids may bave been converted to compounds
not d by the 2 1 proced: Therefore, a method that makes it
possible 1o follow the fatty acds themsebves should be apphed, and the histologieal
prcture compared with the results thus obtamed It was decided to try the autoradio-
graphic method developed by Uliberg (1954), including freeze-sectioning of unfived
assue, thus presenting losses of fat-soluble labeled compounds

‘The pectoralis muscles of the pigcon were chosen as experimental matenal Ther
bio- and histochemistry have been rather extensively investigated by George and his
group (see for mstance George and Vallyathan 1964), and the fiber types are easly
disungushed, ¢ a , by therr different dameters, the white fibers beng very large and
often situated at the border of the muscle bundles or 1n small groups among the very
narrow red fibers As the pigeon 1s a small animal, moderate sotope dosages can be
used to obtain a high activity m the tissue

Material and methods

oung healthy haboratory pigeons (Columba fiia) were fasted overmght Water was gven ad
Bt § C palmie aeid (Radiochemical Gentre, Amersham, England), specific actwity
Dhitm ] B & \ e N

3min o afier 6 and two after 15 min by a rapid anjection of 2 mi of a 6 %, solution of Mebu
mal® sodium The pectoral skin was rapidly Temoved and small pieces from the pectoratis
mjor and minor (15.min animals) muscles were taken out and immediately frozen 1n hiquid
nitrogen Thev wrre then transferred to small aluminum boves chilled with dry ice, and
L Cam e RN R B

witrogen or fixed 1 formal sucrose solution and staned for succume dehydrogrnase, hpds,
phosphonlase and glycogen as described clsewhere (Catlson e1 ol 1965 0 0o POy

Results

white tvpe In the 3-run the distrab

of 1sotope was hat diffuse,
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although regrons with white fibers showed a distinctly weaker actwity The difference
between red and white fibers became further aceentuated 1o the G-min and 15min
expeniments, the white fibers showing only shghtly more activty than the background
stll at 15 mun after the injection of label The resolution of the autoradiograms was
estimated to around 20 4, and even single white fibers could be eaaily adentified {Fig
1 A—D) In the pectoralis minor there were small areas of more mtense blackening ona
background of mixed moderate to weak actiaty (Fig 1 F) It turned out to be techns
cally difficult to stain the pertainuing tape sections so as to give a good picture of the
dustnbution of fiber types However, a Sudan-stamned section from an untreated animal
shows that 1n the pectoralis minor the red fibers lie 1n small groups between mtermediate
and white fibers, much as s ted by the di (Fig 1I) Theb h

cal stamngs confirmed carher obsen ations of the high succinic dehydrogenase activny
and fat content of red fibers and of the high phosphorylase actis sty and glycogen content
of the white (George and Naik 1958, George and Scaria 1958, Dubostz and Pearse
1960, Ogata and Mon 1964) Thesc obsenations were also extended by the present
finding that 1n the pectorahs mmor medium stzed fibers of the mtermediate type oceur
besides the broad white and narrow red fibers

Discussion

“The results of the present experiment clearly show that 1t 1s possible to study the duistribu
non of myected fatty acid wath a morphol 1 method The that FTA are
taken up by sheletal muscle 1o the resting state (Havel ef a? 1962, Goransson and
Olinccrona 1964) 1s here d and lized Distinet diffe are shown tn
the distnbution of 1sotope betncen red and white and, possibly, also antermedute
fibers of vertcbrate skeletal musculature

Howerer, to mahe qustified an nterpretavon of this distribution pattern as due to
a diffe ! uptake of FFA, certain must be fulfilled hinst,
the injected Jabel should be incorporated 1n stable and poorly soluble compounds that
remain i the cells for a considerably Jonger time than the biotogical half e of the
label 1n plasma, so that the picture 1s not blurred by strong actvity 1n the blood vewsels
Secandly, the ehmmation of label from the muscle fibers should be neghcible compared
1o the influx of FFA from plasma, so that the distribution pattern 1s determined by the
latter

That most of the FFA are incorporated 1n triglycendes and phospholipids also 1 the
fasting antma) has already been mentioned (Havel et o 1962), and at least 1 the rat
the content of labeled palmitic acid 13 high in these compounds for the first 20 min
(Goransson and Ol ccrona 1963) The biological half life of plasma FFA an the pigeon
1 not known However, 1n the domestic fow), 1t can be estimated to'between a'mifiad
one minute (Carlson e af blished) The of the d 3mmn
after injection of label may 1 part be duc to rematmng plasma actvity

ayection of
te dutio-
ying

fiers v @
Fig 1 A Autoradiogram from pectorals major of pigeon § munutes a
1 Copatmitate High activty in areas with red fibers Esen aingle whute {bers €10 be o
gushed as white patches The broad interspice betneen Viack areas s e o white §

at the border of muxcle bundles kxposure 6 wec! x
B The corrtsponding section The faws of wlute Gbers at the border of muscle bundies bne
boen alightly oresstained Section thickness 20 4 Sudan Black 8 15 -
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C ‘Autorad ogram of langitud nally sect oned muscle fibers n the same preparaton H gh
act_ty o red fibers 40 x

D The corresponding section. The red fibers are dark Sudan Black B 40 x

E_ Autorad ngram from pectoralis nunor 15 mnu es af er mject on of 1 C* paloutate Small
areas with h gh actiy ty {black) on larger w_h moderate {grey) or weak {1 ght grey) act vity
Exposure 15 weeks scet on th ckness 20 ¢ 15 %

F Pectoralis m nor from untrea ed animal Three types of fher small dask (red) med um

szed w th modera ¢ stan ng ( ntermedute) and large w1 b weak stanng (whte) Sudan
Black B formol sucrose fixa on 170
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As regards elmination of fatty acid, the onhy way so far knowr for a muscle (her
would be oudaton Howerer, 1n the pigeon, the content of sucainic dehydrosenase
an essenial component in the faity acd oxidation system, 18 several umes higher in the
red fibers, whuch dusplay the highest radioactinaty Thus the difference an amount of
labeled fatty acid contained m red and white fibers respectisely cannot be attrbuted
to more rapid oudation in the latter, but 1s most tkely to depend an a defferent uptake

‘The relatie amount of fat droplets characterustic of each fiber tvpe 1a the preeon
muscle seflects, accordmyly, the uptake of arculaung FFA As the same types F Fbes
are found as well m other species from fishes to man (Ogata and Mor [9G4), ths
correlation may be salid for skeletal muscle of hugher vertcbrates in general As the
white fibers have a high glycogen content and seem 1o depend more on ghycolysis it an
do the red fibers with their fugher capaoity for hpolysis and ovidation, the artractise
hypothesis anises that each fiber recen es—or extracts—the appropniate kind of [ s}
from the ctreulating blood The more scanty vascularization of wiute filwrs 11 at least
not fikely to explan entircly the difference in Iabe! content, since the actnaty 1 thrm
1 far lower than would be expected should the blood flow atone account for the lower
uptake Lesssarcoplasm tn white fibers than in red might be of importance sn the przeon,
howeer, 1n the dog such a difference tn the extension of sarcoplasm as could account
for the vanations 1 the number of fat droplets has not been found (of Maunshach and
VWirsén 1965) Rather, the charactersstic enzyme pattern of each fiber type sugersts
that the uptake of FFA from plasma proceeds at different rates 1n ecils with different
metabolic qualities

The present results thus support the concept of a selective uptake of plama FFA
if not possibily a selective extraction

autoradiographic tect nique
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The Distribution in the Mammal Body of F# and P»
from Double-Labelled Na,PO.F
By
Ynove Enicssov and Lars HAMMARSTRGY
Recewed 23 Janurry 1965

Abstract

Encuon Y and L Hammantrom The distribution v the mammal body of 1 and 23 fiom deuble
labelled Mo POF Acta physiol scand 1965 65 126137 — Autoradiographsc and quaniiz
uve mvestigations wuth i, P32 labelled Na,PO,F were perfarmed on mce and 7ats m ondrr
to qudy the fate of the manofluarephosphate 1on an the mammal body Comparisons were
made with the distnbution of F'* as fluoride sons and I'** as arthophosphte rons Tatravenous
injection of the dauble labelled PO,E ton gave strikingly high concentrationsof T in the i
tesunal fumen and of P ( the ntestnal wall A comparatvely high concenteation of B
was found it the fiver followm the ngestion as the PO, ton Fluorune mgested ar the mono-
fluorophosphate 1an did ot pass the placenta to aav greater extent than when gaven a3 the
fluonde 1an The tndications of these data for further studies of the mte and mechanua of
splitting and 1oseaty of monofluorophosphate are discussed

Sodsum menofluerophesphate Na,PO,1, 15 2 fluonine compound which has attracted
great inierest in fater years owing 1o s chermeal and physiological properties J 18
canly soluble ttable tan water solution and nat crwly preapated by exlowum wne ft
15 readils absorbed 15 the mtesune but has a low acute tavicrty m apte of the fact that
1t fluonme content i3 3pit off m he body to a greas extent (Pricssan Samesson a0
Lilberg 1961 “odium h by 3 canes p tine acon when
applied (o the tooth surfaces, evidently by a mechanum different from hat of neaple
fuonide tons Ericsson 1963 and it 1s being used far diflerent formy of foeal fuande
application 16 the teeth 1t has also bren suggested as & susable fluoniae compound
for the fluondanon of foods « g satt or flaur and 12 might be used snsead of sodm
fuonde i the treatment of acute osteoporous as in Paget s disease

The properies and uses of sodium monoflucrophesphate seemed 10 warrant

1 son or 1ts sphtung products in the mafm-
he use of I

a clascr

wvestigauon of the dntrihution of the PO
mal bods This w. performed in the msesugation 1o be reported by ¢
and or P labelled N2, PO,F 10 autoradiographue expenments on mice and quantita
e expertments on rats and nuer
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1. AUTORADIOGRAPHIC STUDIES

Methods
P, Plabelling of Aa,POF

- #8 ®AE D and P has been described carher (Enics-

. s orthophosphate 1ons Evaporation. Heatng
. '« {HF Evaporaton gives NaF labelled with
3 Fusion of NaP"Q, and Na!
labelled Na,POF
Double labelling on a mucroscale wath a quantity of Ka,PO,F carmicr small enough not to
cause toxic symptoms ot intravenous mjection reguires specially meticulous procedures, and
the method used by us 13 therefore given m detail below

% 1n storchiometric proportion at 700—800° gives P1t, Fio.

Solutions
A 138 mg NaH,PO, H,O dissolved n 125 ml dustlled water

B P solunon contaiming a mucrocunic quantity of P m about 0 023 ml sofution
G 42 mg NaF dissolved in 1 25 ml distiled water

Pot.dabelling of NaPO,

remdue 15 heated to 330° for 5 hrs

F produstion

LaNO, enriched to about 96 ¢, with Lit, 1s neutron wrradiated 1n the uramum reactor which
gves H* and F¥ as radioactive products (Encsson 1961) The wrradmted salt 1s dissolved tn
distilled water and caleum phuspha!e 15 precipitated 1n the solution F'* 15 taken up practically
n the 15 washed twice with distilled water to remove
H? and radioactive conummnan mmly Natt, and 1s then quantitatively transferred to a
mucro-distillation apparatus and distilled with about 40 °, HCIO, using a slow air stream
About 5 ml distillate 1s taken up 1n an empty receptacle The dustillate 1s evaporated ina plati-
num crucible to about 0 025—0 040 ml.
Fe-labelling
In the quartz tube contaiming F** labelled NaPO,, 0 025 m solution C s pipetted from a micro-
burette throuch & capillary Careful evaporation The disullate which has been concentrated
< ;icsfnlpuonlabovz 1 u—:nsfmcd 1o the quartz tube and evaporated to complete

P .
-
Chemscal senuty and pury et
.t o e . P
mdicated a monofluorophosphate punty abave 93 per cent v

{utoradiographic techntque

The double-satope autoradiographic technique followed the same principles as have been
deseribed earlier by Appelgren etal (1961) Albino mice weighing about 30 g and one mouse
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F2 I Dustr bution of I'* (above) and I'* (below) 5 m nutes afer v nyeet on of drubler
Gbefled \a,PO,F

1n advanced pregnancy we gh ng 43 g were injected m a ta ] san the dosc g en was 2uc

and about 0 73 mc I'* 1 0 5 ml 30-m\ solut on of Na,PO,F This dose of Na PO,F had bren
Tound to produce no lox ¢ symptoms in m c¢
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Bene

Small intestine
Blood vessels Kidney

3;?»- -
=

g

Tongue

Hearl  Liver Lorge intestne
1g 2 Distrsbution of F1* (above) and * (below) 20 munntes after 1 v Injection of double
labelled \a,PO,F

red out 1n the cold {— 10°) The sections were then dried 1 the cold {~— 10°) and after a
delav of 2 dave during which tume the F2* content desintegrated a new exposure was made
which gave (e P4 auioradiograms affer 5—6 weeks

A S.hour exposurc performed afier the decay of Fi# gave no detectable autoradiographic
blackening whuch proved that the P** did not interfere noticeably dunng the registration of
n

For Na,PO,F P** was also ngected 1 v
as low-carner orthophasphate 1n two m ce turvival time 5 and 60 min fespectvely

Results
Autoradiagraphy of F1® + Pt as monofizorophosphate

Fig 1—3 demonstrate the distbution of F** and P> from the double labelled PO,F
1on after 5 20 and 60 min survival tme respectively

0633003 deta phy sol cand ¥ ol 62
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Fig 3 Dotribut on of F'* (above} and P™ (below} €0 m nutes after ¢ v inpect on of dutle-
Libelled Na PO,

Alseady 5 mun after the » + snjecuion of Na P¥0,F1 differences were clearly ob-
wnable o the distntution patterns of the o watopes th ey d Ferences appeared 1o
be more accentuated with time The mam tendency was that F1* was more 1ap cly
2nd sclecinely taken up by the sheleton than 3

“The concentrations in 1} ¢ lood of both F¥* and P* rap dly decseased and werc very
fow 70 mun after mjection
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Fig 4 Distnbution i the kidney of F1* (Ief) and P*# {nght) 5 mu afier1 v injection of double-
labelled Na,PO,F

Bone Liver Placentae

Heart Intestine Foetal skeletons

Bone Liver  Spleen  Placentae

Heart Intestine Foetal skeletons

Fig 5 Dustnbuuon of F'* (above) and P** (below) 1n 3 pregnant mouse 30 mun after 1 v in-
Jection of double labelled Na,PO,F

The F** concentration in the Juzer was vanable but appeared to follow the concentra-
tion 1 the blood The P concentration of the hver also equalled that of the blood
after 5 mun but then conuderably increased The same conditions were obscrved
the spleen where the P*? was mainly localized 1n the area of the marginal sinuses.

In the mtestine the distribution of the two isotopes greatly differed already 5 min
after imjection F'* was mamly found an the lumen of the small intesine and in some

jame-
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Spleen K docy

Liver

Tig 6 Distnbutton of P** 60 minutes after 1 v injection of single labelled \a,PO,b

crypts of the large intestine while the concentrition way Jow 1 the intesunal wall. In
contrast to this P¥ was strongly concentrated in the wall of the large intestine and to
a lesser degree an the wall of the small intestine

Some accumulation of P'* was seen in the myocard um and sheletal muscles while F*
was fiever scen n appreciable concentration in these tissues

In the kidney 1% was mamnly concentrated in the hilus while I°? was also accumulated
1n the cortical arer (Fig 4)

In the skin a disunct double contour of both tsotopes 1s abserved capecially at the
5 mun interval following the imjection probably reflecting the Jocalization of blood
vessel
Fig 5d the F'* and P** dustrab 1N 2 pregaant mouse 30 mn after the
yection of double-labelled Na,POF The mumerahzed parts of the focta) skeletons
and some small spots 1n the placentae show a concentration of both wsotopes The
maternal Iner and intestines show the same dutnbution preture as deseribed sbove

Nctorads of I as onchoph
The distnibution of t v injected orthophosphate P was found 1o be similar in some
respects to that of P# after injection as the PO,T 1on For example Fig 6 demonstratey
a high concentranon 10 the Iner and fairly high concentrations m the spleen myo-
cardsum and skeletal muscles after ane hour

1 QUANTITATIVE STLDIES

The notable concentrations of P and i some cases also F1*in the Iner of the
that were obser ed autoradiographically following an 1 s sjection ¢f double fabelled
\a,PO,F warranted a Quanttause investigation of the uptake in the Iner M‘h:f
1sotopes m comparison with blood kidney and bone The plicental transfer of the
double label was also thought to deserne a quanttative study Finally an cffort ws
made to ascertain as far as possible that the F3* and P concentrations appeanng auto-
cadiographicalls in he iniestinal lumen and the intestinal wall respecinely were i?
agrecment wath the data of a quantisative expenment

mouss
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Methods
Lur uptake, compared 1o concentrations wn blood, kdney and bone
oS L Le i T e fd e o e P era eam aa

. PR ' .
phosphate

Double-labelled Na,PO,F, prepared as described carhier (Encsson 1361) was dissolved
w milk to gne a 2 S-mA concentration of monoftuorophosphate 2 5-m\ NaF an mmulk was
prepared m an analogous way after Fi* Libeling of NaF P** labelling was done by simply
adding a P** solutton, as | h to milk cow’s mulk
over 20-mM P per htre

. . . .o
chlorethylenc and opened and blood was drawn from the heart with a hepannized syninge,
the ammal was then rmmedsately sacnficed by stretching the spine, one kidney and part of
the hiver were taken out and one femur dissected free from soft tissue
RS St e Eir e Y “ N

F1% 4+ P, 1 the case of Na,PO,F, and for F** in the casc of NaF In the former casc a second
radiometric analyss was performed after the decay of F*Y, the P* actvity was thus obtamed
and F** could be calculated as the difference between the first count and the Pt count. Every

analys:s tovolving F** naturally had to be tmed on the munute and recalculated to a standard
©
T m smm reorermart g rampatad | LAt 4 _op T

Placental transfer
T g m vt - -
. u
. . o, e
orthophosphate buller to the same number of mice
Four mice n each expenment were sactificed after 1 br sarvival ume, the other four afier
4+ brs. Blood and liver samples were taken as 1n the rat expenment described above, and three

foctuscs and three placentae from each mouse were taken for analvus which was performed
a3 with the rat samples

Distribution of double label of Na,POLF 11 sniestinal eall and contents

Cum e

was then overstretched and the stomach small mtestne, large intestine spleen and part of
the liver removed The contents of the three parts of the gastro-ntesunal tract were squeezed

out a3 completely as possible Exch speaimen was placed 1n a plastic tube and counted as
described above

) of th doubl
1401 electromic computing machmne

were carned out 1n an IBM



134 YNGVE ERICSSON AND LARS HAMMARSTROU

OF aram Ooge

90p L0021 dag LNER | usep WOMEY | e, remgn
a0 o 0 o }
0 ) 7 " s
‘4 e
100 E 209 oy Fig 7 F'Yand P it blood lieer
pd / hidney and femur of rats 1 end
1t @ n o hours afur ngestion of labelled eom
e i / Pounds urth mil
™ o e
/ / ‘The ordinates gne the contents
" . per gram blood or tssue a1 per
T ' ,{_ " T " / centages of the dose guen per
b grans anmal Tor detailssee text
D

FA T e
e P N PO e d RO b p0yr

TR a & 3 P'fRom ontHoRDIANATE

o suam pose orvane Fig 8 F1 and Pt n blood plicen.
s muscEs L rornes pvee oemict o futus fweran! digestye boctof

e
. . mice £ and 4 hours afict ingestin of
S — labelled compounds vn uster solution

e “ a . | For the d grauve et theord
' nate gives the pereentage of the
: ‘/ T et gox: rcm:[:;mg b total
: 4 L’é S~ tract for the other speeimenstl ¢

R 0 Mo

denotions are the sameasin big
et

o ertrkow map & arvreon 8 HoOPNCEPNR € 7 Turther details in o

e O N PO e anNrnom he 401

3 %

Results

The average results of the rat experiments appeat from the diagram Fig 7 Calculations
on the indivsdual data show ed that F* and P¥ given as NagPO,T were both sigmficantts
more concentrated 1n the Liser than m the blood after 4 hey and even more than 10
the kidney after 4 hrs This was 1n marked contrast fo I'™ dernved from Nal which
was about the same wn the byer asn the blood and sigmiicantly lower m the hher
than in the kidney at both time intenals

The liver ¢ of P** from orthophosphate was sull much higher eveniucter
than that of the femur

The results of the mouse expersments on placental transfer are condensed n f1g 8

In these experiments where the fluonde phasphate compounds were given in water
solutton the absorption was notably complete already after © br especially f;z’:"
N23,PO,F This should be the cxplanation of the generally decreaung values in b
and Iiver from | 10 4 hrs n contrast to the corresponding salues 1 the rat €xp

e iy fower
The placental concentraens of 1" and 1 from a,PO,F were signif cantly lowrs

thag from NaF - orthophesphate at 1 hr differences that had levelled out 3
hrs yust as tn the blood
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“Fasez 1 Distribution of F' and P from Na,PO,F after 1 v mnjection on muce

Per cent of gram-dosc/gram organ = standard error

e P
5min 20 o 5 min 20 min

Stomach 509424 254+ 32 4382 33 480127

content 102406 51+ 05 176+£ 07 138422
Smiall ntestine 6541272 3354+ 17 618+ 58 70G+65

content 636178 7944102 224+ 06 289%76
Large intestme 610426 3351 07 10271134 1100463

content 17211 302+ 23 311 44 660+1.5
Blood 9254.92 264+ 69 6214 64 269+18
Lner 654437 315+ 10 615+ 44 797428
Spleen 947434 406+ 13 1241+ 49 1578+66

The foetal concentrations of F** and P were throughout lower than those of the
placenta after ingestion as Na.PO;F, while thus difference was found only at the 1 br
interval following ngestion as NaF + orthophosphate

F** from Na,PO,F had about the same concentration i the liner as n the blood
after 1 hr but was much higher 1n the liver after 4 hrs F* from NaF showed a sigm
ficanily lower concentration m the Liver than in the blood afier 1 hr, while the dif’
ference was small after 4 hrs

P2 from both Na,PO,F and orthophosphate was many times ugher in the Inver at
bath ume mntervals

The results of the mouse expertments on the distribution of the double label 1n the wntestnal
ualls and contents appear from Table 1 and Fig 9 Table I 2lso wncludes the figures s
multancously obtawred for blood lver and spleen concentrations

The diagram demonstrates particularly two features which confirm the autoradio-
graphe pictures of the distribution of F¥* and P32 from 1 v injected N2,PO,F the high
F concentration in the contents of the small intestine and the high P3 concentration

o -
(mres  domens oo
-l ..‘ m[ |
Fg 9 Fand P walls and contents of d gestice tract !
segments 5and 20 m n after 1 ¢ uyection as doubledabelled o) u ‘ e
\ayPO,F 1n muce By
The ord nates graduated asin Fig 7 further detads —_ - -~
an text i
P I
A -
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mn the wall of the large intestine. Owing to the imposubality of 3}
the walls and contents of the intestines the true differences between the 1s0tope concens
trations of these parts must be assumed to be greater snll

Table I further demonstrates a hugh concentration of P52 1 the liver and prrticulasly
1n the spleen, both increasing from 5 to 20 min after the mjection F1% shows some con-
centration 1n the spleen after 20 min

Discussion

The results as regards the distribution 1n blood and femur of F* and P* from Na,PO}
agree on the whale well with previous data (Encsson ef af 1961)

The widely different uptake of P¥ and I'* 1n the femur dunng 4 hours following the
ngestion of Na,PO,F indicates that the PO,F 1on 1s generally not t1ken up as an entity
by the bone muneral in vivo, which has been found to be the probable mechanism for
the reaction 1n vitro of PO,F with hydroxy apatite and dental enamel (Enesson 1963)

The earlier unknown concentration of both 1sotepes in the liver after adminustration
as PO,F 10n was blished by the e on rats and at the 4 br
interval 1 the mice The mechanism of the storage in the hiver and the fate there of
the PO,F 10n 13, however, still unk The 1 ac i the spleen
makey 1t an obvious question whether the reticulo-endothelial systemisinvolved in this
storage

The total fluorne concentration in the liver will, for a certan lengih of time fol-
lowing ingestion of the PO,F 10n, be cansiderably higher than following the admmistra-
tion of F ions Our present lack of knowledge of the mechanism and site of mono-
fluorophasphate sphittng 1n the body makes 1t difficult to interpret this finding In-
dividual vanauons 1n the splitung rate of the monofiuorophosphate 1on are possibfe,
and, since the micro-labelling technique did not permut tests on the chemieal punty
of every batch, variations in this respect are obviously not excluded However, our
punty tests and the chemical behaviour of monofluorophosphate produced by the same
method for 2 number of other investigations (Ericsson 1961, and previously quoted pa-
pers) indicate that the vanation 1n purity should be rather himited

Owing to the temporary concentration of fluorine from Na,PO,F in the Iner it
concenalile that the chrome tovicrty of this compound mught be as great as or greatet
than that of the same fluorine quantity as fluonde tons This possibality has been the
obyect of a special study in raws, which has demonstrated a similar, although apparently
shightly lower, chromc toucity of the fluonne content of Na,POIF compared to that
of NaF (Poulsen and Encsson, to be pubhshed)

The concentration of F** from the PO,F son 1 the iatesunal wall and of Pt 10 the

. vy -

1. 41a farr that
'

found F¥* fluonide :n the stomach onlv in one case where 1t could be suspected st
ammal had been hicking uts unine during the survival ume

Qur theory 1s that this appearance of P27 and £ in the mtestat wall and fumes,
respectively, 15 related 1n some way 1o the metabolie mechanism of the T'O,} 100 Ar;
enzymatic sphitung of this 1on may for example, be concentrated an the ntetnd

wall
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Recurrent and Reflex Discharges in Plantar
Muscles of the Cat
By
M. M. Gasser and M. WIESEADANGER
Recersed 27 January 1965

Abstract

Gassel M M and M Wiesendanger Recurrent and reflex discharges o plantar mascles of the eat
Acta physiol scand 1963 65 138—[42 — The response subscquent to the maximal direet
response 10 plantar muscles of the cat elicited by electrical stimulation of the utnal nerve st
the ankle had an early, tnphasic, aud a late, polyph 7 Dafl. the
hind leg thowed that the earlv component was an antidromically induced recurrent discharge
and the late a pol puc reflex. A seflex could homever add to
ot even replace the recurrent discharge at the same latency as the recurrem dochargs when
the strength of sumulauon was reduced or foflowing repetitive sumulation As to the secondary
rexponse in the intrinsic hand and foot muscles in man (Fawave) it s unsettled whether the
finst deflection orginates from a recurrent discharge o 132 combination of 3 recurrent dicharg®
and a monosvnapuc reflex This makes the F-wave unsuitable for the measurement of sensory
conduction scloerty

In man Hoffmann 1918) deseribed a secondany rt!]x)mcmmuxlemdrﬂnahnmuh'
tion of the mixed nerve with 2 langer lateney than the direct response The secondany
response was assumed to be 2 monosynapuc reflex equnalent to the tendon reflex In
the calf muscles the secondary response (Howas e, elicated by stmulsnon of the pophteal
nene, appears at a lower threshold than the direct muscle response, the amphitude
decreased when 2 fracuon of »imaded 1ty The
secondany response recorded 1 the antenior bl muscle and 1n the mtnnse
of the foot and hand have different properues (Fewave  The secondarv response has
3 hugher threshold than the direct muscle response with greatest amplitud- at mamum
sumulation for the darect response Magladery and co-workers (1930 1931 nterprered
thus secondan roponse F-wave as beng a reflex transmutted by senson fibres with 3

musins

Dr Wieeadanzsr Leld o fellowshup from the Swiss Nationa) § oundaton and Dr Ganel bell
a raearch frtlowship feom the Welcome Trust Foundanon
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Fig 1 Sccondary response i plantar mus-

A% of eat to spmulation of the tbnalnerve A 110 B .
DT Al g .

. . { .

ondary discharge t

¥ Stimub submaximal for the durect re- ]

sponse (d) Note wmcrcase of the early corn \
nent (¢) of the secondary Tesponse

3 nse 1 ¢ SOOPVD o

sumuli for the direct response after deaf-

ferentaton consisting only of the carly ‘-—‘wmsec
component (e} e,

D Section of the nerve prowmal to the

site of stimulation, the secondary response

has disappeared

Lugher threshold and a lower conduction velocity than the mator fibres Renshaw (1941)
however demonstrated by leading off from muscle nerves after secuon of the dorsal
roots that an antidromic volley chicited a centrifugal recurrent discharge 1z 2—3 95
of the motor fibres with a central delay comparable to a monosynaptic reflex Dawson
and Merton (1956) refernng to Renshaw’s paper came to the conclusion that the
F wave 1s a recurrent discharge and has nothing to do with a proprioceptive reflex
“This assumption was supported by the findng of the same conduction sy eloaty for the
F-wave and the direct motor responsc

To mnvestigate whether the secondary response 13 a recurrent discharge or 15 com-
posed of a recurrent discharge and a reflex we have compared the potential shape,

Jateney and amplitude of the secondary response in mtact and deafferented tund legs
of cats

Matersal and metheds

anesthesia and to smulate the usual conditions of testing 1n humans Four cats were examned
duning the deafferentation under \embutal® ancsthesia In 2 the response from both hind legs
was recorded before and after the extradural section of each doral root, and 2 were tested
before and afier intradural section of all dorsal rootlets

The recording device consisted of concentric needle electrodes 0 7 mm in diameter, differen
ttal amplifiers with a frequency response of 3 db downt at 10 000 and 30 cps and a dual beam
asculloscope from which sungle sweeps and Rectan-
golar pulses of 0 | msec duration were delivered from 2 stimulator with a double screened owr
put trinsformer through 2 steel needles msetted percutaneously along the nerve
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d
A e
g dealf
[
r p J
- e norm
? Smsec

Fig 2 Secondary response in the plantar muscles of cat to stmulation of the tibral nenve at
the ankle, 5 superimposed sweeps Upper trace deafferented side (deafT ), lower traces non=
deafferented side (rocm }

A before, B 5 sec after repetiuve sumulation (200 p s) Note increase of early componeat
(e} on the non-deaflerented side (norm ) in B

Results
The effect of ch i extradural and dural deaffe has been deseribed
( d 1964) Deafle caused hyr of extensor muscles, most
d after dural d di an snerease in exatababty o!'.

motoneurones

The secondary response of normal hund legs

Supramaxmma! stimult for the direct response to the bl nerve at the ankle ekaited a
sccondary response with two components 1n the plantar muscles (T'g 1 A) The fint
component was tnphasic with a latency of 84 &= 1 | msec (n — 16) In the indyyidual
amimal the latency did not vary more than 1 msec The amphitude ranged from $2 to
1 mV The late component had a latency of 21 4+ 1 5 msec (n 16), thus potenual
way poly phasic and vaned in shape and amplitude from sumulus to stimulus ¢vet when
the rate of sumulation was reduced from one per second to one every five scconds,
the amphitude (0 1 to 32 mV') and the shape depended on the position of the recording
electrodes In five of seven cats supramaumal sumulation of the nerie with trans of
five scconds at a frequency of 200—250, sec was followed by a potentiation of the earfy
component of the secondary response, the response to five sumul at a rate of ane pet.
second bemng two o five umes greater after than before tetanzanon (Fig 2)

When the strength of sttmufavon was reduced to submaxymal salues for the diseet
response, the amplitude of the secondry response could increase (Fig 1 ) or decrease
and the shape varied such that 11 was no longer posuble to distingussh an early and 2
late component

The secondary respanse of chromeally deaffesented hund legs

In chromically deafferented muscles the secondary response appeared only ul;rn the
stunulus was near maxsmum for the direct response Tty shape, fatency 81+ 12 msee}
(n = J6) and amphitude 10 1—0 3 m\  were sbout the same a$ those of the ratly com-
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ponent 1 normal hind legs (Fig 1 C) There was no second component in the second
acy response after deaflerentation (See Fig 1 and 2 ) The first component was present
immediately after deafferentation except i one animal in which the operation was
traumatic with severe hemorrhage Tn this animal the secondary discharge was normal
on the day after operation

The central ongm of the secondary discharge was ndicated (1) by a shorter inter
val between the direct and the secendary response when the popliteal nerv ¢ (interval —
44 msec) was sumulated 1nstead of the tibial nere at the ankle (interval = 6 2 msec),
and (2) by the absence of the secondary response after the nerve was cut proximally
to the mite of stimulation (Fig 1 D) The following observations pownt to backfinng
within the as cause of the dary response rather than to a synaptic
pathway caused no 11 8 cats the amplitudes of the y
response before tetamzation ranged between 01 and 05 mV and after tetamzation
between 0} and 04 mV (Fig 2) Similarly the amplitude remaned unchanged when
the frequency of stimulation was mcreased from 0 3 to 30 per second (tested 10 3 cats)
“Thus 13 unhke a reflex response chated by an electncal sumulus to the mixed nenve
which antidromeally (Renshaw 1941} and orthodromcally (Lloyd 1943) affects the

of reflex volleys

“The roots whieh contribute to the secandary vesponse t the plantar muscles

“When the ganghia were prepared mmdmuy or the dorsal rootlets exposed mtradural
Iy the secondary response 1 Nembu hesia had an early with the
same range of latencies (87 + 02 mscc) 23 1n normal hind legs without anesthesta
the amplitude ranged between 05 and 17 mV  The early component was folloned
by a discharge of complex shape The secondary response remamed unchanged when
the dorsal roots L4 L5 L6 and L7 were cut extradurally (two cats) section of the root
S1 abolished the late The dary response on the perated side
was unchanged

Discussion

‘The secondary response of plantar muscles to supramaximal simulation of the mixed
nerve had two components The latency of the first potential was companble both
with a monosynaptic and a recurrent discharge (Renshaw 1941 Lloyd 1343) the la
tency of the late indicated a pol pathway D abohish
ed the late component but not the early d that the
carly discharge i deafferented museles 13 a recurrent discharge That the change n
the sccondary response after deaflerentauion 1s hardly due 10 a change in central ex
cutability 15 evidenced by the finding of the same range of amphtude and latency of
the early component on the normal and the deaffercnted side Nesther can the disap
pearance of the late be explamed by

since this procedure was

y a of bility due ta
with hyperactmaty n extensory
considered fo mdicate a state of central hypercxcitabihty This makes at possible that
the carly component of the sccondary response evoked by supramawmal stumul 1n
normal cat plantar muscles 1s an anudronucally mduced recurrent discharge Howeser
depend g on the strength and rate of sumulation there are conditions i which a
reflex 1s d on a recurrent discharge or even may replace it

This 15 evidenced by an merease m the carly component when the sumulus 15 sube
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maamal for the direct response or when the nerve was stmulated repettively before
the test responses In man the type of response simular ta that studeed 1@ cats w the
F wave, the threshold of which 1s higher than that of the durect response As 1n cats
the secondary response ehated with supramaximal stmult has the same range of am
phiudes and 1s vanable from stimulus to sumulus, so much that not every stmulus
cvokes a sccondary discharge The Jatency 1s patible with both a [
refiex and a disct T causes a of the amphtud
{Hagbarth 1962) Unlike the results in muscles of the cat, a later polyphasic component
of the secondary response was not found 1o human muscles by \lagladery and
MeDougal (1950) Ifitisarec disch. 1t1s0bs 1} ble for the measure
ment of sensary conduction velocsty as proposed by Aagladery and McDougal (1950
and Liberson (1962)

The work was supported by grants from the Michaelsen Foundation, Copenhagen and e
Muscular Dystrophy Associations of Amenca Mew York
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Steady State Diffusing Capacity during Prolonged,
Non-Steady State Sitting Exercise in Ordinarily
Trained Young Men
By
Lars Gorax EnErvwo and Arr Horvores

Recened 26 January 1965

Abstract

Ut ad T £} acd A X heeman £ 4 s

Earhier studies ol steady seate diffusing capacsty (Diep), have demonstrated that danng
exercue Dion vanies approwmately hyperbolically wath ovigen nptale (Va,) (Frey
schuss and Holmgren 196%, Holmeren 1965¢) The changes abace a Vg, of 40 per cent
of the savimoum oxygen wpAke were only Sight, espeadly o untraned subgects
(Holmgren 1965¢) For this reason Digo dunng exeraise at a load mcreasing \ o, t@
more than 40 per cent of ¥ 0y mae OF increastng heart rate to or above 120 beats per
snute was regarded as an estimate of the maxmum diffusion capaaity of the indsndual
During protonged non steady-statc exerase Ekclund and Holmgren (1964) found that

when a subject worked at a constant load, the cardiac oulpul remaned constant, the
heart rate increased and the stroke solume d

of
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the phystological dead space of the Jungs (Vp) showed that this inereased, whick nag
nterpreted as a result of altered ventl i rel. hips (S hus and
Stupfel 1957) The authors suggested that the falling stroke volume and underperfusion
of part of the lung could be explaned by erthostatre blood shifts within the capaciance
vessels It scemed probable that the upper part of the Jung was underperfused (
West 1963)

‘The present invesugation was undertaken 0 try to establish whether such non steady-
state evercue would influence the Dico as measured by the modified steady state
techmique (Filley, McInthosh and Wright 1954, Linderholm 1937) and to monutor
significant variables such as the blood gas tensions, pH and the standard bicarbonate in
artenal blood

Material and methods

The study was performed on 6 healthy young men withaut hustory, symptoms or signs of
pulmonan discase The chest Xoray was normal in all subjects
-~ . P S Y

(Rt TR R Y L R

4 emlmeturny

. .
’ v . o
. .. of

. . - }

Caleulations The Diggy was calculated as the quotient between the carbon monosia+ uprake
(Vgo) And the drving pressure, alseolar CO pressuse minus sean capillary €O P';‘;;‘"
(Pa—Pogg) The Vg was calculated with the aid of the equatian published by filloy
#tal (195) The Pagq, #as taken 10 equal Pag, The PAcq was calculated by means ol he
Bolir equation, assunung that the dead xpace for CO was the same as that for CO, The Fean
was caleulated according to Linderholm (1927) For all other denived dat (Table ”)’m
venuonaf equanons were used Al calcylations were programmed £or an BV computer

The electrocarduogram was recorded ot rest ,,,,..1 .l:/ml‘g work e ot + bt e o 170

P . . . . :

won acconng to the method described . N .
concen’ration. Hb g 100 ml was determuned spectrophatommetticany 43 vAy L wat
satic spirometry swith determmnaton of vital capatity and funcuonal sesidual volume
performed by hehum dilution sn a closed system

Proceduse .
formed 0 aitttng posity
The exprriments were planned as follows Exererse thould be performed ot
ataload that increased the heart rate abave | 20 beats per minure after 6 mp uurl: m_;i}::ﬂb' ”
the heart rate slowls durag ane hour x werk © or above 170 brats per menu cawmm(«
exsprred gas volumes and artenal gas temsions were measured after 610 30 an
E aete
"'l?::lum this cach volunteer was subjected to 3 pilot test including j«ovl :.I‘;,":;;\.nn
increasing Jnads up to a heart rare of 140150 beats per munute At the ka, :I: 2 b e
eate was reached they were requested to work £ anc hour With she axd ol cha pi
the actual gxpetimenty way chosen bkt
lmg:‘:;:c day of the tl:;'ﬂmmr.. 1ncluding deterrination of abenlar gay tx; t;v;‘;r I;"fe.:'r""
arrved at the Liboratory earhy in the morming Ml had had a hght mex
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Tamt 1 Andropometric 98t 1n sx healty young men THb = total hemoglobin g
, 4 = rate of work that cant be performed at a heart rate of 170 beats per mun
kpmfmin, RV = residuxl solume FRC == functional residual capacity, \ € = vital
capacity and TLC = total lung capacity Respiratary volumes in 1 BTPS

Static spirometry

§ 3 sET 2% o s ox

iz oz ¢ §s o ¥i £.E ELE
¥ v 2. % E_& 2% EE L8 g3 g8 9A
§ 2D FEZFrEiEuwiwiE-~cfbEcfRadib=
1 2> 182 7D 780 630 133 52 950 183 480 5% 778
2 2% 173 6 650 655 134 49 1000 145 359 457 643
3 21 g M 720 800 151 57 1000 179 345 449 628
52 187 M 660 765 130 59 90 211 409 533 744
S 27 191 79 % 200 134 60 %0 - — 724 —
6 24 17% 68 650 560 123 46 1000 193 400 547 745
e e ma v o R .

s .

stha le and the read at the time of withdrawal ws used
to correct for d flerences between rectal temperature and the temperature of the cubettes
used for measuring Po, and Pea,

Results

The anthropometric data are presentedin Table I The age of the subjects vared between
23 and 27 years The mean haght was 182 cm, 1 € above the average and the mean
weight 703 kg (SD = 63) The hrart rolume was on an average 738 ml (SD =124
wiich hes on the regression bine for heart volume and THb and heart volume
and W, reported with an dentical techmque by Freyschuss and Holmgren (1963)
The total amount of hemoglobin averaged 712 g (SD 2 93} which 1s shightly hugher in
relauan 1o weight than obsenved 1o a similar matenal of young men (Freyschuss and
Holmgren 1965) but lower than mn the normal matenal presented by Holmgren ¢t of
1957) The blood tolume averaged 54 | (SD 4 06) or 765 mt per kg body weaght,
The Morking capacity cxpressed as W 5 kpm mua averaged 975 kpm/mun (SD 4 20) i

YO B33 trra phy of scend B ol 63
-
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Tastse I Respurstory data t rest supme and during Jong term exercase in sitting posst on in
hesmer (§950)

Case
and Resp rate ¥y, Ve
time Work tasd  Puliveate  heeaths/  mlGTPD) 1 BTES)
mm kpmfrmn  beats/mmn gun mmn RQ min
1 rest 63 58 32 273 77
10 750 131 14 1464 090 325
30 750 160 20 1759 090 391
53 750 173 2 1616 986 100
2 rest 61 34 256 878 63
7 750 131 i 1590 088 3517
30 750 151 72 1781 08 404
53 750 169 33 1752 087 40
3 rest 7 3 333 08I 8y
6 800 135 27 1844 (3] 453
30 800 156 30 1952 095 510
60 800 159 33 2019 095 52.3
4 rest 7 12 302 087 87
[ 800 140 ® 1838 o 25
30 ) 154 18 1873 082 409
§0 800 165 22 19984 084 23
H rest 3 16 18 a7 80
7 800 346 21 18973 o8 e
3 800 165 24 1973 09! 472
60 800 173 25 2183 0eg 326
13 rost 68 18 252 080 134
6~7 G50 134 23 1562 093 188
30 850 151 26 1587 092 41
60 650 163 3 1639 oEY 455
e el

pormon Thrseyatues

stiing pontion warbout any sigmficant Asflerence nlyieg
s on THb reported by Hoim

1o the regresyion hne for V450 0n beart solume and Wy
gren et al (1928 and Frevichuss and Holmgren 11965,
Static spiromerry ‘The values for rendual solume funcuonal sesidual ca
capaaity and toral lung capaaity are presented 1 Table Al values Gl \u(hr::]
pormal range of vanauan reparted with the same technique by Gnmby et e (1 :"M
Comme~! on the maerial The anthropometnc analys:s of the subjects wsed 1 the rf‘“‘\
study thows that thes can be clasified as faurly tall young ordmanty raned ;n'm‘ e
an ordinary tendeno 10 orthostaue blood shfts s gudged by the increasen '“w -
after 8 rmnutes standing and a comparison of the hrart 7ate response durng evert

the mung and Jumpt postons,

paon Vot
ste
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srvhealthy orlinardy traimed yoong men The symbols used are those suggested by Pappen

Dico
ml STPD/ Stand

p COHb  maf Pacos Pan bicarh
ml BIPS ° mmHg romHg mmHg pH unts  mEJl
190 - - 383 93 745 271
346 181 398 478 86 740 271
378 645 192 453 87 742 258
376 822 434 443 86 744 254
164 - - 100 90 745 276
256 481 292 429 85 743 269
373 652 338 03 26 742 284
257 890 326 392 93 746 24
156 - 109 %0 745 261
319 501 397 45 94 78 281
351 668 44 42 94 746 267
372 799 406 431 95 746 263
02 - 314 105 755 254
218 515 381 423 8 745 269
339 73 399 432 8¢ 746 269
293 1023 3Tt 417 92 748 269
149 - -~ 124 85 745 278
300 566 128 428 88 740 256
371 770 405 422 96 743 252
378 944 392 01 98 746 271
189 - - 398 89 744 235
243 503 271 395 91 746 245
257 797 273 383 92 750 262
288 939 314 387 sl 750 270

Observations duning long term non steady-state exprose

Measured and denved data are presented i Table 11 The uork load during the study
vaned between 650 and 800 kpm/mun corresponding to an on average of 779 °, of
their W0 The keart rate (HR) increased after 7 min work ta on an average of 136 beats per
mnute At 30 nun the heart rate had nsen further to 156 beats per munute and after 60
mun to 167 beats per munute (SD & 39) The oxpgen uptake (\ o) averaged 1703 ml
STPDjmun aftes 7 oun § 899 ml/man after €0 vun 1 ¢ there was a slow contmuous
merease (sce Fig 1 2 and 3) of 115 per cent over the 7 mun value The rentilotion

(\r) wcreased to 385 1 BTPS/mun after 7 mun work Continued work eaused Vz to
merease further to 43 3 1/mun after 30 mn and 45 9 after 60 mun work. The increase
duning the prolonged exercise averaged 19 2 per cent of the 7 mn value This merease
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res crnr
e A8 By “

Fig 1 Fig 2
Fig | Respuratory data at rest and duning extrowse in s ¥ young men \ g = tofal vent at n
! ETPSmun %, \ A = aheolar senttasion, § BTPS mn * VD = dead space vent Jatim
BTPS mun ! Vo = oxsgen wptake miSTPD mn RO = respiratory qu trent MR ~
heart rate beats min f = respuratory sate breathsfmun  Lyeq = anterial carbvn d oxude
tension mm Hg and Dy oy = pulmonary diffusing capacity for carbon monaxwde ml STPIY
min * wm Hg
Fig 2 Venulatory responses duning long term exercise Data are prosented as 1 percentage of
the valuss aficr 7 run work 3 p = physiotogrcal dead space il BITS \1 = tdst volun e
mi BTFS Other symbols as 1o big 1

o ey
o rue T o e

Fig 3 Rospiratory dataand Fearinate
duning Jong term exercisc Datag ren st
a percentace { 7 mnsalue Tonrectsh
temperature. L Opter gymixlaem
Fig t

dunng exercie was effectuated by an increase in the eepira o7y e T from 205 407
7 min 10 27 7 breaths per minute after 60 min work 1 fute of 3 deceeaw i the £ 1
tolame \ ¢ from an average of 1220 mi BIPS after 7 min to 1618 mi B sfiee 60
1oin work The of olos 1oniiaton \ o 1 BTPS min calculated on the awmy 1o <
Paco, % Paces, $veraced 313 1111 aun afiee 7 cun cormespond nz @ 2 VN
184 Dunng continued exereue \ 4 sose modesately to 341§ min afier 30 muen 37
43 5 1 BTPS mun after 60 mun This increase Foweser esennall matched 0 r‘l:l"'”'
m Ay 3t the same tme which 13 expressed b the valuey €0\ A\, 2fter 3000
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Taste I Mean ~alues for tota? ventdation, VE, 1 BTPS/nua, alveolar ventilation Vi,
1 BTPS/mn, dead space ventilation, Vp, 1 BTPS fmun, physiological dead space,
Vp, ml BTPS, tidal volume, VT, ml BTPS and respiratory rate, f, breaths per
mum during prolonged exercise 1m scx healthy young men

Time VE ' ‘o \p vr f

7 335 ns3 72 314 1,920 205
30 433 341 92 344 1,88 233
60 459 355 104 327 1698 277

18 7 and after 60 mun, 18 7 ‘The wcrease in ventilation, Vg, thus essennially resulted 1n
an increasen dead space ventilation (Vp) The Vpafter 7min averaged 7 2 1 BTPS/mm
and had risen to 104 | BTPS/mun after 60 mun work The physiologucal dead space,
(V) averaged 314 ml BTPS after 7 min, 344 ml after 30 mun and 327 ml BTPS after
60 mun work

The merease 1n dead space ventilation was thus mamly caused by an increase in
resprratory rate The resprratory quotient J(RQ), averaged 0 79 at rest, rose 10 0 91 after
7 mun and then decreased slowly to an average of 0 88 after 60 run work

The arternal oxggen tenson, (Pags), mm Hg, averaged 91 mm Hg (SD L 6) at rest.
Dunng exermse Pag, fell shghtly o 8 mm Hg (SD 2 4) afier 6 mun, and then rose

by ¥ago,. RQ and Vp

The pH of artertal blood was shghtly high at vest n all subyects, 7 46 unts, which was
higher than found earlier 1n a stnular matenal (Freyschuss and Holmgren 1965) The
cause s uncertamn If caused by a systematic error, however, the varnation during exercise
should be true There was a slight inittal decrease after 7 man, 7 43 unuts, and then an
increase to 7 45 and 7 47 after 30 and 60 min exercise

The standard bicarbonate meq/l, at rest averaged 27 + meq/l and remarmed constant 30
min work At 60 mun the standard bicarbonate had decreased shightly to 25 meq',
which 13 however nat The of pH and standard
Ticarbonate allows caleulaton of Peo, which was one as a check of the high pH
values for comparison with the values for Peg, obtamned wath the Peg, electrode The
average value at rest was then 39 5 mm Hg, after 7 min 41 8 mm Hg after 30 min
40 8 mm Hag, and after 60 mum 36 3 mm Hg Therc s a discrepancy between the values
obtaned with the two methods espeaially after 60 mun work, which has been discussed
earhier (Holmgren 1964 a) The rectal temperature {Th averaged 37 1 a rest 373 Cafter
7 mun, 380 C after 30 min and 38 ¢ C after CO mun work

The diffusing capactty of the lungs for CO (Dicg), was not measured at rest for
reasons given above The average DLcg after 7 mn work was 350 ! min ! mm
Hg ! (SD | 3 After 30 mun Digo had ircreased shightly t0 392 ml min ! mm
Hzt SD 87 and after 60 run the sverage was 378 mt mun ' mm Hgt
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Tante IV Vanation of carbon monowide uptake, Voo ml STPD  mun 1, alveolar carbom
monoxide tension, PAcg mm Hg, mean capillary carbon menosxtde tension Pon,
mmHg and Plgy miSTPD mm ' mmHg ', in six healthy young men
during prolonged non steady state work

Time ‘eo Paca Pzeo Do
7 795 02435 00148 350
30 859 02410 00244 392
60 B5% 02571 00306 378

Taste V  Mean salues for artenal gas tensions, mmHg pH, units, and standard bicarbonate
mE/l, dunog prolenged non steady state exereise tn ar< healthy young men (3)
and (M) madicate that Papg, was determuned with Severmghaus electrode or &

Aud etal 1960)

q!

Time Pag, Pago, (5)  Pago, (M} pHL 5B
Test a4 393 395 748 274

7 88 434 418 743 262
30 90 4212 408 745 270
60 93 412 363 746 230

(SD 4 4 3) (8 per cent above the 7 munute salue} Ifthe measuremeats are regarded 33
trphicate detesminations of a constant Digo the sanabiity wna stagle determnation
can be calculated to be 8 4 per cent To analyze the vanations of the iree prrameten) w
the caleutation of Digg, Veo Paco and Pegp these will be discused :rmn"’\)‘
(Table IV} § go averaged 795 ml STPD  mn ! after 7 aun (51 092 859w
STPD mun t after 30 mun (SD = 102) and 854 ml STPD mun? aftre GO min
work (SD £ 083) These values agree with those that can be predcted from oxRTH
uptake 1 a simalar matenal (Freyschuss and Holmgren 19631 The mereaseny o

sigarficant and corsesponds (o the wcrease i Lo, The Pagg averaged 0 2449 mm 18
s 1 - here wayangmi eant

. . 00148 mm Hgafiee 7
"aex after 30 mm ant
sghest satue for COHE

was 10 2 per cent

Discussion

The matertal used m this imvestigation has been charattenzed by means nl";m::‘)‘
anthropometric measurement and exercuse tolerance studies a3 bﬂ;\z r:'d ‘:m:'\
physecally fit The merease in feart rate during exerene shows that the pl .xrm" i
of the expeament had been attaned and that the eeprnmental tondm?;l‘»fn i
{0 thase used ta the carher invesugation of Fketund and Holmgren ¥
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load performed can be charactenzed as moderate, absolute and relative intensity,
non-steady-state exereise
The rentilatory resporse durtag these condstions (Fig 2) was characterized by a marked
increase 10 tousd v ertdlation (7.4 Ymin), This intrease was effectuated by an Sncseesesa
rate of i whate tedal vol d shightly Thu type of breathmng resulted
1n 20 inereased dead space venhlation Lo tus study the changes w physiological dead
space ase less than 1 those observed 1w an catbier study (Ekeland and Holmgren 1864),
which probably wdtcates that the VA, of the lungs was less affected by the blood
shafts that seem to be indicated by the marked increase 1n heart rate
The Pacry, decreased only slightly, as did RQ and standard bicarbonate, which
idhicates that the mcrease m Vg did not result m an increased alueolar ventlanon
but only mcreased ventlation of the dead space
In this material (cf Holmgren 1965 ¢) there way na differcnce between electrode and
. hengue valies at rest Dur hecarherrep 4
was gresent After 60 mun work the differcnce was marked 4 9 mm Hy The ngnaficance
of such a difference Jor the caleulation of Prag and Va has beea discussed m detait by
Holmgren {1965) The cause of the dufference 12 3t present uncertain and 33 beng
mvesngated The electrode, beng the more direet method of measurement and beng
cabtbrated directty 1 mm Hg CO,, 13 regarded as the mose v3ld one, and only these
Qata have therefore been wsed for the caleulanon of Digg and Va
The priraary cause of the 1ncrease 1 Vi was fither 2 change 1 respuratory rate or
i VA decrease n Vir would eause s decrense in Y, pec breath, which would then be
corapensated by an mcrease in Tespiratory rate of vice versa 11 13 not possible from the
present data to decide whach s the primary change, respiratary rate or depth Gulibnog,
Holmgren Sjostrand apd Strandell (1960) obsersed am increase i respisatory rate
duning cxereise sn Bitting position after a 10 per cent decrease sn blood volume due to
venesceron Ekelund and Halmgres (1964) found a simular reaction urder sdentical
<onditians, but in their study the mncreased \ p was 3 result of an sncrease both i resprra-
tory rate and Vp Yt seemed possible that vrihostaue blood shufts aught esplasn these
changes A woderate shulk changes the filling of the fung wih blood, decreasing the
necessary wirgthoracic pressure s anation for a given Vo, but the capitiames of the lungs.
are st} perfissed 10 such an etent as tq keep the alveolar dead space constant 2414 the
present matena) \ marked shaft cases an underperfunon of the upper part of the lungs,
as 1 the maten} of Exelund and Holmgren (19633, increasing ah colar dead space and
Mo
1f thus mechanism i3 responsible Tor the venwlatory reaction in dhus matental one
should not expect 2 decrease 1w Diep as there 1y no ndication of oven ennlated areas
wiich might dicate a decressed capillary blood volume This seems also to be the
case Digg anereased § units or 12 per cent of the 7-mupute value between 7 and 30
mn exerctse and, dhen decreased thghilv Analyses of vanavar showed that the vana-
uon between ohservatians at the defferent tnves was not ngmficantly dyferent from the
Aavaton between indiaduals The increase between 7 snd 30 mun was ugmficant at
the 3 per cent el The varability of Plog measuremsents unng an id entical methodo-
fogrcal procedure was found by Holmgren (1964 a) o be 7 5 per cem
The present invesugation thus shows that Dipe does not change to ans major extent
during prolonged non steads, siate exerase The sigudficance level of the merease
beiween 7 and 30 mun s onhy 005 I thus weredse represents a true vanation s mught
wmiply 2 suecessine cecnuitment of collapsed alwroh  The change m the pulmonary blood
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volume which can be inferred from the faling central venous and pulmonar arten
pressures, the falling stroke volume (Ckelund and Holmgren 1964) and the decreasing
heart solume (Lkelund, Holmgren and Ohenfors 1964), does not seeen 10 affect the
perfuston of the lung or the number of open capillaries n the present matenial

‘Ths study has been supported by grants from the Swedish Nihonal Assocration agunst Hears
and Chest Duseases, and from Riksidy bundets poliklimkk
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From hung Gustav \ Research Instutute and the Department of Surgery §t Goran s Hosputal
Stockholm Sweden

Studies on the El jion of Exogenous Lipids

from the Blood Stream

“The effect of fasting and surgical trauma m mar on the elimnation
rate of a fat d nt; 1

By
Dac Hatisere

Reue ved 27 January 1963

Ab

flaltberg D Studies en the #f mination of exogenoas § prds from tie blood stream The effect of Fusting and

surgual Uauma i ;an on the el aat on rate of a fal emulsion wrcted etrmenously Aata phvual

wand 1965 65 153—163 Singles v uyections of a fat emulsion were given to 2 graups of
—ar il ame ee =

it surgery graup. Lhe dractional remonal rate op atto ofth 1
10 plasma was unchanged 1 the control group and nctcased 1 the surgens group (s a

ons an rearculating liprd fracnons are reporitd The results are duscussed with regard to
factors mBuen ing the 1ao rale constants

Thr kinenes for the cimmaton of inzasenously wyected fat emulsion from. the blood
stream sn dog and man has beendescrabed carl ex (Carkson and Hallberg 1963 Hallbery
%4} Ta both species 1t can be desenbed by a maximal ehmnaven capacsss above x
<eran nghyeende (TGY concenitation and 2 fracusnat removal rate below $t was also
found that wnter as well as intra wdwidual differences w the size of the rare constants
coutd oceur The mira wdnidual differences were found in the mavmal removal
apaan whle the fractional remonal rate remamed essentally wichanged w repeated
tests in suhjects fasung overmighs Haltberg %3 b

153
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Tasie I Sex, age, weight, height, diagnoss, and surgical treatment of patients studied at

Non surgery

Age Weight  Height
No Sex years kg cm Diagnosis
t F 6z (53 167 Fracture o femur {cons alescent)
2 F 57 42 160 Fracture of femur {convalescent}
3 M 28 80 167 Nephrolithiasts (free of symptoms)
4 M 32 65 174 Fracture of femur {convalescent)
5 M 40 67 1§74 Nephrolithians
Afean 44 63 172

M = \Male, F = Female

‘The nutnitional state 15 considered not to affect the removal rate of chylomicrons
from the blood stream 1n rats (Bragdon, Havel, Gordon 1957, Frednckson, e
Collester, Ono 1958, Bragdon and Gordon 1938, Oliecrona et ol 1961) butishasapre-
found nfluence upon the tissue distnbution and rate of oudation of chylomicrons
{Bragdon and Gordos 1938, Morns 1938, Frednckson et al 1958, cf Rolwason and
French 1960, of Ol ecrona 1962)

The nutnuonal state, howaver, also wnfluences the plasma TG concentration in a
complex manner Increase in plasma TG are obsenved after stanation (Carlson and
Wadstrom 1956) and after peniods of high-carbohydrate dictary intake (Waterhouse ef
al 1963) Decreases are observed after acute carbohydraze feeding {Havel 1957,
Bragdon #f a! 1957) The turnover rate of plasma TG s snfluenced by the nutnuonal
state m rats (Laurell 1959

The1 v tnjection of chylomicrons 15 followed by recirculatton of the chylorucron TG
1n other plasma hipoproteins {cf Robinson and French 1960, cf Olson and Vester 1
of Dole and Hamlin 1962 <f Olnecrona 1962) The 1 v inyection of artficial f3t

tsion alters end plasma TG c n man (Hallberg 1965, 3 b)

Surgical trauma 1 man may cause changes in Iipid metabolism These changesare n';l_
fully understood, but one of the main features s an increased demand and ﬂp{nd.m“ﬂd
calones (ef Moore 1960) Indrces of metabohe changes are deercased ghycende fevela
tnereased free fatty aad level in plasma after sbdomtnal surgery in man (Wadstrdm

1959

P are gien to patents after abdominal surgery "7!;"
they cannot take food by mouth The present imesugition was deuzned to s:dy 'mi
elimination from the blood stream of an arnficial fat emulsion before and after at ormm]
surgery wn man Pauents with 3 comparable perod of fasung without abdon
sened as controls .
,utlg;?rau)u showed that the maximal ehmination €apaoty of fat emulion hr:n; ll:’
blood stream increased dunng the fasting state and that abdominal surgery acceniv

thus phenomenen
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different nutrational states with and without abdomunal surgery

Surgeey
Age  Weight Heght

Mo Sec years o Dhagnesss Surgrcal treatment

6 M 43 B4 180 Dundenal b EI. g

7 M 3% 67 WS Toximonal hermsa Repanr

8 F 41 64 133 Cholelithians Cholecystevtomy

8 F 4 &0 383 Cholcltinany Cheteeystestomy

E I S 3 54 132 Colestomy {post sohvithas) Clowse of colostomy
OF 8 4 166 Cancer of eolon Partial colectomy

Afeap 4% ) 67

Materal and methods

Subjects Al sulgecty were patients admutted to the surgeal department becawse of disopders
requsring surgery They wrre 2l n good condition at the ime of the snvestiganon, and no
omphications were moted duewg e stay i hospssal Age, weight, height, sex, dagnosss, and

management are giver 1 Table I All pavents gauld move around i the ward at the
time of the first fest No Testreuon 10 achivity was Biven (o the unoperated subjects between the
o tests {zex below)

Procedure After an overmghs fast (15 b) a ungle ¢ v yecuon of an artfical {21 auutagn
{Inrabpid & 20 %, VITRIOML, Stockbolm) was ghven and blood samples were taken for TG
analvscs The subjects were then not allowed 20 eat food or take calonies until after another
test which was performed the next mormag {3912 of fasung) Pulse rate, blood pressure {oull
mansmewt) and body temperasure were recorded before eueh test Abdomemnal vurgery {see
Tatie 1) waz performed after the first test 1 6 of 11 subycets In the operated cases anesthessa
swas induced with Narkotal X, ASTRA (32 bromally)-\ meths] 5 uoprogy! malonylcarba
Texde) and conpaued with mitrows wide, oxygen, and the miscle relaang agear Celocuan®,
AITRUM Yin) under et Noblned were grven The
subjetis h the surgery group were only gren 2,000 wh of walme stowly 3 » dormg the dav of
operation The sulygerts m the notsurgery group were allowrd to dnnk water and coffee
Gucon® ACO { () Hhydoes Tmetess Nomrindbeonp-4,5cpoamorfinan) was gnentohe

group and to one of the unaprrated wibjecss (no 3} 10 contre} pain dustmg the vme
berween (e two tety

The (i emulston wasingecseds v 1ntoacubital verr wathin 2 min The amounts of a2t ingected
vaced Beween 030 and ¢ 50 € kg and are set out m Table TV Rlood samples for analyses
were sabien from a permanent geedle i the otber avm All samples were coliected m hepanmzed
tuber 2nd stosed 13 see water not Jonger than + ket befage processing. Abaut 7 rat of blood wene
taken cach ume

Analyer The bload samples were centnifuged at slow speed and plasma was wken for TG
anatvses before 2nd after separation o dree facnons w a2 palywiylpvsrobdone (PVP)
denysy gradient secording to Gordis (1962) method a9 described carhier {Hallberg 19681
Yhe gradient scparates fat emulsion 10 the wp i e gradient tube (10p fractan and other
plasms TG 1ntd two fractions which semiars 1n the lower part of the gradsent twbe (Middle and
ottom fracuon) (Hallberg 19n4)

The TG analpies were performed by Carlson's (1963, methed Trphcate determinguons
weve made on cach extract The promyection plasma tamples were extracyed i duphieats The
exrors of the anaivius fiav e beers gven earber (Hallberg 1903) The mean secor ery afier gradient
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Taves 1Y Pulse rate, blood pressure, body temperstore and ingheerde (TG} concentrat on

Non surgery

Case Pulic rate Bloed pressure Body temp Fasting TG
Mo per mun mm Hg [ mmole}l.

1 8280 150150 372-368 06306
2 7584 135130 372-372 120-13%
3 8284 125130 368366 146100
4 86—86 120~120 367-368 §39-1¢8
5 7280 §30-330 368368 11138
Mean 79--83 132132 369-~368 Hig=122
d 34 Q ~01 003

*22 &0 01 *012

The first figuces wn each calurun are values after 15 hex of fasting and the second figures ofter
wance of the differenced {d=39 hrs—15hrs) * =P<00] "~ =1 <000}

separavon s thiy study war 93 % =& 1 0SEM {n = 289) Analyses of TG on whale plasma and
ats gradent Iractions were performed on different days The recavery in each series of samples was
always of the same magnitude Geadients wath a recorery outside 2 x SIY were excluded from
caleulations i

Calculattons The TG concentrations tn plasma and its fractions at different umey were photies
onloth hnearand semilog graphs The rates of eliminatian of the fat emulson (1 plraction: |r:;?'t
gradient) from the blood stream were determuned from the slopes of the cunes (Hallberg I™ f
1965 b) The etiucal concentranion (Cmmolefl) ¢ g the concenteanon at which the mavms
chmination capacity changes to a fractional remonal rate, was determined from the § = m‘l

v - Re U where R 18 the maumal removat capacity (mmolcft man) and Ky s t! ¢ fract 52l
remosalrate (per minl When the cunie showed only an exponental chmmaton rate, & m.“‘
nnal elimnination rapacity was conudered to be presenit but ta Le greater than the capansy ,X
3t fughest concentrapon Such figures are given withun parentheses in Table IV Statwurd
methods used were as described by Snedecor (19573

Results

Tke 2 groups of subgeees with and without surgery differed wi regand o d"w:‘(
They were comparable with regard (0 mean age, mean b w and mean height (Ta

ier 15 hns of fasing there was no uznificians dufference between the group Ml(h
tegaed to mean blood pressure mrean pulse-rate men bady temperature and mn”;:
concentrauon in plasma (Table I Afer 39 hrs of Fasting the groups wese not mm!‘-‘"
ble wuth regard to the last menuoned parameters These did not change i the unr‘['fn
ated group during the fanng period i the operated group these was :mqnn;x‘u:;l:ﬂ
crease i pulterate (P 80l and bodv temperature (P OO0 In 8 v;w‘
operated €asws the TG concentritton deceeased wlule in 3 of the 3 controls 1t NEY >
(Table 11j Scparaton of plasma i the deputy gradient o fractions x;n;»!\:‘””
sigruficant changes ether duning the fasting period or between e 2 groups Tal
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1n plasma after 15 and 39 brs of faving n yubgects without and wath abdomsal surgery

Burgery
Case Pulse rate Riood presiure Body temp Fasting TG
o por min wm Hy ar mmole/L.
6 &3 96 13013 368378 £37-125
7 43100 130143 366--330 197193
B T2 9% 135130 371378 093093
k4 &8— 74 120135 A70-378 078873
L] B3--100 1120 A72~378 09871
1 28112 160140 369~380 $ 60084
Mean 79~ 96 131134 363~379 127107
d ¥ 3 10 -020
%532 &£57 201 2012

19 s of fasting < dicates standard error ofmean. * a0d % tadicate the degree of ugi

Tusee 111 Mean mglscende (FG) concentration and standasd ervor of mean before and
after separatson into three fractions (tap, tuddic, and bottom) 1n the dentty gra
chent t plasma from subjetts without and wieh abdosmuaal surgery afier different

hours of fasting

1 n

15 hey 3% hes 153bny 3B hn
Plasma TG 118 122 127 fa1

=013 =018 2019 =019
Top a0t 008 go1 a3

0031 %004 & 0008 = 000
ddle Q48 039 [T 834

=010 =815 2012 =0t
Borom o Q83 0EY 08¢

=007 =017 =014 =013
x V2% 150 i 101
Resovery % 192 173 B3 2

I~Nonsurgens group in=3 U =Sargery Lroup (a=6)
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5 ® \ &~ Botore semaation in the grad tng '15; \\,\\ :':l-'-"-"l-"n::vl:\':::::::.»p
ARSI . - e a
gy ETE
N
\\\

mi " .

iy £Y %0 e =l g
Fig 1 Tnglycende concentration in plasma before and afier separation ito three fractions in
dfrm!y gradients Samples taken before and afier intravenous injection of fat emulsion s case
No I (04 g fat/kg body wesght) Scmiloganithmec scale A. Afer 15 hours of fastng B After 33

g

E] @ ——

hours of fasun,

Elrmination of injected fat emulsion
The tnjeciion of fat emulsion increased the total plasma TG concentration Thusncrease
was followed by a decrease In the unoperated subjects no marked differences were
observed between the tests performed after §5 and 39 hrs of fasung The operated grovp
showed a faster decrease at the 39 hr test All cunves for the toual TG concentrauon
were complex and dafficult to wterpret tFig 1) Each fraction in the density gradient
will be presented separately

Top fraction This fracuon contams the emulsion TG The ehmination cun s o

tuned were interpreted as either single exponential or compared of @ lincar part at hizh
The rate constants for the

TG « and ! at low TG
elumnation of the fat emulsion from the blood stream are geven m Table IV After
fi d mn these Letpeen the 1wo

15 brs of fasting there were no
groups After 39 hys of fasung both K, and R, were greater 1 the aperated group

In the unoperated subjects the mean maxymal ehmmnation capacity (R,) after 39hn
of fasting was incrcased by 50 per cent (P« 0051 \o differences werr obscniedn e
fracuonal remonal rates hy iTable IV

In the operated subjects the mean maximsl ehminaton capacity 'Ry afier 39 tnd
fasung was tnoreased by > 250 per cent (P~ 005) (Fig 2 The wmean fractonsd
removal rate (hy) increased from 005 10 0 09 Case No 10 vat exchided from the mean
caleulations becawse of the very rapid elimpnation rate after 39 hrs of fasung 10ofr=
samples were obtaned for accurate detcrmnauon of the rate conanty In 2 subpets
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- o At mg LTI A
D

Fig 2 Toglyoeade concentation s the fop

fracton aftee denuty gradient separation ol R

plasma Samples taken at antervaly afier
1njection of faz emudsion in case

No. 14 Fests performed after 15 hours of v

fasting (D 35 £ Tatfkg) and 39 hours of fast N

g {after surgeey, 4 SgfhE) 57

(e 8and ) the manmal eumination rates were caleulated from the hghest value of
the sngle exparential cufves, and were thus probably too small

Muddle frozhon “Fos frathon contams a part of the plasema TG Afler the wyection of
the fat emulanos, the gentTal shape of the cunve for by fraction conmsted of an il
nise, sonetumies up to a plateay (see Fig 1), whith was followed by & decrease Inter
individua! vatiations . the cuny ©3 were apparent. In both groups the test after 39 bys of
Faspag gave valuey that weee lower (oot sipruficantly} than afier the 15-hr cest The
dechinung past of the cunve nay steeper after prolonged fasung 1t 8 of 11 gases (Fig 1)
The durguon of the plateau when present was alwaysshorier afier the tonger fasung
pened (Fig 1) Thos was a stidung observanon 1n the sargery group Owigg to the con
siderable vanauons, the sumber of sulyesis s eack group was toa small 1o demonstrate
any agnificant differences, if present, sitlier within each gronp ar between the graups

Bottom fracton Thas fractson contams tudogenous plasma TG After the swyechion of
the fat emulsion the TG conceatration ncreased more slowly than 1 the auddle fae
ton {(Fi1g 1} later-individual ¥203t00s were 1ot 30 obvigus ae yn the maddle Fraction.
The general pactern of the corves showed that aftec 33 hrs of fastng the increases were
farger shan after 15 hryin the non surgery grovp and the rmyerse i the surgery grovp In
view o th derabl ber of subjects in cach group was oo small to
d any diffc of present, aither vadun each group or betweery

she groups

Discussion

The kinehic bthaviour of TG 1n plasma afier the myection of afat cmufsion (Intralipsd ¥4
has been desenbed easher Duang dissppassance of the 3t emulnon from the blood
stream  other fractions of plasms TG changss i concenteauans (Hallberg 19641
These chonges were followed after fracuonanon of plasma w a deanty gradient by a
modificausn of Gordas techmgque (cf Hallberg 1965 2, b) Inter- as weil 23 mntra wdi
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TastE IV. Rate constants for the eltmtnation from the blood stream of intravenowsly snyected

Non-surgery

Starc

—_—_—

Insected K, P

Pauent  Hours of dose mmole/L] K, A,
No fasting Surgery gfkg min mm”4 mmole]1,
I 15h - 040 009 005 18

39h ~ 040 013 005 26
2 15h - 040 007 oo 175

39K - 040 007 oot 175
3 15h - 040 005 003 167

39n -~ 040 009 003 300
1 15h - 040 006 003 200

0h - 040 009 003 300
5 i5h - 035 003 00% 075

39h - 035 008 00+ 200
Mean 15k - 006 00f i3

39h -~ 009 004 23

{1} Excluded from all mean values (1¢ text) ¢ Indicates the degree of sigmficance of the
chimination rate

vidual vanauons in the cunes were obsenved (Hallberg 1965 b)Y These observations
were confirmed 1n tlus study

Few facts are known about factors determumng the size of the rate constants (b and
K,) Ifthe el of the fat emulsion s ¢ to take place i one orxan (e
Iner?) then the maximal elmination capacity (K,) must contarn at least one “ergat
Jactor” The magmtude of circulation ( flowofactor™) through such an organ ma) 107
fluence the fractional remonal rate (K,) An increasd flow results theorenscalh 1 3
decreased half-Ife of a test substance 1n the arculauon, provided that the amourt
climinated s below the maxmal chimination capicity of the organ and the pon Rorm-
d dent factor 1 sndependent of the  flon-factor *

T::hu atudy 1t was found that the maxsmal chmmaton capacity (h, from the blood
stream of fat emulsion was influenced by the nutritional state Below the  critiesl cone
centration” the chiminanon rate K, was alwavsindependencof the numunn;hu!::
the non-surgery group This last obsenvation 13 10 acreenent with carlier n’)"":::r,nu
with chylomicrons (F redrickson #f af , Bragdon and Gordon, Oliveerons N : :.,:,«u
that earlier studies were performed below the  criucal concentration g )
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fat emulsion at diffeceat bouss (h) of fastng 0 subjects withont and with abdormnal surgery

Surgery
State
PO
Impected R c B
Pyuent  Hoursof dose mmole/L] Sy
Ne Sastng Surgery  glkg mn mun 4 mmoleli.
& I5h - 040 €03 603 100
3R - 04D 008 °03 287
7 i - 040 oot — -
39h + 040 20 003 200
8 15h - v30 041 803 248
3k + 030 (>03%) oM {>230)
L 15k - $30 008 po8 100
32h + 30 (>02m) i3] {(>230)
18y 15h - 640 (=>024) (33 (>4 00)
38R + 240 (5048 U2 {>460)
H i5h -~ 033 0g6 083 200
39k + 050 013 80> 260
Mean i5h - bus 003 12
3%h -+ (=i b3 t>13)

diffecence (39 by~ 13 bt (P<102) ho=~Alaxmsl ebamination capaaity Buy=Fractonat

10 the swigery growp had bowh increased masvmal ehmmation capaaity (k) and an
wmereased fracuanal removal rate [Ry)

The nutnnonal state ot thus one factor (possibly  argan factor’ } wRuencing the
maamal cheunation capscuy {(K) m the non-surgery group If the 2 groups wese
comparable with regard 10 the  organ factor”, the 39 br fastng state 1n ihe surgery
group can onkh ity sxplawn the three fold incresse m mavmal ehmunaton capaat
The swrgery pauents had an increzased Gackional removad 1ate of the top fraction TG
(R, from G03~-80%) They ake had a sgmficantly mcreased pulse-rate aad body
temprerature and unchanged blood prescure after 39 hrs of fasting These facts may be
taken 85 on andex of increased artulation and passibly also of an wncreased perfusion
through the chaunating organtis  In the non-surgery group these arculatory factors
were unchanged and the fratuensd remaval sate did uat o face, change dunng the
Gasqng pertad

The differences betwoen the mean s alues for the

chanyes i muddie fracton TG con
at

f the far emulsto different
numuonal sates, weve 100 small 10 be savstcally sguficant ft was oot possible to

10633003 Acte phyaal sexnd § 9 63



162 DAG IIALLDERG

compare the rate tonsants govermng the mddle fraction TG concentration The trend
suggests either a smaller amount of reairculating TG or an increased tumoner rate after
proltonged fasting The changes induced by the fat load were sutmlar 1o both groups, but
the changes 1n muddle fractton TG concentration 1n the surgery group seem to be
Jess pronounced The cusves for the muddle fraction 1n Dig 1 suggests a rise up ta a level
‘This suggests a constant infusion into this plasma pool Such a constant tnfuson was
carlier suggested to emanatce from the Iincar elimiation of the fat emulsion (the top
fraction) from the plasma pool (Hallberg 1965 b) The duration of the platea of the
cunve for the smiddle fraction was always of about the same duration as the hnear
part of the cunve for the top fraction (Fig 1A)
The differences between the mean values for the changes in bottom fraction TG con
at bl cs after th of the fat emulsion and duning diffesent
auirtiopal statcs, were too small to be significant Assuming that the rate constants
(not determinable 1n ths study), goverming the 39 hr cunes from the testsn the non
surgery group, demonstrate the normat size (judged from the TG levelj durng 2 It
load after prolonged fasting, the rate constants in the surgery group will be preater but

not to such :m extentas tognea sxgm{‘cnm change in the bottom fracuon TG lrvel
Tya ah b o4l avnn o vaer sen 0 and loner
'

ar [ - ita o ma

group Vadstrom’s (1959) finding that plasma TG decreased after abdomml surgeny
can be taken as an index of the same mechansms A decreased postopeeatnne plasma

TG was nho observed 1n this study
L after trauma ¢ with chinges m the nutntionalstate

may kincucally explam both the decreased fasting 1G 1 plasma and the observed
changes 1n the three plasma fractions after the 1t load to the surgery pauents
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The Location of the Thalamic Relay in the
Spino-Cervico-Lemniscal Path
By
S Laxperes, A. Norowals and C. W encstain
Recenved 28 January 1965

Abstract

Landgren 5, A Dorduali and €. Wengstrom  The location of the thatamc relay 1 e spow
¢erico-lemmscal poth Atta physol scand $965 65 163175 — Catvanesthetized with nembutal
werensed The dorsal hatl of the lateral funicle and the donsal rolumns at Ll asucll as the super
fiesal radaal nevve were dusected The cerebelium was removed Tocal potentuls and actun

tentals of nngle umLs were recorded 1 the contralaterat thalamuy i sesponse to clecercal
stmulation of the three inputs Ipulateral hemuection rovtral 1o €1 did nos abolish the respons
to sumulation of the donolaterat funmicle Bt way therefore concluded that thi response wal
evoked via the spino<ervico-demniseal path It was shown that the thalamic selay of thu path
was focated 1n 3 border zone withisy  tentrales pacteror layrelss This zonc covered the rosinal
pole the donal laterst and ventroateral aspect of the nucleus and murrounded ke a
shell the soratotoprcalty orgamzed hindhimb regson domnated by the donaf column earpons
Comergence between  the spino-cervico-k t the d fumn-l | and b
superfical radat paths was a charaeterstic faature of the border zane fn 3 population L6
thalanue unats sotated in the zonc of com ergence 20 unuy were discharged only s the i
cenacodemniscal path Ont of the rematning unuts 31 were discharged by twa or by af three @
thr sumulated paths

The expenments feading up to the defimuon of the spno-cerical tract and fts <oo
tnuaton ua Maorn s path Monn 1953, to the cerebiral cortex were recendy reuew

v Lundbers 1963 Low direshold cutaneous afferents contsthute 10 this psth 110
are monosvnapucaly relaved sn the dorsal horn of the spinat cord and the “’
axans aswcend dorsomediadhs 1 the spsilateral bateral fumcle The second sinagnr s four!

1 n comcalns laesolis of Rexed and Brodal 1951 The path then eroses the mudhin? 3¢
the bevel of the st and seconrd cornacal segrocnt and axcends weth the medial femuusart
to the thatamus fts projenon to the cerebral cortex was studied in Norsell n':
Voorhorve E9G2 who found that impulses transmtted v ex the lpmfr((ﬂ:to-lrmmla!
path resched the cortex cacler than these meduated via the donabaotumn femniscs:

Lundbrrg 1964 dcacribed the location of the neurones in the donal horm g ng 67 :j
the axons of the grao-cenical tract The affesent inflaw toungle neuroncun® & ﬁ;d
laterelts was stutied by Gordon and Jukes 1963 and by Omaldo-Crue and b "
(1964 1n addmon Gordon and ukes (963 studied there pecending propetory

164
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antdromic sumulaton of the axons 1 the medial femmscus A detwded studs of the
spmo-corvieo-lemmiscal mfiow 1o the neurones in the second somate sensory area of the
cortex was presented by Andersson (1962) The thalamue svaaps of this path has s far
attracted less meerest bservations of degeneratine processes I8 & cerpacalss {ateralis
following kssons 1o the 1attral part of mudbram tegmentum Jed Morm and Catatano
(185} and Catalane and Lamarche {1957) 1o the contlusion that the ayens from this

1 hedt i the medial I Morn and Thomas (1955} also demonstrated
2 degensratson 1a the dorsolateral part of the epposite medial lemmiscus after lesions i
a cercreahs lareralu and therpfore concluded that the path endrd laterally sn the sentro-
fateral thalawne nuclews Busch {2961) and Grantand Bogvse (1965 personal communses
ton) made lesions w n cervaeahs 1ateralis snd were able 1o follow the degencranon mto
the lateral part of the veatrebasal complex This repart wall present evidence concerning
the focation of the thalanug relays ix a border zone of # zentralis poveralaterahs enclosing
the somato-topically erganized part of this nucleus Evidence of comergerce between
the spsno-ce 3 al ank the dorsal-col Yemmscal paths 1n ths border zone
will alse be prasenied A prelimucany report of these hadmgs was pubhshed {f Land
gren Nordwall and W eagstrom, 1965}

Methods

Catr anesthetized with nembual were wed for the expenments The dorsal eoluma and the
dorsal half of the fateral fomele werz diserted at the loved of the irst Jumbat segment and
prepated for clectrical sumudation The superfical radhal nerve was abo dissected for stmula-
Gon The cerbeffurm was romoved 'The skull was npened over the cercbrat hemisphere contra

taterad to the sumulated paths 1o adamue the recordmy clectrode penstrations.

Focal potennals ard ccscelfular action potenhald fiom sngle wnus were, secorded 1o the
thalasus with glass pipette frusroelecirodes filled with 4 3 %a€l Systemaucally placed
reanaversal gaids of tracks were made through the thalamus wih the aud of the Horstey Clarke
trchaique Chaly ofe ncrociecirods »m waed i each gnd Prusan blue reference spots placed
with steel s e corarye of the 1tacks
were sdenuficd on histalogieal K mux smzl sections stuned wish tolwchn blue or fuxol fast
blue «f himer and Barrers 19233 The were Jocahzed o0 made
from tha fastological sections A detailed descrption of the recording and Jocalzsoy techmgue
was gweny By Evenenan Landgren and Nown (1963) The nomesclature of the thalamie
sutle used w this report was zdomsd froms the atlas of Jasper and AymaneTamsan 11933

Results

§ The thalam tesponse b electrical stimulation of the spamocertscal bract

Electneat sumulation of the dorso-datesal fasucle of the spinat covd at the fevel of Li
evehes a focal potental sn muclus rentralts porterolaterals (3 PLY of the thalamus As
shown in Fig 1 A, the focal potenual conusts of a negatne wave with z latencs of 5
msec (range i different experyments 4 06 3msec) and a duration of approumaely 10
sasec ction potenttaft of single eefls appear on the crest and faffing phase of this ware
and st 18 therefore connd to beof $vhen recorded from thesite of
s maxiun amphivde 1018 ofien preceded by @ poutie wave of short duration, whsch
4@ miterpseied as the tmtal phase of a positne Aegatn ¢ presviapue spike The negame
phase of this spike may sometimes be scen as a notch on the nsiag phase of the patt-
vnapte potential

Fhe thresheld of the thalarmie facal potenual it brendar to that em;c compound action
patenisal recorded (tom 2 radials s ¥ response 1o ¢f When
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From the Department of Physiology, Unnersity of Goteborg Sweden

The Location of the Thalamic Relay in the
Spino-Cervico-Lemniscal Path
By
$ LaxpGren, A Norpowarr and C WENGSTROM
Recenved 28 January 1965

Abstract

Landgren, S A. “ordwall and C. Wengstrom. The locatin of the thalame relay wn the spoo-
certuco-lemnuscal path Acta physiol scand. 1965 65 164—175 — Catsanesthetized with nembutal
were used. The dorsal half of the lateral fumcle and the dorsal colunns at Ll as well as the super
ficzal radial nerve were dissected. The cerebellum was removed. Focal potennals and action
potentals of single umts were recorded m the contralateral thalamus m response to electrical
stumulation of the three mputs Ipsilateral hersection rostral to C1 did not abolish the response
ta sumulaton of the dorsolateral funucle. It was therefore concluded that this response was
evoked via the spino-cervico-lemniscal path. It was shown that tbe thalame relay of this path
was located 1n 2 border zone within 1 centralis postero~ lateralis Thus zone covered the rostral
pole the dorsal lateral and ventro-lateral aspect of the mucleus and surrounded e s
shell the somatotopically organized hindlimb region dommnated by the dorsal column respons.
[ between the sp 1 I, the dorsal-column lemuiscal and the
superficial radial paths was a charactenstc feature of the border zone In a populaton of &
thalamic umts ssolated 1 the zonc of consergence 20 units were discharged only via thespino,
cervico-lemmuscal path. Out of the remaming umts 31 were discharged by two of by all three
the sumulated paths.

The expermments leading up to the definrtion of the spmo-cervical tract and 1ts w:i
tinyanon via Monn s path (Mornin 1955) to the cerebral cortex were recently review
by Lundberg (1964 Low threshol afferents bute to this path. They
are monosynapncally relayed m the dorsal horn of the spmal cord, and the secondany
axons ascend dorsomedially mn the 1psilateral lateral fumcle The second synapse 510 "
i n cortealss lateralts of Rexed and Brodal (1931) The path then crosses the sudline 2
the level of the first and second cervical segrent and ascends with the medial lemnm’;
to the thalamus Its projection 10 the cercbral cortex was studied by Norsell an
Voorhocre {1962 who found that impulses transmatted via the spimo-ceracoems
path reached the cortex earhier than those mediated via the dorsal-cofumn lem

path. 0
deserbed he dorsal horn giviag ¢
Lundberg 1964 he . ofthe mn i:'}“" wcalts

the axons of the spino-cervical tract The afferent iflow to single neuroncs o
lateralis wass studied by Gosdon and Jukes (1963) and by Oswaldo-Cruz and
{1064) In addition Gordon and Jubes (1963} studied ther ascending

projections I
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Fig 3 CQuiine drawing of the hustalogical section shown in 1he photomcrograph of ¥ig 4
"The traces left by five pstaliel mucroelectrode tracks in 2djacent wenal seenons are upenmposed
an the diagram Prussian blve reference pomts for dorwa entrat locahzation are mdeated by

arcaws The heavy bars along the four svedsal tracks sndicate th responding segion. The groups
of tecords show focad potentals evoked by stmulation of the spiro<ervical mact {A D Gy
the dorsal cotamns (B E H) and the superficn) radiad nerve {C F 1) The Jower record i cach
parr was obtatned from the dorwad surface of the medulla oblongata The recording sites of the
wpper records are wdicated on the dwgram A—C dorsodaterally D—F centro-laterally
and G—¥ centro-medually tn VPL Tume 2 msec Vohage cahbrayon 05 my

Abbreviations used for mdication of the thalawat nucln & this and the subsequent diagrams
Cd  n ceudatux R ber

. rul
CL  n cengrats lateralis Fal  Pubanar
CM 5 censrum medianun R © retculang
Gl corpus geruculatum faterale THP tractus habenulo-pedunculans
GM corpus gemiculatum medhiate TO  tractus opticus
LD 5 Luersls dorsabs ML n vemals haterabs
LP  » laterads pesterior YPL  n. ventralis posteso-laterahis
AP n mediabs domalhs APV n sentrabs postevo-roediahy
NCM n centran mediahs

features are in agreement with those of the pathway descnbed by Lundberg and
Qsearsson (19611 The focal potrnuals eveked m \ PL by sumulanon of the dorso-
tarerat fascrele at L¥ are thus wterpreied as ehcited by the spmo-cervco-termmscal path.
2 The tocation of the thalamne seponses
The thalamic responses wvoked by electned! stimslauon of the contralatesal spia-
cenial tact at L1 the dorsal columns ac L1, and the contralateral superficial radial
nene were studied tn 24 mucroclecirode petictracions The penctrations were syste-
matcallh arranged i transersal gndds of parallel tracks disnbuted throughout the
dal extent of the + basal complex The course of the penctrations was
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Fig 4 FPhotomicrograph of a hstolog cal
section through the d; f

of the cat. The secton was selected from

the Ievel where the gnd of record ng micro-

electrode tracks passed \ PL Famt traces

o Ieft by the tracks arc mndicated by the ar
rows

tion d of the typeshownm

Jocalized on hustological senal sections 54
Fig 3 were made as described 10 methods

The results of a typreal expersment are shown i Fig 3 A transversal gud of five
tracks was made with the same microelectrode and wath a distance of 0 5 mm between
cach track The tracks went approumately parallel to the saguttal planc and passed
VPL and # sefuculans (R) an the section from which the photomicrograph of Fig 4
was made The diagram of Fig 3 1s an outhne drawing of the section Responses to one
of the above mentioned inputs or from some pomts toallof them were recorded along
those paris of the four medial tracks marked by a heavy bar i the duagram of Fig 3
There 1s a good agreement betw een the extent of the responding region and theborder
Iines of VPL drawn from the histological section The track passing K lateral 1o V PL
gave negatne results

In order to dlustrate the typreal responses recorded along the penetrations of Fig 3
three recording sstes within VPL were selected The upper record tn cach patr shownin
Fig 3 A—1 was obtained 11 these sites The spino-cervico lemmuscal path evoked a focal
potential of short latency int the dorso-lateral recording sie (A) Thispath howevet was
Dot the only input to this region The dorsal-column lemniscal path from the hindlimb
2% well as the cutaneous path from the forelimb also £voked responses there (B and C}

e ) I response wasg ly largest 1n amphtude but th

{from the forchmb was not necessanly the smallest

A different picture was obtamed from the
VPL At this point a large focal potential was evoked by the dorsal-column Temmscal
path (£} but the other paths were ineflective (D F) Centro-medsally the response to the
superficial radral nerve was large (1) but no response was evoked by the other two paths
(G H)

The location of the centro-lateral and centro-medial recor
ment with the of the ]
castle and Hennemann (1949) and by Rose and Mountcastle (1952) Conergence b
fween forehmb and hindhmb paths within VPL 1s however nat previously described
The spatial extent of the region showing convergence and its relavon fo the sum:lmDP;
cally organized part of VPL 1s tlustrated m Fig 5 The 4 diagrams arc based up:;
results obtamed 10 4 typical grids of penctranons selected according to their rost

Jaterallym

site Jocated

rding sites is tn full agree
of \PL given by Mount
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-1 A fig 5 Reconstruction diagrams from tymeal expenments
i
2y shawog the location of the 2one of cons ergence (suppled arca)
- \ the zone domunated by the dorsal rolumn sesponse (hors
AT

zantal hasching) aud by response to n radiate supercatis
{oblque hatchung) The rostro-caudal Jevel of A was near the
rastral pole of VEL, B was obtamed from the middle thied of
VEL, € From the caudal thrd of VEL 2nd 13 from the level of
the caudat pale of VPN The diagrams areut ke drawings
sumilar to that of Fig 3 and made from hutological sections
selected from the level where the rocordmeg mucrosloctrode
eracks passed the sentro-basal nuclear comples The traces lefc
by the microelectrodes were supenmposed {rom adjacent
sections Abbseviations a5 1 Fig 3

caudal localization tn % PL They are 1n agreement with the results of other grids located
1 simlat positons or i betwern those selected for illusiraton. The gnd of Fig 5 A
passed through the rostral therd of VPL pear the rostral pole of the nucleus B was
focated ta the muddle therd of ¥ PL 2001 rostral to the rostral pole of corpus gemandation
laterate (GL} Can the caudal thurd of % PL 2004 caudal o the rostral pele of GL and
D i the regron of the caudal pole of nucleus centralis posteromedialis (v BAD}

“The suppled areas in the dirgrams show the reguon wath a short latency response to
strulation of the sprno-cenical tractar LY 2nd in additon a response to stumulation of
the dorsal columns at L1 as wellasto of the tadial
nenve This regon will hencelorth be called the 2ome of concergenze ¥t forms 2 border
region within VPL and encapsulates hike a shelf the rostral pole the dorsal lateral
and ventro-lateral aspect of the nucleus It enclases partly the somatoroprcath orgamzed
hindiimb region domunated by the dorsalcolumn lemmuscal response and mdicated
the dsagram by the honzontal hatchang The oblique hatching wdicares the locauon
of vhe region dominated by the thredumi response.

As shown in Fig 5 D responses to all the three taputs were recorded near the caudat
pale of VPM whese the medsa! lemmuscus enters the ventrobasal complex The focal
porentials secorded bere were however small in amphiude and 1t s uncertam whether
they were pre of postyynapuic an ongin The postenior group of nucker enesugated tny
Poggpo and Mountcastle 11960 corresponds to a reguan near the caudal pale of 3 PL
and ¥ PM The group tncludes the anterior part of sorpucs gemeutatum mediate GNE found
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Bl Tig 6 Reconstruction diagram
obtamned from a recording gnd
through the postetior group of

w nucler of Poggio and Mounteastle
(1960) Responses were cvoled

from the spino-cervical tract, the
dorsal columns and the superfi
] radial nerve within the stip.
- Pled area The vertical hatcbing
ndicates a region responding to

" the two Last mentioned uiputs
=== — but not to the spino-cervical
mm VWAAAAAAAA tract Abbreviations as 1 Fig §

ety

vaanoa N

atlevels between diagram C and D of Fag § The results of an expenment with penttra-
tions at such a level are shown in Fig 6 The vertical hatching, located n theantenor
part of G\ ndicates a regron withm which focal p 1s were evoked by il
of the dorsal columns and the superficial radial nerve Poggio and Mountcastle (1960)
described comvergenice hetween cutaneous paths from the forehmbs and hindhmbs onto
neurenes in this region, and our findings are compatible with thew obsenations No
sesponse was, however, evoked here by simulation of the spino-cervical tract, but the
more medially located suppled area recewved convergence from all the three inputs The
experiment shows that certain parts included in the postenor group of nurlet do pot
recene an mflow from the spino-cervico-lemniscal path
The zone of convergenee 1s Jocated 15 VPL. The stippled area in the diagrams B and C doss,
however, trespass the borderlines between VPL, n laterals posterior (LP), and {t_'lleu‘_‘mh;
' ) N ’ 3

' ' s

.. P “
tton of the dorsal eolumns or the radial nerve

Exceptions from the above described pattern of comvergence between the three 10+
puts were occasionally observed in the zone of conyvergence Thus, s one cxptnmfrg‘n;
1t¢ was found d My n VPL from which a focal potential was rccvh -
only 1n respanse tw stnulation of the spino-cers sco-lemniscal path [n the caudai :;or
of VPL, where the forelumb relays occupy a larger part of the nucleus than the e:‘t‘ .nxhr
the dorsal column path from hundfumb (cf Fig § C), the focal potential cvaked 22 o

zomc of g by 4 of the sup i radial nerve was often larger

amplitude than that esoked via the dorsal-column-femniscal path
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3 The difference sn latency betieen the dorsal-column-lemaseal sesponse recorded in the zone of
coneergence ond that tecorded wn the somatotopically vrganizzd part of ¥PL

As mennoned above the Jateney of the thalamic response evoked via the spino-cervice-
lermnscal path was shorter than that of the response to dorsalcofumn stumulauon The
latency of the latter was hawerer, about § msec shorter when recorded from the soma
totopcatiy vrgamzed centro-lateral part of VEL than ot was when recorded from the
zone of comergence These latency differences are ilfustrated 1 Fig 7 Similar diffe
rences weve found wn all our experuments The latency of the postsynaptc component of
the focal potental eveled via the dorsal-cotumn lemauscal path 1n the somatotopieally
orgamzed part of $ PL was thus generally between 6 and 7 msec and the same Iatency
w the zone of con ergence wad 79 msec

4 Evndemce of con.etgence abtamed by single vt analssis

Acuon potentialy were recorded extescellulasly from 109 swagle s focated w 3 PL
Qut of these, 62 unmits wi d in the zone of 34 Tmth

by the dowmatcolumn focal potentiat and 30 3n the regon domnzied by the foeat
potential evoked by the superficial rachal nene.

Unuis sesponching oals to one of the three inputs were scen wn 5@ per cent of the popula
tian coliected sn the zone of comsergence The other 50 per cent showed vanous patteras
of comergence Theee of the eost common oncs ase seen i £1g 8 The upper records of
the three columns A—C D—~F and G—1 were obtamed from three different umts
The une of YO was di <t b the 5pi

and the dorsal-colymn
Yeenniscal paths that of D—F by the spiao-cervico-lematscal and the superfitial radial
paths and finally that of G-I by all three inputs.

Further detarls shout the observed tvpes of affesent anputs mav be found c Table T
It mav be seen an ecolumn 3 that as many as 20 out of 62 uns found 1n the zone of con
verenee respanded onby 1o shmalaton of the spnocerucat teact Laws dicharced
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Tante 1 Patterns of consergence observed on 109 VPL cells

Type of Number of Range of latency
Location iy VPL  convergence  cells Stmulus to Ist spike, msc
Zone of convergence SC alone 20 sc 47115
DC alone 5 nc 105-157
SR alone 6 SR 50— 84
SC+DC 8 sc 40-100
De B0~150
SC+SR n sC 45-100
SR 64-140
SC+DC+SR 0 sG 52124
Dpc 68-167
SR 65-110
DC+SR 2 les oo
SR 130
Dorsal column zone  DC alone 15 DC 72-106
SC ajone 1
SC+DC 1
Radal zone SR alonc 30 SR 66— 72

SC = Spio-cervico-lemnuscal path
DC — Dorsal- column. 1 path from | hindhmb
SR = Superficial radal path from contralateral forchimb

only via the dorsal-column-lemniscal path or only via the superficial radial path were
also observed

As would be expected, the great majority of the units found in the somatatopically
organtzed parts of the nucleus were discharged by one input only In the dorsal column
zone 15 umts out of 17 were discharged wia the dorsal-column lemniscal path One
unit 1n this group was, however, discharged via the spno-cervico-lemniscal path and
one showed convergence between this and the dorsal column-lemmscal paths Al
units located 1n the radial zone responded only to the superficial radial nene

‘The latences given in the fifth column of Table I to the first spike in the response
evoked by electrical sumulation are the shortest ones observed The stimulus uscd vas
supramaamal in strength as judged from the amplitude of the thalanc focal potentia
The range 13 that found within the observed group of umits The latencies of the rl;
sponses to the sprmo-ceruico-lemuscal and the dorsal-column Jemmnscal paths m1)
of greatest interest as these two paths should have the same length There s good agrec-
ment between the latencies of the focal potentials and the single unst responses L;urnrn:
of 4—5 msec were common in fesponse to strmulation of the :pmo—ccnlro—ltmnul"lﬂ
path, whereas the dorsal-column responses of units 1n the zone of comergence generally
showed a latency of 7 msec or more
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hiscussion

The zane of consergence 1 a border zone bemeen the somatotoprcally organsuzed part
of n sentralus posteralaterals (VPLY on ane hand and n setvulans (R), n laterahs posterar
(LP), n tentrals Iatershs andh 0 zentralis anienor on the other Ttaslocated mamly within
the morphological bordethines of VPL Thists clearly born out by tha reconstructions
based on the course of the identified penetrations and the docaton of the prusssan blue
spoty in the hisiologeal seenons As thatemsn e dogram of Py 3 e zame of comven-
gence may ako include anarrow hand of the neighbounng R and LP nucler The overv
lappung responsc tmay, of cousse, be explaned as a spread of the electricat field setup 1
adjacent fot located 1 VEL, butat cannot be excluded that scattered islands af newrones
s the border zone of R doan fact respond sumalariv 1o the ncurones m the adacent zone
of VPL. Except for thus boeder zone near VPL the reticulate nuctens did not respond
eleetrscal stmulaton of the sp 1 { path. This was clearly 4 4
by the tack of response from the pemetrations located to R, but pasong at some distance
from the border with VPL.

Angel (1964} has recorded tesponses 1o hugh threshold cutancous afferents from single
thalamic ants 1 the rat These units were located in 2 remon swrounding the sentro-
basal complex, thus sccupywg a postuan smelar (o the zone of contergence According
to the anthor the regron was wdentical with 1 reteulons thelame and n contralis thelam:
pors dorsomediales Thres are obvious duficrences between the thalamie wnrts descrtbed
bv Angel and the neurones in the zone of coms ergence of the cat Thus the former group
did non respond to low threshold tumuly, whereas the from the zone
of comvergenee were evoked by volleys in Jtne vareshold, fast conducting paths Other
differences are the longer fateney nd duration of the response seen iy the reneular

f the sat 1638 thereft tuded that the two sets ofabservations are obtauned
from neuronts engaged n different mechanisms
Poggio and \ {1969; descrsbed that duschy b

{2

afferents from indhmbs and forclunbs These seuranes wese Iocated to the postenor
group of auclet (PO) which Yacked somatotopical organzation The must antenor
part of PO 1 according to Poggio and Mauntcastle 3 Gun curving lamella of tsue
Yetween VPL corpus gensculatum Jateralt and the external medullasy lamnna It

progects forward to embract the postero-dorso lateral aspect of \ B (the vemiro-basal
complex; The zone of comn ergence ocenpies a posiion i VPL that makes st tempting to
laok upan te as a restral continuation of PO {<f Fig 5C) Soveral reasons da howener,
sndicate that the 2one of contergetice and the PO may belong to two different systems
Qne of these 1s the fact that the zone of convergence widens rostratly ta the rostesl pole
of the fateral gemeonfate body {f Fi1g 5B} Another i the lack of response to stmula,
tion of the spro~cesvico-temniscal path m the more cauda! parts of PO located o the
Lrorder zone besween the medial gemseulate body and the ventrobasa) complex fcf

Fig 61 Convergence besween the dorsal colurn path and the cutaneoys path from the
forelumb was observed tn thes regron The small responses, avoked by the spano-cervicon
Yemniscal path at thes dovel, were, howerer Tocated mare wedally where the medial
temnuscus enters the ventrobasal complex {of. Fig 5D and Fig 6) Whidock and Perl

195 further showed that he posterior group of nucles recene afferem mput fram
elements of (e anterolateral yvstem of the spinal cord The 20ne of connesgence was, on
e other hand, actnated by Jow threshold spunorcenacolemniscat and dorsal-column
lemngseal parths Responses tnoked m the zane of convergence b sumutaucn of the
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ventral quadrant of the spmal cord or to high threshold cutaneous afferents were not
studied 1n the present series of Such are however, 1n progress

We have no direct knowledge concerming the type and location of the Teceptors
activating the cells in the thalamuc zone of convergence As shown by Gordon and Jukes
(1963) and by Oswaldo-Cruz and hadd (1964) the majority of the cells n n ¢ercalss
lateralis are d d from sensitive h eptors with small receptne
fields on pertpheral parts of the mbs Most of these celfs 1n the lateral eervical nucleus
send ascending axons mto the medral lemniscus (cf Gordon and Jukes 1963) and senst
tive well localized mechanoceptors on the limbs must therefore play a dommant role in
the cervico thalamic input The same holds true for the dorsal-column temmscal m
flow It s, however, necessary to consider also a contnibutton from receptors m deep
structures Andersson (1962) has shown that such afferents reach the cerebral cortex
(SIT) wia both of the above mentioned paths, and Norrsell and Wolpow (1965) find
that stimulation of high threshold muscle afferents evokes a response m SI and S via
both paths

The shorter latency of the thalamic response to electncal sumulation of the spwo-
cervico-lemmscal paths 15 in agreement with Mark and Stemer (1958) and with
Norrsell and Voorhoeve (1962) The response \ of the dorsal column showed
2 Jonger latency when recorded 1n the zone of convergence than was observed m the
somatotopically organzed part of VPL The difference was about one mullisecond,
which would allow tme for another synapse in the dorsal column path to the zone of
convergence It 15 therefore possible that the cells m the zone of convergence recene
dorsal column exeitation via the cells of the somatotopically orgamzed region The
possibility of convergence already at the level of the n cerneahs lateralis 1s excluded by
the disappearance of the thalamic response to dorsal column stimulation after the hemt
section Just rostral to Cl (cf Fig 2)

The domnatng evidence of convergence must not conceal the fact that a con
siderable number of the cells m the zone of responded only to
of the spino-cervico thalamic path (cf Table 1} As mentioned above recording sies
were observed, where a focal potential was evoked only by this path thus indicaung the
exastence of nucler of cells d by the spino-cervico-l Linflow Ttis possible
that these cells represent a system diffening m function from thar of the celfs with con
vergence The features of this function are unknown but further studies concerntng the
cortical of the two pop may bute valuable evidence

The relations between the zone of convergence and the adgacent thalamic reticular
nucleus 1s another problem of great importance for the understanding of sts funcuon
The of pop of with great Tocated 10 the border
zone between the relay nucler and the reticular formation was previously observed by
Gordon, Landgren and Seed (1961) and by Eisenmann Landgren and Novin (1963 m
dyfferent parts of the tngemnal nucleus It 1s possible that such regions provide lmPZ:r
tant connections between the speaific projection paths and the C“hr
activating systems According to Rose (1950) and Hassler { 1955) the thalamic mm:c .
nucleus projects to restricted parts of the cerebral cortex The location of the co:} y
projection field 1s srnilar to that of the underlying thalamic nucleus The possi eal
therefore cuists that the zone of convergence may be mvolved 1n reticulo-cor’
taechamisms with local projection to the sensorimotor corte<
Thus work was supported by the Swedsh Medical Rescarch Council (Projeet o H ¥
—45—01)

unspecific retx
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The Form and Function of the Loaded Human Spine
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Abstract

Klausen, K. The form and function of the loaded hamas spme Acta phywiol seand 1965 65 176~
190 ~— The reaction of the spine and sts muscles to an inerease of the pult of gravity was 1.
vesugated i different ways’ The change of the curves of the spine was measured with an -
chnometer The placement of the hine of gravity in relauon to L+ and the ankle joints way
determmined, and the actvity of the trunk muscles and some of the log muscles was iy esngated

h rom & of the effect of gravity on the indiidual
Jomts, and on the spme as a whole 1t 1s concluded that the short, deep museles of the back mast
play an imp: part in stabil; the individual joints, and that the Jong back muscles or
the abd: muscles are ble for the stabil; of the spine 23 2 whole, 1t was fourd
that an increased pull of gravity always was counteracted by increased acuvity in one set of
muscles only, 1 e ether n the back muscles or n the abdomunal wall muscles An mereased
pull of gravity gave rise to a flatterung of the lumbar lordoss probably due (‘o a dt’”’:m:iz

. .
 counteracied by the poas muscle

The weight-carrymg function of the human spine and its museles has been the subject
of many experiments and discussions The muscles actng on the spime have been the
subject of numerous myvestigations especially in the last 25 years (for references K¢
Joseph 1960 and Basmapan 1962), and also the stabilizing effect of the hgaments has
been ins estigated by different methods {Lucas and Bresler 1960, and Basmapan 1961)
Astussen (I960) tound that the pull of'gravity on the spine dunng nopmad sy
always 1s counteracted by one set of muscles only, 1 e etther by the back muscles of
by the abdommal muscles, a view which 1s in contrast to most former concepts

The atm of the present studies 1s to find out how the ercct human spine counlmt:;
an serease of the sertical load For this purpose anthropometnc measurements zn.
gravity hne determnations are compared with clectromyographical records of the a;l
vty of the trunk muscles while standing unloaded, and with 2 load added to the weig
of the body in different wavs ?
1 Part of tlus mvesigation bas becn shorly menvoned in 1962 [Asmussen and lausen}
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Fig 1 a Schematc drawng showang the
“indrcator™ and the differens measunmg

Wnts
B Sehematc drawing showing a sibyect
standing on the plufarm used for the de-
termmation of the focation of the e af
gravay (5ee text)

Subjects and methods

The subgects were 31 male students, age 19~28 years, mean weight 71 kg mean height 181
e They wore only trunks and thew own ordsnary shees durme the nents

The curces of the spine weve measured with an inchitometer (Molhave 1958 Asmussen and
Heeboll \aclsen 1929) which allows the of the of any line
twa pawts an the susface of the body The readintgs could be made with an accuracy of & 1(2°

e were d on 24 of the yubjects  the standing pantian

unioaded and while carryag a load of 20 kg weach haed Dunng the menssrements the di-
famce between the heels 3nd the angle between the feer of the subgeets were adyusted to respec
Dvely 310 cm and 2o—-20° and they were asked to Jook strasght ahead {pos 3 and 21
¥y

2
e curves of he spine were defined by the ichination of the hnes connecting the foflowng.
possts § The nud ponar of a horzantal hne between the twae spit. shae, post sup T The
deepest patnt of the lurabar fordosis 3 The hughest point of she thoracie kvphoss and 4 Tragus.
A bie coonecung spin thac Post sap and spim alme any sup was wed for the determina
2i0n of the changes of the pefvic inchnavion (F1g 1) These Intter points were chosen i order
10t to distusb the subjeers dunng standing Since a bine conneeting he two pounts 12 not ssyated
10 the sagueal plane the inclinations found should be corrected for tha deviation Such a cor
recuon siways mcreates the fuund changes but unce (i do case exceeds 1/2° the directly
measaced snchaations are wsed
Further the mchmation of the tegs was measred tang a ne connccung the maileotus
ftutans and epcondylus Baeralo femons far the nclomanon of tos 324 3 hine connecung
epucondslis faterahs and trochanter magor for the inchination of fermur
An andecatar apparatus (¥1g ¥ ay was used for tacung the mean posiuon v the postural
osallations of wagus durng standing (\{ofhave §938) By means of tht “indiwcator st was
found that alt subjects afier ahght raluntary movements, ax for mnstance standing walking
tavatuntanly wok up & sanding potwon of figh reproducditity ©ven from one dav 1 anothes
The mearurements were taken when a helper aonounced that the subjects during ther postural
ement has stion The of the different segments thoned
tugh reproducibilzty from one day to another the desiavion bemg at mast 1 2° exceps 1 3 ver
few casta, where the eviation appratched ¥ In mess cases thus imstial pominn was marmaained
for only a shors period Tt wiss found that already after 3bows 30 seconds the intermediate post
1a of the postural escitlations moved erther forward or backwands. Tho nbservauan s 1n
sgrcement with the fodinee of Smath 1934 \fathacs {1938) and Sheldon 1963 The mray-
ureaents were therefore performed during the first 30 seconds of a standing penod  From the
distances bevwen the rhoser poinss and vy img nehnanony 2 darram of the sub-
aeet i consteucted (fig 1) which serves to follow she chaoge ta the artangement of the body
segments from umonded ta toaded standing positrant {1 © pos § and pos 2
Detcrninations of te focation of the line of graviy for the whale body i selation 10 the
ankle jouss were performed by e method of DuBou Revmond 1903 the preswure on the

) 0T tere phynol scand Fal 63
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platform beng registered by a strain gauge dynamometer (Asmussen 1960} The princsple of
the determination 15 shown in fig | b which shows a longrtudinal section of the plitform and
asubject standing on the platform .\n angle rran (ax) forms an axis on one end of the platform
Pl AR i L L ' v

e, - s v S N A ST
e FE F. P Laol e ot nian nf bel e af
— . . L £ fm o erlas hecquse of ther
. 1 of the action.

. . umts remotest

. . uned from the

} because it 1s

L e s

. . ",
acuvity found 1s always afternating more or less due to the postural oﬂcl(la(mm;xu:vr;é :“niﬁ
g s the estmation of the electrical acuvity found by means of surface electr

always be morc or less subjectivi e me: he same
h urements are performed on Y
al © or Jess sul ctive C\anAf all ¢ asur v ; on ihe B

1 hughly
: 5000

encies at
’ course

ncrease the uncertamty of the estimauon of the muscular actvity (ormmndm
(I silver domes 1D mm

Two types of elecirodes were used The firse conuisted of smal s

eter as described by Flovd and Silver (195%) T‘h_e ﬂthc'r consisted f:l‘ lnﬂr:—.:lﬂl:’n‘l.v;"l;n“

-
B
3
d

o tRR QTINPCLS JEIL LAt escted
. wcal

' ) two
) ' partof
o ' lane as
I (yus”
"R le was Investigatea 34 e
bdoraims At first the actvity of thia muscl ol
b!mc::: Smbiliess and about 3 cm below the procetsus saphoideus), Lut snce th
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-~

pos 1

|° ﬁ
‘ ‘{ﬁ ‘
NI B

at the two levels ahways was the same i the sanding posttions mvestigated  the acuvity n
most Jater cases was registered at anly one bryef (Just above umbilicus)

Obhquus abdoms esternus The electsodes were placed so that one of the slver plates
was about 4 tm abore the highest pownt of crna thaca and the otker ventrally 1o and about
2 em below the first one

Hiopsoas An atempt was made to yeguter the actisaty by means of the st er dores described

ehmunate possble errors from m sartonus by registening 1S actaity smultancoush, with the
remsstratian from thopsnas The electsodes were placed ventrally over the most promnent part
of the upper thard of m santonus.

Fhe a tvaty of the fullowing leg muscles was aba ruesugased  rectus femons vasty medals
Siceps fntons, medal fevors gluttes mianmns glutacus medu, Gbiafs antenor suleus
gastrocnemis and peronety langus The actn. ity these ruscles wall not be discussed i detadd

roops adseg pasons m Fig 2
AN the determinatinns wore peelstused on @ subject on @ gien da and cach subject was
smsesigated on a cas two differens veeanons
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Tante T
Lrector spac Trector spinac
Subjeet 11mbar portion thoracic portson Rectus abd Obhq ext
pos i pos 2 pos 1 pos 2 pos lpes 2  pos 1 pos?
+ +4 + ++ + +
+ 4 + +
+ ++ + +
+ ++ + ++ +
+ ++ + 4 +
+ ++ + + +
+ +4 + ++ + +
+ ++ + +4 + +
+ ke~ + + + +t
+ ++ + ++ + +
+ ++ + ++
+ ++ + ++ +
+ ++ + ++
+ +4 + + +
+ + 4+ + ++ + +
+ + + ++ +
+ ++ + + +
+ + ++ L
4 + o+ + ++
+ + + + +
+ + ++
+ 44 + ++
+ 4+ o+ 4+ th
+ + 4 + + 4

4+ Indicates acuvity in the m uscles -+ + mdicates that the activity found i pos 218 grm:
thau that faund m pos | + — ndicates that the actwity found m pos 213]essthan lhau‘oun‘
1 pos 1 and no siga ndicates that there 18 no measurable activity 1n the muscfes mvest g2

ed

Results

a EMG findings

In Table 1 an attempt 1s made to give an accoun! "
muscles while the subjects were standing 1n pos 1 and pos 2 Ascan be scen the m:ntr:cs
can be divided into two main groups according to the activity it the lower back muse "
when standing with 20 kg 1n cach hand (pos 2) Seventeen of the 24 subjzc\s‘_!htz‘wzc
marked actvity 1n the lower back muscles in this position “These wilt henee! eﬂ((ht
referved to as group T The subjects PCL and PLT did not show an mc:;'asr :rlcd
actvity 1n the lower back muscles from pas 1 to pos 2, but they sull showed 2 10

actwity n pos 2

t of the actwity found 1n the trusk
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Fig 3 Typical electromyograms of a subject from group I and from group 11 Left parus
Standing without load, night pans With 20 kg i eath hand The cieetrocardiograms are
\wsible n the slent musele groups

On the average the mean electrical activity 1 pos 2 was doubled as compared with
the acuvity when standng 1n pos 1 In this poston the miegrated mean acowty of
the Jower back muscles, measured 1n 11 of the 17 subjects in group T, was found to be
7—B 4V, and 10 pos 2 13—14 iV 1n each side This 133 very smatl degree of actiaty
For instance, 1t was found on the same subjects that the integrated activaty 1 the lower
back muscles when bending shghtly forward was about 30—60 £V’ m each side, and

thus amount of electnical actnaty agan represents only a small fracuon — approximarely
one tenth — of the maximum obtamable from the muscles Since a rectilinear relation
ship exists between the integrated clectnical actvaty and the mechamcal tension de-
«cloped n human muscles (Lippold 1952, Edwards and Leppold 1956, and others),
1t must be assumed that the tension produced by the back muscles both i pos I and in
pos 2 represents only a very small fraction of therr maximat strength

Seven of the 24 subjects did not show any measurable activity 1 the lower back
muscles i pos 2 This group {hencelorth called group 11) 1s not as homogencous as
group 1 3 out of the 7 showed a shght acuvity ;. the lower back muscles m pos 1
but nonein pos 2, and 1n two subjects there was no achntty, nesther in rectus abdomurus,
nor i the lower back muscles, but only m obliquus externus both ia pos I and pos 2
Here 1t 1s worthy of note that both the rectus abdomunis and the obliquus externus
muscles are able to prevent the trunk from falling backwards As can be scen from
table I acuvity in the oblq ext also occurs 1a some of the subyects 1a group 1 This
actwvity however 1s very small compared to the actrvity found in the subjects of group
11 the mean veltage being only 1/5 to 1/7 of that 1n group 1 1 both pos 1 and pos @
It seems therefore, reasonable to charactenze the 7 subjects 1n group 11 by therr ac-
sty an the abdomunal wall muscles s € 10 both rectus abdoms and obliquus ex
ternus In similanty 1o what was the case for the hack muscles in group I, the acuvity
of the abdominal wall muscles in pos 1 represents only 2 very small fraction of the
maxmally obtanable activaty In pos 2 1t 13 increased to about double the value of
thatun pos 1, 1n a few cases tripled  Evamples of the distnibution of muscular actis ity
m the two groups Tand i1 with and without foad (20 kg) are gnen n Fig 3

The classification 1n group I and II and 1ts percentage distribution agrees on the
whole with Asmussen s findings (1960}, and 1s valid for most of the subjects not only
wmpos 1and pos 2 butalion pes 7 1 ¢ when standing with 20 kg 1n only one hand
n this position the subjects  group I countersct the increased pull of gravity ¢ g to
the Sefi by an increased acuvity of the back muscles and the oblq ext 1 the neht
side while 1n the subjects m group 11 the activity 1s increased mainly n the rectus
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Tasez 1l
Interspinal Max Tordosts-
max lordous max kyphosis

Pos 1 Group 1 degrees degrees

n=17 +100 - 98

se 12 10

Group 11

n=7 + 72 —~ 112

se 15 15
Pos 2 Group 1

n=17 + 81 - 67

st i 1"

Group 1T

n=7 + 57 —~ 83

se o 13 18
Change of inchinations Group 1 - 19 - 31
from pos 1 to pos 2 n=17 04 04

se &

Group 11

n=7y - 14 - 29

se 3 06 o7

The values are grven in degrees 4 ndicates melinations forward and — inclinatiors back
dicates an increase and — a decrease

abd and oblq ext There 1s no fundamental difference 1n the actiity of the thoracte
portion of the back muscles between the two groups All subjects show a marked ac
uvity when standing 1n pos 2 and most of them more o less activity also 1n pos {
The mean voltage for 12 subjects was found ta be about §—~7 ¢V in pos 1 and about
25 £V 1n pos 2 1n each mde This should ndicate a quadruphication of the muscular
activity from pos 1 to pos 2

& Tke curies of the spine
Afean values for the melinations of the different segments of the vertebral cotunia and
the lower extremities are presented in Table I The materiat 1s divided tnto two groups
according to the electromyographical findings

As can be scen from the standard errors the scattenng of the tndisidual values around
the mean 18 cansiderable The small differences between the two groups can, therclote,
only be taken to indicate 2 trend (Only the change of the pelvic inclination fiom :::s
1 10 pos 2 15 sigmficantly diferent for the two groups) Diagrams of the mean \ahm
for the two groups of subsects are presented 1n Fig 4 T'rom this it appears lh:x'l o o
15 no difference between the two groups 1n the way the mutual relatons of the di
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“Max kyphoss ‘Trochanter * Inchnatio
tragus major tragus Crus Femur pehas™
degrees degrees degrees degre-s degrees
+214 +20 +70 +37 +88
a8 04 06 05 Lk ]
+ 194 +13 +69 +40 +81
12 07 08 10 10
+~ 240 +34 +57 +31 +67
09 04 [33 07 08
+~219 +26 +56 +34 +93
12 12 12 12 13
v 25 14 —14 -~ 06 —-21
0% 02 02 05 02
4 25 +10 — 14 —06 +12
98 04 o7 03 05

wards relative to the vertical For the ehanges of the mclinations from pos 1 to pos 2 = 10

ferent segments change from pos 1to pos 2 This is further illustrated in the dagrams
m Fig 5 Here the mclnatnons of the different segments of the vertebral column are
drawn with the measuriag pomnt at the maximal lordosis as fixed pownt {n both groups
there 13 a sbight relatne movement forward of the spine from the unloaded (pos 1)
to the loaded positton (pos 2) 50 that the tragus moves forward relatnvely to the fixed
lordowis But from Fig 4 1t can be seen that the increased inclination forward of the
spine 1s compensated by a corresponding decrease 1n the inclination of the lower ex
tremities 50 that the position of tragus wn space remams prachically unaltered

In Table {1f an atempt 15 made to express the curves of the spine n degrees The
sum of the wnclinauons of the hnes spin thac post sup -decpest poinst of lumbar
lordosts and deepest point of lumbar lordosis hughest potnt of thoractc kvphosis s
called lordoss , and the sum of the inchinations of the hincs deepest point of lumbar
lordass taghest potnt of thoracte  kyphosis® , and haghest pownt of thoracie Ly phosts-
tragus 1t called hyphosts (cf \smussen and Hecboll Nselsen 1959  As can be scen
there 18 no significant dfference betw een the two groups in the magnitude of the cures,
and also the chanee of the curves from pos 1 10 pos 2 is the same In both groups
loading produces a flattening of the lordosis* while the  kvphosis 8 unchanged
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Fig 4 Mean values of the inelinatons of the different segments of the body Full lines Standing
without load (pos 1) Dashed limes Standing with 20 kg in each hand (pos 2)

Fig 5 Diagram showmng the mehnations of the different segments of the spine im the two groups
Full ines Standing without load (pes 1) Dashed lines Standing with 20 kg 1 each hand
(pos 2) Note In both groups a slight forward shift of the spme from pos 1 to pos 2

Fig 6 The 1nclinations of the different segments of the spime in pos 1 and 2 Full imes mean
values for group I Dashed lines mean values for group I1 Note that the forward incl nanon
10 group I1 1s less than that 1n group I, in both pos 1 (unloaded) and pos 2 {loaded

Taste 111
Changes of curves from

FPos 1 Pos 2 pos 1 topos 2

Subyects Mean & Se Mean  +8e  Mean £ 5¢
degrees degrees degrees

“&yphosis

Group I 313 12 208 135 —06 05

Group {1 %06 5 302 25 —04 13

Lordoss
Group [ 199 13 149 14 —50 06
Group II 184 26 140 28 —44 05

Even though there 1s no difference in the spmal curves of the two groups there 15 hu‘:‘

forward mclination of the spine 18 smaller than 1n group } both wien sudbe 5

loaded and when standing with 20 kg in each hand
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‘Taste IV

Erector sp nae Erector spinae Rectus Obhquus

tumbar portion thoratic portion abdomns cxtemus  Ihopsoas
Pos 14 5 6 1 4 5 6 1456 1456 1 426
Subyects
Rh v bt b A~ o A - -
| S = = S L
RM + 4+ + + 4+t + + +
HY + 4+ b= 2+ + +
ED  + ¥ 4+~ 2+ + + + + o+
OL  + ++ ++ +~— + + 4+ + +
GM b+ 44—+ F T T+

“The location of the lne of gravity for the whole body 1n relation to the ankle jounts
was determined n all 24 subjects For the subsects m group T the mean talues were
60 cm (st + 03) in front of the ankle jounts 1n pos 1 and 63 cm (s¢ = = 04)
10 pos 2 The mean values for group H were 5 7 cm (se — 4 07) i pos Land 56 cm
(s¢ = = 06) i pos 2 These salues are m close agreement with Hellebrandt's ob

group 1 and shghtly backwards m group 1 This unpression 15 further strengthened
by the conditions found 1n the soleus and gastrocnemius museles where on the whole
the subyects 1 group T showed less actvity n both pos 1 and pos 2 than did group 1

Determinations of the location of the line of gravity for the head arms and trunb
1n relatson 1o the center of the body of the lumbar vertebra (L4} were performed 1n
12 of the 17 subjects 1 group I The mean value i pos | was 3 5 em (se = = 04
dorsally to the center of L4 and in pos 2 12 e (se = + 0 5) zentrally 10 the center of
L4 In 3 of the 7 subjects 1n group IT the mean value was 0 6 cm dorsally to the center
of L4 pos | and } 3 cm dorsally to the center of L4 1 pos 2 Although these measures
are rather scanty there seems to be a trend for the Line of gravity for the head trunk
and arms 1o move forward on loading 1 group I and shghtly backwards w graup 1T

The actiuty of the trunk muscles while standing 11 pos. 3—6 (see Fig 2) was in
vesugated in 7 subjects (not included m the onginal 24) The actvity m pos 3 way
imestigated 1n order t0 see if a verucal elevayon of the center of grasity of the load
140 ki) would affect the werght-carrying funchon of the spine and its muscles \o dif
ference between the muscular activity in pos 2 and pos 3 was found and the results
are therefore omitted i Table I\ The actwities found 1n pos 4—6 are presented
in Table IV using the same signatures a3 1n Table 1

The EMG s were not antegrated and therefore no mean voltages can be gnen
However, the degree of acuvity can be estimated first of all from the size but also from
the frequency of the recorded action potentials The actvity of the lumbar back muscles
wn pos 4 was connderable m all subjeets On an esumate it was about four times the
actwity found mn pos 1 (Three of the subjacts of the ongmal group 11, JD OEA
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N Fig 7 Part of segmental curved
. ’ coluran compased of alternat g
] 1 ngrd and elastre (hatehed) ele

ments  Axes of rotation are the

points in the muddle of the elastic
A B clements The rotatory effert of
a vertieal Joad (P) on the differ
ent segments s indicated by the
arrows (R,—Ry

Tig 8 The effect of gravay on
an intervertebrate disc i the
lumbar spme A thel ne of grav
1y passes ventrally to the iter
articular ot (J) B the fioe of
gravity passes dorsally to the
Jont

Fig 7

and PM were also tesugated 1n pos 3 and 4 There was no difference n the distn
butson of muscular actin ity between pos 2 and 3, bat i pos 4 all three subjects showed
marhed actvity an the back muscles while the abdomunal muscles became silent)
I pos 5 the activity of the back muscles was as large as in pos 4 except 1n onc subject
In pos 6, howcever, the actwaty was quite different In almost all cases the actiity of
the lumbar back muscles was decreased, even as compared to the actvity m pos 1
and it was the only posttion, where 2 consderable activity in the thopsoas could be
regustered an alf but one of the subjects

The actvity of the back muscles over the thoracte kyphosis was more vanable On
the whole the actiuty in pos 4 and pos 1 was the same while i pos 5 and 6 therewas
a shight decreasc

Discussion

The effect of graity on the different jomts of the body 18 usually predicted from the
placement of the lne of gravsty* in relation to the avis of the jonts the line of
gravity  bemng the erucal hine through the center of gravity for the part of the body
above the jomt under discussion As will appear from the following example thas 3
only permsstble when no movements tahe place 12 the oints above the jointsnvestgated

1f a vestical load 15 applied ta a segmental cursed column ¢ g a scgment of the spinc
composed of alternating ngid and elastic elements the effect 1 the different maable
yoints will be as shown m Fig 7 {leaving the weight of the segments out of zccaunt)
‘As can be seen the effect of the force P on the jomts will be 2 rotation  the difection
of which 13 only dependent on the mutual relations of the axes of rotation in the Jounis
and not on the point of applicatton of the force P That means that except for the fist
Jomnt, the effect on the jounts will be independent of the antero posterior posttion of ﬂde
foad en the top of the column According to thus geavuy — 1 ¢ the weight of the hex
arms and trunk—should aluways tend to increase the curves of the spine

Howerer, in a gnen situation this tendency 19 counteracted by 2 complex l)ﬂ:’:
of stabilizing forces due to the compression of the interertebrate discs tension 0
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different hgaments activity of the trunk muscles and prabably also the intrathorzcic
and intra abdommal pressures (Momns eral 1961) A rotatory effect of the force P
on the uppermost jomt will for instance be counteracted, partly by muscular forces
acting on the other side of the axis of rotanon and partly by the compression of the
mtenertebrate disc If the top joint 18 stabilized 1n this way, the force P, through ats
pownt of application, will have a more direct effect on the next jowt which effect i
turn may be counteracted by other muscles etc If we tmagine the stabihization of the
jounts contmued 1n this manner down through the spine, 1t can be seen, that the effect
of a vertical load on any particular Joint wall depend on the position of the hine of gravity
for this Ioad i relauion to the axis of rotation of the jomnt, 1 € the effect on each par-
ticular jomt of the spine will be dependent on the placement of the linc of gravity for
the part of the body which lies above the jount
The stabilizing effect of the muscles 1s most probably due to contraction of the deep
one-joint muscles of the back, and the actiity in these muscles will increase, correspond
1ng to the mcrease of the pull of graviy As mentioned by Asmussen and hlausen
(1962) an increase of the two forces — the pull of gravity and the contraction of the
deep back muscles — wall cause an increase of the compressive forces on the interyerte-
brate discs, and since these discs in the lumbar poruon of the spue, are highest ven
trally the absolute deformation will also be largest ventrally, and thus cause a decrease
of the lumbar lordosis The erect position of the stabilized spne as a whole in relation
toe g the lumbosacral jomnt 18 by of the more superficial
Tong back muscles 1if the hine of gravity passes ventrally to the awis of movement 1n
this jomnt and an increase of the pull of gravity will cause an merease of the actvaty 1n
these muscles 1f the Lme of gravity passes behind the 2xs of moy ement, muscles lying
1n front of the spime will be actnated iz the muscles of the abdomunal wall
From the above it 18 easy to see, why the increase of muscular activity from pos 1
o pos 2 1n the thoracic portion of the back muscles 1s much greater than in the lumbar
postion since the line of gravity 1s placed further ventrally in relation to the joints in
the thoracic part of the spime than in the lumbar spine The unaltered cunature of
the thoracic kyphosis may partly be due to the fact that the thickness of the interverte
brate duscs 1n this part of the spine 1s almost the same s entrally and dorsally, and partly
to the stabitizing effect of the thorax
From this pomt of view 1t becomes obyious that 1t 13 important to establish the pre
«aise location of the [rontal axis of movement between two vertebrae According to
Duttmer 1930) the axis 1n the lumbar part of the spine 1s situated dorsally 1n the sater
vertebrate dises Wales (1935) however found that m the erect position the avis passes
through the centers of the joints between the articular processes The last posivon
scems most probable from a teleological point of view since 1t will cause a mimmum
of stress on the rather weak interartcutar jounts If the frontal avis passes through these
somts 1t can be seen from Fig 8 that with the line of gravity placed sentrally to the
Joint the torque on the joint can be counteracted both by contraction of € g the
mterspinal muscles and by compression of the intervertebrate discs Acrording 1o
Lucas and Bresler (1961  the crincal load for the 1solated erect hgamentous spine in
the frontal plane 15 abour 33 kg which 1s ust below the weight of an average torso
\ssuming the same cntical load tn the samttal plane this may ndscate that most of
the torque on the intesarticular joints 1n pos | s counteracted by compression of the

discs while in pos 2 the increased pull of gravity must demand an increased stabilizing
effect of the deep one jont muscles
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3t was found that about 25 %, of the subjects dud not show any measurable activsty
31 the back muscles, when standing with 20 kg e each hand {pos 2), and that ap-
parently 1n these cases the erect positton of the spme was maintamed by acueny m the
abdominal wall muscles This should mndicate that the bine of gravity for these subjects
v placed dorsally to the Jumbar part of the spine Trom Fig 8 1t g3 evident that of the
hne of gras sty 1s placed dorsally to the interarucular jomts the torque cannot be counter
acted by compression of the intervertebrate disc ‘The stabilization. of the joent a this
snuation may be due partly to the stretching of anulus fibrosus and partly to muscular
actinity Xt 15, however difficult to see, which muscles are able fo stabilize the joints
under these circumstances, sinte actisity in the deep one joint muscles of the back
would increase the forque on the jonts Owing o the anatameaf areangement of the
abdonunal wall muscles these must be presumed ta be able only to prevent the whale
stalilized spine from fafling backwards and not 1o stabihze the indsdual jomis fre
posuble that the proas muscles by a differentiation of the activsty i thew different parts
are able to stabilize the individual joints but m almost all cases no actu ity was found
with certainty 1 these muscles sn pos 2 Anather possible explanation ss that the
stabilization 1 established by conteaction of some of the decp transs erso-spinal muscles,
According to Molbech (1964) and others the effect of two-joint muscles may be para
dovical  The effect of the gastrocnemius on the knee will for instance within a certan
range of knee flevion be an extension provided the pontion of the ankle jont s Fxed
and the movement of the hsp-joint 1« umtted to & more or Jess vert cal plane By means
of X ray pictuses of the lumbar spne 1 the standing posstson st can be shown that
of the different conchiuons formudated by Molbech are Fulfilied the deep two- (and
three } jout muscles of the back will be able to counteract the backward pull on the
merarnenlar yomts {of Fig 8) The EMG s did not show any actvity an the back
muscles when activity occurred m the abdomunal wall muscles but thas s maybe
because the surface <lectrodes were mcapable of prcking up action potentials from the
decpest part of the back muscles Further imestigations ¢ g by means of peedle elec
trodes will be necessary to confivm thas hypothens Also further un esugauons on the
lacation of the hne of gravity are aecessary since the present measurements are weont:
glete a thus connection st must be ponied aut that ta the determination of the bne of
gravity in selatson to L4 (he weight of most of the viscera i the abdomnal catty
was sncluded 1 the weight of the body above L4 This may cause an error sn the deter
munauen of the location of the fine of grassty sace part of the werght of the yiscera
smust be supported by the pehis and thus probably has no effect on the spint o
the line of gravtty may be located more dorsally than found m the present expertmenis

The difference i the change of the pehic nchnation briween the o g2 ?
subjects can be explained peither from the acuvity w the hip jont muscles nor nm:
the location of the kne of gravity in relation to the lupyomts From 2 telealogreal poin
of view hawerer the changes 1 mchnation must be consdered o e adiantagrom

3
chnatioss will cause an extenson of the superficizt ereeid
son of the 3b~

oups of

since a decrease of the pehic in
spinac muscles and an merease of the inclination will cause an exiens i
dominal wall muscles According to this the ability for the wo groups of musc
davelop tenson should be snoreased by the change of the pelvtc iehnation fram pos
1te 2

In pos 4 the load of 40 kg 13 heid by means of a yoke ov
seen from Fig 2 thu cawses 2 shght sioopmg and forwar !
which 1s compensated by a deerease of the saclnation of the Jower extrems

er the shauldery Ascan be

4 tnchnaton of tte spne
ses This
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change m the mutual oenentation of the body segments gives nise to a forward shift
of the ine of grawty, which agan 1 compensated by an inereased actwity of the back
muscles Practically no activity occurs m the abdominal wall muscles

In pos 5 and 6 the Joad 15 attached to a carner, high and low on the back, respec-
tively

The orentation of the trunk — 1 ¢ the spine — m pos 5 18 almost the same as 1n
pos 4, except for the stooping Since the actvity 1 the lumbar portion of the back
muscles 12 almost the same in the two posiuons, the placement of the Line of gravity
3n relation to the lumbar lordosis must be assumed to be almost the same 1n pos §
asin pos 4 On the other hand, the attachment of the camier to the back, by means of
straps around the shoulders, will cause a slight pull backwards in the thoracic part
of the spine, and thus give mse to a decrease n the activity of the back muscles at that
level Ascan be seen from Fig 2, the forward inclination of the trunk is not counteracted
by a decrease of the inchination of the lower extrermtics in pos 5 On the ¢ontrany,
the forward inclination of the legs 1t increased, so that the location of the vertical pro-
Jection of the center of gravity for bodv and load remany undisturbed 1n relation to
the ankle jomts (Hellebrandt et al 1944, Thomas 1959)

1n pos 6 the load 1s placed low on the back In this position the actty 1n the back
swscles 15 decreased both 10 the lordosis and over the kyphosis, w spite of the fact
that the farward inchination of the trunk 13 greatly increased, in order to keep the com
bined center of gravity of the body plus the weight in the same position The decreased
actity of the back muscles 1 this position might be explaned as the result of a back-
ward shift of the combined center of gravity for the load plus trunk m relation to L4
On the other hand 1t seems that the forward inclmation of the trunk 1 pos 6 1s man
tamed actively by contraction of the psoas muscle According to this the decreased ac-
tivity of the back muscles may be explaned by the increased pull backwards of the
load v1a the straps around the shoulders

1 want to express my gratitude to the Testing and Observation Tnstitute of the Danssh Na
tional Assocration for Infanule Paralysss where part of this mvestigation was prrformed
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From the Dep of P Karolnska Institutet, kholm 60 Sweden

Inhibition of Gastric Secretion by Acid in Proximal
and Distal Duodenal Pouches
By
SvEN ANDERsson, Gorax Nisson and Borje Uvas

In 1961 Andersson and Uvnas showed that acidification of an ssolated duodenal bulb
produced a pronounced mhibiton of postprandial secretory responses from Pavlov
pouch dogs The present expeniments were undertaken (1) to determine the effect of
duodenal bulb acidification on gastnic actd secretion induced by other sumuls such as
gastnn and huistamune and (2) to determune the intraduodenal extension of the pH
sensitne ihibitory mechanism

Methods

11 mongrel dogs weighing 12—17 kg were prepared as follows At an mtial operation 5 dogs
were provided wath Paslov pouches and 6 dogs wath Heidenham pouches 3 to + weeks later a
o, el e S o AN H ok

o 3 v ws et @ by (UsS 0w 4200 LM BISULC OULPUL WaS TECOTUCY for | hr
and secretory responses callected in 15 nun persods The volume was measured and the aadity -
was turated wath 0 01 ™ NaOH and phenolphtalemn as indicator Gastrin was prepared from hog

. .
observed for 1% 1 112 hrs. After the penod of duodenal acidificanon the secretory responses
were followed dunng another peniod of 1—2 hrs

Results

The effect of acid tn the pouch of the duodenal bulb on the response to gastrm was
studied n 5 Pavlov and 4 Heidenhain pouch dogs In all experiments a pronounced
inhibitson of acid output was observed the degree of inhubition varying between 60 and
100 per cent (Fig 1 At Acid was mstilled wto the distal pouch of the duodenum 1 3
Hadenhain pouch dogs No whibition of gastnn stmulated secretion was obsered
1Fig 1 B) The effect of actd m the duodenal bulb on the secretory responses to histamine

was studied 10 2 Parloy and 2 Heidenham pouch dogs. No sigmificant mhibition could
be detected

191
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Fig 1 Effect of HCl 1n duodenal bulb (A) and dustal duodenal segment (B) on gastric se-
<retofy sesponse to gastnin un Heidenhain pouch dog Each curve represents one expenment
The 100 per cemt Sevel 1 the mean }5-mm gastae secretion during the hoor before the i

fusion of acsd
Discussion

The present results compare fay orably with the previous observation that duodenal bufb
aqdification cxerts a marked infubitson of gastric acid secretion {Andersson and Uvnas
$961) The present expeniments show that the bulbar mechanusm is nghly speafic i
1nhibiting the secretory response to gastrn but not to histamme Our finding that aad
mn the distal segment of the duodenum was ineffective tn inhibiting the response to
gastnin 15 further evidence for the hypothesis that the mhibitory mechanism 1 located
manly 12 the bulbar mucosa It 15 however possible that partal secretory whibition
can be achiered from a transitional area Jocated m the duodenal segment mterposed
betneen the entrances of the bile 2nd pancreatic ducts which has not bee studied 1
thys invesngation

Recently Andersson and Grossman (1965) have found that the content of duodenal
bulb in man often has a much higher acidity than that observed m the postbulbar
duodenum Values below pH 2 were not uncommon In prelimnary studics we hne
found that a bulbar pH of 2 to 2 5 1s sufficient to ittt the secretron Combined these
obser atons strongly suggest that whrtntory wfluences ansing from the duodenal bulb
could play an important role n the normal regulation of gastrie secretion

Xa Forskningsrad U 306 W 30

Eﬁa mﬁ was !upporlicd by grants frsn‘r:mS’:lgns \Izdlcxrr:r 2 Forsin g]xnlmmg ) Torsten
och Ragnar Soderbergs Suftelse
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From lhc Clmical Phynological Laboratory of the Hospital for Infectious Diseases, and the
of Clinical Physiols Karolmska sjukhuset, lm, Sweden

On the Variation of D, , with Increasing Oxygen Uptake
during Exercise in Healthy Ordinarily Untrained
Young Men and Women
By
U. Frevscruss and A Housoren

Receved 22 October 1964

Abstract

Freyschuss U and A Holmgren. On the tariation of Dig tetth tnereasing oxygen uptake in healthy,
erdinanly wntraned young mer and women Acta physiol scand 1965 65 193—206 — Droq was
measured at rest 1 supine position and during steady state exercue i siting position at m-
creasing ovygen upuke 1 9 women and 9 men using the steady state techmique. Dy, was
found 10 1ncrease on transition from supine rest to situng work increase 1n 4 of 5 men and 1 of 8
women In 7 women there were only minor changes On mcrcasing the work load, Di, was
found to reach an approumately constant level at a heart rate of 120 beats per minute This
salue for Dig may be called a true “mawumal * Dy p and was found to be significantly cor-
related to vanous measures of body size, the size of the cardiovascular svstem and the size of
the lungs

The diffusing capacity of the lungs for carbon moncwde (D) expresses the conduc-
tance of the lungs for CO, 1 ¢ the flux of carbon monovide, Voo ml STPD min * per
unit derving pressure, (Pacg—Pegq) mm Hg (Krogh 1915, Forster 1957) Dygq s
dependent on such factors as the stze of the duffusion surface of the lungs, the permeabil
ity and thickness of the diffusion membrane It has been found to+vary with such varrab-
tes a3 body wize, sex, age, degree of physical fitness of the subyect, degree of inflatton of
the lungs and alveolar oxygen tenston (cf Forster 1957)

The wcrease of Dy ) duning exerase was first demonstrated by hrogh (1915) and
senfied by Baje (1933) Swmce then a large number of studics have been performed
utilizimg both the single breath method of hrogh, as modified bv Ozilvic et at (1957),

This study was supported bv grants from the Swedish National Association agamst Heart and
Chest Duseases

13633003 teta phymol scond b ol 65
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and the steady state techmq duced by Filley, MacIntosh and Wrnight (1954), and
Bates, Boucot and Dormer (1935)

Filley and coworhers (1954) found 1n healthy young subjects that dustng lowsr grades
of exercise in upright posttion, Dy increased to about twice the resting vafue but
showed no sigmificant tendency to increase further during more severe grades They
concluded that when Dy o was measured during exercue of a severty of about 4 tmes
resting oxygen uptake, a measure of maumal Dy, was obtained The extstence of 3
maximal niveau for Dy (DLgg ) hassince then been studied and disputed using
both CO and oxygen as test gases, Riles et al (1954), Cugell etal (1956}, Shepacd
et al (1958) Tunno ef al (1963)

‘The obtained results have vaned with respect to whether Dy, levels off to a maximal
niveau during exeraise or not This 1s true both for studies using oxygen and carbon
monoxtde as test gases Riley eral (1954), found thatDLn‘ reached alevel at Vo, > 1000
ml mun 4, while Turino et af (1963) found that D‘o, 1mcreased aimost inearly with

Vas

Regarding Dy, Linderholm (1959), Shepard ef al (1958), Doncvan et al (1959),
and Mostyn et af (1963) found a progressis ¢ increase with increasing Vo, According 0
Donevan et al (1959), Dy, can be regarded as a hincar function of Vo, Studiesusing
single breath techmque have also reported sumlar results (Ogilvse ef of (1957)

Turmo ¢t af (1963) reported that Dy, increased successtvely Jess with inereasing
oxygen uptake

The great majortty of published reports thus scem to show that Dy increases con
tnuously without reaching a niveau, with increasing Vo, using both oxygen and CO

. .o ve 1t e b eshen oo Ot theresulisreported

(1963) demonstrate

The present im estigation was undertaken to try to establsh with the aid of muluple
rmeasurements dunag exeraise with mereasing load, whether a maxumal mveau of Pico
13 usually reached and if so at what relative work foad this occurs Theresults were alse
used fo relate such a measure of mavimal * Dy, to various anthropometric, arculatory
and pulmonary parameters ta collect further mformatton of the factors that :SHHT;;
‘maumal Dy, determined by the steady state method in healthy untrained 30!

subjects

Methods

3 earber 1n_two reports O
The methods used i the present mvestigaton have been reporte  on
ceenre sarvolved 1n determination of Diec, (Holmgren 1964 2 b) and shall anly be mention
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helum dstution method using a closed sprrometer system Dynamic fang zofumes 1, BTPS were
determined with 3 modified Bernstew spirometer

“Fractsons of gases, Fa, and Fooy, were analyzed with Scholander techmque  Gas rolumes were
measured with 3 sprrometer

P d T iem 1A Lt el afS e 1§ St e bt

116 HCLICUUIUEILAL LILOLS 111 ULE PICSUIL LS URALUIL LAV, DELL U1y 220 SEPA1dIety AN Lae
reader s referred to Holmgren (1964) for the details All computations were performed with an
1BM 1401 digtal computer

Statisteal methods Statistical treatment of the result were made using standard procedures
The following conventions for sigmficance levels were used P < 0001, highly significant,
P < 001, sigmificant, and P < 0 05, almost sigmficant The muluple regression analyses were
performed with the a1d of an 1BM 7090 computer as were most of the Lincar regression analyses

Material and procedure

sometimes with 3 low load

The subjects armved at the laboratory early in the morming after a standardized Light meal.

A nd;ﬂ:r \«::1 ntroduced 1nto the left bractual artery with a percutaneous technuque and,

PR IC S T i R A 4
'

PR .
. . . PN ’
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. s R
Results

Total hemoglobn, THb, averaged 471 g (SD == - 55 g) for the women, and 659 g
{SD+102g) for the men, corresponding ta 8 2 and 10 1 g/kg body weight,values of the
order as presented earlier with the same techmique (Holmgren ef af 1957) The regression
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hehum dilution method using a closed sprrometer system Dyame lung rolumes 1, BTPS were
determined with a modificd Bernstein sprrometer

‘Fractions of gases, Fos and FcOs, were analyzed with Scholander technique  Gas columes were
‘measured with a spirometer

Carbon monossde v gas phase was analyzed with a hopcalite CO-meter (Stilex) as described by

P ey e

of Holmgren 19612, b
The methodological errors i the preseat 1o estigation have been analyzed separately and the
reader i refeered 1o Holmgren (1964} for the detanis All computations were pesformed with an

Material and procedure

The matenal conssts of 9 healthy young women and 8 bealthy young men kg an ordinary
sedentary life All bad normal electrocardiograms and chest X rays
The general design of the experiment was such as to allow study of the Di.c, dunng stesdy
s .. s P
. . ' . . . w

. . ' ' .
sometimes with a low load.

‘The subjects arnved at the laboratory early in the momung afier a standarduzed light meal,
A catheter was wtroduced into the left brachisl artery with & percutaneous technioue. snd,

Results

Total hemoglobin, THb, averaged 471 g (SD == & 55 ) for the women,
(SD:102g) for the men, corresponding 08 2and 10 1 g/kg body werght
order as presented carlier with the same technique (Holmgren ef ol 1957)

and 650 ¢
svalues of the
The Tegression
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Taser I Some data, of signifi for d. l of the oxygen
Heght,  Weght, BSA THb, Blood vol Heart vol, Wiya
em kg m* g 1 m! kpm/mi

Women

1 1670 540 160 425 36 535 450

2 1640 530 157 465 12 490 650

3 1640 470 150 405 36 465 100

4 1660 590 166 460 39 655 600

5 1750 640 180 565 49 670 570

[ 1610 500 152 450 38 545 630
7 1630 580 162 499 14 580 700

8 1620 760 198 350 50 600 700

9 1700 560 166 430 34 565 770

x 1680 574 166 471 409 567 608

H +67 186 1047 455 +057 168 +120

Men

1 1750 565 183 590 50 760 900

2 1890 045 193 685 53 695 950

3 1910 735 205 260 61 710 1200

4 1690 630 174 485 42 570 920

5 1775 715 190 670 51 835 1,300

6 1730 505 162 645 49 545 700

7 1835 725 196 730 50 725 1,100

8 1760 580 174 615 41 750 1200

9 1735 680 183 650 47 850 1200

x 1786 653 1t 659 49 716 1036

SD  $76 475 1042 +102 +059 +13 =193

of THb on weight (W) for the whole matertal was THb=98 W—360 (8D = % 93z,
16 5 per cent of the mean r — 069) The lowest residual standard devsation in per
cent of the mean, for regression of THb on the antropometric parameters presented here,
wax for Dy, at heart rate 120 or more (sce below; 110 °y, then height 11 %, 20
«ital capacity 1] 4, but there were sigmificant correlattans between THE and all
other parameters studred

Blood tolume was consequently also significantly correlated to all these paramelers the
Towest residual SD was on BSA, 9 °, of the mean

Heart tolume (HV s, ml, 10 supine, averaged 567 ml, SD = +
716 ml, SD —~ + 33 ml for the men HV was ficantl;
toe parameters studied The hughest correlanon cocflicient was found for the regression
of HV on the rate of work at a heart rate of 170 beats/msn HY 0330 W+
(SD = £ 67, r = 082), then followed body weight (r = 071) and vital capaciy

68 ml for the womenand
lated to all antropame”
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transport capacity m 9 ordmanly traned women and 9 ordinanly tramed men

Dico. Dico,
max >120
ve, TC, *FRC, \fd.cap, FEVyq ml'ma]  ml mnf
1, BTPS 1 BTPS 1 BTPS 1, BTPS 1, BTPS mmHg mmHg
324 425 217 243 325 329 284
336 464 233 261 341 28.8 261
383 459 222 247 34 315 283
322 416 178 204 297 2711 265
399 486 192 214 391 358 356
405 526 245 267 37¢ 386 366
359 451 202 223 319 290 289
423 549 274 302 402 33 330
331 496 264 292 281 336 325
365 473 22 2.51 34 325 307
+039 1044 £032 +034 +041 +38 +39
466 577 251 303 396 310 308
543 710 415 446 468 15 130
537 710 385 410 468 650 510
427 559 275 297 418 365 349
283 731 329 358 512 486 407
436 721 386 403 341 485 H4
522 729 373 416 506 428 407
526 673 367 394 523 423 409
493 639 290 323 396 518 16.7
510 679 30 372 448 458 318
=046 073 +057 +054 +063 +97 221

(r = 072) Theregression of HV on THb was HV = 0632 THb + 284,SD — + 83,
r=069

Rate of work ot a keart rate of 170, (W15} kpm min Wy 21 craged 608 kpmfmun SD =
= 120 kpm[mm fnr the women and 1056 kpm/min, SD = + 193 for the men
Wypg was ta all studied The highest
correlation coeflicient and lowest restdual SD was between Wy, and ital capacty,
r =085 heart volume, r = 082 and THb, r =077 1n that order The regression
equation of W, ¢on THb wasW,py — 171 THb— 135 and SD = & 182, on H\ the

correspondung equation was W =200 HV —450 (r =082 and SD = — 163
Lpm/min)

Sint Ao T “~ PO
for

exe
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Tasee IT DLgg > 120, ml STPD - min™t - mmHg™, related to height, cm, weight, kg
(weight) 2/, BSA, m?, THb, g, blood volume, 1, heart volume, ml, W,,, kpm'’mun
VG, 1 BTPS, TC, 1 BTPS, FRC, 1 BTPS, Midcapacity, [ BTPS, (Mid cap V),
FEV y ¢ 1 BTPS tn 18 healthy, young, ordianly trained men and women Mean
valueand £ 5D 3624 78ml mm™Y, mmHg ™ or £ 216 per cent of the mean

Residual SD
Independent  Regression Umis % of
vartable equation mean  bieb  r
Body Height y=0632x—73 560 144 409 07160
dimensions  Weight y=0410x+11 711 196 209 04620
(Weght) %, y=153 x+ 27 713 196 200 0459°
BSA y=288 x~14 630 174 316 0620+
Circulatory  THb y=0054x+ 55 392 107 72 087340
dimensions BV y=756 x+ 21 578 160 39 0631
HV y=0039x +114 660 182 28 0569
Wine y=0020x +193 550 152 43 072900
Pulmonary VC y=752 x+ 33 45%4 125 58 082404*
dimensions  TC y=553 x+ 43 420 16 65 08520*
FRC 848 x +122 465 128 56 08150*
MC y=812 x +108 486 135 53 079600*
(MC) ¥, y=176 x— 14 487 135 52 07950
FEV 1o y=66 x+i01 617 170 33 06407

of the predicted normal value for the women and 94 per cent for the men Total lung
capacity, (TC), averaged 4 75 I, BTPS, SD = - 0 73 for the men, all within the normal
range of vanation when related to the above normal values

Functional residual capactty, (FRC), averaged 2 25 1, BTPS for women, SD = + 032
and 341 + 057 for the men All subjects had values normal m relation to predicted
values Both FRC and residual volume, (RV) was normal 1 relation to TC i all sub-
Jects
Dynamic sprrometry Forced expiratory volume m one sccond, FEV) o averaged 341,
SD = + 0411, BTPS for women and 4 48, SD = & 0631, BTPS for men FLVignas
normal 1n all subjects Also FEV o was significantly corrclated to ail antropomeinc
paramecters studied The highest correlatron coefficient was on vutal capacity

Commens on matenial The matenal used for the present study consists, as yudged from
the presented anthropometnic data, of healthy young men and women, o:dman!;
untrained with values for total hemoglobin, heart volume, working capacity, static a0
dynamic lung volumes which for all subjects {all within the normal ranges of\znzllm;‘

Data obtained dunng the determination of Dy g are available on request, and w!

be published scparately
Heart rate during measurement of Dy

The highest individual values vaned between
154 beats per sun (male subjects, no 3) and 198 beaws/mun (male subjects, no 9) The
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ap1e T Relationstup between Digoayzo and a number of measurements of erculatory

and pr y ahter ol body 51z¢ 1 nuse healthy untrained
ren and nine healthy untrained women expressed with a multiple regression
equation

Drgg=a H+b - Wc. x+d, H=heght, cm, W =weight, kg, n=18 Mean
valye £ 5D for DLooniz0=362+7 8 ml min™* mmHg * 0r21 6 per cent of
the mean Dimensions of dependent parameter as 1n table IT

Residual S.D
Afultiple
Unts  %of corr
arameter a b < d mean coefl

Total hemogloban 00138 —0237 Q0634+ 17 38 106 090

Blood solume 0542 —0301 479 —608 551 152 077
Heart volume 0754 —0447 0029 ~858 4326 145 079
Wine 0629 —0427 00168* —606 =450 124 085
Vatal capacity 0344 —0188 597* —379 X454 125 085
Total lung capacity 01632  —0033 472%¢ —173  La41 124 086

average highest indiidual value was 177 beats/min 1n both the fernale and the male
grou

Ventilation, Vg, 1, BTPS/mn increased to highest indwidual values of 39 11, BTPS/mun
1n the female group and 63 1 1n the male group These values consntute only 39 5 and
419 per cent of the luntary with a respuratory rate of 40 beats/

PRSP . P

m the female group and 2333 ml STPD in the male group

Arterial gas tensins Arterial oxygen tensions were measured i all subjects and were found
to be normal The results will be reported elsewhere

Artenial corbon diovide tension, was measured with both the Sevennghaus electrode and
the microequuibration technique on all occasions The electrode values were systema-
ucally higher, 29 mm Hg, than those obtained with the microequilibration technique
(P < 0002}, the SD of the differences was 30 mm Hg The regression of the micro-

svalues on the S haus v alucs was

P.m,“ =102¢ P‘CO-S ~38, SD = + 285 mm Hg, n — 134

The values obtamned with the electrode were more reproducrble, including only one
single with 3 pH and 2 hb of blood
with gases of known Pco,. Holmgren (1964) For this reason they were chosen for the
further analvses of the data although the alues were used. 1
ously as a control. When P‘CO. 13 discussed in the following only electrode values are
referred 10 unless specified otherwise The P‘co. at rest was on an average 38 2 mm Hg,
SD = = 27 in the male group Dunng exercise the subjects often hypoventlated as
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Fiz | Relationship between diffusion capacity of the hungs for CO DL, ml STPD min *
mm Hg~* (ordmates) and Vo, mI STPD mn *, {abscissa) Open symbals represent men and
filled symbols women

Judged by Plco, ~~ both electrode and mrcroequilibratton values, and RQ No subject
did hyperventilate to any major extent during exercise m this matenial

0H and standard bicarbonate decreased shightly during the procedure Only 1 the men
1, 7, 8 and 9 did pH drop below 7 35 umts

Carbon monoxide uptake, Vo, mt STPD, mim * mereased approximately hearly with

mereasing Vo, Ve = 368 10 % Vo, + 252,SD = £ 093, r — 093 for men and
Vo = 431 10 * Vo, + 068,SD — 059, r = 094 for women The slope for the 440
regresston hines was not significantly different The difference 1n intercept was highly
«igmificant (P < 0001) Vo was not knearly related to alveolar ventlation, Va, I
BTPS/mm as has heen suggested, but more close to a hyperbola as is the case for the
relattonship between Vo, and Va, 1 ¢ there s a hyperventilation ut relation to Vo 2t
tugher work Joads

Abeolar carbon monovads tension Pag, mm Hg, was also some curvalinear function of
Vo ncreasing from an average at sest of the 0 018 mm Hg to reach a level atovygen
uptakes around 1000—1500 mt STPD/min and a pressure of the order of ¢ 25 mm Hg

Arterial COHb and pulmonary mean eapillary CO pressure, Sco and Py The highest
wmdwidual salue for CO-saturation reached 1n the female group, was 139 (female
subject No 9), the corresponding corrected back preswure {Linderholm 1957) wat 06
mm Hg or 21 per cent of Pac,

Sco reached a value of on an average 116 per cent (SD — = 15) in the ffmd"‘
matenal and 109 per eent (SD = & 2 2) 1 the male matcnal The bock pressure un 2'(;
these conditrons reached an average of 0 0486 mum Hg, a5 Pa of 02408 mm—l_‘lr,' or .
per cent of the alveolar Peo, 1n the female group and 0 040) mm Hg at 2 Pago o
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02803 mm Hg1e 14 per centof Pag, o the rmale group The highest sndmidual Sgo 1n
the male group was 13 3 per cent ata Pagq of 03363 mm Hg or 15 per cent of Py
Freg—Fego
Fractional CO uptake The fractional CO uptake, COp1e COp = ——————aned
co
as a curvilmear functton of Vo, decreasing from an average of 0 438 atrest to 0314
duning the highest load

Diffusing capactty of the lung, Dy oy, ml STPD mum * mm He™*

In the female group (Fig 1) Dig,, remamed essentially unchanged with mncreasing
Vg, for values calculated with the aid of both electrode and mucroequilibration Peo,
. - @ taread e nas X7
. . . - e e oA 2
. - A
In the male matenal there was an increase of Dy, on transition from rest t0 work m
4 subjects, a decrease in 4 and 1n one subject Dy, remamed unchanged When values
ohtaned during work 1n the male group at z heart rate of 120 beats/min or more were
plotted against Vg,, the regression hine caleulated with the method of least squares was
Drpo = 00048 Vo, +33(n= 25) The slope was not statistically sigmficantly differ-
ent from zero
For the further treatment of the observations, D'-co was therefore assumed to remam
approumately constant duning exercise at heart rates of 120 beats/min or more The
wtrmndiidual vanations were of an order of magnitude to be expected from the
reproducibility of the method used earlier grven as 7 2 per cent (Holmgren 1964)
The means of all determmations at or above 2 heart rate of 120 beats/min 1n a subject
are presented i Table I together with the maumal value The mean values for ch o2t
heart rate > 120 and D (0 mae FesPectively 1n the female group were 30 7 ml STPD
min * mmHg (5D = £ 39}, and 325 (SD = & 38) Corresponding figures for the
men were 41 8 (SD = 2 1), and $5 B(SD = £ 9 7) These values wete, as stated under
Methods, calculated with values for Pyg, obtamed with the Sevennghaus electrode

Relationshp betueen Dy and zarous anthropametric measures

For this study wo esumates of the diffusing capacity during exerrise were ysed
1) Digg 5 1z This value was caleulated as the mean of all ebservations danng exercise,
trvespectine of gumber, at a heart rate > 120 beats'min.

2) Digq gy “hich 18 the highest value observed in an indvidual These values were
h tated with the foll height, weight werght 3/4,
body surface arca, total hemoglobm, blood volume, heart solume, Wy vatal
capacity, total lungeapacits fiactional sesidual capacaty mideapacity  mideapacrty * 5
FEVio Men and women were treated together Both Diggy ., and Digg o g WETE
used for the study but since all revalues for D,c0> 120 Were higher than those for
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Drgo max ORI Dl'COu- estimate will be presented here (Table ITand IIT) The relation
shop between the two was Dy = 1935 Dy 0o -559, 5D = 223,r = 0976

Tt 15 reasonable to assume that the random error 1n Digo s o 15 less than thatin
DLCOM D‘-co; 120 WaS to all p hsted above The
Ingbest regression were on herght {body dimension) and THb (cireulatory and body
dmension) The different of the pul y d were all highly corre-
Tated to Dy, except FEV) g (Table IT)

To ehmmate the influence of body size, body weight and height were mserted as
ndependent vamables in a2 multiple Teul with three nd d
Manables M of latory d THb, BV, HV and Wy, and of pulmonary
dimensions VC and TC were alternately inserted as the thurd independent vanable The
Tesult 1s grien an Table III Under these circumstances Dy s sull sigmifcantly
correlated to THb, Wy, VC and TC but only regarding THb does the readual SD
decrease below the lowest value for SD when only one independent +anable ss used for
prediction

Discussion

“The material 1n the present study can as stated above be characterized as young, healthy,
and i d This jud; 15 based on case history, measurements of
total hemoglobin, heart volume and rate of work at 170 beats per mun (Spostrand 1953)

The methods eraployed have been reported earlier, Holmgren (1964 a and b), and the
reproducibiity and validity of the measurements have been dscussed in detast They
are regarded as beng sausfactory Since all computations have been performed with
digital computers, IBM 1401 and 7090, after careful programmung the number of
calculztion errors should be small

Carbon monoxtde uptake was found to wmcrease hnearly with increasing Vo, 1n both
groups The level of the regression Iine for women was lower than that for men The
presens design of the Dy ., procedure, Ictting the subject breathe the CO-atr nuxture for
two minutes before the actual measurement should guarantee that a steady state of the
CO uptake 1s present, Filley et al (1954), Batcs, Boucot and Dormer (1955), Shephard
¢t ol (1958) The reproducbibty of Vo at tha same Vo, but diffenng
back pressure was found to be 7 2 per cent in the present matertal Holmgren {195%a)
The refauonship between Vo and ah eolar venulation, V was similar to that repeat
edly demonstrated for Vo, and Va dunng heavy exercsse 1€ curvihinear, withan
mcrease m Va/\ co at Jugher rates of work

The fraction af CO remoted from the mspired gas Feo, deereased cun dmeanIy:
ably byperbolically, with increasing Vo, When plotted agamst venulauon Vs
alheolar ventil Va, the relationshup was apf Iy inear The decrease 58
Feg occured sumultancously with a decrease in Vp/\ 1 Filley et ol {1934) o

The calculation of Dy, was pesformed using both electrode and microeq! X
salues for Pypy, The two measurements give values for Dygg which are ;xzf“ﬁ‘a;" Y
dufferent, the electrode values being 2 7 unuts hugher The reason for selecung the elec:

tated above the hugher reproducibility of this method

1 the male group there wasan

prob-

t
average increase on transttion from rest towork but greal
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D, m0/mnsome
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Fig 2 Relationshup between Dreg m! STPD min ' mmHg~, (ordnates) and heart rate
beats per minute, (abscissa) Symbols as i Fig 1

individual vanations Further inercases of the work load cauted a stow increase in D,_m
When the male group was treated statsstically the slope of this increase was not signufi
cant. These observations are consistent with those of Filley et al (1954) and Tunino et ol
(1963) where a similar technique was used, but differ, see mtroduction, from mest other
obsenations usmg steady state or single breath techmque Newther Filley ey af (1954),
nor Tunino (1963} state that they have reached a maximalvalue Tunno suggests that
may be the number of expenmental ponts are too few in the matenal to demonstrate a
plateau for Dy o at values for Dy, > 1000 mijmun In the present matenal the num
ber of observations in an individual dunng exercise was three or more The observations
secem to support the concept of a plateau for cho dunng excrase, and n part of the
further treatment of the data values obtauned at heart rates > 120 beats'mun were
regarded as esumates of the maxumum Dy, of the individual and the mean of these
values was used as representive for Dygg - ¢f Tig 2
The indwidual mean values for Dy, thus abtaned 1n the present study are of the
same gencral order as those reported by Filley et al (1954), Bates, Boucot and Dormer,
(1955) Cugell ef ol (1956), Donevan et of (1939), Hansson and Tabakin, (1960),
Tunno ¢t ol (1963} all usng steady state mcasurements Donevan eral  (1959)
demonstrated a linear inerease 1n By with increasmg Vo, using a steady state
techmque where P, was calcutated using dead space salues caleulated from a 3 pft 1
retationshup based on measurcments of Pagy, published by Asmussen and \iclsen (1956),
Bates #f of (1955), and based predicuon on oxygen uptake o such relationship of
could be d
ent matenal, (Fig 3)
To get indirect information of what factors determine cho within an individual,
and multple

with the present technique, in the pres-

analyses before and after ehmination of body size were
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Fig 3 Relationship between diffusion capacaty of the lungs for oxygen Dige,  MISTPD ain
mmtg * (ordinates) and oxygen uptake Vo, ml STPD/min (abscsssa) Symbols asn Fig
Thin fines represent 1so-alveolo.mean capillary oxygen partial pressure difference ! nes

performed using measures of body size height weight bodv surface area measures of
some dimensions related to the size of the ¢irculatory system total hemoglobin, heart
volume blood volume and measures of the size of the lungs vital capacity totat lung
capacity functional residual volume, pulmonary midcapacity and forced exprratory
volume 1n one second Since Diy, (o0 gave systematically higher regression coelli
cients this estimate of Dy oy was used (Table 11) Dy, was found to be significantly
correlated to all parameters in Table I As stated under results body werght)?/, and
(Pulmonary midcapacity ¥, were used tn an attempt ta increase the correlation of Dy
on weight and fung volume but no futher decrease in residual standard deviauomswas
obtamed The analyses shows 1n essence that the esimate of maximum Dy g, used w2
sigmficantly related to measures of body size the size of the cardiovascular otygen
transport svstem and the stze of the lungs Since all regressions were signifcant an
attempt was performed to the infl of body size by inserung height and
weight as independent \ariables 1n a muluple regression analyses It could then be
shown (Rt it douly size was efimiaced’ Dy o, wis st sgrrfcnnay: corre el to 10131
hemoglobtn 2 measure of the size of oxygen forwarding capacity of the circulatry
system (Sjostrand 1953) to W 50 2 measure related (o the working capacity of the indi

widual and to vital capacsty and to total lung capacity measures of the uze of the Jungs

Using hetght weight and total hemoglobin D, could be precicred wih  seudaal
standard deviation of + 39 units This was however not significamly different from sSD
1 the regression of Dy . on THb alone (392 m) mm ' mmHg ) Theseobsna

tons of a refationship between Dy, duning exercisc and vanous anthropometne pars

metesserifies carlier obscrvauons by Cohn ef af (1955) Ogtlivic of al (1954 Daies «




LUNG DIFFLSION IV LNTRAINED SUBJECTS 205

al (1923) Hanson and Tabakin (1960) and Newman et of (1962), who demonstrated
that D, was related to body surface arca, height and midcapacity of the fungs

Using the factor 1 23 to convert DLco to DLo. and the determined oxygen uptake,
V0. the alveclo-meancapitlary gradient can be calculated

___Vs
Dio 123
ez

DLO.

Yt 13 seen an Fig 3 that the aheolo-meancapillary ovygen gracdient increases with
nereasing oxygen uptabe reaching values between 40—50 mm Hg in the female group
and 30—60 mm Hg m the male group

‘The present investigation thus indicates that duning exercise D’-m ncreascs abruptly
or remains unchanged during the transiion from rest t@ work and then remams
essentially unchanged from work loads above a heart rate of 120 beatsfrun and on
Above this work level the oxygen transport s effectuated by a nsing pressure head
Since alveolar Pp, 1n the present mnvestigaton remams essentially constant the in-
crease i the pressure head 1s eflectuated by the hyperbohe decrease sn mixed venous
Py, with increastng oxygen uptake
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Abstract

Holmgren, A On the tanaton of Digg widh vereastng axygen wptake duting exercise te ealthy
tramed youg men ard wsmen Acia physil scand. 1963 65 207220 — Dy was mesaured

and 479 units n the male group This value for Drgg was highly correlated to a number of
measurcs of body size, the dimensions of the cardio vascular system and the hungs. A sigmficant

of Digg, 1o P y an y remawed after ehamnation of
body size Dicq of the present tramed group was compared with that of a corsesponding
untramed group with covanance analyses. Digg m the tramed group was higher than that m
the untrained group This difference was matched by a dufference 1n body size, and dimen
soms of the cardiovascular system and fang volumes The Digg of the gils was found 1o be
lower than that of the boys This difference was larger than the difference 1n body size

In an carlier tigat

{Freyschuss and Hi 1964), the vanauon of Dy, m
\oung untraned men and women dunng exerase with increasing load, in sitnng pon-
von, was reported The results showed that Dy ) 2pprovimately reached a nineau at
work loads that increased the hearf rate to abous 120 beats/min This measure of Dy,
was correlated to measures of body stze, and the size of the cardiovascular system and

This study was .uppomd by grants from the Swedish Mations! Asociauon sgamnst Heart and
Chest Ducascs, and from

207
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the Jungs The results were 1 general agreement with those reported by Ruley ¢ of
(195%) for Dy and with those of Fillev, McIntosh and Wright (1954) and Turno ol
(1963) for steady state D‘_m, but differ from those obtaned with the sngle breath
techmque

Bates, Boucot and Dormer (1955) reported that one athlete had a tugher diffusing
capacity for carbont monowde than non athletes These observations have since then
been venfied repeatedly (Bannuster ef o 1966, Newmnan, Semailey and Thomsson 1962
and Mostvn ¢f o 1963)

The present investigation was undertaken to study the yvanation of Dy g With increas
1ng oxygen uptake, duning exereise, 1n sitting positton, with special reference to whether
alevel 1s reached or not 1n well trained subjects The second aspect was to compare the
obtamed data with those i non athletes and to study the relationship between Dy
and vanous anthropometnc vanables

Methods, material and p;—ocedure

The methodology and procedure i the present ivestigaion have been reported eatliern three
reparts on methods and errars mvalved i the determination of Dty with the steady state
technique (Holmgren 1964 a, b and ¢} and m a report of Dy dunng exercise 1 untraned
subjects (Freyschuss and Holmgren 1964)

The matenial 1 the present study consists of 10 healthy, well tramed young women and 10
healtby, well trained young men, students from Gymnastiska Centralinsututet Stockholm All
were d with the d form earher of the same kind

Results

The following anthropometric vanables were measured 1 each subject, height, werght,
body surface area, total hemoglobm, blood volume, heart volume, rate of work that
could be performed at a heart rate of 170 beats/mun, vital capacity total lung capacity,
functional residual capacity, mideapacity, forced experatorv volume in one second
The individual data are asailable on request These varsbles were corrclated agamst
one another and a correlation matrix was prepared which 13 also available on request
The essence of this r-matreix 1s that all these vanbles are suficantly correlated o on¢
another .
Total hemoglobrn, (THD), g, averaged 497 SD = 55 g for the women, and 105,
SD + 108 g for the men, corresponding to 0 8] and 1 07 g Hb/kg b w The regression
of THb on weight for the whole material was THb = 164 W — 461 SDx 37:;
2589, of the mean, r = 085 THb was significantly corrclated to all the above lisi
v anatles The ghtst regresiun cotfiren and iowesy reyioeh vardand daapn. was
found for the regression of THb on total hung capaciy r — 093 SD ~ 60g (95 1<
cent of the mean), then followed, heart volume 1n supine, Wy;, body surface am\
Blood tolume, 1, was also sigmficantly correlated to all vaniables bsted above The n:usc;’
SID was that for the regression on heart volume in supine The mean value was 41
L 046 for women andd 551 SD + 081 for men
 Heast rofume, (H\ ), ml 1 supine ayeraged 600 ml,
ml’,’;‘:D ZIIBI lEor the men Hrpan volume was signtficantly correlated to .-;l*l\xhe ‘Db;f‘;
<anables The hghest correlation coeffictent was on total hezmox;g:l::n it soture
THb 4 124,r = 093 SD + 65 ml or 812, of the mean folloned by

SD + 61 for the women and 264
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total lung capacity, W 4o and body surface arca The regression of HV on Wz kpm/min
was HV = 0401 W, + 274, r = 083, SD -t 96 or 13 per cent of the mean

Rate of work at a heart rate of 170 beats per mun Wy~ kpm/mun W, o averaged 834 kpm/
smn SD + 101 for the women and 1400 kpm/mun, SD = 238 for the men W, g was
significantly correlated to all the above vanables The highest correlation was found
between Wy and THb, g Wy = 192 THb— 97, r = 091, SD & 143 kpm/man
(12 8 per cent of the mean) Then followed blood volume, vital capacies The regres-
si10n of Wy on HV, ml was Wy = 168 HV — 113, r =083, SD - 195 (176
per cent of the mean }

SraticseiroMETRY Fital capacrty, (VC), | BTPS, was on ao average 4 151, 5D -0 52
for the women and 5 B3, SD - 0 83 for the men [Tus parameter, was the one with the
highest average correlation coefficient to the above vanables 1l other lung volumes are
excluded, the highest regression was on height Viral capacity was on an average 10>
per cent of predicted normal values for the women and 111 per cent for the men None
bad low values Total lung capactty, (TC), 1 BTPS, averaged 5271, SD & 074 for the
women and 7551, SD & 1 02 for the men All subjects fell within the normal range of
varation as Judged by values predicted from the normal matenial

Functional vesidual capanty, (FRC), | BTPS, aseraged 2 37 1, SD 2+ 0 51 for the women
and 346, SD -+ 053 I for the men Both FRC and residual volume were normal,
absolutely, and 1n relation to total lung capaciey

Dy~avic SPROMETRY Forced expuratory volume tn one second (FEV) ), 1 BTPS averaged
364 SD = 032 1 for the women and 4 83, SD - 060 for the men Al subjects fell
above the predicted normal value, the average per cent of predicted value being 103
per cent for the women and 113 per cent for the men Maximum olontary venulation
at a respiratory rate of 40 breaths per munute (\MV'V,,) averaged 163 51 BTPS per min
SD L 169 in the male group and 122 51 BTPS in the female groups, SD + 118 The
male subjects had values for MV, which were 10 per cent of the predicted calues and
corresponding figure for the female group was 122 per cent

Comment The above presented results for bods, crrculatory and pulmonary dimen
sions as well as the esumate of the working capacity, W, o all venfy that the matenal
can be classified as well trained, and healthy young men and women

RESULTS OBTAINED DURING DETERMINATION OF DLCO (Indimidnal dasa are avaiable
on request and will be published separately )

Heart rate tose duning the experiments to highest indiadual values of on an average
1755 SD + 98 beats per minute 1n the female group and 170 4, SD = 7 5, beats per
menute w the male group Due to the vanation of the order of the work loads the rela
nonship between heart rate and \ o, was accompanied by a large scatter

Ventdation (N g} | BTPS/nun increased to highest individual values of 70 7 lfmin 1n
the female group and 114 5 | min 1a the male group These values constitute only 53 9
and 625 per cent respectinely of the maumum yvolontary ventlauon \ g icreased
approumacly lmearly with \ o, ml STPD, according to the equations \ g — 0030
Vo, — I 41 for the women and \ . = 0026 Vg, + 029 for the men These equations
are almost sdentical with those for untrained young women and untrained voung men
{Freyschuss and Holmeren 1964 The increase was effectuated by an inerease 1 both
vate and udalvolume (V1 In the female group no salues for A 1 abore 31 BTPS were

reached In the male group \ 7 rose 1o indiwidual yalyes as hgh as 4 09 1 BTPS, but
the majonity of the vatues fofl below 3 1

146503 deta plynol scand Lol 65
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Physiologicol dead space, calculated with the Bohr equation (Vp for COy) mcreased hne-
arly with V accordmng toan equation Vg, = 0 168 Vi - 0087,SD 4 0086, n = 94,
using the electrode Peg.,, and according ta the equation Vi, = 0 125 V4 008,SD=
=+ 011, r= 093 when the micro equilibration techmuque Peg, values were used
(Holmgren, 1964 c) :

Oxygen uplake, (Voy), m! STPD/mun, mcreased to an average maumal ndsnidual
value of 1968 1n the female group, SD - 307 ml/ma and 3093 1o the male group,
SD + 577 mYmin

Arterial gas tensions Arterial oxygen tensian, ’Pia ), mm Hg, was measured at rest and
dunng each work Joad P'u. averaged at rest, 93 0 mm Hg mn the female group (range
83-~101) and 91 6 mm Hg (range 72—102) 1n the male group During excrese, By,
remained very stable i the female group but showed a tendency to decrease expecally
on the hughest work loads m the male group The lowest observed value 1 the present
study was 68 mm Hg at an oxygen uptake of 3356 m} STPD/nun and a P‘co. of 48 mm
Hg (ease male nr 10}

Artersal carbon diovids tension, (Pag, ) mm Hg, measured with the Severmghaus clec-
trode averaged 38 6 mm Hg, SD + 26 1n the female group and 40 3mm Hg, SD £ 1.2
m the male group Dunng exercise, P‘co. remamed essentially unchanged in the
female group In the male group atveolar hypos entilation occured in subjects 1, 2 and

alveolar hyper I a8 judged by Py, was present in case §Toad
2 A marked ncrease 1 RQ was present in case 3 load 3, case 4, load, 3, 5 Joad 2 and
4,6 load 2, 7load 2, and 10load 4 Tn all these 1nstances standard bicarbonate and pH
were decreased, indicating production of non voltile acids causmg anp increase 1 Veoy

Jlvealar arterial Q) gradient (A a}, tam Hg, ustng clectrode technque for detcrmmaton
of Py, vaned with Ve, for the whole matenal according to the segression equation

(Aa) = 00041 Vo, +62

SD + 54 mm Hg or 42 per cent of the mean s — 93, r ~ 06 The error of the slope
was D003t and t == 1 31, 1e the stope was not signsficant

Carbon monaxide uptake, {V¢ol, ml STPD min 3, increased approumatcly hncarly
with mcreasing Vo, Inthe present material there was no sigmificant difference between
ns for men and women (cf Freyschuss and Holmgren 1964) and the

15 here exp d with one regi equation for the whole materal

Veo=36510° Vo, + 217, =09 SD 079, n—69 tr almost alentweal
with that for untramed young men, (Freyschuss and Holmgren 1964) N

Altcalar carban manoxide tension, (Pa), mm He, vaned as a curvilinear function u:l
Vo, increasing from cesting valucs of 0 08t mm Hg to eeach alevel at valuesfor Ve,
above 1000 ml STPD/mun and a pressure of the order of 0,25 mm Hg The scatter was
Targe due to the expenmental design varsation of the order of work loads and accumu
ation of CO i the blood
: Carbon monoade saturaton of the blood (Spc ) per cent averaged 32 per cent,
SD = 05, durng the determinavon of Dy ., at restan the male group and 39 per m;!,
SD 4 06, 1n the female group During the repeated exposures to the mrbosnbrn:n‘v;‘ I;
muxture Spe, T05€ to average mixmal individual s alues of 10 8 per cent, *
female group and 9 3 per cent SD 1 7 per cent 1 the male group

the regressio

the
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Fg 1 Relat onsh p berween duffus on capac ty of the lungs for CO Do mISTED mn
mm Hg- {ond patesyond Vo mASTPD sun  (shectsa) Opens whols reprosent men and
filled symbals women.

Pulmona y mean ¢ap lary CO p essure (VZ,) som Hg averaged 80143 at 1est m the
male group or 183 per cent of 3 Pag,, of 00757 rom Hg Duning exerase the k ghest
back pressure averaged 00320 ma Hg SD + 0006 or 1§ 7 per cent of the average
aheotar CO tens on (0 2867 mm Hg) In the ferrale group the b ghest CO hack pressure
averaged 0 0419 mm He SD 4 0000 ar a Pag, of 0 2651 mm Hg or 158 per cent of

Paca

Fiog—t
F actonal GO wp ke (COR) + ¢ 2% 00 overaged at rest 0689 and decroased
Ico

Quring evercise according to some curv near funct on down 10 la vest values for COp
1 the fermale graup of on an average 0 39 and 1 the male group 0 298
Dfuson eape tr of the bn s (Drgy) mi STPD pin  mm Hg * Dy g at rest
calculared us ng electrode values for Pyg, 3 eraged 23 ml STPD run ? mm Hy !
n the 2 female subjects where 1t was determ ned and 346 mt STPD m n t mm Hg
1 the male group In the female group theee was a L ght wcrease 1n Dy, on trans t on
from rest ta work Dunng work with mereasng Yoad there 25 a slow fuzther increase
The regress onof DLco above a heart rate of 120 beats per m nute on \, g, was DLCD
00080 \p +262 r=069 SD£ 61 n 30 (Fg D
The error of the slope was = 00016 and e 50xc the stope as b ghly s gn ficant
B0 10> uns m STID mo  The alaes at the second b ghest work load were
fowever wot sgn ficantly  ftrent @rm those at the h ghest werk foad e mean
d flerence being 18 SO 08 un ts The heart rate at these work loads averaged 157
and 170 beats per m nute sespectnely 1akmg into account the reproduc b1ty of the
Dy o measurements 7 2 per cent Molmgren 1964 a  the changes of Dy 2bo e
heard rate of §50 beats per m nute are untertun
The regres. on of Drg N det rm nat ons at heart rateg of » 120 beats per m aute ant
oxvgen uptake n the mate group was

Doy 39510 Vo, +285r=034 SD= £ 45n 34
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Fig 2 Relationship between Digq ml
» STFD mun ' mm Hg ', (ordmates) and
heart rate beats per minate, (abscissa)
e v Symbols as n fig 1
CI R S e

The error of the slope was 0 0019 The slope was almost significant and 395 10 *
untts ml STPD mun * The difference Dy durning exercise between the second
highest and the highest load was however not sigmficant, and the increase between these
two potnis was on an average 1 2 mm Hg

Intig 2 D'-co 15 plotted against heart rate It 1s seen that that above heart rates of
120 beats per minute the changes are only shight, marked changes occur only in two
subjects which because of the number studsed nfluence the regression equation above

To decrease the random error, the mean of all measures i a subject obtained dunng
exercise at a heart rate of .> 120 beats per sminute, were used as a measvre of the difusing
capacity of the lungs The mean of Dy, ., was 348 mt STPD/mm/mm Hg,
SD £ 4 0 the female group and 47 9 units, SD & 7 9 1n the male group

The maxumal values in each subjects averaged 37 2 units, SD + ¢ 3 1n the females
and 50 6 unuts, SO 1, 9 01n the males The regression of the maximal Dy ; values on
Diconizm %35 Digome = 1045 Digoy g+ 07 n=20,r 098, SD 122
The slope was not sigmificantly different from unity

To further jusufy the calculation of Dy 5 1z the mean of all determinations abmve
a heart rate of 140 beats/min, Dy, , o 1 the present matera) and in that reported
by Freyschuss and Holmgren (1964) was calculated Dy, ,, was significantly
higher than Dy, , 4 (P < 0001) but the magnitude of the difference was only ! ml!
mun/mm Hg The regresnon of Doy 100 00 Dy ¥ Dicoy ™ 1028
Dreoamo — VU §=UY8 SD =17, n~ % The siopc was not smdfmiails
different from umty

For the analyses of the relauonship between the Dy, and various mesures of body
5126, Df 0 5 129 33 therefore chosen as it included the largest number of measurements
1t each subject which would tend to decreasc the random errorin the esumate of Dreg

In an earher study (Holmgren 1964c} a companson between values for Dico
obtamed with Severmghaus electrode Peo, and microequiibration Peo, W23 perfor-

med The values were inearly related to each other The electrode valueswrere 27 u\iu::
higher than those calculated with the microequilibration techmque As i the earl
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Taste I Dicosiomi STPD mmn * mmHg 4 related to, height, em, weight Lg, (werght) 3,
hody surface area BSA, ro%, THb, g, blood s olume, BV 1, heart volume HV, ml, W,,,,

tulation at a frequency of 40 breaths/mun, MVV,,, 1 BTPS/mun Mean value and
+SD 413490 mt- mun * - mmHg * or 21 8 per cent of the mean

Residual § D
Independent  Regression Umts % of
vanable equation mean bjeb T
Body Height y=0803 x—98 66 166 420 071
dumensions Weight ¥y—07835 x—11 64 155 451 073
{(Weight ¥, 301 x—20 64 155 452 073
BSA y=0428 x—36 62 150 475 07>
Circulatory THb y=00473x +11 49 19 685 085
dimensians BY y=721 x+7 57 138 552 079
0 y=00398x +12 63 153 469 074
Wane y=00245x 14 36 85 109 092
Pulmonary A y=676 x+8 53 128 616 082
dimensions TC y=491 <+10 57 138 546 079
FRG y=876 x+16 63 153 460 D74
MC y=870 x+13 60 145 506 077
{MC) 3y y—I187 x4 1 61 148 488 076
FEVio y=775 x+ 8 70 169 372 066
MW, y=026 <4 4 63 153 455 073

study Dy, was caloulated uang both the techmiques for detersunation of Poov
The varsstion of Dyg, with Vg, was the same for the microequilibration Dy ) as

described above The electrode values were chosen because they were regarded as more
valid and more reproducible (Holmgren 1964 ¢}

Relatuomsbip betaeen Dy, and carous anthropometric measures For this study both
DL 6 s Dhcoa o 31d Digy, g Were used Since however all regressions on

L0020 W67 Nigher than those on Dy and Dy g, 4 Only the former wall
be reported here As stated above Dygy , 1,0 was calculated as the mean of all drter-
munations dunng exereise above a heart rate of 120 beats pet munute For this study men
and women were treated together The 1adependent vanables used were those histed
abore, height, weight, (waight)?y, body surface area, total hemoglobin blood s olume,

heart solume, Wy vital capactty total lung capaciy, FRC, midcapacity of the Iungs
mideapacity *, and FEV,,

Dy, was as stated carlier sigmficantly correlated to all these parameters {Table T)
The bughest correlation was on $8,-, If height and weight were emnated (T2ble 11)
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Taste 1T Relauonship between Digoyyye and a number of measurements of arenlatary
with a yawltple regression equanon

Dy =3 Hib WieX+d where H=height, cm, Wewesght, kg and X the

Dependent

“anable, x Abreviation Dimension a b
Total hemoglobin THo g —0197 0134
Blood volume By f an2 9153
Heart volume Hy ml 211 0247
Work cap Ware kpm/mn —0026 0088
Vital cap ve t —0771 0315
Totat lung cap TLC i —0779 0473

Significance *+¢ = P <000}, ** =P <00l, ¢ =P <005

Dy was stll ficantly L ta total globin, blood volume, W, vital
capacity and total lung capaaity From prediction pomnt of siew, W,-, alone gare the
lawest restdual standard deviation

Discussion

The material i the present mvestigation can be classfied as tramed and physica'ly fit,
33 judged by such varables as case Istory, total hemoglobua, heart volume and rate of
work at 170 beats per munure, {Sostrand 1953)

The material must be regarded as hughly selected It 1s obvious that the young men and
women who study athletics should constitute a group of peaple which are more devoted
to physical traimng than others, and probably also by selection naturally more susted,
for thys type of acuvity Such a matenal can be used to discuss differences with untsained
matenals but does not necessaryly clucidate the mechanusms that cause the adapton of
the oxygen forw arding system when a subject 1s traintg, which would require longitu-
dinal studses The methodolog» and procedure 1mvolved have been analvzed and discuss

easlier, (Holmgren 1964 a, b and ¢, Frevschuss and Holmgren 1964) As mn the carher
ns were and p d with IB\f digreal

m all i
computers, 1401 and 7090

Carban monoxide uplake ncreased in the present matenal hnearlv with Vo, a3 in the
earher presented matenal of ordmnanly tramed subpcis The regresion lmes were
almost identicaf in the tho materials

The smerease 1n Sp, , dunng the cxpenment was moderate, and the resulting maxs
mum back prossure constituted only 148 per cent of the sumultancousty measured
alseolay CO-pressure, a fact which tends to mncrease the rehiabibity of the Dy, measure:
ments (Bates ¢z al 1953) The evpertmental procedure with vanaton of the work Joads
should tend to decrease a svstematic influcnce of the inereasing Sp,, (Holmmes
‘9’?’;‘: )uo,A- loads employed were such as to mcrease heart rale to around 170 beats in
each indmidual, thus covenng Jight, moderate and heavy work
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dumensions 11 10 healthy tramed young men and ten healhy trained young women expressed

thard independent vanable
Sigmficance  Resdual 5D Muluple r

< ofc sD {(PLeo—™)  corr coefl (DLeo—X)
0050 - 52 49 0931 0850

5% . 59 57 0874 0793

0022 62 63 0843 0.738

0023 s 38 16 0978 0922

987 - 52 53 0923 0823

659 . 58 57 0891 V790

The relationshup between Vo and Vi was curvilinear also in this matenal and an
alvcolar hypervenulation in relation to Vg occured during heavy work, this in accord-
ance with observations in ordinanly tramed men and women(Freyschuss and Holmgren
1964) This indicates that there is no himutation of the rate wath which msprred CO
motecules can be brought to the alveolar space and thus imst the fractional CO uptake,
CO;

cro, was of the same magnitude at rest as reported earher, (Filley ef al 1954, Frey
schuss and Holmgren 1964), and decreased to about the same extent dunng exercise
‘The relationships between Fep on one hand and Vg, and Vi on the other was cunili-
near, the decrease slower at hugher wark loads The decrease i Fep was 1n this matenial,
as 1n the matenal of Filley ¢t of (195%) and Freyschuss and Holmgren (1964), due to a
constancy of Dy, during exercise

Dy, reached a nveau or increased enly slowly dunng exercise with increasing load
This s d: with earher obs

Auons d girls and bays, using the
same technique (Freyschuss and Homgren 1964), and venfies the obsenvations of Filley
et ol t1954) and Tunino et ol (1963), buk contrast 1o those obtained with single breath
techmque and the results of a number of mvestigators using steady state technique
For discussion see Freyschuss and Holmgren (1964) The relauve niveau of Dy was
reached at work loads increasing the heart rate to 120 beats per munute, 1 ¢ atanovygen
uptake that corresponds to 40 per cent of the miximuam Vo, {Holmgren and dstrand
1963) These observations arc in agreemens with those of ley and caworkers (1954),
who found that Dl-o, reached a plateau at an oxygen uptake of the order of 1000 ml/min
To dimumish the random error in the esumation of this nay eau, the mean of all deter-
munations obtamed above a heart rate of 120 beats per nunute, was calculated  Linder-
holm {1329) used a value far Dy¢p determuned at a heart rate of 140 beats per minute
In the presene matenal the mean of all determinations ahove a heart rate of 140 beats/
min was on an average one umt higher than the mean of Dy, abose beart rates of 120
beats per aunute The maximal individual value was also recorded and was found to be
~3 units hugher than the Dy, , |\ Conndenng the large sanabldity in the Dygg
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Tasre 1T Corparison between mean values for height, cm, weight, kg, BS A, m*, total hema-
tung eapacity, TC, § BTPS, functional residual eapacuty, FRC, 1 BTPS, pulmon
sion capacity of the lungs for CO, DLgsgy s20ml mun™t - mmHg™! 1 erghteen un
deviation of the mean and P probabilty level of the dufference betneny untrawed

Heght,  Weight,  DSa, THb, BV, Hy,
Group em kg ms g 1 ml
Men
Untrained 1786 653 184 659 49 716
sD 76 75 042 1022 059 329
Tramed 1781 76 191 768 55 86t
sD 71 90 016 1077 082 1307
Diff —0s +63 +070 +109 +06 +148
4 - —~ ses . ~ .
Women
Untrained 1680 574 166 471 41 567
sD 67 86 05 551 057 684
Tramed 1678 618 171 497 405 600
SD 51 38 008 559 049 609
o¥id ~02 +44 +005 +26 +005 +33
r - - - - - _

P-0O0I = s¢*, P00l = *, P<005="*

deternmination, using the present technique, it was regarded as important (o include as
many measuremernts as possible tn the calculation of the individual mean value, even
il there was a slight systematic difference between the determination at 120 beats per
minute and those around 170 beats per min

Thevalue for Dy ) | thus obtained was found to be highly correlated to meastres
of body size, such as herght, weight and body surface area There was no [urlhtrdtﬂf?(
in the residual SD if body weight ¥/, (Kleiber 1937} was used as mdependent yanishie
mstead of weight Dy . was also highly related to all static measures of the size of the
lungs, — especially (o vital capacity, — to the ventilatory capactty MYV, and fo
measures of the dimensions of the cardioy ascular system such as THb blood volume,
heart volume and sts oxygen forwarding capacity as expressed by the excreise mkranrrr
tost, used, Wy;, The relationships to Wiy, 5ex, to lung volume (VL) and to the nzcrlc
the cardiovascalar system (THb) was sal] sigmficant after ehimnation of the mfh;tﬂbh
of body size {height, weight, BSAY The hughest correlation cocficient w;u I'uunwm‘
tween Dy, and Wi followed by THb and VC The highest paruial corre Jtlon: -
cient after elimination of Wy, was found between Dy, and sex followed In hea
solume If VC was eliminated there was sull a significant parnal corrcl.:;ﬂ:; :m;:;r;
Dyepon onchandand Wy, and THbon the other 13 henscx was ehminated the
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globn, THD, g, blood volyme, BV, 1, Wi ,, kpm/mn, Vial capacity, VC, 1 ETPS total
ary smd capacity, MG, 1 BTPS, forced expiratory solume in one sccond, FEV' g. and diffu-
tramned young men and women and twenty traned young men and women SD 15 swandard
and trated men and women

Digonizn
Wy \¢, TC, FRC, MG, FEViy, ml mmt
kpmfmn 1 BTPS 18TPS  1BTES  1BTPS 15143 muHg ?
1,056 510 6.79 34 372 448 418
1928 046 073 057 054 063 21
1,400 58> 735 346 381 483 479
238 083 101 054 055 060 79
4344 +073 +076 +0 85 +003 +033 +61
. . - - - - .
608 365 473 225 251 341 307
1200 039 044 032 034 041 39
834 415 527 237 264 364 348
1017 052 074 051 051 032 40
226 +03 +052 +012 +013 +023 —31
var . -

c to of the influence of
total hemoglobn left only the partial correlation coeffictent 10 Wy;, sigmificant

For a comparson of the present matenal with ordinanly untramed subjects, Table
111 grves mean « alues of the present mveshigation sumultanecsly with the mean values of
corresponding data reported by Freyschuss and Holmgren (1964) for ordinanly untrai.
ned subject The means have been compared with a ttest Regardims weight and
height there 15 no mgnificant dafference berween the two materals neither for women
nor for men The trained men have howeser 2 significandy larger body surface area

It should be noted that the trained men are on an average 6 kg heavier then the un
A ala L, o, o~ . .

known difterence i total hemoglobin, heart solume, Wyy,, and lungvolymes between
truned and untrained subjects (Sjostrand 1953) The Dicoyin' sigmficanthy hugher
1n the 1rained matenal for hoth men and women
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Tasre IV Comparison between the regression hinex of Drio s 120, mijmanfrmmbg on hesght
cm, BSA, o, total hemoglobin THb, g heart volume, HV, ml, exercise folerance,
Wrie, kpmimin and vital capaeny VC, 1, for ordmanly tramed boys and girls
{Freyshuss and Holmgren 1964) and the tramned boys and guls 1n the present
study, 2nd betwcen gurls and boys in the same materials The method of covarance
ss that of Hald (1962) The regression hnes are available 1n able I in the present
report and 1n that of Freyshuss and Holmgren (1964)

Groupmng Significance  Weighted  Vertical Sgneficance of
of Independent difference mean distaace be-  difference
materal  varmable 1n slope of siopes tween fines i fevel
‘Tramned Hewght, cm >04 014 531 <0020
uvrsus BSA, m* >02 3575 306 >01
netramned THb, g >05 00499 172 >02
HV, ml >05 00394 152 >04
Wire, kpm/mn - >04 00230 146 >03
vC1 >08 7023 072 >08
Men Height, ¢cm >03 0392 808 <0o1**
versus BSA, m? >03 2304 774 <001
women THb g >07 00490 083 >07
HV ml >09 00241 71 <002*
Wy kpmy/min >05 00196 216 >003
Ve, ! =07 6.265 226 >003

In Table IV the regression Iines for Dy, , 120 © 2 number of vanables, height,
BSA, THb, HV, Wiy and VC 1n the two materuals were compared with covarianct
analyses, to see wether the regression hines differ in the two materials The sfope of the

of Dy o onth d Jent vanables was not signifi different between
tramned and untrated subjects and a werghted mean slope was caleulated With the a:d'
of this mean slope 2 vertical distance betwcent the two Imes was calculated The tramed
regression lines alwavs lie above the  untrained * ones but only regarding height 15 the
vertical distance between the imes significant

The tmplication of this analyses ss that the obseryed large DLco 1w the tramned group
15, except regarding height matched by an ncrease 1n the size of the body, of the
cardior ascular svstem and of the lungs The present study senfies the earher obsfn;l
tions (Bates et al 1955, Bannster 220l 1960 Newman ef af 1962 and Vostvn of of K%e&
that tramed subjects have higher DL(‘D than untraiped This difference 1s accompans!
by a corresponding difference 1n dumensions of body  cardiovascular system and l“y’;fé;
Tt 35 anteresting to obsers e that both trained and untrained subjrcts have the mn:j '
and almost the same mudcapacity The fasger total lung capacity an the zrang :uqﬂ
Jects 1s the result of an increased vital capacity The hnear regressiony of Do
V'C has the same slope for trained and untrained subject but the vertical distance s
071, which 1s however not statistically significart
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Fig 3 Relatonship betw een diffision capacity of the hungs for oxygen, Dr, , s STPD smun *
mm Hg * (ordinates) and ocygen uptake % o,, mi STPDJmun (abscissa) Symbols as m fig 1
“Thin lines represent ssoalvealo-mean capillary oxygen partial pressure differcnce hnes

W um am

Do, measured with the present techmque includes the diffusing capacity of the pul-
monary membrane, D“ and the diffusing capamry of the average number of red cells
mthep The vanables d; Dy are the area of the pulmon-
ary surface, the sckness and the quality of the pulmonary membrane, the diffasing

cocficient of CO 1 the rntmbranc and the solubihity of CO in the membrane The
[ -

PO de — 2

capacity of the capiliary sed cellsss by such {3 h concentra
non (and thus also sex), and measures of the size of the cardiovascular system 2s for
mstance THb  As 1t scems reasonable to assume that the number of alveol remains
unaffected by traiming and as FRC and MC are the same m the trained and untramed
groups and & difference in MO should not necessanyly affect the area of the ar-ussue
or tissue blood nterfaces the higher Dy 10 the tramed matenals 1s probably due toa
difference i the diffusing capaety of the pumonary capillary red cells As the hemoglo-
bin concentration did not differ between the trained and untramed subjects n this
study the hugher diffusing capacity of pulmonars capillary Ted cells probably refiects an
wncrease n pulmonary eapillary blood volume This view is supported by that of Mostyn
et al (1963}

InTable I\ men are compared withwomen ’nmc \\—.u no difference 1n slope for the
relation between Dig and the abore vamables R
hiesght, BS Y and heart volume there is a sigmficant difference in the level of the regres
#i0n lines, while concerming total bemoglobin W44 and vital eapacity the regression
hnes arc not sigmificantly different from one anather

For a g en body size and heart yolume the young men have a larger Dy g than the
women while when DLco ts related to exercise tolerance, 1%, 4 \ital capacity and fatal
hemoglobin they do not differ The partial comlamm cocficient between Dy i and sex
looses ats after el of h
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1964) Studies in this field have recently received a new tool by the adventofthek

chemical method of Falck and Hillarp (for references, see Norberg and Hamberzrt !t

which permits the direct observation at ceflular and subcellular levels of man o2
1

phenomena related to the effects of drugs infl 1
‘The normal of the h . neuron, and the mrantwe,
distnak of the as hized by this method has e

been described and discussed 1n detail (Norberg and Hamberger 1964) In thepre=
study, the tffeets of certam drugs known to interfere with the metzbolsm of the ater
ergic transmutter have been studied by this method Results with speaidt referene®
the reactions of the adrenergic cell bodtes are reported in ths paper The adeenery
nene terminals in certa cffector organs have also been studzed, for the ke of e
panson Much more large scale studies of this kind have recently been made s
laboratery, using a special s preparation which has proved extremely st bt
this ty pe of approach (Malmfors 1965)

Material and methods

#
Vale albino rats (Sprague Dawley) with a body weight of 150 to 200 g were wed be
expeniments. oapre
N ’Ié:le following drugs were used (when not otherwise stated they were dusohed 0

aCl)

Dl . - o~ P aenarr T oaomls Abb £
ST ' " e
{about e B
) . ovprost
. o D
R . nettal PO
" . .t ) nde (- \}
o b

uvidiudle \—) « eyl NA hydrochloride (Lorbasil 5, 11vtL 3v v v
hydrazine fumarate (NSD 1015 Smuth & Nephew Research Ltd) ccons D0

‘The doses of CA and rescrpine were calculated as the free base The 1V WISty jopor

vein) were performed under light ether anacsthesia The anumals were kil d reaur© ¥
under ight ether anaesthesia and dissected at once. For numbers of animals a1

Table I—111 uded 1€

Sympathetic cell bodies from the superior cervical and stellate gangha weres! il 1n 86

with their correspanding termunals 1n the heart and submaxallary gland Ty e
deferens were also studicd In some expenments, the nodose ganghia and piec

. L tdehyde g3sofct T\

. ) ) 1euoned at 7 ‘Z:d fo

3 ouliteu s Laienan (Aerck) for Huorescence micrescopy (ol utes 1 36€ Norberg

1t
bt U v em o e hen b
oo Irug the SN
. aag e S
L wlysoe T
s
tcal expeniments for each type of treatment Each expenment inciuced a5
Tissucs were sometumes examined without knowing the treatment give? i
Results
A Depletson and recovery of wirancuronal CA “

and
1 Reserpine (Table I A and B) Studies were performed on the drr’k"‘;’"
of NA which occurs 1n the sympathetic adrenergic cell bodies {Fig



LUNG DIFFUSION IN TRAINED SUBJECTS 219

Pagy Pegy v
» » L]

[

Digo measured with the present techmque includes the diffusing capacity of the pul-
monary membrane, Dyy and the diffusing capaaty of the average number of red cells
1n the pulmonary capillanes The varables determmng Dy are the area of the pulmon-
ary surface, the thickness and the quality of the pulmonary membrane, the diTusing
coefficient of CO m the membrane and the solubihity of CO i the membrane The
diffusing capaaity of the capillary red cells 1s determmed by the reaction rate between
s e e ae oo S a .,

etal (1963 '
e W P o e .-
Lines are not significantly different from one another Y

For a gnen body size and heart volume the voung men have a larger Dy than the
women, while when Dy 18 related to exercuse tolerance, Wy, vital capacity and tatal

hemoglobin they do not differ The partal correlanon cocffcient between Dy and sey
tooses us after of lob
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Table IV thus shows that if one wants a single parameter for prediction of Dy 1
matersals composed of tratned and untrained young men and women, total hemoglobin
wital capactty or W, , should be suntable, # fact which 1s of practcal importance since
these vanable have the highest correlation coefficients on Dyyi 2nd lowest residual
standard deviauons, and are relatively simple to measure

In hig 3Dy o 15 converted to DLo. by muluplying it with 1 23 The eblique lnes
thus represent 1so-alveolo mean capillary oxygen differences The necessary pressure
hexd at the highest oxvgen uptake i each individual varies betw een 40 and 63 mm Hg
for the men and 35 and 55 for the women

The relationship between <PA0.~P='0J and Yy, could be appro<imated to be linear
The regression equation for the men was

AP = 0014 Vo, +69,5D — +:64Zn=145
and for the women

dP = 0020 Vo, +53,5D = £ 40n =40
The difference 1n slope between the sexes was sigmficant The pressurc head thus
increases steeper with mcreasmg oy gen uptake for the women than for the men Thists
explamed by the hyperbolic relationship between Dy, and oxygen uptake when Dy
reaches a niveau at a higher value for the men than for the women
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Drug-Induced Changes in Monoamine Levels in
the Sympathetic Adrenergic Ganglion
Cells and Terminals
A histochemical study
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Karr-Axer NorBERG
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Abstract

Norberg K -A Drug induced changes 1n monoamune lecels n the sympathetic adrenergac ganghion cells and
Zerminals 1 hestochemscal study Acta phvsiol scand 1963 65 221—234 -— The cell bodues of
i | H s

ew concepts regarding the mechanisms of uptake, storage and release of CA! 1n

adrencrgic nerves, based on extensive biochermical studies, hase been fornarded n

recent years (see Euler 1962, Axelrod 1964, Carlson 19643, b, Kopin 1964, Syarne
Abbreviations used DA = dopamine, N1 U

SHT = S-hydmwyvptamine, 5-HTP = 5hvdror CA = catech
- = tophan,  DOPA = o
Phemlalanune, @ MAT = g methe] m tyrone, M A0 o mebnommmine cerdes 3 4-dihydroxy
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1964) Studies 1n this field have recently recen ed a new (ool by the advent of the histo-
chemieal method of Falck and Hiltarp {for references, see Norberg and Hamberger 1964)
which permuts the direct obsen ation at cellular and subceltulay levels of many of the
phenomena related to the effects of drugs wnfl g { fevels
The normal ag of the sympath gi¢ neuron, and the intraneyrons!
distritn of the adi y as d by this method, has recently
been descnibed and discussed in detail (Norberg and Hamberger 1964) In the present
study, the effects of certam drugs known to interfere with the metabolism of the adren
ergic transmutter hatve been studied by thus method  Results wath special reference to
the reacttons of the adrenergic cell bodses are reported in this paper The adrenctgic
nerve ternunals 1n certain effector organs have also been studred, for the sake of com
parison Much more large scale studies of thus Jund have recently been made in this
laboratory, using a special ins preparation which has proved extremely suntable for
this type of approach (Malmfors 1965)

Materral and methods

Afaje albino rats (Sprague Dawley) with a body weight of 150 1o 200 g were used for the

expetiments
The folloning drugs were used (whea not otherw s stated they were dissolved 1n 0 3 per cent

NaClj - ~ .. o

F

. sine (Sigma) Dled

. Y-a metiy} DOFA
. . drochlonde, (—) M
: - ractahydroxy bennyl

wn ane ty B neual
. .-
2 ranens

- S)-rnp:xhe;m cell bodies from the superior cervical and stellate ganglia were stud ed tugenl :
itk thewr carrespondmg terminals 1o the heart and submaxillary gland Term nals in the +

deferens were also studyed In some expeniments the nodose gangha and picees of mtatne
[ a1 F e eals of pommarisan
. . . . de a3 of optimum
" edat Trol0 a3

- - ' « v Norberg and Hame
berger 1964} .
?\;hm c:JrZ!panng the effects of different doses of (h.e g_mg_:jmg :; rl::‘.:n:.f;xxg;; ::

€ bateh

' N —iden

. . snmals

ucal expenments for cach type of freatment bach @apelin Lol 1w

o
Tissues were sometimes cxamtnied without knowing the tréarment given (@ the anmmalé

Results

A& Depletson ond recorery of anfraneuronal cA
1 Reserpine (Table 1 4 and By Studics were performed on the depletion and rﬂb::z
of \ A which occurs in the sympathenc adrenergic cell bodier Frg 1) and term
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Tarte I

Drug dose Druy, dose

{melkgbw) (mgfkg b w)

and time and ume

before kating~ Cell bodies  Termanals beforeolng  Cell bodies  Termeals

A Reserpme 510,19 B Reserpine 12h
1h{444) o + o1 (4) 21034 +
Sh(444) O 0 05 (4) - °

6h (4+4) 0 L} 1 (4) (+) 0

12h (4+4) 0to(4) 0 5@ 0 4

24h (646) + [ 10 (4} Q ¢

48 h (646) 24 Dto{-r)

Wh(6+6) 34 L 024

C.x MALT 2X 400, 1 p at mterval of 6 b D m Tyroune 3 X 400, 1p at interval of

After e 2nd dose 2h After last dose

Ih(4) (+) (+) 2h(4) (-+) (+}
3h(4) (+} {(+) 4h(4) {+) )
Eh(4) {+) {+) &h{4) + +

12k (4) (H+  (+) Bh(4) 402+ +w02+
h(4) - (+) o+

48h(4) 2+ +

96h(4) 2103+ 24

Symbols used 3+ (untreated control) 2+, +, {+), B {no specific Auorescence}

The symbols illustrate the general course and relationships within each type of treatment and.
Tepresent average intensities among ganglion cells and termunals estimated from a large num
ber of observations For details see toxt The intensities sn cell bodies and termunals are not
directly comparable \umber of rats within brackets

after & - FE s an -
with ..
aven

- \
mostly still visible After 3 hrs nio fluorescence of the specitic type was found exther 1n
the cell bodies or termmals A weak fluorescenee was found again 1n a few cells at 12
hres and w the majonty of the cell bodies 24 hs after admimstration Almoss normal
fluorescence was found in the cell bodies after 48 hrs The termunaly on the other
hand, usually showed no, or at most 2 very weak fluorescence at 48 hrs ot unul
at 96 hrs was there always found 2 distinct or esen very marked recovery The
minimal dose which almost prevented a speaific fi from app g i the
cett bodies at 12 hrs — when no or only very faint recovery (in a few cells) was found
after 2 high dose —was I mg/kg With the termrnals as Littte as 0 1 mg/kg produced
aclear reduction in fluorescence as compared to untreated anymals and no fluorese
cenee atall was found after 0 5 mgfkg
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Fig 1 Sup- cervical ganghon rat Depletion and recovery of €. afier reserpine 10 mi kg 17
180 30 sec cxp tme

2) 64 Only faint apparenthy anspeafic fluorescence sisible wath the same intennty in both
nucle: and cytoplasm

)48 1 \ ey marked recovers wath vanation i mntensity betwern cell bodies

€) 96 h Intensits about normal i most cell bodies

d) Untreated control
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Fie 2 Stellate ganglon rat MO 911 100 mgkg45h
“The 1anatian in sntensity between cell bodies 1s even more pronounced than normal. Some of
the cells with lov, Buorescenee sntenaity belong to non adrenergic neurons » 290

The fluorescence reappeared first 1n a small number of cells 50 that the vanaton
m fluorescence mtensity which 13 charactenstic of normal ganglion cells was found
also from the beginning of recovery after a complete depletion Al termunals be
longiag 1o the same system ¢ g the acmar termunals of the submaxllary gland
were found 10 react more or less uniformly and ! ly Di —al
though not very marked — were found, haweyer, between the termunals belonging
to different systems The sasomotor termmals ta the submavllary gland and the
termimls to the muscle layers in the vas deferens, for mstance, generally showed 2
slower depletion and quicker recoy ey than the nerves mnesvatmg the acir
@ \MT (Table 1 C) Pracucally no specific fluorescence was found in the cell bodses
or terrnals 1 10 6 hrs after the second dose of @ MAIT (400 mg/kg » 2 6 hrs inter
val) In the cell bodies a shght rerovery seemed to have occurred at 12 hes and a
distinet ta very marked recovery was found at 24 hrs while the termunals showed
a verv marked recovery first at 48 hrs The ganghon cells appeared almost normal
at this time As with reserpne a certamn degree of vanmation was found 1n the
tensity of the cell bodies even from the very first signs of recovery Not even after
96 hrs was the mtensity entirely normal m exther part of the neuron
m Tyrosne (Toble I D\ DLem Tyrosine given 1o 3 doses of 400 me/kg at ntervals of
2 hrs resulted 1n faint or no speaific Bucrescence in the cell bodies and terminals
210 4 hrx after the lagg dose Sure signs of recorery were found sumultaneously 10
both cell bodies and teymunals 6 to 8 hrs after the last dose

B 10 mhbitors

0

A\ very shight increase 1 fluoresence wtensity as compared with the ganela from
untreated amimals was observed 1n the eell bodies after malamde 100 to 500 mg/kg
1p 4 06hrs 0rats while the effects of pargyhine (MO 911 100 10400 mgflgip,

V363303 deta phyiiol scand § of 63
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Drug dose (mgfkg b w )

apd time before killing Cell bodes Termma's Remarks
L-DOPA 50s¢ 1,—2h (6) no or shight 10 Increase
1erease
Nialamude 100-500 Lp 5~7h+  marked increase shght ancrease
L-DOPA 50—-100's ¢. ¥/,—2 k (12)
DL-5-MTP&0s c. *—1 h (4] no merease no increase Ao yellow
Auorescence
DASOvLp 1—4h (6) no incTease no InCrEAsE
NAOO2Ly Yo h (4) 1o increase no merease
Nialamude 100—5001 p 5—71 mnarked increase  shght mnercase
DASOLp 1h (4)
Nialimide 1001 p 2%, h~NADO5  s'ghtinerease  shightincrease
1 ek (4)
= methy] DOPA 400x p ors ¢ very marked no nerease
14 (8) tocrease
2h (6) marked merease  noancreese  Lesser varation
n intenyty than
4+h (6 shght iacrease no wicrease pormal between
2h(6) N0 inerease nomncrease  he cell bodies

“The intensitzes of fluorescence are gnen refatine to tissues from untreated controls in the same
experiments. Far details, see text. \umber of rats within brackets

4106 hirs, 10 rass, Fig 2) and phemsprazine (JB 516, [0 to 40 mgkg1p 6 his, Brats}
were more pronounced Alter the latter two drugs, a fairly large proportion of the
ganghon cells showed a very strong fuorescenee m the pennuclear cvtoplasm while
others were of only medium fluorescence intensity As a result, cven more pronounced
differenees than normal in fluorescence tensty were found between the cell bodies
Tramylevpromne (10mgkgap 410 5 hrs, 4 rats) produced no or only a shightncrease
1n the fluorescence of the cell bodies The nerve termunals showed 3 moderaie increase
m fuorescence wntensity alter 2} four drugs

C. I ! uptate and /e of and thetr precuriors

| Calecholomnes and L-DOP S (Table Il and #{ N0 or only a serv shobt merease i
fluorescence intensiry as compared with the gangha from untreated ammals, \n;
found 1 the adrenergic cell bodies and termunals 12 to 2 hrs after L-DOPY "l
mgly sc , [ © 4 brsafter DY 50mgigs p and ! 4hraftr \A DD);nD;!:
13 ) If on the other hand the ammals were pretreated wath malamide :
500 makg) 5 to 7 hrs before the amines or the L-DOP A the sacreasc i infensity

was considerable
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Tapre 111

Dreug dose (mglkgbw !
and tme before kifling Celibod es Termnals Remarks

Rescrpine 51p 9h -+

(+) Gt ()
Nilammde 1001 5B (4)

Reserpme 51p 6h o+
LDOPA 405 1~2h (Y
Rescrpune 5103 p 5—%h +
DL-5 HTP 80 8¢ 4,1 R 18)
Reserp e 5—101p 3~k +
\ialamarde 1005001 p. 5b +
L DOPY 10100 1p orzc
-3k (26)
Revopone Sopp Ok +
Nislamide 100 1p Sk +
L-DOP\ 50 s¢ after hganon
of abdomunal 3ora 1h (3}

Bto{+) O (4}

Do (+) fw ) No yellow
Buorescence
2103 2 Lesser vanation
ta tatensity than
normal between
the cell bodses
2 2 Zesser varutteons
wn 1ntens ty than
norma] between
the cell bodses.
Lesser vanations
mn mtensity than
narmal between

Nialamide 1003p 5b +
NSD 1015 100 p 2h ~
LDOPA 505c 1 h (4)

}
i
)
|
Reserpine 51p 9h + } + 0
|
|
|
|
|

the cell bodies
Rescrpme 519 9h + (4 [ o sellow
Nalanude 1001p 5h fluorescence
DL >HTP80~100sc 1h(8)
Reserprne 101p 16~20h + 24 24
Naalamyde 100 1p $—~5h +
DA 1~101p orsc 1~2h(8)
Reserpine 5—~101p 9—13h + 2+ 24
Nalamide 100500 1p 45k +
NABO 2= h (B or
NA025-221p Lhi(g)
Reserpine 510t p 4—6h 103 4 B0 (4)
x methyl DOPY 5—100:p atsc
1-1h 30
Reserpine 519 9h + 2rtody 3w Lesser varat on
amethy! N4 020y ¢ h n wueasit than
2methy 1NV O 1y ' h 10} normal between
the cell
bod es

Svmbols used, sec Table I \umber of rats within brackess.
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Fig 3 (Jeft) Stellate ganghon rat reserpme § mgrky 9 h + malimide 100 mgfkg S h+ L-
DOPA >0 meg kg 1 h Moderate fluorescence intens ty i most cell bodies 1 this case withson €
sananon an iptensity although not as pronounced as 1 the gangha from untreated controls.

- 230
Fig 4 nght Sup cencal ganglion rat rescrpimne 10 mgkg 5 b + & methy) DOPS 23
mgzég 2 h Moderate and even fluorescence mtensity an the cell bodies including the nucler

The admnistration of @ methyl DOP (400 mg kg s¢ or 1p anduced within
1 brasery high over ali fluorescence mtensity 1n the background and in the ganghon
cells wncluding the nucler After 2 hirs the over all intensits was less prominent, and
certan cells which are undoubtedly tdenttcal with those lacking amy speofc
fluorescence 1n the untreated controls had a considerably lower intensity than the
rest Some degree of flucrescence was sull obsersed in the aucles  \fter 4 hrs the
fluotescence wtensity of the cell bodics was somewhat hegher than pornal ard
after 8 hrs no clear difference could be observed between the gangha from normal
and treated antmals

In reserpme treated mmals the administration of L-DOPA $0mg kgse 1o
2 hrs cawsed 6o or onls a sen fasnt fluorescence in the cell bodies and termunalt
Pretreatment of the antmals with reserpine and malamide 100 10 500 me kg 3 bes)
before the L-DOP A produced on the other hand a quitc high fluorescence intepsity
1n both cell bodies Fig 3 and terminals Some degree of Ruorescence — althouch
of lower 1ntensity than m the cytoplasm — was present also in the nucler white
certan cells which are undoubredly sdentical with the cells Jacking fuorescence
1 untreated controls see \orberg and Hamberger 1961 shoned pracuically 02
fAuorescence In contrast o normal ammals the intensits of fluorescence vaned
sen Iittle between the different ganghon cells. The administration of nuatarmde only
(100 makg 3 brs to anmals pretreated with reserpine produced a weak green
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fluorescence 1 the cell bodies and termunals. When the aorta was ted below the
draph before the of L-DOPA to minimuze the extraneuronal
decarbotylanion of DOPA an intense even fluorescence was still found in the pen
nuclear cytoplasm and some fluorescence also 12t the nuclet Alter L-DOPA preceded
by reserpine, malamide and the DOPA decarboyylase mhibitor NSD 1015 the
terromals showed no speafic fluorescence, while the cell bodies also n this case
showed increase n fi intensity as d with the coatrols The
administration of D4 or NA to aumals pretreated with rescrpine and nralarmde
also resulted in an ncreased fluorescence i the cell bodies and termnals, without
the vaniation normally obsersed among cell bodes

The admimstration of @ methyl DOPA (510 100 mg/kgip orsc, 1 to2 hrs) to
ammals pretreated wath reserpme resulied in a fluorescence of rather even intensity
n the cell bodies (Fsg 4), while no or only  very famnt fiuorescence was found 1n the
terminals ‘The admunistration to reserpme pretreated ammals of g methyl Ny m
two doses, (02 and 01 mgfkg 1v, 15 and 10 mun respectively) before kilhng
resulted 1n a strong fluorescence mn the cell bodies, with a less pronounced vanation
than normal The terminals 1n the effector organs showed about the same intensity
as n untreated ammals

No accumulation was found after malamide plus L-DOPA D\ NA or @ methyl
NA m sither sensory (nodose ganghion eclls) or other nonadrenergic ganglion cells
{non fluorescent cells 1n the sympathetic gangha and mtramural ganghon cells 1
the mtestine)

2 5§ HTP (Toble I and [II} Neone of the yellow Auorescence typical of 5 HT or 5-HTP
was observed 1n the cell bodics or termunals afier the admimistration of DL-3-HTP
(80 to 100 mg/kg), either in normal ammals or after pretreatment with reserpime
or reserpme plus malamide In the latter case there was found a fant greenish
fluorescence of the same intensity and colour as after reserpine plus malamide alone

Discussion

The cherucal basis and speaifiaaty of the Ruorescence reaction have been discussed 1n
recent papers (sec Dahlstrém and Fuxe 1964 Norberg and Hamherger 1964), and
permt the conclusion that normally a green or yellow green fluorescence 1n perspheral
neurons — 1n agreement with biochemical data —is caused by the presence of NA
(¢f “orberg and Hamb 1964) Other , however, such as DOP A and
theq methylated amime analogues which give the same type of uorescence, are of smpor
tance under the of the present.
The Buorescente method has a very hagh sensitivity but 25 yet ondy semiuantitative
ncsumauam can be made From calculations of the concentration of CA based on both
PY and bioch, 1 data and when the respective thickness of

Ve . .

berger 1Y04)

Depletion and recorers of wntraneuronal CA It can be inferred from the present results
that reserpine causes about the same rapid depletion of intraneuronal CA — within
3 hrs — i the cell bodies as i the terminals This can be compared with bochermcal
data indicating that \ \ depletion 1n the supenior cenvical ganglia of the rabbit 1s
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maximal within 4 hrs (Muscholl and Vogt 1958 Retnert 1963) The numimal dase of
Feserpine necessary to produce a depletion of N A was found to be 5 to 10 times fagher
for the celt bodies than for the terminals The same 1s true of the central CA newrons
Dahl and Fuxe 1961) Diffe of thus kind hav e been found also by brochemical
determunations of NA 1n the supertor cervical gangha, s and mctitating mermbrane
in cat (Andén and Henming 1965, personal communication) The reason for these
dafferences 13 unk but 1t must be bered that the ratio surface arca/proto-
plasmic volume 1s much higher for the varcosities of the termmals than for the cell
bodies (about 20 1.f the cell body 15 a sphere with a diameter of 30 feand avancos tv
a cyhnder with the dimensions 1 x 0 5 4¢) This can be of importance with a compound
like reserpine, which seems to penetrate the neuronal membrane by virtue of 1 lipo-
philic character rather than by any active transport mechamsm (Carlsson and YWaldeck
1965) The depletion following a MMT and m tyrosine was also rapid 1 both cell
bodies and termnals, although the fluorescence 1n the former never was entirely absent
after these drugs It 15 very difficult however, to get a complete depletron of NA even
with repeated large doses (Andén 1964a) There 1s httle doubt that the rapid depletion
of the NA 1 the sympatbetic adrenergic neuron following administration of the DOPA
analogues @ MAT and m tyrosine 1s effected 1n fact by their amines formed by 1
1 dec: lation and subseq hydrosylaton (Andén 19643, Carlsson
1964a Shore, Busfield and Alpers 1964) The amines thus formed seem to duplace
the endogenous NA w the storage granules
‘The first s1gns of recovery after reserpinie or @ \MT treatment were observed much
earlier 1n the cell bodies than wn the termmals After m tyrosine on the other hand
recovery was much more rapid and occurred simultaneously in both cell bodies and
terrnals The reason for this Jatter observation 55 probably that the amuncy formed
from m tyrosine are rapidly degraded by the MAQ The long lasting effect of @ MMT
may be due at least partly 6 the circ that 13 amne holtes, @ methyl m
tyramine and metaraminol are rot readily attacked by MAO and that the metararndl
seetns to be firmly bound to the storage granules (Carlsson 19642 Andén 19642) —
From the very beginmng of recovery after depletion by reserpine or @ AT the eelt
bodies showed the normal saracon in fluorescence sntensity This 13 1n agreement wilh
the finding that the adrencrgic ganghon cells have different rates of formaton and or
down transport of amine storage granules (Dahlstrom 1965) The heterogencity "“h;
ganghion cells 1n this respect has been discussed m a previous paper (Norbergand

H. 1964) In all probability the ¢ obscried 1n recovery alter reset
ne treat " cursors
pine treatment 1s due almost exclusnely to the presence of N4 smce[l!: pre
. ~ berg and
t ally be -
cannot gormally b o Krn "

Hamberger 1964) « . Sye slow
recovery of A m
recos c?; 1n the termunals in rats is 10 agreement with the orochemral G W Wf‘x'l;‘;;
(Andéa, Magnusson and Waldeck 1964) and for @ MNMT (Hess et ol 1961 An
19G4a) and with histochemical studies on the s terminals (Malmiors mﬁb: b contral
It has now been well established that the amine storage granules m bot ’;:l.d\zn
and peripheral adsenergrc neurons are formed at 1 hugh rate in the ecl b et b
ed down to the L 1965 Dahlstrom Fuxc an )‘ i
1965) There 3 also e doubt chat the specfic action of rserpeoe s 1o produce 2 2
long lasung  blockage of the uptake storage mechansm of the :m:rr‘ghm,mn of
refeeences sce Dahlstrom Fuxe and Hilarp 1965) The moss Iogical o<
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the rapid recovery 1n the cell bodies 1s consequently that newly formed storage granules

NA begin to m the cells at a time when the granules t the
termunals are sall bloched and cannot store any ammnes The fact that a smnlar difference
was found 1n recovery after the admmstration of @ MMT, which acts 1 2 qute
different way from reserpine (sec abose), gives further support to this view (¢f Dahl
strom, Fuxe and Hillarp 1965) — Some observations o deplenion and recovery of NA
were brefly reported by Falck (1962)

Tn agreement with findmgs m the central nersous system (Carlsson, Falek and
Hillarp 1962, Fuxe 1965) certam systems of adrenergic terminals (in the vas deferens
and blood vessels) showed a lower sensitmity to reserpine and also a quicker recovery
than other termmals (around the acum of the llary gland) The
for this 1 unknown, but possibility differences m 1mpulse actvity may be of importance

The effect of MAOQ hubrtors The present expenments show that the two cherucally
different MAO mhibitors pargyhne (MO 911) and phemprazine (JB 516) give markedly
higher levels of a pnmary CA, presumably N4, than is normally present in the fluores
cent cell bodies of the rat supenor cervical ganglion, mdicating that the increased VA
content 15 localized predominantly in these The ganglon cells were found to react
largely as two different populations, one showing a more or less pronounced amme
increase and the other no or only a slight increase The ganghon cells of the sympathetic
ganglia differ markedly 1 respect of \[AQ actwity (as yudged from the results obtawned
by histochemical methods, Roelle and Valk 1954, Norberg unpublished data) It is
therefore possible that MAO plays a much more promnent role 1n CA metabolism in
some cells than n others This could explam the present observations

Uptake and accumulation of different C4 and thetr precursors The present results confirm
22— v Panre 1

types of peripheral nerve cells such as the sensory (¢ g the nodose ganghon cells), and

i (e g the ganglion cells 1n the intestine, the submaxiliary
ganglion cells) nerve cells and certain cells in the sympathetic ganglia of the ra, which
are 1n all probability identical with those normally lacking specific fluorescence, have
been found not to possess this basic property (see also Norberg and Hamberger 1964),
nor do the non adrenergc terminals {\Malrafors 1965)

The adrenergic ganglion cells showed further a high specificity 1n taking up and/or
decarbovylaung L-DOPA In normal ammals, any DOPA taken up should be rapdly
decarbovylated to- DA by the high DOPA decarbovylase activaty which 1 all proba
bility 15 present in these cells (Anden, Magnusson and Rosengren 196) After the
admimstration of DOPA to reserpine-treated ammals, accumulation of fluorescent
matenal was found only after pretreatment with malamide There 15 Little doubt that
the effect of this drug 13 due to an mhibiton of MAO snce a strong accumulabion
could be abtatned aftec & methyl DOPA — Lke after o methyl NA — cven without
such pretreatment The a methylated amunes are not readily attacked by MAO and
€10 thus accumulate intraneuronally to lugh Ievels (¢f Carlsson 19642 Malmfors
1965) Fren afier p with mal; however, following the
adminsstration of L-DOPA could be largely prexented by admmstrauon of the potent
DOPA decarboxylase sohibitor \SD 1015 (¢f Carlsson 19632} Since NSD 1015 does
not inhitut the uptake of D\ by adrencrgic nerves (MMalmfors 1965) and evisceration
did not prevent accumulation there 1s hittle doubt that it 1s mainly DOPA stself and
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not D\ that 1s taken up imto the neuron It thus appears that the adrenergic neyrons
have afaurly efficsent mechanssm for the uptake of L-DOPA but o obser able capaaty
to accumulate this amino acid even after quite Jarge doses

The uptske resulted always in a fluorescence of fairly even mngensity, without the
‘vanation normal among the eell bodies All the cell bodses of adrenergic neurons thus
seem to take up DOPA or CA to about the same extent, and the amunes are probably
Jocalized to a much higher degree than normal in the extragranular cy toplasm, the
storage function of the granules having been blocked by reserpine Thes seem to be
capable to penetrate even nto the nucleus There 1s also hittle doubt that the exogrnous
CA taken up are readily accessible to degradation by MAO (sec above) These reslts
and the finding that chemically quite different MAO hibitors induced an ereased
CA flyorescence 1n the adrenergic neuron all are 1n agreement with other hustochemical
evidence for the presence of MAQ mntrancuronally or possibly just outsde the surface
membrane (Fuxe and Hiflarp 1964, Hamberger ot al 1964, Hamberger and Vasuoka
1965, Malmfors 1965) There are other data also, which stronely indicate an mtraneu-
ronal focalization of MAQ (sce Carlsson 19642, hopin 1964)

Serotorun (5-HT) has been shown 1o di in the thene
gangha of the rat (Trendelenburg 1957), but this substance has not becn found
normal ganglia erther by bicassay (Gaddum and Guarman 1936) or by the present
histochemical method (see Norberg and Hamberger 1964) There 18 no doubt that
adrenergic nenes are able 1o take up 5-HTP and 5 HT and 1o accumulate and store
5HT (Andén 1964b Owman 1964) The present results gine no clear evidence for
such an uptake, but 1t 15 possible that 2 small accumulation would not be detectable

muci hy with an ap according to
Caspersson idicate that some of the fluorescence in the ganglion cells after the ad
munsstration of 5-HTP 15 due to 5 HT (or 5.HTP) (Rutzén personal communication)
The present expenments clearly show however that the adrepergic neuson hat 3
marked speaifiaty as regards the uptake and/or decarboxylavon of the monoamine
precursors DOPA and 5.HTP This 1s an unexpected finding since it often has betn
assumed that 5-HTP could be readily taken up and decarboty lated to S-HT by C3

formung cells, such as the penph and central gic neurons Ths 7
1s based mainly on the view that DOPA decarboxylase 1s rdentical with 5-HTP decar-
boxyl cells can readshy

baxylase, or at least that the d
use both amupo acids as substrates (see Anden 1965) If this 18 correct the obsen ed spect
ficaty should bie in the uptake of the amino acids It cannot be excluded howeser that
5-HTP s a poor substrate for the DOPA decarboxylase of the adrenergic nevrons M
e
The same speafiaty as the perpheral adrenergic neuron shows also t
CA and 5-HT uweurons (Fuxe 1965 and the CA formiag mast cells of the hAms!(:
(Adams-Ray Dahlstrom and Sachs 1965 unpublished obseriations It lhurx’(fﬁﬂd
that a specificity as regards the uptake (or possibly decarboxylation ofDC') ::d
5 HTP 15 a general property of both the nerous and non nervous cells that for
store monoamires

he central

e
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Terminals in the Abdominal Ganglia of the Cat
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~———————————————— Abstract

mussion

1¢1s generally accepted that nerve impulses from the preganghonie nerves 1n autonosm-
1c gangha are transmutted by act(ykhohnt (for teferences, se¢ McLennan 1963)
An mfluence on has also been ) by several
amesugators Thus imjected or perfused catecholamines (CA) hay e been found to inhibst
of enhance iraasmussion {foy references, see Goffars 1957, Curns 1963), but such studies
have failed to demonstrate that CA are relcased in the ganglia or play any rofe physiolog-
ically Endogenous release of CA from chromaffin cells has also been proposed to
influence ganghiome transoussion (Eccles and Libet 1961)

Studies with the hustochenucal method of Falck and Hillarp revealed the presence
of typical adrenergic nen e terpunals 1n the prosertebral sympathetic gangha of the eat
(Hamberger, “orberg and Syaquist 1963) These fermunals were found to surround
the sympathetic ganghion cells in basket-like synapuic structures Similar nerve termunals
—1n close contact with cell bodies or p have also been d in
other sympathetc gangla (Hamberger, Norberg and Ungerstedt 1965) and in the
parasvmpathetc gangha of the intestine (Norberg 1964) and the intramural gangha in
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studied) Synaptic fluorescent termunals could stll be observed mn the rnfenor
mésentenic ganglia (8 of 8 cats studied), while very few (1 of 5 cats) or no (4 of §
cats) terminals were found around the intramural ganghon cells in the corresponding,
part of the colon No or very few adrenergie vasomotor termmals were found 1n
the denervated part of the colon The intramural gangla of the bladder were of
normal appearance

Bilateral resection of the paratertebral ganglion chams L3 to L7 (S1) (3 cats) + cehac
gengha (2 ;ats) Large numbers of fluorescent termmals could be observed 1 then

fertor mesenteric ganglia, both when only the paravertebral ganglia were resected
and when 1n addttion the echac ganglia were removed After rescction of the gan

ghomic chams the mtramural gangha of the small intestine and of the colonstill es-
hibited an about normal number and distnibution of fluorescent synaptic termmals

When the celrac ganglia had also been remos ed, no (1 of 2 cats) or very few (1 of 2
cats) fluorescent synaptic termunals were found 1n the intramural gangha in a part
of the small intestine corresponding to the nervous outflow from the resected gangha

About normal bers of fl with a normal distnib found
1n the intramural ganglia and muscle layers of the bladder trigonum

Bulateral section of the hypogastric neres (6 cats) The central end of the cut nenes
showed a very strong i d a massive i of NA (g

2b) No (5 of G cats) or very few (1 of 6 cats) fluorcscent fibres were found m the
peripheral end (Fig 2d) Nerve cells were sometimes observed with the green or
yellow green fluorescence typreal of the cell bodies of adrenesgic neurons (Norberg
and Hamberger 1964) Synaptic fl Is of appi 1y the same
number and distribution as 1n the normal ammals were found 1n the nferior mesen-
tene ganghon In the trigonum of the bladder, a stnking decrease was observed in
the number of visible adrenergic terminals n the muscle layers as compared with
control ammals, while the synaptic termnals 1 the mtramural ganghs were of
about normal distnbution and number No appreciable decrease in the number
or of visible ad Is was found 1 the bladder
after this operation No decrease was observed in the number of fluorescent terminals
1n the intramural ganghia of the intestine

Bilateral section of ly pogastric and pelusc nerces (3 cats) The central cut ends of both the
hypogastric and a certain number of fibres in the pelyic nerves showed avery mntense
fluorescence, indicating accumulanton of NA Synapuc fluorescent termunals of
approvmately normal number and distnibution were observed i the mlmmu;ﬂ
gangha of the bladder The adrenergic inneration of the muscle laves m the
trigone region had about the same fow density as after sectioning of the hypoginc
nerves alone No or very few adrenergic vasornotor nenves could be observed in the
bladder wall after this operation, in contrast to findings after the hy pogastric nenes
only had been secuoned

~

w

-

Iiscussion

e reactio It
t under the conditions used has been we
The speatficity of the fluorescence reaction d b b

dies on the sy
established, and 1t permuts direct histochemical stu e
neuron (scc ¢ ¢ Norberg and Hamb 1964 The 1 approach used
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the present mvestigation 13 based on tho findings, which together provide a safe basis
for d 2 the course of ads nences
1 Adrenergic non termumal axons, which are normally difficult to identify because of
their low NA content and consequently low fuorescence mntensity, can be easilv
demonstrated after axotomy (Dahlstrom and Fuxe 1564) A pnimary CA, recently
shown to be the adrenergic transmitter NA (Dahlstrom and Haggendal 1963,
unpublished data), accumulates proumally to the lesion, giving an extremely
imntense fluorescence, while no or only a very small such accumulation s found
penpherally (Dahlstrom 1965)
2 After axotomy, the ad, mn the mentating by
of the cat within 36 to 48 brs (harpekar, Cenvomi and Furchgott 1962) Although
the adrenergic sasoconstrictor nerves 1n cat sheletal muscle require 4 days to reach
low NA levels (Sedvall 1961), the present results have not shown any difference
between the disappearance of NA from nenes in denervated organs after 3 davs
and after longer degenerauon times The nisk of axon regeneraton 1s minimal 1
that survival ames can be Lept comparatiely short
‘The present denen ation expeniments, and the fact that o cell bodies of adrenergic
neurons (see Norberg and Hamberger 1964) have been found 1n the intestinal wall
{Norberg 1964) permt the 1 that the ad synaptic s m the
wtrantural ganglia of the ¢olon have their trophic centre on the central side of the colomic
nerves The expeniments also strongly indicate that their trophic centres are not located
1n the eehac gangha or in the svmpathetic cham ganghia, or m the spinal cord with
axons traversing the ganglion chain Thus, there seems to be httle doubt that the trophic
centres of the adrenergic synaptic terminals in the colon —bke those of the vasomotor
termynals — are located 1n the snferior mesentenc ganglia, 1t agreement with the classi-
cal view that the postgangliomc sympathetic nenves to the colon come from these
gangha (Langley and Anderson 18951896, 1896} An important part of the sympa
v _ u .

finally the il

P neuron in the mtesunal wall
In this way the sympatheuc and parasympathetic divisions of the autonomic nervous
systemare 1 dinap ly (¢f huntz 1953) ynknown manner
The adrenergic nnenation of the small intestine may imvolvea corresponding neuron.
chan v1a the celiac gangha The sympathetic inhabiwon of intestinal motility has
previously been generally thought to stem from a direct effect on the smooth mauscle
cells (Hill 1927), but st has also been proposed that sympathomimene amunes act by
blocking or dep: m the gangha (\cDougal and West
1924 Rosterlitz and Robinson 1957) The present results give strong support for the
wiew that such an effect ¢an be the mam h for ad th of
intestinal motity

The trophic centre of the adrenergic synapte termunals i the wtramaral gangha of
the bladder cannot be mainly located 11 the infenior mesentenc ganglia as judged from
the present denervation exprriments, nor can the fibres reach the bladder via the pelvic
nerves — at least not ta any mayer extent The termunals belong 1n all probabilitv to
the penpherally located adrencrgic neurons in the bladder gangha, or possibly to
adrencrgic neurons in the pelyic gangha (¢f \orberg and Hamberger 1964 Fig 28-29)
Another possibility would be the perpheral parts of the hypogastric nerves where
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nerve cells ~— now shown histochermically to belong to adrenergic newrons (Fig 2dj~
have been reposted to occur tn various species {Langley and Anderson 1895—1896
Trumble 1933—1934, Vanov and Voge 1963)

The adrenergic termunals inervating the muscle layers m the tr1gonum of the Sladder,
on the other hand, seem 10 have their mam origin 1 the snferior mesenterie gangly Jt
£annot be excluded, however, that a part of the nenves (0 the trigone muscle belong to
nervecells i pelvic or antramural ganglia or i the hypogastric nerves The adrenergie
vasomotor fibres reach the bladder at least to a large extent via the peliic nerves
That sympathetic unmyefinated fibres reach the bladder v1a the mainly parasympathetic
peluic nerves has previously been proposed by Kuntz and Moseley (1936)

The adrenergic termmals of the bladder are thus partly of intrinsic and partly of
extrnsic ongn, the latter reaching the bladder via the hypogastnic and pelvic nerses
The extremely comphcated orgamzation of the bladder tnnervation evidently esplyns
why such highly conflictng results have been obtained m physiological 1 estigatns
on the bladder (for references, sce Ingersoll, Jones and Hegre 1954) It remans to
reevaluate the existing physiclogical and pharmacological {e g Sizg and Sigg 1964)
data w the light of findings with the present method

The adrenerge syraptic termmals s the inféror mesenteric ganglia do not have ther
trophic centres in the celiac gangha or 1fi the sympathetic ganghonic chuns as judged
fram the present denenvation expersments The trophic centres of these termunals are
probably not located on the peripheral side in the effector organs since the terminals
were not dimmished 1n the gangha after section of the hypogastric or colonic nerved
1o accumulation of NA was found m any of the fibkes of the periphera) stump of the
hypogastric nerve and no nerve cells of adrenerge pevrons have heen found in the colon

(see abosc) and no accumulation of NA was found 1 any of the fibres of the peripheral
stump of the colonie neeve after axotomy The possibiity that these termunals ongwate
from several of the argans connected with the ganglia was contradicted by the lackof \ §
accumnulation i the penpheral cut ends of the hypogastne and colomic nerves (The
effect of a total denenvation of the inferior mesentene ganglron could not be studrd
since thiy operation proved to cause a disturbing increase in cellular and avonal fluores
cence which p d d of the nnals ) Howeser the exp
strongly indicate that the adrenergic synapuc termunals i the mferior meseniene
gangha onginate at least fo a mayor extent m the gangla proper o pewsbly (w:
ganglion cells 1n the hypogastric nenves (sce above) It has been proposed (huniz an
Saccamanno 1944, Mec Lennan and Pascoe 1954) that afferent neqves from l?’lcm(ﬂ;‘mf
to the mferior mesentenc ganghon mediate an inbubitory intestino-ntestinal 1¢ r:
The present results strangly indicate that such nenes are not sdrenergic n ﬂﬂ“;‘&_
Prommnent dendnuc systems have been reported sn sympatheue gangha Cagal ; h
Elfiin 19632 b) and dendniic nests have been observed around adyacent ganS “’k“
celle in the prevertebral ganghia (huntz 1938 1910) Some of these dtructures mn‘i‘ o
idenucal with the adrenergic synapte s 1 the mienor and echa

angha

& T?,c morphological obscrs ations are snsufficteat to allow any definite (cnclu!}::’x;:
to function of the adrenergic ganghonic synapses There are some xndi(?“[’_;:‘ o and
cuistence of ad . n certain pathetic gansha e A::x 103
West 1934, Rosterliz and Robinson 1957 and in sympathec ganglia \srfem |7

’, 1963 Thrse may 3t
Lundberg, 1952, Centa «f al 1961 Weir and \feLennan 1963 Thew oy 000
general inhibitory function, although some contrary results have
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latter gangha (Bulbnng and Burn 1942, Bulbring 1944). More direct evidence 1s nceded
to elucidate the function of the ad: synaptic which appear
to constitute wadespread systems of great ph and ph 1

Our thanks are due to Miss Berith Hansson and Muss Kentin Lanson for skitful technical
[ T AR iy B L. PRI
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The Effect of Ethyl Alcohol on Non-Gustatory Receptors
of the Tongue of the Cat
By
Goran HELLERANT
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Abstract

The rather smal} response of the chorda tympan: venve to the appheation of alcohol
on the tongue as reported 1n previous papers (Hellekant 1965, b) in companson with
the <trong sesponse to the com entional taste solutions, ratses the question of an alcohol
effect on sensory receptors other than the gustatory cells within the taste buds Further
the application for example of 49 M alcohol on the 1p of a hghily ancstheuzed cat’s
tongue produced rather sirong smuscular veflexes which might be chated from
sensory fibres belonging to the tngemunal part of the bingual nene, as ssmilar
reflexes were never obsenved duning the exposure to cont entional solunions The present

work was undertaken to study this response to alcohol 1 the 1ngeminal fibres of the
lingual nene

243
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57-Matcohol

water

£5:M alcohot

lowest alcohol concentration duning the flow of which the discharge ceased It can be
concluded from the table that the alcohol concentration which caused the fibre to dis
charge maximally usually caused a cessation of the chscharge during the prolonged
flow Column D gn es the 1aterval betw cen she onset of the aleohol flow over the tongue
and the moment when the induced discharge stopped although alcohol was stll flow
ing Column E gives the conduction veloaity which ranged from 57 to 180 m sec
Tig 2 15 a recording from a typical fibre m tus group It s fibre no 15 1n Table 1
The recording demonstrates some of the features which are not given 1n tl ¢ table

Thesc fibres were characterized by the regular discharge n thewr response to alwhOL
- - - Y ve s L €1 eegante

. . ’
was usually sudden The block was reversible and the ability to discharge to alcohol
returned after a while when the tongue was rinsed with water The recording shons
also that the discharge ceased after about Z0sce when the tongue was nnsed with d 3 1
aleohol but not when 1t was nnsed wath 57 \J alcohol The recording may gise &
wrong rmpression for 11 seems that the duration of the flow of 5 7 M alcohol was shortes
than that of 6 5 M but 6 sec of the recordmng durning the 5 7 Malcohol flow 1 excluded
1 the figure In all the tongue was exposed fo alcohol for a langer time m ki 24
thanin B Fig 2 C and D shows the response to mechamcal sumulation The receptor
responded to Light touch on a very himited (about 2 mm?) area about 5 mm from thet p
of the tongue Fig 2 C shows the response to repeated touch and D 10 errasing

and decreasing pressure
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o frequency

lotency
Fig 3 The arcles represent the mean value of the N

frequency ehcited by the alcohol concentrations
marked on the abscissa The number of fibres 1s put
in pareathesss below The oblique lines represent the
S E The dots ind cate the mean value in sec of the
interyals berween the ouset of alcobol flow and the
observed response The horizonts] hnes represent the
S E The same number of fibres is included at for the
frequency

17 N 2

12 3 4
conc.aleohol

The response to cooling from 35° to 27° C was recorded m Fig 2 E This tempera
ture decrease caused an imitial discharge in the fibre of about 10 mp sec Fig 2 F 15
a recording from the same fibre after 35 sec flow of 5 7 \{ alcohol over the cat’s tongue
The discharge during the last sec before the water flow was about 6 1mp/sec The tem-
perature decrease in F from 30° to 25° C immediately followng the alcohol flow ehaited
a discharge of at least 30 1mpfsec, which must be regarded as much stronger response
than n E though the temperature decrease was smaller A sumdlar ncrease of senstevity
was observed to mechamcal stimulation after alcohol exposure

The summated recording n Fig 1 rexcaled a decreastng response to mcreasing alco-
hal concentrations stronger than 49 M The same observation was obtamed 1t single
fibres as Fig 3 shows The frequency was plotted on the left ordinate in the figure and
the molar concentration on the absaissa The circles represent the frequency dunng
maximum steady response as previously defined Each symbol represents the mean
raluc of the number of umts mdicated by the figures put m parenthesis below The
oblique hnes show the S E. The diagram supports the conclusions made from Fig 1
that there 1s a decrease in the response in these fibres to igher alcobol concentrations
Fig 3 shows also the mtervals between the onset of a flow of alcohol over the tongue
and the observed response in the fibres Thus latency was measured 1n sec and plotted
on the right ordinate 1n Fig 3 The dots symbohize the mean value of the latency for
the number of fibres indicated by the figures put 1n parenthesis The same number of
fibres was included as for the frequency The honzontal hnes indicate the S E. The
shortest latency was observed for that alcohol concentration which elicited the strongest
Tesponse

It was alwavs observed during the study that fibres which responded to mechamical
sumuditon and' nor to cooling were not shimufated by alcohiol Fig 4 18 a recording
from su:h«a specific fibre The fibre was only sensitine to mechanical sumulation as

. - - At Lama

response The recording in Tig 4 G was obtained after 15 sec flow of alcohol This part
of the recording dunng alcohol sumulation was chosen as the probability of a response
was greatest after this ume The alcohol tn thes recording did howerer, flow over the
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receptors are situated at an average depth of about 0 18 mm in the tongue of the
cat A simular more or less superficial level of other sensory nerve endings is very hkely

Tius study supports the view suggested m an carhier study (Hellekant 1965) that
alcohol penetrates the epithelium of the tongue The mcreased sensittity and the re
versible paralysis observed, can not be explained as an osmotic effect only, but as an
nterference with the receptor, which may cause a change of the permeabibity, similar
to that observed by hautsson (1961) 1n the frog muscle
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Abstract

Oye, T The action of adrenals

cardioc muscle_Dssocration between phosphorylase actuation and
T e T e o ok i
. . M

. v o .
phorylase activation from the tme of onset of the motropic response, phasphoeylase actvauon
being the lter of the two changes and therefore unlikely to play 2 part m the chain of events
leading to increased force of contraction In the early phase of the motrapie response no ac-
tvation of phosphorylase was found when the tisue was extracted m glycerol at 30° C.
T - et e B

the of carbohydrates, Lipids and ovygen by cardiac
muscle The expected result of these metabolic effects would be an increase m energy
available for the contractile process The idea that this increase 1n erergy hberatrm
15 the cause of the increased contractile force was rejected by Ells 11939) who demon-
strated an mnotropic Tesponse 1o adrenalime 1n solated frog hearts under 2nartobic con-
ditions and after potsoning with 1odoacetate As an alternative hypothesis he proposed
that increased levels of hevose phosphates following the ncrease in phosphorylass ac-
tvity might tngger the motropic response Subsequent studies have lent same support
$0 this hvpothesis (Belford and Fesnleib 1962, Wilbamson 196%
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:
5

ot
30 40
seconds

Tase I Effeet of adrenahine on phosphorylase activty AUl hearts were perfused for 30 mun
before the addition of 1 g adrenaline to the perfusate No addstions were made to
the controls Phosphorylase activity assayed without added AMP (basal actiity)
and with AMP (total actwity) The relaiise amount of phosphory lase a is expresicd
as basa) activity mn per cent of total activity The number of experiments are given
in paranthesis Phosphorylase activity 15 expressed as umoles inorganic phosphate
(P,) Lberated per min g nssue (wet werght)

Phosphorylase acuvity Basal actnily
1 per cent
Basal Total of total

pumoles P, fmin /gt

Controls (8) 09401 18005 50
Adrenaline, (rozen during the first 20seconds
of mnotropic response (8) 09401 174108 52
Adrenaline, frozen at mawmal otropic
response (8) 3607 188420 192

% Nean value & standard ersor of the mean

traction seen when adrenaline is perfuscd through the heart, must therefore be dut (0

PR woug

phasphorylase was found
{Table ) On the addi
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Taste 1T The effect of pwo dufferent extraction procedures on the amount of pbosphonlase
a (basic actvaty in per cent of total actvity) in control hearts and hearts frozen
during the first 20 sec of motropic adrenaline response Six hearts from each group
were stored 31— 380 C as frozen powder Two samples from each heart were
weighed out and gne extracted 1 30 per cent ghycerol at — 20°C, the other by
the aqurous extracton procedure described 1 the text Phosphory lase actviny ex
pressed as in table I N

Basal actty n per cent of totalt

Extracuon procedure Controly Adrenaline Difference P
Glycerol extraction (6) 70:08 6507 —0s -
VVvater extraction (6) 249131 311434 62 001

3 Mean value £ standard error of the mean

Tasex HI The effect on the amount of phosphorylase 2 found in heart tissue of adding
adrenaline or €ythie 3 5 AMP before extraction of tssue Frozen ussue {control
hearts) thawed by grindisg in a mortar ! nun sn water at room tempetature a)
no addion, b) adrenalme added (0 1xg perml), o) cychie 35 AMP added
(10 * M) Following this treatment, the standard extraction medium was added
(Final volume 10 m! per 50 mg tissue)  Amount of phosphorylase a expressed as
basal activity 1 per cent of total as described m the legend for table I

Additions during aqueous extraction Basal acumity m per cent of total*

2) none (4) 240421
b) Adrenalne (0 1 g per ml) (4) 232524
¢} Cyelic 35 AMP (10 “\f) (4) 281522

* Mean value 2 standard error of the mean

tion of I pg adrenahine at this tune, a marked increase 1 the amount of the ANP-
independent form (phosphorylase a) was always seen, provided the hearts had been
frozen at the maxamum of inotropic response

The ¢hronological relationshup between phosphonylase actnanon and motropic re-
sponse was studied more closely by freczing a senes of hearts between 10 and 20 sec
et b T masmelsoreem o antupe ot (Eig 2, Ve wone ivven 3) marked by the
two vertical broken hnes) Dunng this mitral phase of inotropic response, the levels
(laf Phosphorylase did not differ sigruficantly from the levels in the control group (Table

)

Table I roveals the importance of the extraction procedure In order to study the
effect of thawing the frozen tissue 1n the absence of ethy lenedtaminetetraacerate and so-
dwm fluonde, the extraction procedure was modified as follows Distilled water was
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used anstead of cold ghcerol, and 50 mg frozen tissue was evtracted by grinding at
soom temperature sn 2 ml water for | min before addition of 8 mi of the standard ex
traction flwd Thawing the tssue particles to room temperature for one munute m ths
mapner increased the total (apparent) amount of phosphorylase a In addition the ob-
servahion was made that the use of ths procedure resulted ta a sigmficant difference be
tween control hearts and hearts having been exposed to adrenaline for less than 20 sec
b to the fe of the prc response This increase tn phosphory lase
a after extraction at room temperature was not due to the presence of adrenaline duting
the extraction procedure, nor to the presenice of increased amounts of eyche 35 AP

(Table 111)

Discussion

In studies relating the pic effect of adrenaline to s bolic effects 1t 15 usually
assumed that the 1otropic effect 15 caused by a direct acuon of adrenaline on the
myocard However, changes in rate or thythm may also lead to changes m force of
contraction (Blinks and hoch Weser 1961} An increase in rate may cause an appasent
mcrease 1 force (posittve inotropre effect of activation) of a decrease m foree (negatne
pic effect of activauon) depending on the cond, used Thus the sotrop ¢
effect of adrenabine may actually be secondary to ns chronotropie action which s re
lated to sts local actton on the pacemaker and unrelated to sts gction of the myocard
If the pacemaker is more sensttive to adrenabine than the rest of the cardiac musxcle
small doses of adrenakine might be expected ta change contracule force wathout having
any direet eflects on the bulk of heart muscle In this case phosphorylase actnation duc
to a pnmary action of adrenaline cannot be expected
1n the present expenments increased rate was produced by local application of adren
aline to the pacemaker region Lnder these conditions the wncrease in rate was ot
accompanted by any obscrvable increase in force of contraction The motropic effect
obtainted when sdrenaline was perfused through the coronary vascular bed must
therefore be due to a direct cffect on the myocard
The degree of phosphorylase activation 11 a muscle preparatron may be mfluenced
by other factors m the experimental procedure than the direct acton of adrenalnt
The work of Bueding on smooth muscle has shown that even gentle mampulations prot
to homogenization may bring about phosphorylase acti ation an isolated smooth musce
treated with adrenaline (Bueding ¢taf 1962) In expenments prelummary to the onc
presented here we made simslar observations for the heart Fxation techmgues which
inalied mantpulation of the tissue gave mcreased levels of phosphorylas a Tre
between adrenall d and control hearts was also mereased €on
sequently the heart was mounted in such a way that direct freezmg in the W ollmb«h:ﬂ
¢lamp without any previous mampulations could be performed The perfuston fet ‘1
que used also allows recording of the motropic response without stretct ing the beat
and without sevening the myocard by atachung a stram gause or uther ;\—m(du;g;
devices directly to the muscle This again reduces the posstinhintes of artifacts brwx\'h
ahout by handling the tusue These precautions probably contribute to the relatne]
ount of phosphorviase a found in the present expenment
lo‘;-;zm peuital ik pharphorylase et ation excluded this process and '1:
metabalic changes brought about by it from being causally related tte nr;oir;Ln
¢ of adrenaline in the perfused heart The same conclunon has jrevio sty

eflect
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reached by \Mayer et al (1963) by examinng the dose response relationship for these
two parameters

Phosphorylase b 1s rapidly conyerted to phosphorylase a during water extraction
at room temg Thus n 13 an ATP.dependent reaction catalyzed by
phosphorylase b kinase The latier enzyme has been extensively studied by huebs of
al (1964) and has been found to exist m an active as well as an macuve form Accord
ingly the rate of conversion. of phasphorylase b to phosphorylase a during extraction
most hikely depends on the actnity of phosphorylase kanase When the hearts had been
exposed 10 adrenaline dunng perfusion the formation of phosphorylase a dunng e«
traction was enhanced even when the hearts had been frozen dunng the first 20 sec
of the inotropic response As addition of adrenaline or cyclic 3 5 AN[P duning the extrac
tion was without effcct an actnation of the kinase must have taken place duning the
early phase of motropic tesponse and prior to freezing of the muscle

It 15 thus possible to follow the chronological sequence of tbree scparate events re
lated 1o the glycogenolytic effect of adrenaline An ncrease m eyclic 35 AMP levels
oceurs dunng the first scconds of inotropic response (Oye et ol 1964) This s followed
by 1ncreased actmity of the phosphorylase actnating system (phosphorylase kinase)
Comverston of phosphorylase b to phosphorylase a occurs relatinely late and cannot
be detected at all durtng the first 20 sec of the inotropic response

The actnation of phosphorylase on thawing the frozen muscle and the enhancement
of this process 1n samples from hearts which had been exposed to adrenaline, might
offer an explanation of the discrepancies between previous works refating the motropic
effect of adrenal ne to 1ts effect on phosphorylase

Although dissociated  the effects of adrenaline on phorylase actnation and
contractile force are not necessanly mediated through separate adrenergic receptor
mechamsms Concievably one single event brought about by adrenaline mught tngger
several secondary and possibly dissociable phenomena in the cell The mtial event
mmght be the rapid accumulation of cyclic 35 AMP brought about by the action of
adrenaline on cell membranc ademyl cyclase Concluste evidence for this hypothess
howener 1s sull lacking

¥
1
1
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Abstract

et g, - [ T e woa e

accepted mnervaton of the vessels (partzcularly 1n the vasculsr layer of the €ye) and of the
dilator, there were found also an adrencrgac smacrvation of the sphincter and an adrencrgic
ground plexus among the capillastes 1n the cboroid and the cilary body There was not, on the

Several 1mpy problems the ad of the eye
remain, however, to be solved It 1s not clear to what extent adrenergic vasomotor
nerves are dustnbuted to the vanous pars of the vascular bed m the retina, the optic
nen e and the choroid and what importance they havefor # g the blood flow in the eye
apd the intraocular pressure It 15 sull unsettled whether or not there arc any adrenergic
nerves goag to the ailiany body It would be of greatinterest to know whether there are
P S - -

' . .
against the view that the two tn1s muscles are controlled by a reciprocal nnervation
Grom both the sympathetc and parasympathetic system Pharmacological expen-
ments on the 1solated ins (Hess and Roclla 1950, Schacppt and hoclla 1964, Takas
1964) and physiolomcal studies on the nerous control of the pup | (Joseph 1921)

259
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suggest the eustence of an mhibitory adrenergic nervation of the sphuneter muscle
This, however, has been strongly demed by Lowenstern and Locwenfeld (1962)
Mcurohstological invesigations have given some support for such a view (for references,
see Stohr 1957}, but 1t has recently been called sertously into question also on the basis
of electron prcal obseryations (Richard:

The adrenergic nerves can now be studied 1n an entirely new way by means of the
fluorescence method of Falck and Hillarp, which permuts the direct demonstration of the

di drenaline (NA) (For nces see Norbergand Hamberger
1964) Thaoks to their hugh content of transmutter, the adrenergic termmnals can be
easily visualized and their distrbution withun the tissues readily exarmned The method
has been used 1n this laboratory for studies on the characteristics and basie fundamental
properies of the penpheral adrenergic neuron and ats termunals and to dlucidate the
constitution of the adrenergic tnnervation apparatus {Norberg and Hamberger 1964,
Malmfors 1965, Malmfors and Sachs 1965a and b)

The cyes of several mammals ~— mamly rat, rahbit and cat, and to a lesser extent
also mouse, guinea pig and monkey — have been examined 1 the present stud) and
the distnbunion of the adrenergic nerves in the inis cibiary body, choroid, retina and
optic nerve 1s descnibed below The rest of the bulb and the extraocular structures were
notincluded tn thisins estgaton Some obscrsation on the adrenergic mnervatson of the
dilator muscle in the rat ins (Falck 1962) and rabbst choroid (Haggendal and \almfors
1965) have been reported previously and certain special details of the adrencrgic
tnnervation of the 11s mn albino rat, mouse and guinea pig are summanzed also else
where (Malmfors 1965, NMalmfors and Sachs 19652 and b) *

Material and methods

The eyes from adult ammals of the following specics were examuned (numbers t:!anxmﬂx m

o marng

. 2 examined 48 to 96 hrs after bilateral extirpation of the supenor cervical gangl n together wits

510 6 mm of the preganglioic svmpathetc irunk .
' .-t
) : L
. . , :
A
' ' te
. Son
- . of
" - ed
male yue pis 0 Ope w ey ,
10 2 the sections then bemg oounted for fluorescence m croscopy [ 1 details ¥

. '
. il .
. -1 '

publist o on the a lrenere €

¢ 1o brief reports were
ceparation of the manusenpt tno bref reports were publl of o e A

¥ Dunng the
mnm-::on Fie eye studicd by the flunrescence method of Falck a
Latics and Jacobonrts 196+
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The techmique used has previously been decribed m detarl (Malmfors 1963) Fluorescence

. . . \
after staung consccutive sections or whole mounts according to van Gieson s stamn,
method (hematoxylne ovyfuchin and pienc acd) \umerous sections and whole mounts

d first 1n the fl ence d thenin a Zews photo~
micrascope with phase-contrast cquipment

Results
The chenustry and specificity of the fluorescence reaction are now well known (for
references see Norberg and Hamb 1964) The fund: 1 ch of the
d neuron the 1 distriby of the and the identifica

tion of the adrenergic nerve termunals have recently been discussed in other papers from
thus laboratory (Norberg and Hamberger 1964, Malmfors and Sachs 1965a) The

results abtained show clearly that in normal hian tissues the ad nerves—
1 contrast to the cholinergic and other non adrenergic perves — develop a specafic
green (to yellow green) fi dunng the cal and that tlus

1sdue to the presence of NA, which1s cons erted to an mtensely fluorescent 3 4-dibydrotso-
quinoline

‘The adrenergic nerve termunalsin theeye from all the spey P d
the typical appearance, which has earhier been described from other organs (Norberg
and Hamberger 1964) They are fine fibres with abundant vancosities, which exhibi
a strony fluorescence In contrast to thss the adrenergic non termunal axons (¢f Malm-
fors and Sachs 1965a) which run in the tissues in small nerve bundles are thicker and
usually smooth, developing at the most a weak fuorescence In some species at least
their transmatter content can be increased by treating the atumals with a potent mono-

amine oudase inbibitor {¢ g malamide) This rcumstance was uthized i the present
study to make them easier to obsene
La

1s thus no doubt that the nerves observed 1n the eye tssues belong to the sympathenc
adrenergic system The denenvation expenments performed show also that afl — or
practually all — of the adrenergic fibres 1 the eyes of the species examned ongnate
from ipsifateral cevical sympathetic ganghon cells and that usually very few such cells
are localized peripherally of the superior cervical ganghion This has been confirmed by
the cxamination of whole ins mounts 10 a much larger matenal from sympathectomized
rats (Malmfors and Sachs 1965a) In spite of the fact that the termnals orgwnaung from
even a single nerve cell can easily be found 1n such preparations, almost all the irises
were d d following exnrpation of the supenor cervical ganglion

The distnbution of the adrencrgic nerves i the eye bssue s given below with
specaal reference to the vascular layer Only the general and essenual features are
deseribed Unless otherwise stated no obvious or smportant differences were found
between the species examined

Qutside and within the bulb sometimes in the close vicimits of blood vessels there
were to be found weakly fluorescent and smooth adrenergic axons usually muxed with
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non fluorescent, presumably mainly cholinergic fibres (Fig 1} These non-termunal
axons gave rise to abundant termunals, distributed partly to the blood vessels The
vascular mnnervation, which consssted of a typscal ground-plevus {Fig 2) — a fine,
‘widely meshed two-dimensional network — located on the border betw een the advenutia
and the smooth muscle layer i the media, has been described 1n detail with regard lo
several other organs by Norberg and Hamberger (1964) -

The chorord, optic nerve and retina
In the choroid, there was found — in addition to the vasculat adrenergic mnenation —
a type of adrenergtc terminals which did not seem ta be directly related to the vessels
These terminals — studied most easily 1n whole mounts of rat chorod — seemed to
form awell-developed two-dimensional network (Fig 3), which to judge from the sec-
tions (Fig 4) appeared to be closely related to the capiliary layer They were absentina
very narrow zone 1n the most anterior part of the chormd

In the optic nerve and retina, only the central retynal artery showed an adsenergic
mnnervation, 1n the nerve and 1a the optic papilla (Mg 5, b,) The examinaton of
hundreds of sections revealed no fluorescent nerve fibres around @ither the supesficial
vessels or the deeper vessels of the retma (Fig 7} Apart from these vasomotor nefves ho
fluorescent fibres were found over and above the fl P neu
1003 1n the retma, with mtrarctnal terminals (Fig 5, 7) afready descnibed (Hagyendal
and Malmfors 1965)

The aliary body

In additton to an adrenergic vascular innervanon of erdinary appearance, fluotescent
fihres were found 1n the vascular layer of the ciliary body at the basis of and 1n the erliany
processes These formed a very finely meshed network among the blood vessels, smamly
the capillanes (Fig 8) Itis dificuls to decide as yet whether all these nerves belong to
the blood vessels or whether they also constitute a direct tnneration of the ahian
epithelium In whole mounts of rat ciiary body, the adrenergic ground plexus seemed
to outline the ahary processes ([g 9) rather than separate blood vessels and showed
about the same appearance as that of the nervcs 1n whole mounts of rat choroid winch
were not directly related to the vessels In the rest of the cihary body the adrenergic
nerves were sparse Some single fluorescent nerve: fibres were in fact to be found inbe
cilsary muscle, with some s anations between different species, but they scemed to be 100
few to constitute a real adrenergic innervation of the aibary muscle

Fig 1 Catmns perpendicular section A« the bottom 15 scen the dense grount plexut of the :{xh—
tor In addison to the auto-Buorescent cells small nerve trynks are seen sh the stroma A
fluorescent axons B ~ non Auorescent axons C — both fluorescent and non fluoresceat &

e 2 ped blnod
Fig 2 Catans The adrencrgic ground plexus is seen around 2 tangenually sect o

vessel &

Fig 3 Rat choroid whole
Blood vessels, thers 18 a mesl
% 160

Fig 4 Rabbut chorowd_perpendacular secuon T
11 1he capillaty layer of the chorod  The auto

s around the

mount In addition to the adrenergic ground plex ren srssels

hwork of fluorescent fibres not direetly related @ any
worescent fibres are sesn among biod \n;(;!,
fluorescent pigment epithebum { ) > 2
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The tnis

In the inss, both the non-terminal axons and the adrenergically mner ated vessels coul
be casily studied, especially i the whole mounts In the rat, only arteroles sceme |
1o be innervated

In the whole mounts of ir1s, the adrenergic mnenation of the dilator muscle was
found to be composed of a ground plesus uniformly distributed aver the entire muscle
{Fig 14) In each strand of the network there could be seen one or several adrenergic
terminals The terminals were of typical appearance, with very strongly fluorescent
vancosities and more weakly fuorescent segments 1n between For a more detailed
description of the adrenergic ground plexus as revealed from whole mounts of rat iris,
ste Malmfors (1965) and Malmfors and Sachs (19652 and b) Certain differences were
found between the specics examined In the mouse, each strand usually contasned no
more than one termunal, while in rat and guinea pig the strands were usually composed
of several terminals In the mouse the varicosities seemed to be slightly larger than in
1k 15 gt m diameter a3 compared to 1 ¢ 10 the latter

In the sections of irts, the adrenergic nerves m mouse and rat were found superimposed
on the antenor surface of the dilator muscle {Fig 11, 12), which consistsn these species
ofame cell layer only (Mulsson 1964) In these anmals, no termumals were found to give off
branches extending 1n between the muscle cells of the dilator In the cat and rabbt, the
adrenergic ground plexus of the dilator muscle wasery dense and most abundant on the
antenior surface of the muscle (kg 1, 10) But the fiuorcscent fibres extended also in
between the muscle cells, which seemed to form more than one layer The inervation
W3 nicher in the cat than in rabbt

Atthe pupil edge of the whole mounts ofrat ris, the fl fibre; daground
Plevus of an appearance somewhat different from the plexus in the rest of the irss, which
has carlier heen descrbed as the ad 7 of the

dilator muscle There was a distince transition between these two ground plexus but
Y WEre \ery imtimately jomed together (Fig 14) The plesus at the pupil edge, which
wassituated just over the sphancter zame of the 1ns, dered toform the
iPnenation of the sphincter muscle (sce Discussion) This was more evident when the
sphincter of rat was studied 1n transverse sectrons The fluorescent fibres were then found
:‘;:v sParsely but uniformly distabuted between the muscle cells and somew hat more
; ndant on the anterior surface of the muscle (Fig 12} No continuation of the accumu-
3ton of the fluorescens fibres above the dilator was found behind the sphincter muscle

N were any evident signs of dilator muscle cells found 1n or behind the sphincter
muxle (Fig 13

e 5 Section. of the postersor half of rat eyeball, through the entry of the opiic nerve (ON)
Paoresmeers, AbTes are scen around the centeal artery of the reuna in the nerve but not further A
X gy Perve cell body — probably containing dopamine — tn the retna s also seen ()
K
nf,: ,'f:‘ OPhe papilla Section through the branchung central artery of the reuna Fluorescent
Fig 7 nen 47ound the vessel m the opiic nerve but no further > 220
between Y 7oA No Ruorescent fibres are secn sround the blood vessel but at the border
Kom g, "eF Plewtform and the inner nucleas layer are numerous fiuorescent termmnals
P g el neurons () x 250
ies Rabibit elary body Flaorescent fibres are secn both 1n the eshary processes and at their

“Tmngled wath small blood  essels just below the epithehum 160

-
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In the cat, where 1t 1s easy to distinguish between the spincter and dilarae p o erlee
the adrepare » ——ww ERES
same der . .
1‘954) or - W Lk Lat (Malmlors upml el Ad e een .
(AN

vvoaldu dBU e duater did nat seem to reach the pupt edge In the
sphimcter muscle, however, a fairly large number of fluorescent fibres —-more in the
prgmented ammals (Fig 17) than 1n the albinos (Fiy 18) but fewer thn i the cat —
were found umformly d d and led among the muscle cells Tluorescent
fibres which seemed 0 [ack any connection with the dilater muscle were found alsom
the sphuncters of monkey, mouse and gumnea pig

Discusston

Since the specifierty of the fuorescence method used has been sausfactorily proved by

several authors (for references, sec Norbery and Hamberger 1964} there 1s no doubt

that the specific fluorescence of the nenve fibres 1s denved from the endogenous N Am the
d i

a Tgte | patk nenes especally since the fluorescente dis
PP i after p and cervscal sympathectomy
This paper thus ly d the ad innenvatson of the eye, which

13 of fandamental importance for the injerpretation of the results of physiofoqcal and
pharmacologcal experiments in this field It may be just the lack of such morphologicat
data which has led to the contradictory conclusions drawn from these studies teanng
the basic problems unsettied

In the present paper the maw prinaiples of the adrenergic innervation will bediscussed
in refation 1o earher fundamental facts

The adrenergic mnervation of the vessely 1n the eye 15 assumed be reaponuble for
vasaconstrctions —e g that observed by Niesel (1961) in the choreid following sumula
tion of the cervical sympathetic nerve It scems unbeliey able on the other hand thatthe
retinal vessels should be directly influenced by adrenergic actity, sinee no evidence
of an adrenergic mnervation of these vessels was found tn the specics cxamined et

Tig 9 Ratcl ary body whole mount Two smali nerve trunks { ) and an ;.mm&e(\\l ae
seep pasung the aihary body to the inis (1) fluorescent fibres ase accumulated ite alary
provesses (CF) which they scem 10 outhing in the same way a3 the anienate ¥ ¥

Fig 10 Rabbit it perpendieular secian The adsencrgic neeves of the dilator aresien
rmascle above the ins epithebum > 250

Fig 11 Rat s perpend cular section The adrencrgic nerves to the dil n” r are seen uper
imposed on the muscle Cluorescent fibres are also seen around a vessel ~ 250

Fig 12 Ratins radial section To the nght the sphineter 1 scen at the pupi edse contanng
fluprescent fibres both among the muacle cells and on the antenor surfice The accurryl e
of fluarescent fibres supertmposed o the dilatar @ocs noy continue bel nd ehe apt
x1

Fig 13 The same section as in Fig 12 wath pl
identified sphincter (S) and dilator =

nthe

hase contrast microscopy  Fhe muscle are €38 I
1)
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there was found an adrenersic mneration of ;lle c:::::l ;r::::la :‘:;m:}m: ::;
stopped on the optic pzpdl:\ ;mh:;:n a:l:: sop;::: . 3
e both outside and withun
apg:::::‘cﬁmb; to know what function can be asigned to the adrenergic ground pleus
found 1n the chorowd, which 15 not darectly related to the large \vessels but rather to the
capillaries ‘There 1s no earhier evidence for a dwectinrervanon of the capdlanics and the
fuorescence method cannot furnish conclusn e evidence of thus Theintunate relationstup
Between the ground plexus and the capillary 1ayer may, however, indicate some adrener-
on the function of the Jatter

gwl'l:r‘x‘:ym::d Hogan (1961) have suggested an mncrvation of the melanocytes m the
Ch‘;:"}l\du been luded from logical and ph 1 expenments that
here eusts an adtenergic miuence on the actn of the aliary body antagonistically to
the parasympatheuc mnenaton The siteof this mfluence, however, has been disputed
Some authors consider the effect to he due solely to vasoconstnicuon (Morgan 1946),
while others believe i an mhibitory adrenergic nnenvation of the entire ciliary ruscle
(Melton ef ¢l 1955) The latter opinion 13 supported by Géms-Galvez (1957), who
found morphologicat endence for an adrenergic mnervation of the oliary mussle Tt
wasimpossible however, to confirm this finding 1 the present work and the former
opimon seems more acceptable 1n that the adrenergic wnnervation of the chany
body 15 accumulated to the vascular layer The nerves however, are not manh
sitnated closely around vessels 1n the normal manner but have a more diffuse distnbu

«wont 1n the rchly vascularized tissue at the hase of the cliary processes, so that another
function of 1hus 1mnen ation cannot be excluded

‘Vasoconstriction mn the cllary body, together withvasecanstriction w the chorad and

2 decrease s the production of the agueous humor, may also perhaps be responsible
for the deesease i intraocular pressure observed on sympathetic stimulation (Miesel

1961) There 1s endence (Ealans 1963) that the secretory process of ocular furd 15
wnlubited by NA Tt 15 mpossible, however, to decide from the present results whether
the same effect might not be caused by 2 direct adrenergic npernation of the aliary

<pithehum or mediated indirectly by an wnfluence from the adrenergic nerves on the
capillarics 1n the ahary processes

1¢ 15 now quite clear that the dilatation of the pupil produced by stmulation of the
cenvical sympathetic chain 1s mediated durectly by an adrenergic mnervanon of the
difator muscle of the inis (flar references, see Loew enfeld 1928} The findings of the present
study further support this opiion On the other hand 1t hag not previously been possible

Fig 14 Ratins whole mount To the left 1s seen the l

to the nght the ground plexus aver the diator (D) irufl;od plenss over the sphuncte (5) xad
Fig 15 Catues radulsection Tn addinion to auto-fluorescent
stroma contawn ng large numbers of fluarescent fibres The d
£1g 16 Catmy In the s} ghily obhiquely sectio

running mawnly singly In the dilstor the sdr
sec each individual fibre > 2

¥z 37 Rabbnt ns radia)

T Ralion hmu(f):uyonlgm a# albino ammal. Fluorescent fibres are seen in the
Fg 18 Rabbt 1ns eadual section fr

e sptuncter (S} and diator () v 159

sells, the sphincter 1s seen 1n the
ator (=) x 160

med sphancter ase seen varcose fuorescent fibres
energc innervation 1s 30 ruch that 1t 1s ddficult 1o

igrented ammal Fluorescent fbres are seen 1n
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to decrde whether there 15 also an active adrenergic relaxation of the sphincter during
the dilatation, even if vanous evidence 1n that direction havebeen presented (Joseph
1521, Hess and Koella 1950, Schacppr and hoella 1964, Takits 1964) From the present
results, howerer, atas elear that there is an adrenergic mnervation in the sphincter Jtus
consequently possible that the adrencrgic 1nnervation of the sphincter 1s inhubitory The
mnervation was most convineing in the cat but was also highly probable in the other
animals examined

For gencrous supplics of drugs I am sndebted to Swedish Ciba Stockholm {reserpne) and
Swedish Plizer Stockholm (malamude)

This mvesugation has been supported bya U § Fublic Health Service Grant (NB 62854—
©4) from the National Institute of Neurological Duseases and Blindness and by the Swedish Ve
dical Research Council
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Hydrolysis of Adenosinetriphosphate
and Creatinephosphate on Isometric Contraction of
Vascular Smooth Muscle
By
Avpras Beviz, LENSART Lusphors, Erra Mokve-LuNonoty avp
Naspor Vanos

Recened 16 February 1965

Abstract

Bevz, A, L Luncholm, £ hohme Lundholm and N X amos Hidrolyes of atensmeinfhosphats
and ereatinephosphate on tsometrig contraction of tascular smooth muscle Acta phywiol scand 1963 65
268272 In 1solated bova artery the hat (‘\I'm
and te 1 CrP) contents d fter ssor ontraction by adrer

1 nunt after adduton of adrenaline (1 10 *}, when the nse of tension w1s one-kalf mavumum
the ATP content had fallen by 0 16 + 0 07 ymole/g of tissue and the CeP content by 022 + ?ﬁ,’.

sull reduced by 0 52 & 0 IBmolelg of nsswe Calculation of the ‘_”_‘: quotent from the summed

hydrolysss of ATP and CrP* and the ruc in tension dunng the first minute of contractnn (J:;
avalueof9 5 Thisvalue was of stmilar magmitude to that found on thermorlectric dcltmnn;m
of the heat production assocrated with isomeinic contraction of stnated and wmonth muscic

In A Challenge to Biochemusts’  Hill (1950 pormted out that the conceptios of
adenosinetriphosphate (ATP; as the substance which furnsshies the smmediate cnerm

e
far muscle contraction way founded upon meore or less imdirect c‘penmfnl.l,)' nrdﬂ;'»

. .. . nale
) . . gol

. . . o e

. ..
{1931) to venfy the postulated hydrolysis of ATP in contracung steusteu e [0

le
negatts ¢ outcome undermined for & tume the bebefl in the priman role of V11 inmux

268
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contraction Davies Cain and Delluva (1959) and Cain and Davies (1962) then studied
a number of other phosphate compounds to find out 1f any of them were hydrotyzed
during contraction but thexr results too were negatne Cain Infante and Davies (1962),
howeer, did succeed in demonstrating hydrolysis of ATP on single contraction of rectus

abdormnmis muscle from frog by 1nhib the enzyme hosphorylase with
fluorodimtrobenzene

e have determuned in expenuments on solated vascular smooth muscle the lactic
acad p d with 1sometnc under d The

1sometnc contractile process, we found, required a considerable expenditure of energy
‘The muscle had to consume roughly 3 times the amount of energy stored m 1ts preformed
tugh energy phosphated compounds (ATP + ADP 4 CrP) for the attamnment of
maximal tension {Lundholm and Mohme Lundholm 1965) The pre existing energy
rich phosphate compound content of vascular smooth muscle was about one-sixth that
ofstriated frog muscle (Lundholm and Mohme Lundholm 1962) Further, the maximal
anaerobic lactic acid production on isometric contraction of vascular muscle at 37° C
was approuimately one scventh of that recorded by Con (1936) in experments on
ally frogmuscleat0® € Certam of th ns which b

tigh energy phosphate compounds could therefore be expected to proceed far more
slowly 1n vascular than in stnped muscle Finally, the contraction rate for vascular
muscle was about 100 tmes slower than that for frog stniated muscle (Lundholm and
Mohme Lundholm 1967a)

‘We considered 1t worth while to find out of the 1sometric contractile process of vascular
muscle was d by (ATP)
and creatmephosphate (CrP)

Methods

experiments at the end of 60 nun, duning which penod adrenaline 10 ¢ was added to the
solut o at 15-mmn meervats

The partion of the artenal preparation which had developed tension was cut out from the
frames Each artenal picce was immersed 1n a we ghed volume of iced 6 per cent perchlone

«
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o

2

A
H
4
o
H
H <
£ ; T'g 1 Ruseof tension hydrolyss of ATP
z 2 and CrP and summed hydrolyss of ATP
£ CtP in bovine mesentenc artery 1and 7

mun after addition of adrenaline at con
of 1D ¢

T T 7
TIE s AFTER apeENN e

Tasce I Influence of adrenaline (1 10 4) on the content of ATP, ADP AMP and factic
acid of bovine artery C of ey sn pmolerfg wet
weight. n ~ number of tests p = probability that the effect was due to chance

ATP cep ATP+CP ADP AMP Lscuc sad
Basal valucs 0814 0662 1542 - - -
oo 009 016
Change afier  —016=  ~022+ 03~ - -
007 007 015

Lmn (n=13; p~005 p-001 p<005
Changeaftr ~ —~037%  ~040% —078= 0013012 -011+ 103017

at 007 016 ol (ne3t
7mm(n 13 p<00l  p~000! p-O00I (n=5) in-5,  p<OO

Change after =00l= —052= 053~ - - -
012 [1B}:] 028

€ minin 5 p- 005

The method used for determmanion of \TP was oot specific 1t derermnrd othes nugﬂmd"
wnphosphates as well On paper chromatographuc anabysts huweser only TP was drioeee
steable in extracts from mesenteric artenes {Lundholm and Mohme Lundholm 1962 b

Results

Adrenaline produced 2 sut fevation of tension which was half maumal nf:
about 1 mun 2nd had reached 1ts maximum after 7muin Frg | Table ] The ATP ::d
CrP contents fell almost parallel the decrease bang statsueally sgmificant 4t the ¢
of 7 mun the magnitude of this fall was almost double the ! gun figure Theee “::u
change of ADP or AMP Lacte aad increased | pemols g 1n the 60-min rxpfnm‘“
the inerease of tension was sl maximal at the end of that period ¢he ATP content
not changed whereas the CrF content was aull depressed
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Discussion

The contracule affect of adrenaline on vascular muscle was attended by a decrease of
the ATP and CrP contents — When, in another investigation, dihydroergotamme was
used ta mntubst the contractile effect of adrenaline, the latter raised the ATP content and
relased the musdde {Beviz and Mohme Lundholm 1965) In further experiments the
contracule effect of potassium 1ons also was found to be associated with a reducnon of
the ATP and CrP contents {t seems hikely, therefore, that hydrolysis of ATP and CrP
accompanied the coptractile process 1n vascular muscle

In the hape of secunng additional evidence haking bydrolysits of ATP to the contractile
process we computed the energy consumption 1n relation to the evohved twension and
compared the result with available thermoclectnic data on stnated and smooth muscle
Hill (1938) expressed the evolied tension m relatton To energy econsumption by

L
caleulating the Z}T quotient, where P 1s the force s g wt per em? of transyerse arca,

L 1s the muscle length m em, and H s the heat production tn g<m per g of muscle
From thermoelectric determinations on frog muscle Hill (1857) found that under stnetly
1sometne conditions the quotient had a value of 10 2-—11 0, whereas previous determina-
tons under less 1deal 1sometsic conditions had gaven a figure of approumately 6 Bozler
(1930), using the ] methods in on retractor pharynx from Helte
pomatia, had arnyed at a mean of 70 (range 59--91)

The tension 1 mun after addition of adrenahine had 1n our expenments nsen from an
average of 4310 133 g 1¢, by B3 {(Fig 1) Since the transverse ares of the muscle at
the pertinent length was calculated at 0 075 em?, the increase of tension amounted to
1,190 gfem?® Concomutantly, the total ATP and CeP content decreased by 0 35 smole/g
Assunung that on hydrolysis of 1 mole ATP or CrI, 8,400 cal 1s Iiberated (Purton 1958)
the amount relcased on contraction of vascular muscle was 032 84 107 cal per g

PL
Taking 4 26 104 g-¢m as the mechanical energy equinalent of 1 cal, the 5T fruouent
for vaseular muscle may be caleulated at 1 1,190 =05 Ths value
035426 10 g4 10
13 very close to the ratios recorded by Hill in expenments on frog muvle and by Bozler
1n expeniments on snail smeoth muscle
The above ealeul do not take

the powiblr reaynith fhigh.
phosphate compounds which may oceur durning the prrird of contraction Lundholm
and Mohme-Lundholm (1965) noted, a maumal mereaw of 6§ pmofes’g/ls mm

(O 43 pmole/gfmin) 1n the lactic aad produclmn on contearuen of vascular muscle by

. under b di Witk o of | mote Jacuc acd fiom
glucose an equivalent amount of ATP or CrP v remrureratly synthesized If the
processes had fy seactrd at tnaximal veloaty — anassangte n

which ss of doubtful vabidity — et may be exnimated f ata vutal A 08 amole ATP ¢ (ofr
per g was consumed during | min contraction 1131 valur for the eneray metaly gy

would gnea T{L‘mlm O 42 which vs ee1 tres far e ed fram he vabie Caleglatedd

by thermoelectnc methods
These prebiminary ealeultied s areeaniie 17 arf cate that the hydrolyus of A £g7 et

Gl demonstrated 1 vavolar i arle war of the order of magnnnle vhug frmmn
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thermaclectric determinations on striated and smooth muscle, mav be expected 1n
with muscle ¢

The ATP content was only Jy d { by adrenaline, at the end of 60

min 1t was unchanged on comparison with the controls The CrP content, on the

contrary, was still reduced In other expenments on mesenteric artery the encrgy

boltsm showed a considerably greater increase durg the nise of tension than after

the of tension (Lundholm and Mohme-Lundholm 1965) Ttscems

Iikely, therefore, that the decrease of the ATP content was himuted to that phase of the
contractile process :n which the energy consumption was greatest

Weare indebted to Miss Inga Johansson for technical assistance Financial support was pros: led
by the Swedush National Association agawnst Heart and Chrst Diseases and the Swedish State
Medical Research Council
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Effects of Synthetic Angiotensin II on Catecholamine
Levels and Biological Activity
By
Josepu P. BucrLey!

Recerved 18 February 1965

Abstract

Data have been presented from several

a possible 1
tonstup between angiotensin 11 and the sympathete nervous system Synthene angio-

tensia 11, admimstered via the caroud mnflow to the vascularly wsolated recipent’s

head in dog cross airculation expenments, produced pressor effects m the reaipient’s

trunk which were behieved to be due to 1t of central

(Bickerton and Buekley 1961, Buckley etal 1963) Laverty (1963) reported that the ad-

ministration of 1 gg or more of angiotensin into the systemic arculation of rats produced
i the larly wsolated d hind hmb which was abolished

when the hind b was denervated Laverty suggested that the vasoconstnction mght

ress Department of Pharmacology School of Pharmary Lanersty of Patsse
burgh hmburgh Pennsyhama

IB—E33NS tct phynol scand 1 of 63
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the pressor activity of d,  they fuded that i
bas an effect on the sympathetic dimsion which results 1n an enhanced response to
substances or procedurcs inducing 2 release of endogenous noradrenaline and that the
effect was peripheral and did not appear to mvoh e 2 sensutzation of receptors and nas

1 to the direct v teting action of the polvpeptide Teldberg and Lews
{1964) have reported that mmute doses of angrotensin IT administered 1 3 to cats
produced a of the ¥ which was el d by bilateral
adrenalectomy They also found that the ad: of Ty small g f
angiotensin 11 1nto the cocliac artery induced 2 contraction of the mctitating membrane
and concluded that angrotensin 11 was a potent releaser of adrenahine frons the adrenat
medulla Angrotensin II potentiated the height of the contractions of the s as deferens of

the guinea pig nduced by electcal y? of the hyp rve but did not affect
the resp o drenalime and Icholine (Benelli Della Bella and Gandim
1964) These d that II acted at the penpheral nenc

endingy by promotng a greater output of noradrenzhine In concentranens of DD
and 0 1 yg/m! angiotensn 1T did not snfluence the release rate of noradrenaline from
1sclated bovine nerve granules {Euler and Lishajko personal communicanon)

This present was to further intestigate the 1 P
f II and the h nenous system

o

Methods

Ziolated perfused rebbet dedners

Rabbits were anesthetized with 32 mg/kg of sod um pentobarbial via a marg nal €3¢ ten

= . ad  h oant 2 Lenscannul
L] . b ’

f .

1o ) min alel SR UIIEOle VIt € Pal U Ru 3 u pl "
om - - "P 1 of sl f £} hralicriie
ghed

ORI AN AP

* - . buffer
- ' . AT 040
dand

were ealts

"
o e method of

parucalate fracton and the fracion Ite
ather 5 or 10 °, tnchloracetie acid and estrmated fluormetnically unl 7 ng

Euler and Lishagko (1961 ,
Add: i were don 8% dneys nwh (h‘_lhe ﬂo'w of (I:r ”pc:l’x:x:(lit;;‘{;

' ' exsure Wat

20
! tens n 51
'
d Audnry
Snguotensin wnfusion on the catecholamine content of ihe heart an d "
2t 1 e o nfshr Sprague-Danles sratn weigl ng between 270 and 3.0 g were u::“:' .
'

v N . a2 lmn
emn il
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Taste [ Catecholamne content (ug/g + S E M ) of 1solated perfusd rabbit kidney

Control Treated
(perfiased with Tyrode’s solution
{perfused with Tyrode'ssolution) -+ angiotensin)

Fraction N Ny A NA A

Total content 3 010230 009 0007200016 010510007 0007100013
Coarse 3 0056+0012 001040003 004240010 000710003
Bupernatant 3 001810015 000710001 001910011 001210003
Particulate 3 002220003 000310002 00360007 000510003

solution was adjusted so that each aimal received between ! 0and 1,25 ml of solution in the hour

period Sham operwuons were conducted on the 3 controf animals sn that the eft common

caroud artery was bolated and yed off the femoral vein 1solated, and 10 ml of saline slowly

infuseds v After | hr of treatment the ammals were killed by sey ering the jugular veins and the

hearts and kidneys remosed blotted dry, and weighed The individual orgons of the treated

and controt ansmals for cach expenments were pooled and the catechotamnes detcrmned in the

manaer previously deserbed

Dog cross epcelation studes

5 dog cross crrculation preparanons (Buckley ¢f of 1963) were uttlized 1n the studies Female
e a vk vasan i . CHA e

. [ . .

. crla ~ .

. [
time period  Lhe volume of unne produced was recorded and each urme specimen assaved for
free adrenaline and noradrenaline according to the method of Euler znd Lishajko (1961

Results
Trolated petfused rabbut kidney

The perfusion of syntheuc angiotensin 1T, 1n concentrations ranging from 0 02 rg/ml to
02 iz mi at a rate between 12 and 16 ml'min for a period of 1 hr, did not alter the
content of catecholamunes in the ussue, and did not significantly alter the relatsse
mtraceltular distnbution of the amines (Table I} The admmstration of tyramine in
doses ranging from 250 to 500 s1g produced very mild mereases m the perfusion pressure
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Taste 11 Effects of infuston on content (ugfg & ST ALY of rat
hearts?
Control Treated
(angiotensin infusion,

(s2hine 1nfuston) 10 ug/kg/mm)
Fraction NA A NA A
Total content 059310127 00840016 0513:£0085 003710007
Coarse 021740026 004010 009 01970026 0038000,
Supernatant 014540017 0031:£0010 01340016 003410004
Particulate 0149£0021 002940003 011440007  00274000>

* N = 4 (groups of 3 pooled hearis)

Tasee I Effects of angiotensin infusion on the tatal catecholamine content {ng/g £ 8§ EM )
of rat kidneys

Control Treated

(saline 1nfusion) {angiotensin nfusion 1 0 pg/kg/mn)
NA A NA A
00730005 001340001 008540006 00120005

ranging from 20 to 80 mm of water The responses to tyramine dunng angiotensin H3
wfusion were either equal 1o or slightly less than the response prior to angiotensin §f
infusion The data obtained in this study indicates that angeotensin 11 does not have 3
direct senstizing effect on the vasculature of the kidney to the yasoconstriction nduced
by tyramine Lakewse the response to noradrenaline was not enhanced during angioten
sin I snfuston and was ether equal to, or much less than the response produced by
equivalent doses during the perfusion with plan Tyrode s solution During this portion
of the study, 1t was observed that angotensin I induced rhythmic waves with a fre-
quency rangng from 2 to 3 per minute and a pressure ranging from 30 mm of water 1
120 mm of water Eren when the perfusion pressure was decreased to pre angiotensin
Ievels by decreasing the rate of flow of the perfusate these rhythmic changes in ress-
tance were sull evident but the waves produced by alterations 1 perfusion pressure
were decreased approvuimately 50 ©, (sce Fig 1)

Angatensin IT on the catecholamme content of rat heart and kidney

The wnfusion of 1 0 gre/mun/kg of syntheuc angrotensin 11 to 12 anesthetized rats for;
pertod of 1 hr did not significantly alter the tssue content of catecholamines in ﬂ‘w h",,
and kidncy and did not significantly alter the intracellular distribution afm\nhf;;m;nw
1 the rat heart The pressor effects of thus dose of angiotensin 1) ranged from 23 ¢

mm Hg
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Fig 2 Ustnary excretion of catecholarmunes  seo)
n teapnem deg dunng one hour control
od (C—1), one hour dunng which six 10

c2
Dog ¢ross curculatson studies
‘The admmstration of the 6 equally spaced doses of angiotenyn IT (1 0 pg/kg of donor’s
weight) ia the carotid inflow to the recipient’s head duning a | hr pened did not sigmi-
ficantly alter the excretion of catecholamines 1 the reapient’s unine However, although

the noradrenahine levels remarned Laitly camunl over the 3 hr expenmental penied,
the mean adrenahine level increased y 50 °, dunng I treat-

PP
ment and returned to almost control leyels dunng lh:: lh:rd hour crmtrolpmod (Fig 2)

Discussion
The emeane o0 A ag be a daee mpemn AT 4t -
. . . - . .
amines These data suggest that the sumulating action of angiotenun I on the adrenal
medulla (Feldberg and Lewis 1964) 1s highly selective and that the prpude does not
nduce a general release of catecholamunes from all organs and ussues There was nn
nterrelanionship betw een the actvity of angrotensin 11 and tyramene on the vasculature
of the 1olated kidney which 18 1n 2greement wath the conclusions of McCubbin and
Page (1963 that 11 does not of the sawcular receptor of
noradrenaline Spontaneous thythmsc motility of the perfussed splern has been reported
20 be mnduced by angiotensin {1 (Benellr, Della Bella, and Gandima 1964
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Tn ths current study, the slow alterations 1y vascular resistance were marked snd
occurred 1n the kidneys from 9 out of 11 young rabbues (weighing between 15 and 26
kg) These rhythmic pressure changes did not occur when the kidneys of 8 older female
rabbits weighing approximately 3 5 kg were perfused with angiotensin solution 1n an
wdentical manner Vaugh (196%) has demonstrated that arterial pressure elevaton
1nduces rhythmme changes in blood flow due to rhythmic prevenous resistance changes
Although the force of the rhythmic alterations n resistance was geeater as pecfusion
pressure was increased, 1t did not appear that the increase 1n pressure was entirely
responsible for the induced thythm Since these rhythmic waves were still evident when
periusion pressure was manually adjusted to pre angiotensin levels 1t appears that the
polypeptide played a role in inducing these rhythrue changes in resistance

The mechamsms by which angiotensin IT produces the centrally induced hyperten
swve reaction (Bickerton and Buckley 1961, Buckley ef o/ 1963 Laverty 1963) could not
be identified 1n this eurrent study However, 1n 4 of the § dog cross airculation expen
ments, there was a marked increase in the adrenalie excretion i the ynine during
angotensin Il admunistration whereas there was no apparent change in thenoradrena
Line excretion rate The possibility etists that the pressor responses obsers ed in the rect
prent s trunk during the admumstration of angtotensin 11 into the vascularly wolated
head may be duc to the release of adrenaline The large number of vanablesin the cros
ctrculation expeniments which m this present study included an atteropt to muntaina
farely coastant unae flow durng the three hour espermmental procedure, greally
influenced the precise amount of each of the catecholamines excreted durtng the expen-
menual perod Therefore, although there was a relatn ely marked mcrease in the adrena
line duning I the data obtamned did not show a statisti
cally sigmficant alieration in the excrenon rate of adrenahine dunng angotensin 1
admmstration

The author wishes to thank Mrs Age Palmfcidt—Jorgensen and \r Nils Ake Person for il eif

techaeal assistance “
Taus study was supported by the following research granss from the Nanonal ]nsllmld’ d
Heahh Bethesda Manland | SO IR-02455 MH-01511 and HE-03475 and the Sweds!

Aedical Research Counerl (project nr 14\ 97 01
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From King Gustav V Research Institute and the Department of Surgery, St Goran’s Hospital,
Stockholm, Sweden

Studies on the Elimination of Exogenous Lipids
from the Blood Stream

The Kinetics for the Elimination of Chylomi Studied by
Single Intravenous Injections in Man

By
Dac Hartsero
Recewed 8 March 1963
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The clumination from the blood stream of mjected ¢hylomicrons wsolated from lymph
i man has been s estigated by Bierrman and Hamlin (1962) and Nestle ef af (1962)
The kinctics for the mtial elmunation was desenbed as exponenual

“The Linetcs for the climination of an aruficial fat emulson from the blood stream in
man has been described earher (Hallberg 1964, 1965 a, b, ¢) It was the same as that
found for the fat emulsion and chylomicrons 1n dogs (Catlson and Hallberg 1963) The
elimination was governed by 2 rate constants onc being an expression for a zero-order
reaction at high tngly cende (TG) concentrations and the other for a first-order reaction
atlow TG concentrations The constant for the zero-order reaction was 1nterpreted as
an exp or 2 maxy 1 capaaiy (mmole | plasmajmin) Below a

279
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Taste 1 The heght and weight of 2 subgects grsen infusion of chyk P
parations The de (TG) of the with and without
separation wite 3 TG fractsons sn polyvinylpyrrofidone densty gradient, the wfused
salumes and amotnt of TG (aysumed s w 898) are set ouc

TG mgradsent fractiom mmolcfl

Total Tafused  Infused
Case Heght  Weght TG volume TG
ne  em kg mmolell top mddle  botton mi Sikgbw
H 168 72 43 4515 acg 03 480 0%
2 158 42 34 000 044 062 250 018

entical concentration’” the capaaity was not fully utthzed and the amount ehmnated
per ime unst was dent on the TG (ef Haliberg 1965 d)

The am of the present study was to mvestigate the ehmmabon cune of humas
chylomicrons from the blood stream with a density-gragient method earler apphed fota
fat emulsion

The rcsults show that the snitial elimmatson couldt be linear and that no qualitate
eufferences exsted with regard 1o the kinetie principles found for the elmunatiar of the
used arufical fat emulsion

Matenial and methods

Subrects 7 subjects were chosen for the sasestigstion Case | war a 62 year pid woman uuha‘-
stomach ulcer 3 months befare the mvesugation she I;md had a nh (r;aur: wath subsequen
teurad effusion The plenral flusd ¢ suspectedly mal cells 7
Thoraere. duet was canautased far preop 1 diognisis an the Jymph Labosstery
findings e plasma_ (haemoglobin, red and white eefls alkalsne phosphatases it rutin vt
GOT) were normal ‘There was 1o hustory of changes n body woight durmg the 3 mand
fore the snvestigation  The ulcer wat lattr removed and was found 10 be non m“hz'%w\‘;aomxt
Case 2 wasa 72 ycar old man with 2 suspected malignant ulee? 1 the somach Ehe thor
ducr was tated for p fogreal diagriosss an the iymph L.xbommn:i i ”mx“
11 plasma 39 1n ease } were normo} His body -weight had decreased by about 2 kg ;mmxﬂ‘
maonths before this wnvestigation As operaton lates on xhe_rul;;:r ;«:5 found to be non makg!
The haghus and wesghts of the subjects ave set out i Tabile
Pm:dszv Afser an ogvmmglat fass the subyects were allowed 1o drnk 150 mi or’a;a;;‘“([;nnﬂ
wimng 40°%, fay) at 7 2 m Afier 15 hes the thorace duct was cannylated m'l‘x'r e
claysclar apace wuha polyctbylen wbe dusing goners! anesthon anduced v.x(! mm»l e
Sarkotal®  ASTRA 5402 bromalh b Nomethyl 5 ssopropyl malouyluvbﬂxmtru and o
tnued with Bitrous oude and the muscle relawng agent Celocunn® IRV HET
choliny] The dyegh fram the diorscic duct st colieciod n tonle 500 mb b(;d(]‘ w10
of ACD-otutian feontaming atne acsd 48 g trisodim extrate 132 an’ &! u;)mum ol
per 100 ml) 1o prevent coagulasion The hottles were kept i tce waier dureng the e;z e prece-
heated (@ 25 G during } e befare infunon s soon ax possible aftet e cannuBin TAL,
durc the patents were urged 1o dnnk eream and take vy meals ad Bstruntl p‘ 7 S
was collected dunmg 20 hey The bottles were then centnfuged £+ 9000 2 im xx $ o
enentataat of blced corpuseies 30 m3 from e bonom of the botides were v;;(hf o e aro?
Yomcal exprnation and the sest was muxed and tamples were taken € ¢ TG drien e il
crosopy SO apgregatora of faf particiey were firuad by dadk firld mmm‘::g?lm ol munt
icron suspeRtons wert then gien a1 ¥ fo the patients ay rapri infusons
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Fig 1 Ehmunation from the blood stream of intravenously injected chylomcrons (026 g
fatfkg, case 1) The trghycende concentration s given for plasma before and after separation in
density gradients into 3 fractions (sec methods) Dotted lines indicate extrapolation fo zero
ume A Semulog scale B Top fraction on hinear scale

15 s afier the last meal and about 25 hrs after the cannulation procedure No reactions were
ohserved from the patents dunng the mfson Onc of the patients (oo 1) had a chill for 10
oun, 3 hirs after the wnfusion and her body temperature ose 0 6° C above the moming temper-
ature (37 7° C) .. .

. s e, - [

P . .
chylomcron samples were analysed as the plasma samples

. A . .

lnear graph (Hallberg 1964) A fractional removal rate (v per min) was considered to
present when the cuni e was inear on a semilog graph The concentration at which K, changes
mto K, was defined as the “entical concentration” (C mmole/l) The analytical errors were

VI

caleulated from the duphicate determmations according to the formula S = o/ 5

ference between duplicates and n = number of duphcates) The errors were
an B e G 1
. '

frere

- 1 ' C L n=33)
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Fig 2 Chmmation from the blood stream of mtravenously injected chylomicrons (0 18g fat'kg
case 2) The triglycende concentration ss given for plasma before and after separation in dens 1y
gradients 1nto 3 fractons (sce methods) Dotted lines indicate extrapolat on 10 zero tn¢
A, Seruilog scale B Top fraction on linear scale

Results

‘The volume and amount of TG 1n the infused chylomicron preparatians are shown 1n
Table T aswell as the TG concentration m the different gradient fractsons After separa
tion of the chylomucron preparations i the density gradient 98 4 and 97 ©, respec
tively of the TG present were found in the top fracuon The muddle fraction TG con
centration in the lymph was somew hat higher than that found 1t the premnfusion plasma
samples The bottom fraction TG concentration was about the same as that i the
premfusion plasma samples

The TG concentrations in plasma and its 3 gradsent fractions before and after the
wnfysions are set out tn Fig | and 2 The top fraction TG concentration in casc 1
decreased apparently linearly at hugh concentrations and exponentally at low conten
tration In case 2, the top fraction TG 4, d only exp ly The
mavimal elimination capaaity (K,) 1n case | was found to be 0 06 mmole/l/mm Tre
fractional remosal rates (K.} were 013 and 0 12 i1 the 2 studied cases

The middle fraction TG concentration showed a rapid increase followed 1y a decreast
102 level below the preinfusion values The bottom fraction TG concentration in case §
showed a slow mcrease which was followed by a slow decrease m ease 2 there wasan
apparently unchanged level

Discussion
These two cases illustrate the same kinetic principle as that described carler fry; rhcl
elimination of chylomicrons in dogs (Carlson and Hallberg 1963 and of an arnfoal
fat emulsion 10 man (¢f Hallberg 1965 d)
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The “cntical concentration , G — kyfky (¢f Carlson and Hallberg 1963) was 05
mmole/1 1n case 1 and was not demonstrated 1n case 2 This concentration for the fat
emulsion was shown to vary wath the nutntional state (Hallberg 1965 <) Earlier ob-
served ranges are 023 mmole/l to > 4 00 mmole/l (Hallberg 1965 2, ¢) The nutn

tional state of the subjects 1 this study was somewhat different from that of the subjects
guen the aruficial fat emulsion  the latter had fasted for 15 hrs after an ordinary diet

The subjects 1 this study had fasted for 15 hrs after the mtake of very high fat food on
the day before the study and moreover, some of the dietary Lipids were collected from
the chyle It was therefore difficult to assess the nutntional state of these subjccls At
the moment there 1s no evidence that factors the eyl

would be different from those of the tested artificsal fat emulsion

The ongin of lipids i the chylomicrons 1s probably a factor of mnor importance n
the kinetic pnnciple In the dog expenments (Carlson and Hallberg 1963) the fat meal
was 2 sovabean-oil emulsion, whereas in this study 1t consisted of cream from cow’s
milk

The rate tants for the of chy and the fat emulsion were of
the same order of magmitude 1n dogs The rate constants for the chylomicrons in this
study were of the same order as those found for the fractional removal rate observed by
Bierman and Hamhn 1962, and Nestle of af 1962 The obseryed constants were also
within the ranges found for the fat emulsion in man The mean rate constants for the
artificial emulsion was for k, 007 mmole/] plasma/mn (ranges 0 03 — > 0 40) and
for Ky 006 per run (ranges 0 03—0 14) (Hallberg 1965 a b, ¢)

The changes in TG concentration observed 1n the middle and bottom fractions dur
mg the elimination of fat emulston were cathier mterpreted as recirculating TG {Hall
berg 19652 b ¢) Such changes were also observed in thisstudy They were of the same
nature (magmitude and duration) as those found after wjecton of the artificial far
emulsion The amount of middle fraction TG in the infused chylomicron preparations
was too small to be the sole explanauon of the observed increase in plasma muddle
fraction TG

Thus study thus showed that human chylomicrons were elimmated from the blood
stream in the same way as the previously studied aruficial fat emulsion, with regard to

both the kinctic principle and the influence on end: plasma TG
References
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Fig 2 Ebrunation from the blood stream of intravenously mjected chylomicrons (0 18g Lt 'te
case 2) The trglycende concentration 1s gsven for plasma before and after separation in dens 1y
gradients snto 3 fractions (sce methods) Dotted hnes indicate extrapolation to zero ume
A Senmlog scale B Top fraction on | near scale

Results

The volume and amount of TG 1n the infused chylomicron preparations are shown in
“Fable I, as well as the TG concentration m the different gradient fractions Afiersepars
tion of the chylomicron preparations in the density gradient 98 %, and 97 %5 respec
tely of the TG present were found 1n the top fraction The muddle fraction TG con
centration 1n the lymph was some hat hugher than that found in the preinfusion plasma
samples The bottom fraction TG concentration was about the same as that m 1he
premfusion plasma samgles

The TG concentrations i plasma and 1ts 3 gradient fractions before and after the
mfusions are set out 1n Fig | and 2 The top fractton TG concentration 1n €3¢ !
decreased apparently linearly at high concentrations and exponentsally at low concen
tration Incase 2 the top fractton TG concentranion decreased only evponentually The
mavmal ehmmation capaaty (hy) 1 case 1 was found to be 0 06 mmole/}/min The
fracuonal removal rates (Ky) were 0 §3 and 0 12 in the 2 studsed cases

The middle fraction TG concentration showed a rapid increase followed by 3 decrease
10 a level below the premiusion values The bottom fractron TG concentration cased
showed a slow increase which was followed by a slow decrease, 1n c1se 2 rthere nas 3n
apparently unchanged level

Discusston
bed carhier for bt

Tusts the same kinetic prnciple as that descry
These two cases allustrate 51 panepl T o am arufical

climnation of chylarmucrons i dogs (Carlson and Hallberg 1963) an
fat emulsion 11 man (¢/ Hallberg 1965 d)
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From the Departmen of Physiolog) harohnska Insticutet, Stockbolm Sweden

Effect of Respiratory Acidosis on the Extraction of
Noradrenaline in the Perfused Hindleg of Cats
By

S Bvepemax and L. STJARNE

Resprratory acidosis and hypowa has been shown to reduce the blood pressure increasing
effect of ty imyeeted (NA) (Page and Olmsted 1951, Duner
and Euler 1929, Bygdeman 1963 Gowdey and Patel 1964 and others) However,
concomutantly with a decreased effect of mected A dunng hypoaa combined with
hypercarbia  the blood pressure response to carotid occlusion tests was normal or
ncreased (Dunér and Euler 1959) Similar results have been obtamed during periods
of respiratory acrdosis (Bygdeman 1963 Manley 1963)

It 1s concervable that the failure of mtravascularly mjected NA to eheit a normal
response during acadoss could be due to decreased penetration of the NA injected 1nto
the tissue fluid surrounding the vascular smooth muscle cells In view of this the effect
of acrdosis on the extraction of N\ A 1n a perfused hundleg preparation was studied in the
present expeniments using tntum labeled NA In order to find out whether a change
1n the NA extraction could be due to al n the Y
solutes the v(lra:hon ol' “Rb kas alxo dc(trrmncd (chkm and Rosell 1962)

e wa b

of

about 40 min
(i
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wntermittently for anatyss of radsoactivity
e cells were remosed by centnfugation and ! ralof0 8 M perchloric acid was added to 1 mt

of plasma \fer cemnfugation o 2 i aliguots of the clear supernatant were counted ina 7 3
1 hano! solutior 4 g of 2 >diphenylovaxolt and 100 mg of 1 4 bus-
Zli—phmylouml,n benzene per bner of totucne wsing a Packard Loquid Scintliation Spectro-

Dunng the controt periods before and after acidosis the extracuon ratio
arterial 'H \a — venous ?H Na
( artenal *H NA
for the 3H NAwas 442 = 25 per centand 39 6 = 09 per cent respectunely 3 expls
‘The difference was not stansucally significant (01 - p > 607 Dunng aadoss the
€xtraction rato was reduced by 22 per cent 10 327 __ 2 1 per cent the difference to
the control penads being hughly sigmificant (000> ~ p 0001
The values for the ratio for *Rb dunng the control penods
14 per cent and 549 = 21 per cent respectnely 3 expts) Agan the

were 538
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extraction ratio dunng the acidonis period was reduced by 21 3 per cent, to428 £20
per cent, (sigmificantly lower than duning the control periods p < 0001

The results of the present “Rb expeniments clearly show that transcapillary exchange
was reduced by acidosis Since the extraction ratio for #H dl NA felt by the same per
centage, it may be concluded that this was probably due to a general decrease m trans
capillary exchange of solutes, rather than to a selctive change m the capdlary perme

ability for NA
Thus the strong reduction in the vasoconstrictor response to1a mmyected NA during
acidosis may be partly explamned by d d p of NA tto the tisue fuid

and thercfore a lower NA concentration in this medium, avaslable to tngger the
receptors on the yascular smooth muscle cells
However, there are reasons to doubt that thus could be the only, or even the most
important reason Thus firstly, st scems unhkely that the relatively small reducuon in
the extraction rato for NA during acdosis could explain the profound decrease 1
vasoconstrictor effect of tnjected NA Secondly, the vasoconstrictor effect of the ssm
h amunes and phenylethyl. , which are beheved toact by
causing a local release of NA from the sympathetic nerve termumals (Burn and Rand
1958), was completely unchanged duning actdosis (Bygdeman to be published) n
dicating that the smpairment of amine transport in this case was of hittle ymportance
The mechanical reacitnaty of the vascular smooth muscle cclls thus appears to be
quite normal during acrdosis Morear er no drastic change in the penetration of amnes
1nto the extravascular flurd could b d Thus the almost completely abolished
response to 1 a injected NA m the presence of a normal response to nersc stmutauon
seems to be due to selective decrease i reactinity of the smooth muscle celt mexer
h ly actnated by l DA while the reactnaty of ingaes
pomnts narmally actnated by NA releascd from the sympathctic nerve terminals w33
unimparred
Qur results are compatible with the suggestion that locally released NA whether by
nene or ph ! Iy may be by 1ts very Yocanion w the
narrow (200 A} synapuc cleft , and that receptor mechamsms in thisareamay oprm;
at a reasonably physiological pH at a ume when the rest of the surface of the smoot
muscle cells 1s severely damaged by the change mn e g hydrogen 1on concentraton
of Bygpdeman 1965)
1t B from The
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From the Department of Physiology and the Department of Anatomy, Faculty of \edicine,
Rarolinska Insuitutct, Stockholm Sweden

Osmiophilic Granules in Preaortal Paraganglia from
Newborn Rabbits
By

Touas Brywoiv and Svex Exik G Nisson

’
In pewborn mammals the catecholamine content of the preaortal paragangha far
exceeds that of the adrenal medulla (VWest 1953) It 1s well known that the eatechol
amines of the adrenal medulla are bound to subcellular osmiophilic granules (Hallarp,
Lagerstedt and Nilson 1953), which occur in large numbers in the cytoplasm of adrena
medullary cells (Lever 1955) However, no information seemed to be available on the
ultramicroscopic structure of the paraganglia  Recently 1t was found that high speed
from

rom of p hia contamed > 70 9, of the
total catecholamunes of these organs (Brundim to be publ ) This finding suggested thae
also the p hol are bound to subcellul and prompt-

¢d an electron microscopic study of the paragangla

In the present study preaortal paraganghia and adrenals [rom newborn rabbits were
fixed in situ wath standard esmuum tetroude fixative which was dnpped on to the
organs The specimens were embedded i Vestopal W and the sections exammed
an RCA EMU 3A clectron nucroscope

An abundance of cytoplasmic granules were found in the paraganghonc cells (hg
1,2) The size of these granules, about 1,500 A, corresponded approumatcly to that,of
the adrenomedullary ones (cf Fig 3) All the granules were membrane limted
The adrenomedullary granules consisted of farrly large electron dense cores and less
©lectron dense, dotted periphenes The paraganglionic granules showed considerably
smaller electron dense cores the penpberal zones being large and of comparauscly
low opacity Although 1t can not be excluded that these morphological differences
consstently found in sections from several ammals had oceurred durng the preparation
procedure, the pictures suggest that the granules are of different Lhinds

It 1s hughly probable that the osmiophilic granules demonstrated sn the preaortal

cells the morphological basss for the storage of catecholamunes

1n the paragangha

That study has been supported by grants from Suftelsen Lars Hieraas i,
Sallskapet for Mediansk Forskning ad from Swensha
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Fig 3
Fig 2 O granules i ! cells from the same ammal asin Fig 1 530007
Fig 3 O granules n ad tlary cells from the xame anymal a1 n iz $ 2
55000
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Tanee I Effects of DHE at concentration of 16 % and adrenaline at concentration of [0 ¢
on the gl 6-phosphate fructose G phosphate, ATP and CrP conteats of bovine
mesenteric artery in pmoles/g wet weight Tach value 53 the mean of ten tests P

probability that the effect was due ta chagce

Glucose & Fructose 6
phosphate phosphate  ATP P
Basal values 001100016 00N7:00015 063+010 0201004
Change from basal 000730 0026 00020000 0133006 0011300
values afier DHE P02 P00
Change lrgrn DHE 0013£0005 Ga064£8003 Q134004 qoiTL0%s
alues alter adrenaline P< 002 P< 002 r<oot
Methods
~ . [
Results

Preparattons treated with DHE showed a gradual risc of tension and an ncreas of xbui
ATP giucose5 phosphate and fructose-6 phosphate conctenis Table N Addion f
adrenaline 1o such preparanons cansed a certain degree of relacition Adrenatine r:m«;l
the ATP glucose-6 phosphate aad fructase G phasphate contents over and abose | ;
increase produced by DHE Nethalide at a concentraton of 2 10 ¢ added s
tancously with DHF blocked the relasant effect of adrenaline

Discussion

The bypathess was carher adsanced (Lundholm and Mokme-Lundholm Jnmd 'f::
adrenaline stmaulates the carbahydrate metabolism of sascular muscle via an o
mechanisin  The present findings lend support 1o that view
The coﬂlmrll]!nelfrrl of adrenahine on smooth musele s asumed to be med atrﬂi ::
of ad a receptors 1t appears bikely that ths slthacifeetnas ;ﬂ‘| -
experiments, accompanied by hyvdrolyws of ATF and CeP There wasa mmr‘nh:nﬂ il
crrasc an the content of ntermediate carbohydrate metabolites \\h];nbcm] o
reptors were bilocked sith DHE adrenaline had a relaxant effect that caul R
ed with nethalide which blocks 8 receptors Hence, mesentene anmvnrsl v
both @ and g receptors In the presence of DHF, adrenaline r-l;w: fomtente
level while sull the gh 6 ph and fructose-G-phmphate
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Since nethahide has been found to inhibit the stmulatory effect of adrenaline on carbo-
hydrate metabolism m vascular muscle {Lundholm and Mohme Lundholm 1965), the
metabolic stimulation produced by adrenaline 1n vascular muscle mght consst 1n
an adrencrgic § receptor effect

Financial support for this mvestigation was provided by the Swedish State Medical Rescarch
Council and the Swed sh National Association aganst Heart and Chest Diseases
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Behavioural and Autonomic Patterns Evoked by
Stimulation of the Lateral Hypothalamic
Area in the Cat
By
Bjor~ Fornow and Epuarpo H Rupmstesyt

Recenved ! March 1965

Abstract

Folkow B and E. H Rubinstein Hehartoural and autonomic patterns eoed by stumulation of o
lateral hypothalamic area in the caf Acta physiol scand 1965 65 292—299 — Topcal electncal
sumulation of the so-called feeding centre’ and adjacent parts of the lateral hypothalamus
the cat was performed 1n awake animals In some of the amimals a cleatly lumulu&«bwm”n:z
consumption took place and sttmulation of the same structure produced mn the aneatheti
animals a furly specific autonomic adjustment. 1nsalving activation of vagal fibres to the gastro-
intesunal tract and a h Ity mediated ular fivounng n!’"}
wntesunal blood flow The more frequently occurring beh i response to L
the lateral hypothalamtc area involved a searching or  appettive  exploratory mP"‘;‘
without any actual food intake duning the sumulation W hen stimulation in the same flmmdr
positions was performed 1n the ancsthetized ammals no conustent or ¢learcut autonomic 33
Justments could be observed The possible interrelationship between the  feeding rospe '“l:'
and the exploratory response’ 15 bricfly discussed These somatomotor and mu—rrm»ﬂﬂY
response patterns differed markedly from thosc obtained by shmulation of more sentrslt
placed but closely adjacent paris of the lateral hypothalamus The effects induced from o
clectrode positons the alam response” involved a well defined attack or flight rexctin
coupled with a tly mediated g I inbubstion and 3 (hﬂnt“l':':ml
cardiovascular adjustment favounng muscle blond flow at the expense of gastro-ntes
blood flow

o8
The present ideas concerning the regulation of food mtake focus on the central ner

svsiem as playing the principal role in the control It1s generally accepted thata :ﬂ;:’
hypothalamic area the so-called feeding centre™, can induce all the |,e1m.nuu':m‘
ponents related to the ingestion of food, when it reaches a certain evel of exota
Thus hypothalamic area 13 constantly more or Jess under the inhshitory ml}u o
“satiety center” located at the level of the yentromedial Iy pothalamic aucleus
exctability ean also be modified by penipheral mechanisms

1 Visiting research fellow from the Conseyo Nacsonal de Investigacs
Argenuina Fresent address  Instituto de Invesugaciones Medias T
Aares Argenuna

ence of 3

ones Carnnificas y Teemscas
 Thagrtal Tomu Bacow
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Thas scheme, resutting from the work of different investigators and recently summa-
rized by Anand (1961), 15 based principatly on the effects of locahzed lesions 1n the
described hypothalanic arcas (aphagia from lateral hypothalamuc lesions and hyper-
phagia from ventromedial hypothalamic lesions) Effects of electnecal sttmulation
at the same brain lIocalizations have, on the whole, largely confirmed the above
mentioned hypothesis Apparently there may be some species differences as the
almentary reactions taking place during such stmulauions are, for instance, more
readily evoked 1n rats and goats than 1n cats, as described by Brugger (1943), Delgado
and Anand (1923}, Larsson (1954), Smath (1961}, Maller (1961)

In the present i estigation this ahmentary response pattem, chated upon hypotha
larmucstimulationn cats was studied wath special regard to the possibility that a specific
sisceromotor pattern, adjusting gastro-intestnal function and blood flow, might ke
closely associated with the centrally evoked feeding response The feeding centre *
15, hawexer, located close to hypothalamuc sites from where 1t 1s possible to imnduce alarm
reactions (rage or fight), which are indeed associated with very marked autonomic
changes It was therefore found justified to explore most parts of the lateral hypotha-
lamuc area m order to find out to what extent different behavioural expressions, nte-
grated from these hypothalamc sections, are normally linked to distnct and well
ifferentiated autonome response patterns The prehminary results of this study have
earher been briefly reported (Folkow and Rubinstein 1963)

Material and methods

this level 1 most cats corresponded to the frontal plane 9 5—11 mm anterror to the wteraural
line Each multiple electrode ended in a munmature electromc tube socket that was attached
10 the occipital bone by stainless steel honks and dental acryhic cement Stimulation tests were
started two weeks after the operation The ammals were placed 1 an wsolation cage and therr
reactans observed through a one way window Square wave sumulating pulscs of 100 cps
Vmsee duration and vanable peak current (003 10 07 maA) were delnered by a Grass S1C

s
5

ancsthesia while several autonomic parameters were recorded Topical bramn stimulations
were now performed especially by way of those electrode contacts which to judge from the
earlier behavioral studies induced charactensiic response patterns in the awake animals
Artenal blood pressure was measured from one of the femoral arteries by a mercury mano-
meter and heart sate was estimated from the electrocardiogram  Muscle and miestnal blood
Tlows were recorded by dnertng the venous outflow from the decp femoral and superior
mesentenc vemns respectinely through closed optcal drop-counters which operated crdinate
wters Gastric and of intestinal motility was measured at constant pressure as changes
solume via Tyrode filled catheters which were placed i the visceral lumen and connected
10 prston recorders

After the acute expeniments the bramns were perfused with saline and 10 formahn and
were then sectioned with a stercotaxtcath mounted keufe to locatize the electrode tracks Then
€ach brain pars containing electrode tracks was frozen sectioned in 50 4 shices and stamed
by the Nusl method 1o allow microscopre determination of the exact p ioss uf lectrode sumula
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Results

1 Behavioutal responses Three types of clearcut modification of the behastour of frech
moving ammals could be ehaited by topreal stimulation at diferent leyels 1 the Jateral
parts of the hypothalamus A} Feeding resporses In 3 cats a clar and reproducsbl
sequence of acts was induced by sumulation 112 one of the clectrode contacts With the
cat Jying but attentine 1n the cage, the topscal sumulation was statted The animal's
Jevel of awareness was raised and 1t rose, started to walk slowly 1 a searching bk
fashion while smifing the floor, approached the food tray and beaan to eat This whole
series of events in these cats was regularly completed before the end of the stmulatiay,
penod of 10 sec

B) Exploratory respanses In most of the antmals topical sumulation via some of the
electrode contacts brought about only part of the food-oriented behaviour, pamely
the scarching actnity A slow, attents e explaration of the cage was then mduced,
apparently without any  affective component’, the animal loohing mnto the food tray
but without startimg to cat at least not i direct connection with the sumulaton

C) Alarm resporses: Two 1ypes of behavioural responses are here conwdered iz
attack ( rage”) and fight ( fear”) Both reacttons were gradually bult up duning
the sttmulatuon and could be greatly remnforced iof the stsength of the sumulaton was
shightly rased The attack reaction was imually charactenzed mainly by avousal and
mydriasts but withmn a few seconds grov ling hissing, sprtung arching the back pilocree
tion and protrusion of the claws ensued and finally a viofent attack followed assocrated

with hypen I atron and The Right reaction toa began with
arousal but soon the ammal started a fast exploration of the case Jooked freguenth
towards the trathing J; wire rose 1y on ats hindlunbs towards e

walls of the cage as if looking for a way of escape and finally jumped high up towards
the roof of the cage the only apparent way of escape

There was a very clear dufference betneen the arousal and explaranen bet avourt
descrbed i B and 10 € The behaviour described 10 B) was 2 non affective tvpr of
sesrching activity swifihy conducted and relatively unaffecied by mterening auditory
or visual sumuli while the behaviour in € was charactenzed b a fast actnaty whick
coald often be tnggered to ws final crescenda n the form of an attack or ecape reaction
by a trnial auditory or «usual shmulation hike tapping the walls of the cage

There were no consitent behas joural effects after the stmulus » as turned off Occa
stonal ickng or cleaning was obsered resembhing to some evtent the duplaced acim
ties descnbed by etholozical workers Thorpe 1956

I dutonome respanses Two drstinct pattemns of autonomic respanses were cont <
recorded when stimulation of the lectrode contacts which \ltldf:]l feeding A
aaca (G was perfc d i the lIighty anesthehized amma

~Feeding pa;’z;m iz YI Mustrates a charactenstie effect of topical mmulau?:‘:
ponts which induced clearcut and reproducable feeding responsesin the anake ans o
These sumulations induced shght mereases i blood pressure and in hearg rate an ::‘lk
1ncrease 1 intestinal motdity and a slight increase in intrstnal blood fion wlhile mus

law was moderatehy reduced

m:l?cﬂmcr:md \neestmal motlity was esidently mediated v1a the 33zl nz-r:r:“::‘
way abofished by vagal section or by atropine This ntestinal (l{nn‘!um :‘"n" o
pamed by @ weak tcreace m gastric moubty if the stomach 10 5tart wi ‘:mm et
On the othrs hand when @ one of the experiments gastne volume w

traft
s or




STIMLLATION OF HYPOTHALAMCS 295

\/\./'\ e | * | }
kxR I =

oy

i

—
-

1

Iig 1 Fig 2

Fig 1 Cat 2.5 kg Chloralose Autonomic effects of sim slation of an electrode which 1 the
awake ammal elicated a fully developed feeding response Note the moderate blood pressure
Increase and the reduced muscle blood flow combimed with an increased intestinal blood flaw
and motihity

ig 2 Cat28kg Chloralose Autonomic effects induced by an electrode which in the awake
anumal caused an alarm response (attack) “ote that 1n this case the rather sha pressure
tncrease 1s combnned weth a considerable increase tn muscle blocd flow while mtestinal blood
flow 15 promptly reduced and intestinal and gastre motality inhibuted

such a way that gastric transmural pressure was hept at a low but constant level (sce
Jansson and Martinson 1965) a prompt and considerable solume ncrease that was
abolished by vagotomv could be repeatedly induced by topical simulations 1n the
‘feeding, area This complex sympathetic and parasympathetic pattern was as men
toned obsious only 1n those ammals which 1 the awake state showed a typical feeding
response 1o the same topical snmulation
In contrast sumulation at those electrode sites which 1n the anake ammal produced
he spaniany TRom B tievad 1o et 3l TOTS YT A oTuTnT WS
1n the lightly anesthetized preparations
Rage pattern In 8 cats where topical stamulation induced clearcut rage or Bight
reactions in the awake ammal the charactenstic autonomsc  defence reacuon  f

Abrahams ¢f af 1960 was obtamed dunng the acute expenments m hight ancsthesia
As ol n Fix 2 such 1

ehicited an increase m blood pressure an
mhbition of the provailing intestinal and gastric motilitn a pronounced reduction 1n
untestinal blood flow and an increased muscle blood flow The muscle blood flow in
crease was largeh abolished by atropine suggesting that it was dependent an an activa
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Results

I Behatoural responses Three types of clearcut modification of the behaviour of freeh
moving anumals could be elicited by topical stimulation at different lesels in the laeral
parts of the hypothalamus A) Feeding responses In 3 cats 2 clear and reproducable
sequence of acts was tnduced by stmulatron via one of the electrode contacts With the
cat Iywing but attentnne 1n the cage, the toprcal stimulation was started The animals
level of awareness was rased and 1t rose, started to walk slowly 1 a searching ke
fashuon while smiffing the floor, approached the food tray and began to eat Ths whole
senes of events in these cats was regularly completed before the end of the sumulating
penod of 10 sec

B) Exploratory responses In most of the ammals topical stumulation via some of the
electrode contacts brought about only part of the food-oriented behavioue, n.mch
the searching activity A slow, attentne exploration of the cage was then induced
apparently without any "affective component °, the ammal Jooktng mto the food tray
but without starting to eat at least not in direct connection with the sumulanon

C) Alarm responses Two types of behavioural responses are here considered iz
attack { rage’) and flight ( fear’) Both reactions were gradually built up dunrz
the sumulation and could be greatly reinforced of the strength of the sumulauon was
shightly rassed The attack reaction was smttially charactenzed mainly by arousal and
mydnasss but withun a few seconds growling, hussing spitung arching the back piveree
tion and protruston of the claws ensued and finally a violent attack followed assocrated

with hypenentl salnsation and The flight reaction too began with
aroasal but soon the amimal started a fast exploration of the cage looked frequen h
towards the trathng 1 wire rosc 3ly on its hindlmbs towards #¢

walls of the cage as 1f looking for a way of escape and finally yjumped high up towards
the roof of the cage the only apparent way of escape

There was a ven clear difference between the arousal and exploration bef avieuns
descibed 1 B and in € The behaviour described 1n B was a non affectne o7+ of
searching actnaty swifth conducted and relatncly unaffected by interfenng aud tnn
or visual strmuls while the bebaviour in € was characterized bn a fast actrty whch
cosld often be tnggered o (ts final crescendo in the form of an attack or escape reaction
by a trvial auditons or visual sumulation ke tapping the walls of the eage

There were no consistent behavioural effects after the stumulus was turned off Occa
sional licking or cleaming was observed resembling 1o some extent e duplaced attnt
ties described by etholozical workers Thorpe 1926

I Autonomc responses Two disunct patterns of autonomic responses were &
recorded when sumulation of the electrode contacts which viclded feeding \

d am the Jighil; b ed anmal
e cal sumulation 3t

e awake anenal
rate amarked
e

ons sterth

slemm £ werpe pEYE

Feeding patern Fig 1 WJlustrates a characterssuc effect of tops
pownts which induced clearcut and reproducable feeding responses in o
These sumulations induced shght increases in blood pressure and wn brart
Increase mn intestinal mothits and a shight increase 1n intesuinal blood flow while r¥

ood flow was moderatels reduced

o The sncreas-d mtestna) motihins was cvdenthy mediated via the sazal nrr\r‘“:":
was abolished by sagal srction or by atroptne This intestunal excitation ug::ﬂd -
pamed by 2 weak mnereace 1n gastne motlits of the stomach to start with was 'erd .
On the other hand when 10 one of the experiments gasirnic volumr way Fec
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of g 1 function and blood fAlow distribution For
such reasons a carefil s:udy of |hc behaviour of awake ammals, exposed to topeal
stimulations in the lateral area, was first perfc In all the cats where
the feeding centre and or ats d d; was electrcall 1t was
obsenved that a charactenstic “explorators response * took place, but only 1 a hmited
number of cases did the electrically mduced searching actwaty result regularly and
promptly in food consumption
The autonomic changes chated from the same Jocauon which mduced the fully
developed feeding response, were characterzed by m exent relamely moderate
vasomotor adjustments while the vagal exciation of miesunal motility appeared to be
more mtense  As compared 1o the intestinal responses it was duff cult to reveal to what
extent and 1n what direction the gastnic smooth muscles were affected, but presumahly
this was at least partly due to the technique utilized for recording gastnic motility In
two of these expenments the stomach was mluall) filled to distension and 1t exhubited a.
m actity Hypothal then nduced what appeared to
a shght moulity mncrease However, when 1n the third of these expenments the
xlum;\(h was wmutially only shighth filled at a low constant transmural pressure and

carry “mhibitory’ fibres {Martinson and Muren 1963) which under optimal conditions.
can produce a profound relaxation of the corpus-fundus regions (Jansson and Martnson
1965} The influence of these latter fibres 1s however clearly revealed only if the stomach
to start with 1s small and net distended by any high transmural pressure The two <ets
of cfferent vagal fibres by no means scem to be truls antagorustic but rather appear
10 be synergistic In fact when the corpus fundus region becomes relaxed by the
vagal mhibitory vagal fibres the nfluence of the ~excaitatory fibres 1s greathy en-
hanced so the net result of acuvatiny them both will be an inereased motility at an
wcreased average lurmen of the reservow organ (Janssen 2nd Marursson 19630 The
dnﬂ':m-n rypes of reamom of the !mmzch 1o hvpoxhzhmx: sumylation in these cxptn

was mnally small and cxposed to 2 low but constant distending pressur= - a situation
favourable for revealing the influence of the mhubitory vazal fibres — 1t dilated 1
fesponse 1o the hypothalamic sumulation It 13 not unlikely that both tvpes of vagal
fibres were i fact actwared from the bvpothalamue feeding centre creating a sort
of receptive rek with mereased motithity of the wall
More studies of the gastne responses are needed howeser before this quest on can be
defimitely seuded the present observatons are with respect to the gastnc reactions
prelminary

In any case 1t1s well known from many earlier studies that gastro-intesunal monbiny
changes can br induced by hvpothalanue stumalanon Beatts and Sheehan 1934
Rabat ef of 1935 Strom and Uvnas 1950 Eliasson 195 In these carl er studies the
gastne responses havc often been difficult 10 1nterpretr. but the recent finding that there
s anather group of eflerent vagal fibres which produce relaxat on and widening of the
corpus-fundus remon  Jansson and VMartmson 1963 mas explun as mentioned not
only the prosent obsenations but also some of the earl er results concermung gastric
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responses to bramn stimulations The present data are i general agreement with the
above-mentioned eatlier studies and 1n addition the Rastro-intestinal reactions studied
here, scem 10 be closcly corrclated with and ntegrated by the feeding centee, which
on sumulation 1n the awake cat produced food mtake

‘The ] of the d system observed an connection
with sumulation of the feeding centre were not drastic 1n extent, but deadedly of such
a type as to favour the blood supply to the gastro-ntestinal tract at the expense of that
of the skeletal muscles The changes obsenied are consstent with the idea that a moder
ate sncrease h di h to the cardiovascular system takes
place, with hittle or no im ol ement of the v fibres to the !
tract where, mstead, the constrictor fibre actnity may become inhibited, posibly via
the baroreceptors Asspeaificsagalyasodilator fibres to theintestine do not exist, to yudze
from a recent study (Kewenter 1963) and, morcover, since vagotomy did not sgnifi
cantly affect the vascular ad, obtained, the 1 bload flow ncrease can
not be ascribed to any vagal nfluence Vasomotor fibre responses of thiy general
character were occasionally obsened by Lofuing in studies where the autonomic
structures 1n the mbic system were sumulated (sec ¢ g g 4 D, Lofing 1961)

These rosults 1n anesthetized ammals cannot be exactly compared with the cardic-
vascular changes obseried 1 awake dogs when food was presented (Rushmer of ol
1960;, even if there 1s no disagreement with these findings In ths latter study, apart
from the species difference, the animals were anake while the cardiovascular responys
were recorded and they were able to moy e around, 2Jding ta some extent an adsustment
of the arculation, caused by the mosements and possibly by mental exaitation When
presented with food, dogs usually show a clear orienung reaction that by sisclf seems ¢
induce prompt cardiovascular adjustments, 2pparent, for mtance as a tachycardia
(Robson and Gann 1917)

The “exploratan response without actual food consumption which was ohwned
upon stmulation of hypothalamic Jocations o erlapping or surrounding the area utsch
smtiated the fulh developed feeding responee” may suggest shat thus Jater area
normally overlapped by another perhaps igger area related to a fanrly non affxtne
exploratery or appettne actsity Ths latter behavsoural patteen was evidenthy o7t
connected to amy distinet autonomic adjustments to judge from the resuls of 2t
acute exp Thus charactensue d, were obtained onh
when elrctrode pomts ehiting the fully developed feeding respunse were shmutated.
It may be s that these autonomic adjustments especially the gastro-ntesunal chanar
senve as an additional facihtator nfluence by ehaung aflerent impulses from the
gasteo-atastinal trace helping (o dircet the animal towards food and to miafe €
sumption

The apatnmucal lacalizabian the behusioural responses and the autonomsc ellcts

are n full a’:vmnm:’:““’

2

characterizing the prattern here called the  alarm response
a conuderable amount of carlier obseryauons recently summared by Shert
starumng with the clasic dacription by Hess 1928 of the affectine defenune 1o
in the awake cat This  alarm response  which was induced from more \':d"
electrode posiuons in the lateral hypothalamic arez was berr studied mamty ': :4 o
Imme the drastic diffrrences 1n tvpe and direcuon of the autonomic nrurm.ﬂ:; de
ments., forrmng part of reactions so different 1o nature as those mvobved ;r; m:::xllnf‘h
feeding responses. These effects were markedhs different even when ():}m:v ;m!'l i
siated hepothalamic sies and shifting the sumulauon poiad onh

e
!
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change the one response pattern to the other It is therefore unlihely that some of the
observed autonomic adjustments should merely be cxpressions of a current spread o
some commen exatable regton

This study was supported by grants from the Swedish \edreal Rescarch Council {grant Y 118)
from the School of Acrospace Medicine AFSC through the European Office Aerospace
Research United States Air Force (AF61(032) 732) and from the U'S Public Health Service
(HE-00675 03-01)

References

Apranaws ¥ C S M Hicrovand A Zprozywa Active muscle vasodilatation produced by
stumulation of the brawn stem iis s gmificance i the defence reaction J Physiol (Lond )
1960 157 49113

Axert K D encephalon In D Sheer (ed)  Eloctncal strmulation of the bram  Unrv of
Texas Press 1951 288310

Asann B R Nervous regulation of food mtake Plysio] Rec 1961 #1 677

Brarme ] and Suzesax D The effects of hypothalamic stmulation on gastnc motsl 1y
7 Physol {Lond ) 1931 61 218

Brwoozr M Fresstrich als hypothalamisches Sympton Hele phvstol pharmacol Heta 1943 1
183

Dexgano J M, Permanent implantanon of mululead electrodes in the bran Yol 7 Bul
ed 1952 24301

Detcano J M and B R Avawp Increase of food mitake induced by electrical sumul1tion of
the Lateral hypothalamus tmer 7 Plynol 1953 172 167

Eisov § Acuvation of gastne motlity from the bram stem of the cat et physiol scand
1954 30 199

Fokov B and E H Rusrwrens The funct onal role of ¢ autonomuc and behavioural
patterns evoked from the lateral hypothalamus of the cat dcta physol scand 1966 In press

Hes W R Stmmganghen Remversuche (\er Dusch Physiol Ges Sept 1927) Ber ges
Physiol 1995 42 554

" A < B .

My -
Renester J Vagal influence on mobul ty and blood flow in the small intestine Aeta phystol
scand 1963 65 Suppl 251

Larssos 5 On the hypothalamie orgamzation of the nervous mechanism segulating food
mtahe dcia physiol seand 19>t 32 Suppl 115 1-63

lorvis B Card ovascular adjustrients induced from the rostral cingulate gyrus deta phy siol
scand 1964 57 Suppl 184

Makrivson ] and A Mumes  Eatatory and mhubicory effects of vagus sumulation on

ast W e

Rusien R O A Sumu e and E Laswen \iechanisms of cardiae control dur ng exertion
Physol Rer 1960 40 Suppl + 27 e e

Surrt O \ Jr Food tntake and hpothalamic stimulation In D Sheer (ed
of the bram  Lnn of Texas Press 1961 367—370

er‘lsu 1(; andrﬂh(.\‘:\x\s \llumr responses of gastro-intest nal tract and bladder to topical
3t mulation of the frontal fobes 1
1 rudanon of the frantal lo basal gangha and hvpothalamus i the cat 4cta phr 0!

Thorve W W Learn ng and mstinet in amimals London \lethuen and Co 1956

Electrical stmulatton



Acta physiol. seand. 1965, 65, 300--309

From the Department of Physiology, Unnemity of Goteborg Sweden

The Effect of Graded Vagal Stimulation on Gastric
Motility, Secretion and Blood Flow in the Cat
By
Jan Magrtinson

Recewved 1 March 196,

Abstract

Martnison J The fict of graded ragal stimulation on gastric mobfuty secretson and bond firg mibeea
Acta physol scand 196565 300309 ~— In expersments on cats gastric motikty secreien
and blood flow were studied simuliancouwly or separatels By applying eflerent vagal syt
S e o T TR LV IPPY L e
. .y . -

fibre group with a considerably higher stimulation threshold than the fibre group Umm;w";
gastnc monhty Both fibre groups can cxert therr control at impulse hoqu—nmsb’: i
smp sec. 1§ 1s possible that secretion of both HCJ and pepun _relaxavon sad sawd Lt
normally form a gastnc response pattern ehated by a concomitant excitatsm of the effc
Hugh threshold fibres of the sagus nerves

o=
It 15 generally recognized that the vagal control of gastrointesunal functions 15 <!

pished by means of 2 relatselv small number of efferent nenc fibres Thas ¢ (L.(t;
dominal vagus nenves of the cat are made up of only about 3 000 efferent filices wb "
15 less than 10 ©, of the total number of therr fibres  Agostont of of 1957 11n i":,
group of fibres controls vanous motor and secretory functrons of the r\':urmn:su) !
tract Even the small total number of fiires in the sagus nenue smpheos a const rﬂ“(
extent of dnergence i the contacts with the far greater humber of cells w the m::
nenve plexa The question also anses whether 2 ungle elferent vacal fbre c3n comird
more than one functional paramater in a s €n gastremntesunal response patiers W

secretory and motor cffects
bo'l!h‘hc present study was prompted mainly by \arunwn sand Murrn s I!‘Wih‘o]!:':“;
tron that gastre moulity 1s controlled by two groups of kbres a fow ¢ unm;‘!n“rz
chaung cxenatory respoases from the stomach and 2 figh threshetd l\pf‘mz il
motthen  Fibres of the Latter type have proved extremely potent sn auz:m e
olurse (Junsson snd Martmson 1965 Furthermare e relauns, hbre
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shoam ta be non-adrenergic (Martmson 1965), though the relaxing effect s not blocked
by atropine

It was soon realized that gastnic secretion was not controlled by such an arrangement
of excitatory and mhibitory vagal fibres The present study was therefore undertaken
0 compare the responses of various functions of the stomach to graded vagal sumuly
“The gastnc functions studied were secretion, motility and blood flow

Material and methods

30 cats werghing between 1 4 and 3 6 kg were wsed Ancsthesia was mduced wich echer followed
byans v mection of chloralose and urethane (>0 and 80 mgfkg respectively), while in the
Later two thirds of experments only chloralose, 70 mg/kg, was used. A tracheal cannula was
mserted to mantan the air passage

The abdominal cavity was opened by a midime incsion In a few cxpeniments n which the
gastrc blood flow was recorded t1a the portal vein the intestines and the pancreas was remaved
A Ligature was placed around the muscular coat of the lower oesophagus, care being taken
ot to damage the vagus nerves

Stumulation of 1agus nerves 1n all experiments the cervical vagus erves were dissected free and
druded When these nenves were to be sumulated their perrpheral ends were placed 1n twe
bipoiar electrodes with 253 mm between the annular sibver poles When the sttmulation was
performed ntra abdominally that scgment of the antenor vagus nerve trunk below the
diaphragm was dissected free divided and placed 10 a sumulation electrode simular to that
used 1n the neck The clectrodes were connected 24 an 1solation umt o a square wave impulsc

SRR SRS T e oty

' s s L .

The temperature of the saline was kepe at 33° C

Motihty was studied with the balloon techruque i 16 expts and with volumetnc recordings
m 2 espts.

Gasiric secretson. Sccretion was studied n 28 expts The stomach was prepared m essenuially
the same way as descnbed above 10—20 m of sotomc saline, warmed to 38> C was injected
tnfo the stomach at regular intervals of 13 or 20 mm At the end of each inzerval the fud was
withdrawn and 1ts volume was measured Sometmes shorter intervals (3—5 mun) were used for
3 coll afier a sumelation period i arder to femave gastrc jerce produced
andtoall of the basal seeretion A fraction of the gastric
Juice smple was pipetted off and kept in the frozen state untl determunaton of tts pepsin
content on the following day The concentraton of hydrochlorsc sad 1n the sample was
measured by titration with 0 05 ¥ NaOH using phennlphthalem as an ndicator Peptic actstty

4 cht f deseribed by Hunt (1918 \ dned human
plisma protein preparaton devoid of the g-globulin fractson (Fraction 1Vh kindly supphied by
ABRABI Srockholm or human excess plasma aadified with 3—>  HCI 10 a pH of 2 | was
used as substrate The exunction values were read 1n a spectrophotometes at 720 mp The
accuracy of the method was tevted by making double analvses and by analvses of various
didutions of gastric Juice tamples and was found 1o be about & 10 °, or considerably better
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when the pepsin concentration exceeded 10—15 PU/m! Plotting of the observed
ctn!mugm of the different dnlutved samples agaunst the degree of dilution gave a lm:rf:r:lr:.

mesentenic vemn after exclusion of the enure intestine, the omentum, spleen anl paneeeas
A . . . -

1 ¢ about one thied of the stomich However, the simplest procedure was to coffect the vennus
outflow from the central end of splentc vein at us union wath the superior mesentenic ven
- . Cl Vs e eathen

n the major part of the pancreas

The venous outffow was returned to the ammal va one of the jugulyr vens Hepar (3
mgfke) was given 1 ¢ shortly before the blood flow recording cannulis were sserted The
drop chamber and tubing were primed with dextrane and occasonal bload "“‘,“,’Jf"f’ the

peripheral resistance was caleulated as an approumate
Jean artern) pressure in mm He

PRUiew = Fiiood flow 1 mifmim % 107 g fvae
This value ineludes the resistance of the drop-counting device and sts twbing which wasver
. DEE - . ' i 0 Voaven e Vena eneettyrem it e
t . . . . and Lol
ne renn

g 24 expts sansfactary recordings were obtamned for only one of these dhrer functtons
‘All salues on devianon given together with mean salues are standard error of means

Results

Dasol eondiions The pressure witlun the sromach as nreasured sith the balloon techosque
vanied considerably but was usually between 5 and 10 cm of water stnall thy thme nn\;!
which were not synchranous with respiration were also recordetl According to the nun‘-
filled volume-recording system, the stomach contained a volume of about 10 20 m-{
as d at a constant )] prewure of 25 4 cm water Bl secretion®
hydrochlonc acid was 004 « 0002 meq 15 mun pepsn secretion mr“a‘“:l
50 4. 30 pepan units 15 mn Restmg blood flow 18 « 1§ mi mun and mosg!S .
Vascular penpheral resistance, PRU v ranged between 14 and 28 nean ; -
flow often remaincd constant even dunng substantial changes w artesal pres
Mean artenal blood pressure averaged 100 & 6 mm iig
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Fig 1 Cat 26kg Gastric motlbty re H ﬁ
corded by two different methods durng  em W0 s AN R W | a AP
biateral  cervical vagal sumulaton ° &
Bumpjsce 5\ mpulse duration vaned sy g
Upper  mtraluminal pressure recorded  maec 005 01 02 05 1
w th balloon technique Note shght afier
relaxation and depression of response at
stimulation abese 0.2 msee:

wer gastne volume recording atantr:y
tumnal pressure of 3 cm H O Mote ab-
sence ol excitatory responses but after
relaxations clearly vuible at syme im- 20

pulse durations as n the upper record
"8 msat 005 Ot 02 05
Time separatng the both recordings

T
abour 30 mun MN

o

BASTAIC VOLUNE D
o1

Pasow 3w

fa0a
¢

Y

Fg 2 Gastne secreton and
motility dunng vagal sbmula
tion Bilateral cervical stimula
won 4 ympjsec 5% Impulse du
ration vaned (msec) Mottty
recorded with “volume tech
nque (seetext) HCI (-
Pepsn )

Upper Cat 34 kg Ordinary
threshold level (05 rusec) both
Tor secretion and relaxation
Lower Cat24 kg Nene prepa
ration wh ch needed higher du
rauon values (see text)

P uarssse
Faco

hae

Y

Vagal stimulation All functions of the stomach studsed were affected by vagal stumala
non The less sausfactory reproducibility of the responses of the blood flow and secre
ton hmited the value of quantitatine analyses The respanses to equal stmult usually
tended to decrease successn ely dunngan experiment [n order to elimmate the possible
source of error induced by such presymably unspectfic mfluences the order in which the
various impulse frequencies were used in consecutive periods of sumulation was vared
atrandom (Fig 3 The strength of the response did nat differ significantlv with the
method of shmulation left night bilateral cenacal intra abdomunat

In order to ascertarn the sumulation thresholds of different fibres 1 the vagus nerves
the pulse duration was vamed oltage and frequency were kept constant at 5 volts and
4or 81mp sec [n 8 of 16 exps using these conditions and the balloon technique the
stomach responded wath 2 clear increase of gastne tone at pulse duration 0 05 msec
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when the pepsin concentration exceeded 1015 PUfm! Plotting of the obser od pepsin con
centrations of the different difuted samples agaenst the degees of didution g3t 2 Inear eoerels

hmr A gy e .
3 . . .

flow from the stomach through a drep-chamber, 11 which the dtops were photoeleetsicalls
<counted and operated an ordinate writer Venous outflow was collected an difTerent ways In the
brginnung of the i estigation venous outflow was collected in the portal vetn of in the supenor
mesentenc ven afier exclusion of the entire intestine, the omentum, spleen and pancers.
Sameumes, honerver, the method proved less satisfactory possiblv due 1o the ecxtusin of

. ‘e . .

. . y -

flow measured came matnly from the minor curvature of the corpus fundus and from the antrum
¢ ¢ about one third of the stomach However, the smplest procedure was fo coltect the vearms
autflow from the central end of splenic vein at ris union with the superor mesentenc van
The nght gastric and right gastrocpiploie veins emptying direetly into the partat scin wese shen
figated The other organs drained by (he spleme van 1 ¢ the spleen, the greater omentum
and the 1yl of the pancreas were removed Wt thus techmque the portal blood flow from the
rest of the mtestinal canal was not imparred It also made it possible o preserve the aeculatn
1n the major part of \he pancreas

The venous cutflow was returned to the anumal 2 one of the juguhr veins Hepion (3
mg/kg) was gven 1 v shortly before the blood fow-recording eanaulis were mseried Ne
drop chamber and tubing were primed with dextrane and occasional blood lossey during
expeniment were substituted by dectrane usually at most 10 mi, with due tontrol of the beria
tocrit In all but 2 expis the sympatheuc supply was fcft intact In the other expenments the
Ieft major splanchnic nerve was cut for sumulation {results not reportrd Sirre)

The blood pressure in one femnoral astery was recorded by a mescury manometer ¥ awul
peripheral resstance was caleulated as an approximate

Mean arternl pressure n mm Hg
PRU,up = s Slert? prowire .o 20 ~5

st

) ue
) . Blood flow sn mljoun » 100 g trssu b et
flow t another 5 secretion and blood flow i 1 and motility and secretion i 16 Inwelt -«
ing 24 expts satmfactory recordings were obtained for only one of these three funcions

All values on devistion given together with mean values are standard efror of means

Results

Basat conditions The pressure within the stomach as measured wath the batioon techeuque
\aried considerably but was usually between 5 and 1Wem of water small shythaue ‘“‘;
which were not s nehronous with resparation were also recorded Accarding to vhe flus .
filled volsme-recording svstem the stamach contaned a solume of about 10 ~10 e
d at a constant ! pressure of 25 —4 cm water Basal secyetica €

as N
hydrochlonc acd was 001 = 0002 meq 15 mm pepun urm;r;v&)"-‘}:\"“:

- } i g .
50 £ 10 pepnin umts 15 min Resting blood flow 18 - 19 m;nua O e

Vascular peripheral ressstance. PRU,., ranged bewween 1 ant
flow often remasned constant even dunng substantial chanses 10 arpenal p
Mean antenal blood pressure averaged 100 & 6 mm Hg

trure
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Fig 5 Mean gastnc responscs to vagal sumulation with & mmpisec, 5 V, and pulse durauon
varied according to the abscissa
@——® Excitatory motor responses (balloon techmique n = 15) per cent of mavmal
exatatory response

®-- @ Relxution resporucs(volume recording), n =11

X Sccretion of HCI, n
X Sccretion of pepsin, n
- A Vasodilatation, n = 7

Expressed as per cent of re
sponse at 2 msec

x
A-

same ammal, simultaneously (Fig 3 and 4) or in succession (Fig 1 and 2) secretion of
both HCl and pepsin, vasodilatation and relaxation appeared at the same stimula-

scerction and relaxation was 2 msee The different gastric responses to the threshold
level stumulanon yvanied considerably from being barely discermble to nearly maximal
compared with the responses to stumulation with pulses of longer durations In Fig 5
the mean gastric responses to vagal simulation are given at the different durations of
the pulses This diagram 15 based on a number of sumulation serics complete up to 2
mace, pulse frequency 8 ymp/sec and 5 V (number of experrments for each function
studied are given in the figure legend) Motor exaitatory responses are expressed as
per cent of maximal response and the inhibitory responses are excluded The responses
m the b d group were all expressed as per cent of the response to 2 msec,
because 1t was not always possible to deternmune the maximal response

In a few expenments similar tests with varying pulse duration were made also at 10,
and 2 V, respectively The general outcome of such experiments was that the smula-
tion threshold varied along a strength-duration cunv e of the shape described by Martin
son and Muren {1963), 1 ¢ , at the ay erage threshold level at 5V 0 5 msec corresponded
1001 0r0 2 msec at 10 V and 2 or 5 msec at 2 V for 2ll the gastnic functions studiced

Most of the abore results were obtamned with a stimulusampulse frequency of
81mpjsec, which invamably clicited the maximal secretory response The average
amount of hydrochlortc acid secreted at 8 impfsee (1—5 msec, 5V ) was 045 ~ 006
meq/15 min of sumulationn = 17) and 2500 1 900 pepsin units/15 mun of sumulation
{n = 15) The responses to 4 1mp/sec and to 16 1mpfsec were both smaller than the re-
sponse 10 8 imp sec, irrespective of the order 1n which the different frequencies were

20653003 4cta phyniol scand | of 65
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Fig 6 Cat 24 kg Gastric secretion recorded at bilateral cervical vagal stimulation 5%, 5
msec, frequency vaned HCl secretion rate (. ), Pepsin® (- - - - - ) )

257ER 2L wioon
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Fig 7 Cat 29 kg Blood flow recording at wntra-abdominal vagal sumulation 5\, 2 msr<.
frequency vaned As regards pressor responses (o vagal sumulation ¢f Fig 4

tested (Fig 6) The mean response to 4 impjsec (n = 9) was 032 = 004 meq and
1600 £ 250 pepsin units/15 min of sumulation At 16 impfsee (n 8) the responscs
were 027 & 003 meq and 1400 + 500 pepsin umts/15 mun of sumulation

Although 1t was not possible to obtain a closer frequency -response correlation theabove
findings are compauble with an optimal strmulation frequency around 8 smp st and
definstely below 16 1mp sec

Simtlasly, the s asoditatation obser ed could not be enhanced by mcreastng theimpuléc
frequency above Bimp/sec (Itg 7) Somenmes ihe blood flow was mnally very hig
during stmulation with 16 or more imp'sec The flow afterwards gradually decreased
and levelled off at a lower blood flow than that obtained at 8 1mp scc

Fig 7shows the experiment with the highest initral blood flow (32 m! mm ¥ 1008 of
tissue) and a blood flow of 85 ml/min + 100 g during maximal sagal actnaton The
mean blood flow dunng vagal sumulation with 8imp sec 1-—5msec and 5\V)wardl =
2 6mlmin v 100 g (n 13 The maximal blood flow that could be induced by
x;m:«artmm] nfusion of 1sopropy[noradrenaline sufphate was 100—120 ml an >
100 g of tisue (PRU e = 073

‘The quantitatne correlation
detal 1t was, howcver, noted in one expeniment that at

between blood flow and secretion was not studied i
a Blood fow as low as only
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8 ml/(min x 100 g ussue) the stomach sull secreted about 0 18 meq and 600 pepsin
wnits/15 mn of vagal sumulation (8 1mp/sec, 5 V, 2 msec) On the other hand, i an
expenment where the blood flow was44 mlmin X 100 g durng bugh threshold sumula-
tion the secretion response was 0 49 meq and 1900 pepstn unats/15 mun of sumulation
Another property of the neuroeffector systems of the stomach which however falls be-
yond the scope of this was th 1ylonglatency betwcen onset
of yagal stnulation and recording of any secretory response {for ref see Gregory 1962,
p 17fT) In 3 expts wath short sampling intervals (5 mun) both pepsin and HClsecretion
had clearly increased dunng the second 5 min period of simulation s ¢ a response was
usually detectable with a latency of 5 to 10 mun This latency probably holds only for
the secreuon of water and hydrochl aad The P bly had to be
washed out from the crypts of the gastnic mycosa by the ovyntc cell secretion and there
fore the observed latency was the same also for the pepsinogen secretion However, to
check whether a response tolow thresheld sttmulatrons would hase occurred if the stemu
lauon had becn prolonged beyond 15 mun 3 expts were performed with 2 constant
low threshold stimulation (01 msec 5 V) throughout the expeniment {¢ ¢ for 3—~5
hus) In these cases the basal secretion was not elevated and remained constant When
the constant Jow threshold stimulation at imes was changed for the usual penods of
graded stimuh the stomach responded with secrenion at the expected levels

Discassion

The different effects obtaned on graded vagal stinulation suggest that the vagus nerves
contam two different fibre groups transmutung efferent mmpulses ta the stomach In
the following these two fibre groups arc called “low threshold and  high threshold *
Bbres, although both groups after all belong to high threshold * nerve fibres of the body
Though 1t 15 not known whether this also means that thev are made up of fibres of
distnetly different drameters they differ so distinetly 1n threshold levet that they can be
differenniated by graded sumulation

The average sumulation thresholds for both excitatory and inhibitory motor fibres
were shufted towards lower values as compared with the thresholds at 5 V reported bv
Marunsen and Muren (1963) The probable explanation for thus is that more efficient
stimtlation electrodes were used mn the present expenments As seen from the results
the stmulation thresholds varted also 1n this series of experiments (¢ g Fig 2) Ths
1 vezarded 23 mainly a difference m resistance of the nen ¢ preparation placed m the
clectiodes and not pamandy as a dfference betneen the nenve fibres mn ene cat
compared with another The low threshold fibres only rarely needed more than 0 1
msec 10 be actnated (at 5\ Jand the hugh threshold fibres in almost all cases were
actiated at 05 or ! msec This mndicates similar stmulation condtions m different
ammals

When stimulated the hgh threshold group of fibres elicat 3 penpheral response
pattern whose indivaidual responses cannot be separated by means of the electro-
physiological propertics of the nene fibres The results of expenments using different
stimulation frequencies suggest that the high threshold fibre group evert its full range
of tontrol at an impulsc discharge rate of less than 10 imp sec (¢f Martinson 196+

Ts tempung toimagine that the three responses secretion vasodiatation and relaxa
tion ate chirited 1n combination also in normally funcuomng stomach Such an organisa
uiant would easily fit in with the physiologteal functions of the stomach when the cephake



%08 JAN MARTINSON

phase of digestion 13 induced, secretion of a gastrze yurce rich 1n acid and Depsin starts,
This.s presumably a high energy consuming process (Cranc and Davies 1951) requining
sncreased blood flow {f 'Y ! ) Also a change in gastric
muscle tone prepares the stomach i particular the corpus and fundus for the receptive
relavatton Certan observations mdicate that these responses m fact eceut imultaneous:
1y Lorber, Komarov and Shay (1950) and Olbe and Jacabson (1963) and others have
observed an 1ntubttion of the motidity of the stomach durmg sham feediny, increanng
acid secretion Further comparisons between these obseryations and the relasationof 0 ¢
stomach seen mn the present study must, however, be made with caution for tn most
studues the gastric motility 1ahihited during sham feeding was tecorded e the antrym
part, and Lorher et af found increased tone but inhibted rhythmie movements of the
fundus Jansson and Martinson (1965) reported the relaxation to take place in the
corpus fundus section, whereas the motlity of the antrum was enhanced

Vagovagal reflexes elicited by stimulation of afferent nerve fibres presumably ansing
from mechano- and chemoreceptors 1n the stomach have been shown to ehert fong
lasting gastric relaxation and excitatory responses 1 most other gutromntesunal
effectors, includimg the hydrochl acd and pep producing celts (Harper
k1dd and Scratcherd 1959)

In contrast to what 1s seen during sham fecding Lorber and Shay (1962} found that
1nsulin hypoglycemta increased not only the secretion response but also the monhty of
the mnenated gastric pouch as measured bv means of a pressure recording devier
Howerer, ths finding does ot exclude the possbiity that the vagal ‘nhibitony
fibres were also excited As a matter of fact Jog, Strom and Usnas (1919) Hund 8
substantial il mhibition of gastric motthity after msulin Tnasulin hypoglycemz
evidently sumulates the vagal exciatory fibres 1o the smooth muscles of the siomach
and co-excitaton of the whibitory fibres can then be clearly revealed by a volumetnc
but not by pressurc recordings (¢f Jansson and Martinson §969)

Most sumuls iducing gastric secretion also increase blood flow through the actise
mucosa (Jacobson 1963) Wolf and Wolll (1933 p 129 1) showed that this occurs aho
when the sumult are apparently purely fenous It remams to be shown whribes the
vasodilatation 13 at least in part duc to speafic vasodilator nerves or entirehy
metabolites {ram the sceretiag glands Any such eswdence must alo take into account
the specific plasma kinin mechanism possibly i ol ed i the funchional vasodilatanon
of the salnary glands (Hilton and Lews 1956)

No increase in gastric blood flow on vagal sumulation was observed by [hnanI
Opuz (1910 Lim Necheles and ™ (1927) or Boenhain 1930) However for s etal
reasans it seems s 1 thetr results must be ascribed (o the fact that the s ascular bedof the
stomach was already imusally strongly dilated Tor instance for rechmeal Teaven
Burton Opttz had to work during a short period of reactne hy perenma and Bo(n);;“
used large doses of chloral hydrate as anesthesta a subsianee knows to marks ((Z
depress basal vascular tone Under such conditions 1t must surely be almast iR
to demonstrate the custence of any funcuonal sasodilatation

neseased Hnd

It appears that the smooth muscles of the stomach do not require an v o e
flow dunng vagal acuvavon [ig 2left panel) T'huy alsa sermy €2 hold [ £ then .
for even tnterue \acal excitation of the intestinal smooth muscle witl not ineEc
intestinal blood flow Rewenter 1965

The fewnes of the eflerent nerse fibres in the vagt p
rmight alio jusnify the assumption that the igh threshold group ofefereat {

s nerves \gostom #t el 1237
hrescontro's
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a penpheral response pattern, delicately governed only by the far more numerous
ocal preve cells in the sntrunse plexa, and possibly also by local hormones Certain

foqical and other diffc between the vanous neuroeffector systems,
such as atropine sensitvity (¢f Marhnson 1965) and the long latency for HCI secre-
tan are presumably to be found at thus lev el or i the effector cells

e v R T AL TR mARAT maveaar e
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The Effect of Sustained and Rhythmic Contractions
on the Electromyogram (EMG)
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L. E Larsson, H Lipernowst and T Rineguist
Recened 5 March 1963

Abstract

T oM ades e _ar oD
.- .
v e A
. . . m
.. ' . ' e l)-
durauon, the sum of which was equal 1o the duration of the sustamed contractons Parucularly
fotge Ay Pa -

LR m e T T amd ehethene comachon
MG

b ihes - cONtEICTNS OF
r of prvphase
B . . tials decrrs

. . . + EMG chaneet
are discussed parucularly with regard to the arculatory conditions and metabrlsm of 15
muscle 1 the varous tvpes of muscle contractions

% anious changes have been described to oceur in the electromnogram duning 2nd ’.,{, o
muscular exercise Thus several authors for references sce Scherrer and Monod 1
state that the amplitude of the elect phic action § 1 ."mmﬂm,mnz
muscles. Buchthaleraf 1951 1953b have obserscd an increased number of polsf ,w‘(
action potentials in normal subjects occuning after heavy muscular work but nc“\l:m
cally significant change in the duration and amplitude of the action potentiah. ot
ereased number of poh phasic action potentials and a decreased duration aflh:':u“
potenusls were alo observed after exercise in patients with a certan 0 of)m,‘:m-‘
paroxysmal moglobinuria Larsan etal 195+ The FMG changesan '\}',t',;':,.«
appeared even afier a shight exercise on a bicycle ergometer whilenmilar T e
but less pronounced appeared in normal subjrcts onls after hravy exerose s m pind
of the present inesigation was to examme changes in the F\MG of nor

afier vanous types of standardized muscular work
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Dured o0 of controztion see

L
Fig | Durauon of sustaned contracuens
of clbow Rexor muscles an a typical €% ! l l l l ‘ I J |
penment
3 L) “ 0
MNurrber of susla ned controctions.
Material

Tuwenty healthy «olunteers, 4 females and 16 males, 20~-10 (median 24) years of age
were ecxarmned They had stated that they were wiliing to perform maumal work

Methods

EMG was recorded beface and after vatious types of standardized exerctse Before the work
the recordings were made or the subyects after therr armal to the laboratory frum thete datly
acuvaties 1520 mun after the end of the standardized exercise the recordings started agam
and continued for about 20 min
Dyramic rhythmie museular work on @ buyele ergameter Vork was performed with exther legs
or armms on a ey cie ergometer (Holmgren and Aattson 1934) The subjects worked for 6 min
penods and the load was increased stepwise with 200 or 300 kpmfmin untl the work miensity
became tntolerable s ¢ 103 work mfenmty thas was a3 f1 a3 ¢an be judged wmavunal Electro-
cardwgram and sespiratory frequency were recorded dunng exeroise
Sustawed ssametric muscle contractuons of maximal duration The subject stood upnght sustaimng
the clbow by the htp borte with the efbow foxed about 90° A 10 kg weight hacgwng 1 a
Jearher strap was held i the hand The lead corresponded to about 1/3 of the maximal volun
tary force of contraction of the elbow flexors The subject was mnstructed and encouraged o
keep the wesght 33 long as possible ‘The contraction of the muscle was mterrupted when the
tubjeet was unabfc to mmntain the elbow flexed at an angle Jess than 110° Afeer 2 pause of
30 wrc the sustaned contraction was repeated and 1 the same way mantamed as long as
Posuble It was sepeated afier pauses of 30 see duration as long as the subject was able to keep
the weight bfted for at teast 45 see
wypical wark of this type 1s shown by Fig 1 The mean duration of the first contraction
w3 136 sec (range 34~167) and with 30 sec pausts an an average 15 contractions were per
formed ‘The average total tume of contractions was 5t sec Every other subject used the
tight arm and every other subject the left arm
Fhythmic wsometric murcle eontractions were performed one day alter the maximal sustained
Bsometmie cantraction with she opposite arm The wuscle contracuons were made 10 the same
vy a8 in the swstained contracsions only that the 10 ke weight was kept ited for 2 period
dbs»."; with 2 sex pauses During the pauses the arm rested on a stand ymmedioiely below
e eight The we ghe was placed 5o that 1t could be lified with a mnumam of arm moton
Ly Somiractions were contirued untl the tawl time dusing which the waight had been
td was pqual 10 the total time of contractian duewng the sustamned static work of the tame
indwdual The votal duranon of contractons and pauses of the experiments with rhythmic

:nuzcuom was almost dentical or 1n some cases a few aunutes shorrer than that of the
Penments wath tusta ned contrachons
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Tae.r I Changes of the EMG of arm brachual b ceps and Jeg quadr ceps muscles af cr arm
and leg excre s sespectively on 2 bicyele ergometer

Legesercse  \rmewercse  DBrachalb
quadnicep s bract al eepr +quadn
X £s¢ becpsx £s¢  eepry+ag
n-6 n=4 n=10
Percentage frequency of x1) 961107 91419 94091
tetraphas ¢ action potent als (%;) 1224127 44141 18090
(x—% ) +261 +23 75
Percentage frequency of () 484057 444051 47403
polyphas ¢ actron potent als (x;) 744107 71 027 73063
fa x) +26 +27 +76
Mean duration of all acton (x ) 7064027 68 024 72407
potent als m.sec « 724036 574010 (64027
[ 04 B 065
Pulse rate at the end of the 195441 180 23
haghest s ork load b ats/n 1n
Lactate concentrat on at the 78+02! 68 083

erdof the | ghest work load
or3 after ttc exereise mM 1

x=anthmet e mean  x  before vork x  after wark
sc=standard error of the mea

I~denotes P 005 * denotes P 001 % denoes P 0001 where
P s the probab ! y that the d Herence be v cen means s €3 sl b ctnee
n the n mber of s byects exam ned

Techn que fo recod g and aialuaton of FMG The clectrony grapt 2 ton peten ‘3‘,‘,",'4«"
recorded duning a sf gf ¢ \oluntary contract on bel re 1s weil 3 af rr exer s Imln o
pos tiona as evenly d stnbuted as possble w hn the entre  us leunlerexar m
needle electr xes vere nserted perpend cular t thedongaxs f te wle 4 nexpert

In exper nents w | arm excreuse the | ng Fead of the brach all - par u team nv "
ments w th leg exer e the quadncepr i uscle mnsast lateratse  Fdals wereear o
The percen age frequency f acton poten sly wih {urandf e rn replye oo §
pahyplascacton pete tals  asdetermned Menu ber fdefle 3 fa .u";:'mm‘
was evalua ed ace rdng to Buchtal et al 1954 2 Tle tal durn  and i exp A
s hsusaned snerccnmct ns dep ik peakanlwde files cat npeonse
were also measured Beciuse faskewdstrbu n ( fea pitules heoeda a"lh bt
an tnd v dual was determ ned [ ¢ eacl expers e tal souat O 4 o r;'";muh e
rewmed w th dent cal appearance 13 lew 3 sccavors were | fuled T1e i e R
were based on at least [0 ac nperen als Frack ni duala ea t exper ,rrnum e e

The results of the  easuren ems bef 70 an) afies exere s were bt |ln«’ B oot e 3
muscle except nthecase f he experaensw | smetr © murlbum ﬂ"“ eatand! I3
the values Lef re exercse are he nean { measurer ents from teb an

erle
m;‘;pmm Themuscle acton px entals were rec tled wtl e a ol ',’";:’.,:,f«“ph
clectrodes (DISA 13RO 3 Tim bad a I3 eter fO€ mn and Pearcaofd
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Tasee I EAG changes 1n the biceps muscle afier sustamed (sometnic) contractions and
after rhythmic (isometric) contractions with the elbow flexors The sum of the
penods of contraction 1 exher type of work was 54> {380—717) seconds, mean
{range), and the load was 10 bg

1, sustained 2, thytmic
Diffe
T * 1-2
a=10 x
Percentage frequency of 5} 96059 961039
tetraphasic actton potentials  (xa) 148105 101053
) 52 +05 L47
Percentage frequency of G 412049 112040
polyphasic action potentials  (<a) 1194130 531047
o) +787 12t +66°
Aean dutaton of all action  {x,) 73+020 73+£020
potentials, m sec ) 61=01> 69022
—x) —12 —04 +o7t
Lactate cancentration 3 mn 162023 11£016 +05¢

after exertise, mM

Symbols as 1n Tabte I

num lead was 007

[

sq mm A three channel DISA electromyograph (13 A 69) was used The
DA St penbsipahabinii it it SRS A A

by Strom (1949)

Results

Rivthmuc work on the bicvele ergometer
The results are given in Table 1 Before the exercise the percentage frequency of tetra-
and polvphasic action potentials was equal in biceps and vasm quadriceps muscl~s
After exercise with arms as well as with legs 1t had 1ncreased equally as much s 1n the
biceps and the vastu muscles respectineh The increase was staustically sigruficant for
the polvphasic action potentials The duration of the action potentials tended to decrease
after the exerrise The exercise was mawmal or close to maximal as shown by the high
pulse rate and factate concentration

Tsometnic sustawned and shythn ic contractions Before exercise the frequency of tetra- and
polyphasc acuon potennals 1n the biceps muscle, of those subjects who performed
ssometric muscle contracuions was almost identical wath that of the subjects wha cyeled
on the ergometer \fier the sustained sometric contractions with the elbow flexors,
the percentage frequency of tetra and polyphanc action potenuals of the brceps
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Tanie 1T Duration and amphtude of vanous types of action potentials before and afier
sustained {isometric) contractions of long duration

Mean duratton, msec {n=10)  Mehan amphtude, 4V’ fu=10)

Differcnce, Duffereace,

Before  After before-after  Before  After before after
1--3 phasic 71 56 15 188 197 -9
Tetra-phasee 85 70 15 220 267 ~43
Polyphasic 90 79 LIt 287 283 + 4
All action potentials 73 61 122 196 212 ~17

Symbols as r Table I

‘Tabie IV Differcnce in duration and amphtude between 1-—3-phasic and ictfas of prh-
phaste action potentials before and after work

Difference 1n duration Diference i amphiude,

m scc (n=10) A\ (10

Before Afer Before After
Tetraphasic — 1 —3 phasic 1 42 142 38 72
Polvphasic — 1—3 phasic 19+ 230 am 87

Symbols a3 1n Table 1

musele increased more thap after the rhythmic wometric contractions {Table | })
The effectne total duration of the rhythmic contractions was equal to that of the
sustained contractions but there was only a shght merease m the fiequency of pobs-
phasic action potentials after the chy thmie contracuans 1s compared with th ¢ frequency
before the exercise a

The duratron of the action potentials decreased alter the 1sometric Contracsons 2
more after sustained then after rhythmuc contractions Table 1§ Thi change 15 more
obutaus if the acien potentials are dinided mte three groups | mano-, dr :m;l Tc
phasic, 2) tetraphasic and 3 pohphasic Table I and IV ) The tetra- and wh%:,k
action potentials have a longer duration than the mono- di- and trphasic annlﬂd m
IV), and they increase in number after exercise Table §1 - They shercfore €
countesact a decrease m the mean of the duration of all acuon potentialy + atier e

The amphtude of the acton potentials was measured onlv before and “;hlud'
sustauned contractions There was no statsstically ngnificant change ll{\’r :mI\; e
of enther type of the action potentiale see Table 111 The tetra- .-m1 [;:}1' M
action potentals kad a hicher amplitude than the ! $-phas c potentialy

well as after exercse (Table IV
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The lactate concentration {Table I1} was somewhat higher after the sustamed
contractions than after rhythmic contractions (p < 005)

Reverstiility of the EMG changes In 4 subjects the EMG of the biceps muscle was
also examuned one day after the maumally sustaned isometric contraction The
frequency of the tetra- and polyphasic action potentials, which was high smmediately
after the exercise, had on the followsng day reached the pre-exercise level

Discussion

‘The results show that after strenuous muscular excrcise, parucularly after long sustained
contractions, there appeared 1n healthy subjects an increased percentage of tetra- and
polyphasic action potentials in the EMG The changes were reversible At the same
time, the mean duration of the action potentials decreased

The observed EMG changes may be caused by several factors, presumably related
to local changes in the working muscles, for mstance accumulation of metabolites or
changes 1 muscle temperature during and after the muscle contrachons

Buchtal ef af {1954 b) obsenved an increase of polvphasc action potennals at a Iow
muscle temperature Other changesin ht therefore the EAIG
In somc measurements, made under slmllar conditions as the present expenments,
temperatute changes of the working muscles were found to be greatest dunng and
after the exercise on the bicycle ergometer After this type of exeraise the ENIG changes
were small Dunng the sustained and rhvthmuc contractions the nse 1n temperature
was small and at the time of recording the EMG the muscle temperature had regained
the pre exercisc level (Bjerle 1964) Changes in temperature, therefore, do not seem to
have caused the obsersed EMG changes

Tt seems more likely that excessive ac ). of bolites ¢. buted to the
EMG changes They occurred most marked after the sustained contraction when the
accumulation of metabolites probably was the greatest Thus previous examinations

ndicate that the muscle blood flow 1 relation to metabolism 1s smaller 1n sustamed
PN

1t a sustamned contrac

which was ascnibed to

wctions the hyperaemia

afier exercise wascomparatn ely small and of short duration (hramer and Quensel 1937,
Barcroft and Swan 1953 Shepard 1963 and others)

Lindhard (1920) studied  static effort 1n which the subject hung by the hands
from a beam with bent arms He found that the greater part of the increase 10 oxygen
uptake and 1n the calculated cardiac output occurred after the exercise had ended and
he concluded that 1o strong contractions the blood flow 1o the muscles was occluded
by mechancal compresson Similar observations were descrsbed by Asmussen and
Hansen (1938) In the soleus muscle of man the blood flow was alsened. to he ar-
rested f the force of the sustained contraction was more than about 20°, of the
maximal yoluntary contraction (Barcroft and \Millen 1939) In the forearm of man the
blood ow seems to decrease duning hand gnp contractions stronger than about 70 ©
of the maximal soluntars contraction (Humphrey and Lind 19631 These strong
contractions results 1n exhaustion and become intolerable within a few min

In experiments 1n which the sustained 1sometnic contractions were moderate or not
well defined with regard 10 ther strenght 1t has been gbserved that the blood flow

through the contracted mustle was mncreased 10 companson to that of the yncontracted

W
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muscle After the contraction, howeier, there was 2 reactive hyperacmia (Rramer
and Quensel 1937, Barcroft and Mulen 1939 Lind ¢f af 1964}, sndicating thast 1 1hee
contractions there was also a relatn e obstruction fa the blood fow

The load that was applied m the sustained contractions of the present expenments
corresponded to about 1/3 of the maxumal voluntary contracuon {Asmusen, and
Heelbol Mielsen et al 1961) The contractions were tolerable only for a few (2—3)
mm (Fig ) It therefore seems ikely that the erculation was arrested, or at fetst
relatiely obstructed, dunng the sustamed contraction gning the precequusues Fr an
ac I of bol The of lactate was ako somewhat huher
1n the blood after the sustained contractions than  after the rhythmic but m ot er
respects comparable contracuons

The increase 1n lactate concentration of finger blood during exescrse reflects the
total production of lactate The Jactate production resuling from the two types of
work with small but equally large muscle groups was qute small in comparon with
that obtained with cyching, when the targe muscle groups of the legs were used Hoa
ever, it seemed fo be larger with sustamed than rythmic contractons Larger differ
ences between the varnous types of work mught have been obtained if lactate concen
tration of venous bload from the working muscles had been exammned

The following facts have some beanng on changes in muscles that may be caused
by marked accumulation of metabolites and for that might correspond to the FMG
changes observed a) Anatomical changes wuh cell degeneration have been seported
after muscle work combined with insufficrent arculation andfor sccumulston of
metabolites 1n horses (azotuna or  hreutzlahme  sce Carlstrom 1931) and in the
wbnalis anteror syndrome i young men (Sevenn 1913 Hom 1945 Carter ot af 11
and others) b) Further an mcrrased number of polyphasic action potratials and 3
decrease of action potental duration 13 charactensuc of various myopithies wih ana
tomica) changes in the muscles (hugelberg 1947) <) Yanalty sumatar 1 MM changes
were marked after slight exercise in patients with a hereditary myopathy with paroo-
mal myoglobimura Larson ¢f af 1964] The changes were reversible and were most
likely connected with a disturbed muscle metabolin duning exrrose, Teslung 1 3t
abnormally high concentration of Jactate and pyrnate i muscle blood in uh!m:‘m
the work Joad Although no anatomical changes were obnened i the trncles um ]f:
thrse condiions 11 seems bikely that the funcvonal changes that wese ceflectedin ‘,d
wncreased number of polyphasic action potenuals ete may preceldr the mn’”d‘;;‘:hr
changes with muscle cell degeneranon which were obstricd in the acute Hate .
durase Such muscle deyencration was often jroraked tn prolonged and stremur

eTCISC
 Other factors than those diseused may case dhe otnersed § MG chanscs - :’::
«wmay be concluded howeser that reversibir [ MG changes of dus by seom 17

atholegeeal statrs as well as i pormal muscles after exerent

e mature of the changes which £aused the otaerved 1 MO paira 1 g
According to Ruaelber, 1947 the polyphasic acuon poteiialy and ﬂ‘e \‘x“ o
duratson of action potentials that appear n vanoys myopathies may be “m_ o
successne ehmaation of muscle fibres Such a mechanm  althoush "’::r"‘d iy
also operate after exrrense i normal subjects J 50 113 thiTicult to 1 dmd e o
imean duration of the tetra and polsphavic action potentials i Jonger ﬂ:‘m rentials
valis of the amplitudes lugher than thosr of mono- &1 and g hauc ac ¥
befote, as well 2s after the exercse See Table 11 and IV
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Other explanations to the mcreased number of polyphasic action potentsals might
be a change 1n the conduction vclocity of the muscle fibres or a change m the trans-
smission 1 the myoneuronal synapsis which both may be mfluenced by metabolic
changes in the muscles

Buchtal ¢t ol (1954 b) discuss the possibility of an increased synchromzation between
motor untts as a cause of the ncreased number of polyphasic action potentials after
exeraise If this was the cause, 1t 1s diffaicult to understand why the increased number
of polyphasic action potentials then appears parncularly after the long sustained
contractions or why the mean duration of tetra and polyphauc action potentials
decrease

It 1s obvious that several explanations of the observed ENG changes are possible
“The knowledge that a rev ersible increase of polyphasic action potentials and a decreased
durauon of the action potentials can be mnduced especrally by sustained muscular
contractions facthtates further studies Such studies mav also contnbute to a better
understanding of the cause of the EMG changes i certain myopathies A knowledge
of the EMG changes caused by exeraise may also be valuable for the study of conditions
with overstrained muscles This occurs for instance 1n occupations with unswtable
working positions which require sustaned muscular contractions of long duration m
certain muscle groups

The imvest gation was supported by a grant from the Swedish med cal Rescarch Councr]
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Abstract

In physiclogical laboratories extensive studics are performed after admenistration
of anesthesia and surgical preparations In most studies acid base and ventilatory
data are not presented Bygdeman (1963) has shown deletenous effects of respiratory
acidosis on vascular reactivity The acid base state 1n long duration physiological
expeniments on cats has not been iny estigated

The present study will show the effect of some commonly used physiological *
anesthetics on the aad base balance 1n cats which have not been exposed to surgical
preparation Further, the effect of added extensive surgical preparation was studied The
study way by some y 1n dogs (Norrsell and Berglund,
personal communucation) showing metabolic acidoss after ether and surgical prepara-
tion and after nembutal and surgical preparation but not after nembutal alone

Procedure

Expeaiments were performed on cats weighmg 18—44 kg Anesthesia was induced with

d ethylether As soon as the cat was asleep a cannula was inserted 1nto the trachea ta assure

free air passage and another cannula was inserted nto a femoral vein The anesthetic to be

3tud od was then immedhately injeeted Most of the cats were given hepann 1v (5 mg kg
w )

*Th Rarolinska Syukhuset, Stockhotm 60
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TanLe I \alues of pH at P,CO, 28 after vartous anestheties Hours after start of dr i ad

st 2nd
Nembutal Range 732-750 732-145

Mean 740 738
n=3 Number of cats n=4 nad
Chloralose alone Range 731743 7322748

Mean 731 738
n=12 Number of cats n=6 no
Utcthane alone Range 782~742 727-7%

\ean 735 132
n=4 Number of cats n-3 n 3
Chloralose urethane Range 721735 721-73

Mean 731 731
n 10 Number of cats n=9 ne?
Urethane added after chloralose Range 737 739 732-735

Mean 738 73
n=5 Number of cats n 3 n=+4

e e, . . Lo .
wn parallel and the sample time was thetefore not absolutely regulyr
In 12 cats surgical waalso p this mcluded of thest mch

1 h
and most of the ntestines and 1n most cases also the pancreas These studhea were done onb

i caws anesthetized with nembutai or chloralose

fres heties
The doses of the indis.idual nesthetics were those commnnly used m this laboratory e
pentobarbutal Nembutal® Abbot 30mg/hg Chloralose 50 mg kg Chl nlﬂe*""" A d
mRkg M00me g Lrethwne Ig ke Ina fow experiments Chloral e was g ven as drsen
abe and urethane 1 3 dose of 100 mg bg was added a few hours Iiter

1nalyses of pH aad CO, tenston N o
> In thise experin

AR e ot 1 2 ml were vken in 8 2 i syrngeth hone experine Dt

: ' (0,

. e
were ambysad with the Scholander techmique (Scholander 1937 Al pH  easuren ents w

made a1 38 € e , . D L A L
=R . , y h camy le

o e L0,

be petaal
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mumistration
3rd 41h 5th Gth—7th
742749 727748 732 72774
746 736 732 736
n=3 n=4 n=2 n=4
731-743 734742 737740 738743
738 739 739 741
n=9 n=4 n=2 n=2
730-740 729-737 737 728
73 734 737 728
n=4 n=4 n=1 n=1
719735 717735 720-729 724-745
728 728 725 732
n=8 n=9 n=2 n=3
733757 733
735 733
n=3 n=1
Results

“The data for each dmg or are d 1n Table 1

A few samples were discarded because of technical acaidents, oceurnng especially
dunng the fib d Only with at least two samples are
wcluded

For of Lic”

or changes 1n acd base balance,
the pH at Pacg, = 28 mm Hg s given The Pago, value of 28 was chosen with
reference to the finding reported by Fink and Schoolman {1963 that the normal
*cp, value m unanesthenzed cats 13 28 2 4 mm Hg The average pH value m their
study was 738 + 006
Duning the 65t 3 hrs after nembutol admumistration the Pagg, 28 values (Table 1)
reveal no metabolic acidoss Thus, any metabolic acdosms induced by the bref
cther anesthessa, 13 abolished by thus time After the thurd hour two of the 5 cats showed
shght metabolic acidoss

After chloralose alone none of the twelve cars developed metabolie acidosis duning or
after the first 3 hrs
In contrast, 6 of the 10 cats with chlorafose - urethane showed 2 metabohic acsdoss

usually from the first sample, 1t remained rather constant except in one cat Further,
one cat showed borderline values

In order 10 further clucidate the ik betwseen chk alone and ch
together with urethane, separate studies were undertaken Four cats were anesthetized
with urethane elone (Table I} one cat developed metabolic acidosss In $ other cats
wethans was added after 1 1 2—3 hrs of chloralose anesthesia The values after addition
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Tabte 1 Values of pH at F,Co, 28 aficr various ancstheues and surgical preparation Hours

1st 2nd 3d
N\embutal Range 728-74) 720-739 732-741
Mean 736 734 736
n=6 \umber of cats n—12 n—9 n=6
Chleralase Range 720-740 733-737 7.28-733
\Mean 732 735 73t
n=6 Number of cats n=10 n=3 A=

of urethane are gnen m Table T In none of the 5 caw did any metabolic aadors
deselop

1n 9 of 31 cats the artersal CO, tension exceeded 32 mm Hg at some time, butin
no cat was there any marked respiratory depression In 7 eats the artenal Pog, was
clearly below 24 mm Hg alrcady early 1n the study o group showed any consistent
tendency toward hypo- or hypenenulation Small changes were scen an many o3t
during the course of anesthesia

In the {ly prepared cats
(6 cats) there was after 3 1/2 hours a progressive metabolic acidosis (Table 1) Inthe
nembutal cats there was a moderate ahveolar hypensenulation

heuzed with nembutal (6 cats) or chloralose

Discussion
cly did not produce any marked

butal and hane when gnven separ
disturbances in acid base balance
On the other hand 1t was surprising to observe that administration of ch)ora'k:;
and ureth together was P d b: bolic acidosts sn more than h:'if
the expenments The reason for thus 1s obscurc  Additon of urethanc after 11210
3 hrs chioralose anesthesta did pot give nise to metabohe acidous In our hbnr:m}n
chloralosc urcthane  has until recently been a commonly used ancsthetic :m-:
present results indicate that 1t may be more advantageous to us” c} toralowr 2l
or with later additton of urethane On the other hand ancstl 313 with urethane
alone was difficult to maintain and was accompanied by extreme tachvprocs without
ahcolar hypenventlation
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after start of drug admimistration

4+th 5t 6 7th
724737 724-733 712 73 722
713 729 725 722
n=8 n 5 n=>35 n 1
7307 44 72>-7133 717-7130 713-795
73 729 T2 718
n=35 n=3 n 4 n=2

The finding that acidosis 1 found after injecton of a chlaralose-urethane mixcure
but not when the two are given separately a few hours apart 1s puzzling It is possible
that one of the drugs potentiates the other as regards metabolic processes, and that this
potentianon ¢an not occur once one of the drugs has been absorbed to the tissue

The solution of a suxture of chloralose and urethane was no more acrd than the
solutions of chloralose and urethanc alone

Although nembutal and chioralose pr7 se do not produce metabohic acidoms, this
comphication 1s probably a comman one 1 many “phywological * expenments The
data from those nembutal or chloralosc cats who underwent extensive surgical prepara
tion demonstrate one ymportant cause of metabohic acidos:s

This studv has been supported by grants from the Medical Faculty Umisersity of Goteborg
and from Statens Meditinska Forskningsrad
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Catecholamine Depletion and Uptake in Adrenergic
Nerve Vesicles and in Rabbit Organs
after Decaborane
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Abstract

Euler U S v and F Luhajko Catecholamine depletion and uptake 1n advencrgic nevie tewules ond st
rabbit organs after decsborane Acta phynol scand, 1963 65 324—330 — Decalorane /B,114
increases the relexse rate of noradrenaline (NAJ from nolated perve ves cles in concentralom
A o | 10 nene yescles incubated 1n the presence of N4
€ Af which alsy inhibuts the ATP-deprndent M

o wlually decreases dhe catechalamine stores in vanos
organs of the rabibut Between 24 48 houn afier the decaborane injection the ™ & content in the
heart 13 about 1020 per cent of the normal value Inection of N\ 03 04 makg L m.
increases the NA content in the heart 10 near normalin 1 2 by whereafier 1 flls fo e e
i0us low salue i some 20 hrs

“The NA taken up by the ralibit heart afier depleuon with decaborane is ditributed betaers
the high speed srdiment and the supermatant m the same proportions as fauni in the R
heart suggesting a dhmamic equilibrium betwern the vesicles and the non seculsr pred

-

It has recently been shown that a boron hydnde decaborane Daldu Jowert 17
qoradrenaline NA content of the rat brain Merntt Schultz and Wakes 1981 The
present paper deals with some effects of decaborane on 1solated bovme ol o
and on the NA content of varous ors,ans of the rabbit cluding different fractions
the homogeruzed rabst heart In addition the uptake of N4 and 40 sacnal orr:r;l
and 1n hrart fractions aftrr admmnatranon of thr amnes (0 decabarane treated gt

has been studied
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Fig 1 Effect of decaboranc on 1
the release of NA from isolated
splenuc nerve vesicles onincuba-
tion 0 13 \f potassum phosphate,
pH 75 a120° for 60 min Ords
nate NA remaming in sediment
after 1ocubaton  Empty bars
Decaborane alone added asin-
dicated on abscisa  Hatched
ban Dergboranc m the pres
enre of NA 10 pgfmt Dotted
bars Decaborane in the pres-
ence of ATP 3 oM The re
tarding effect on NA release of added VA or ATP (column 3 and 4} 15 almost annulted by
decaborane 10 * M (last 2 columms)

PAm e
A ymm

PER CENT REMANNG NA
m
3

INCUBATED £0 MW 20°C

mente At the endof th perod dfor 30 cun at 30000 ». g
. 5 LU S H EOE i e
. .
Rabbit organs

with acenc actd and esumated Auonmetncally
ecaborans n & coneentration of 10 * M added to the extract did not influence the recosery
€ NA i she earact when subjected to passage oy er alumma and clution n the same way as the
extracts
Noradrenaline and adrenahne were myected i m tn doses of 0 1 04 markgors v 001 mg ke

Heart froctions

Results
Tiolated perze cestcles

The N A release rate on ncubation of solated nerve vesicles i 0 13 \f potassium phos-
phate at pH 7 5 has been d A p ly at different Euler and
Lashatko 1963; In the present the vesicle was incubated for 60
mun at 20° or 10 mn a1 37 n the presence of decaborane in concentrations of 10 ¢ ta
10 4 AL Asseenin Fig 1 the release rate was not affected by decaborane §6 ¢ M but
mcreased at 10 * and 10 * M Ar 10 * \f concentration (not shown 1 figure) the
selease rate was greatly mereased, the half hfe at 37 bemng decreased from abour 10
o0 10 2—3 min “ace she NA release rate s markedly increased with decaborane 10 *
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Fig 2 Eflect of decaboranc on the uptake of NA 1t solated splente herve vesicles i the pre-
sence of ATP 3 m\M after partial deplenon NA concenteaton 6 amol/mt Incubation medwm
asm Fig 1 Incubation times and remperawre as indicated

Fig 3 Effect of decaborane on the release of NA from wolated splenic nene vesicles an thr
presence of reserpine 10 4 M Incubauon medim asain Fig 1

M and higher concentrations even at + 2°, 1t appears that the effect in these coneentrd
uons 15 due, at least partly, to some damage of the storage vesicles

When incubated 1n the presence of 10 pg/ml NA the vesicles retan ther N\ content
as y described, owing to uptake (Culer, Stjame and Lishajko
1963) Decaborane at 10 ¢ M and 10 * M had a relatnely small effect upon
retentton but almost elumpated 1t at 10 * M (Fig 13 A simalar result was obtaimed
with decaborane and ATP, suggesung that decaborane 10 ¢ Af blocks the uptake of
NA 1 the vesicles, otherwise occurng i the presence of NA and of ATP (hig n

The enhanctng effect of ATP on the NA uptake after presious pastial depletion #
nhibited by decaborane 10 * M and totally blocked at 10 * M (g 2)

The effect of decaborane was also studied on the mhibition of releas caused ¥
reserpime on vesicles While 10 * M decaborane did not mffuence the retarded relese
rate caused by reserpime 10 * M a higher concentration of decaborane, 10+ M
considerably increascd the release rate even i vesicles exposed to reserpe Howesers
the reserpine inhibution of refease was only partially counterscted by this roncenteation
of decaborane (Fig 3)

Decaborane thus belongs to the group of substances which n all concentratnnd
enhances the release of N A from the sesicles

Action of decaborane on the \ 1 conient of rabbut organs
The result of 1 p injections of decaborane on the \A content of rabbet ergans 15 shown
i Table I and g 4 4
From Table I and Fig 4 it 15 scen that the NA content falls relanieely slouls ;n
remains low from 24 to 48 s after a dose of 4 mg/ke of decaborane in m;hmn.::lﬂ"t:
and adrepals the depletion s1arts more slowly than 1n the heart and the ludnmKs 4“22
hrs the NA content of the organs 15 agan mcreaung A companon with ﬂx?s 3¢ .
Mernitt of af (1963 shows that the depletion mn the rar bran alter & dose of § 1:;:{ :
occurs conuderably faster than i the rabbi's braw afier 4 me ke A3 scenin
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Taste [ NA content (ig/g) 1n rabbit organs various tumes after intraperttoncal mjections of
decabarane 4 mgfkg Adrenal values refer (0 adrenaline in gg/kg b w Mean £SEA

‘Time after
decaborane
hrs Heart Brain Spleen Ridneys Adrenals n
Controls 172+ 017 0374 D)4 TLRE3 (4}
018 201 013 001
2-6 101 & 016 & 033+ 0041 & 51452 (8
015 00t 003 0003
24 017 + 0024 4 0033 & 0017 & 462 (4)
0033 0008 0023 0004
48 019 0045 0074 0024 25 ()
72 0356 = 0094 & 0030 014k G512 (3)
017 0006 0036 0037
00 2 |
- § £ pecaonane oy | |
g 9 TReateo f
H s Pl G nemeron arren ||
8 < 1 OF Lok |
5 3
B |
. 2% .
| H
: {
LIy Vz 2 48 712 &
HOURS AFTER & WGIKG DECABORANE 1P AT Baan SRR Y e
Fg 4 Fig 5
Fig 4 N\A content in rabbit organs in per cent of normal various times after § 47,
imjection of 4 mg kg decaborane or ter ral

Fig 5 N4 content 1n cabbut argans n per cent of normal ater depletion with Aoriton,
previowsly (hatched bars) and 12 hrs after 0 3—0 4mg kg \ & intramu, ""f”'"

scularty “tgayl oy

and Fig 4 the depletion 15 considerably less marked i he bain and ¢
1n the other organs studsed ethaly than
o oberomnstudied e L
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i Fig 6 NA contentin feactions of homogenuzed rabbitheast
ncontrols 102 groups of decaborine treated antmals and
in angmals having recemved 1 NA after depletion csused
by decaborane Hatched bars Low speed sedinient bhek
bars High speed sediment empty bues high spred super
natang

0
CONYROL 0B pa  pp

study 1n detail the relationships between doses and the depletny eflect For the followiag
expeniments a standard dose of 4 mgfky 1 p was used 1n order to cause 80~90 per cent
depletion of the NA content ot the heart The ammals were used for uptake cxpenments
24— 18 hrs after the decaborane mjechion

Uptake of calecholamnss after depletion with decaborane
Doses of 03—0 4 mg/kg | NA 1m in ammals previgusly depleted with deciborane
refilled the NA storesin the heartin 1—2 brs (Fig 5) Smaller doses or sharter intenvals
resulted 1n smaller uptake Doses of 005 mzg/ke 11 caused an uptake to near hormal
values 1n 5 min to 2 hrs

The NA content 1n the depleted kidneys was increased to normal or even hugher thsn
normal 1n [~2 hrs after doses of 0 30 4 mg/kg 1 m or in 5 mun followingan s dose
of 0 05 mefkg In the spleen the uptake was sigmficant but of a low order, wheress
the brain and the adrenals no sigmficant uptake was obsenved

Organs anatyzed about 20 hirs alter the NA injection in decaborane depleted agunale
did not differ sigmificantly 1n their NA content from those obtained afier decabe anf
aloste sndicating that the amount taken up has left the organs withm this period

In NA-depleted animals the uptake of 1 A was simtlar to that of 18

N A uptake i heart froctions

Adminsteation of Jarge amounts of NA 1o normal ammal may temporardy arrrw
the AA content of various organs As shown by Weginann and hako {176 an 1 "‘P‘;
and Shideman (1962; this uptake 15 chiefly 1 the soluble’ fracuon of th hc:uI::d
may therefore be regarded as largely unspeafic In order to ascertain \\htlhrr' 1 t(ﬂ"%
uptake of NA 11 ouf cxprriments was a truc uptake 1¢ into the speafic vesiculat ‘quh
fiearts were homogrnized fractionated by differenual centrfuganion and the z‘m e
determined 10 the varous fractions As seen 1n Pig 6 the amount of NN i :::rm
speed sedsment increased roughly proportionally tothe tatal amaunt after .\dr;nm‘lm o
of the amine The amount of \NA in the high speed sediment constituted al .Dt‘f o
cent of the total NA content in the heart Jess the corrse fraction, |ﬂlrxp((‘ll e
totat amount The relatinely fived propornon stggests an cquiibrnum betweent
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mn the high speed sediment contaiming the storage particles and in the sapernatant
{Euler and Lishajko 1965a) The uptake of relauvely large amounts of NA mnta the high
speed sediment occurs within a few munutes after 13 anjection

Discussion

presence of decaborane 10 2 \{ The depletion occurs at different rates 1 dafferent
organs, being relatively slow in the bram and the adrenals, and more rapid in the heart
and the kidneys The effect 13, on the other hand, of a faxrly long duration which facihta.
tes uptake studies Thus low NA values were consistently found over the period between
24 and 48 hrs after imjection of decaborane 1n 2 dose of 4 mg/kg t p

" eh o aaa Flat, me e a o

speed sediment and the d a dynamic between these
stores, as suggested for the adrenal medullary cells by Hillarp (1960) and also for the
nerves (Euler and Lishajke 1962, Syamne 1964, Michaelson ¢f af 1964} In some of these
studics, as m the present one, the rapid uptake of N A into the stores was poted

Prcliminary experiments have shown that NA and A are taken up to about the same
extent after decaborane depletion This question and the relatne uptake of the & and
11somers will be discussed 1n a subsequent paper (Euler and Lishajko 1963b)

With the technique used no defimte amine uptake i the bramn was obsered, which
38 consistent with the known fact that the amines enter the brain only n very hmited
amounts Neither was a reloading noticeable in the adrenals probably owing to the fact
that a small uptake will hardly affect the content in the adrenal medulla whereas the
same amount per weight unit taken up by the heart for example, wall increase its
content considerably Thus an uptake of | pg/g organ wall be eanly detected in the heart,
while the corresponding tofal uptake of less than 0 5 jig in the adrenals will pass un
noticed when nonlabeled compounds are used

The proportions of NA m the different heart fractions were found to be approximatels
constant at all levels of NA 1n the heart after depletion wath decaborane as well as after
administration of | N4 1m However, if VA was gnen v the relative amount of NA
found in the high speed supernatant was moderately ncreased dunng the first 510
min after the injection with the doses used Several explanations could be offered for
this 1ag in reaching the final proportions but the most hikely one appears to be that
Pt o i Tvcdiatiag ™A s present in the extracelivlar Hnd or 1s atached to some
structures which hold the amunc only for a short time After targe doses the proportion
of N 110 the supernatant may temporarily be very high (W egmann and hako 1961
The rescarch repatted in this document has been spansared by the AIR FORCE OFFICE OF

SCIENTIFIC RESEARCH under Grant \F EOAR 65 — 12 through the Furopean Office of
\erospace Research (VR Lmited States Air Force by the Swedish \Medical Research

Counal and by Public Health Serviee Research Grant NB 04432—02 from the National In
sutates of Health
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Thyroidectomy of the Goat
By
Lars Envan

Recewed 23 March 196>

Abstract

© - - . . Venne awoan -

no chnical mansfestations of hvpothyroidism were detected during the seven month period the
ammals were under obsenation

In connection with studies of the interaction between nervous and hormonal thermo.
regulatory mechanisms in the goat (cf Andersson ez al 1963) 1t became dewirable to use
also thyroidectomized ammals It was however, soon observed that simple surgical
thyterdectomy 1n the goats did not result 1n an athyroid state The method used to
obtan such a state and some observations made duning the dev elopment of athy rordism
will be reparted 1n the present paper

Methods

Ammalt 6 adult goats were used 4 of the
thermades fr local braim cooting implant
#tal 19631 The remaming o goats (no
tsme of surgical thvroidectomy

£0als (no I—1\ ) were non pregnant and had silver
ed medually 1n the rostral hypothalamus (ef Andersson
Y and \ 1} were ntact and i early pregnancy a¢ the

331
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™

R
Preton gy e

Fig 1 Tg 2
Fig 1| Gamma ray spectrograms of samples containing 0 § uCa 1'% and 0028 uCy [ pespee-
tvely
Fig 2 The effects of treatment doses of 1# on PBI PBI™ and PBI'M goats 111 and IV

lsotopes Carvier free 1™ {Na 1) dehvered by “Instrtutt for Atomencrgs , Kyelter, Nerway
was used I as jodide 1n M/50 aqueous thiosulphate was obtamed from * Ihe Radiochemical
Centre , Amersham England According 10 the manufacturer, the 1'® preparstion contam
less than 0 3 per cent ' The gamma energy peak at 382 ke of ' will interfere when meas
unog the 364 kel gamma emusion of 17 By storing the 1™ preparation for about 8 weeks
most of the I'® decayed out

Surgieal thyrordectamy and radiossolope sconming Prior to thyroidectomy the goats were given 3
tracer duse of 40 10 60 uCi I'' Maximum radimodmne uptake and phsma PBI™ were measured
10 the same way as previously described (Andersson of of 1963} Surgical thyrordectumy was
then accomphshed under prmbutal anaesiesia To deteet cctopic thyrond tissues Dllowing IL;
surgical thyroidectomy a scnullavon detector witha 2 2 Dal (T1) cnynal and farnn!
with a lead collimatar FH BI 509 (Friescke and Hoepfner) was used Ihe collimator iact wat
cvimdnical and had an onifice 3 mm 0 dameter and a length of 89 mm The onfice of";!‘
collimator mset was palced against the skin Measurements were made tepwise al g the whe e
seniral neck region and at a few pomts of the ventral border of the chest Thewe scanning
measurements were also performed 7 to 14 dayy after the later treatment of the amymalt wi
radimodine P

Radsathraidectomy To destroy all accessory thyrord nssue remarmmng afier aurgieal fhorec i
tomy the ammals were gven large doses of 1 It was desirable to get a complete (lnlr]uth -
of thyreid tigsue withous producing any appirent general radiation effect The femat feiod

Famma fav . | ; fagsl®

amma fay spectrograms obtuned after measurement of two samples contatomg 0 4684 0
D028 uCs 1 respettinely The 36d e Ramma emusuon of $1 can be v;\e:lurf;: e
wnterference by I'® A correction however must be made Fir the 1% contnbuf a;mw O
count 3127 4 heb and 354 Ael The cnergy intersal 10 30 kel maschen {0105 1,
and 31420 for I deterrmnation Standards were prepared [ thr appropna

doses
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Taste 1 119" treatme it scheme of the surgically thvrodectomized goats and the results of
radioisotop= scanoing on the ventral surface of the goats” neck and chest The tume
interval between each treatment dose of 11 varied between 20 and 35 days

15t dose 2nd dose 3rd dose 4 th dose

Am

: ¥ 3 ¥ 3 2§ ¢
mal = ER A £ 3 lt;loczh;nuon of residual
mooE 4 E @ E @& & & yrod tussue
1 75 + 10 + 20 + In front of the heart
o2 o+ 25 - 25— Tn front of the heart
M 25 + 20 + 25 — 25—  Infrontof the heart
R - —
v 23 4+ 25 4 25 -~ 25 —  Between thermddleand

Tower third of the neck

M5 - 25 - 25—

Buochemucal deerminations At varying antenals detesmnations were made of scrum proten
bound 1odine (Barker and Humphrey 1950 and serum calctum (Diel and Elingboe 1956)

Hematolagrcal. determinatios were made at gradually lengthemng intervals of red cell count
packed ccll volume hemoglobin total and differential cell counts

Results

Before surgical thyroidectomy all goats i this study had a ligh thyroid uptake of 1191

maximum uptake of 46 to 72 per cent of the tracer dose was found 24 to 72 hours
after the admimistration of [ The maximum ley el of PBI'¥ m the blood plasma before
thyroidectomy vaned between 0 5 and 3 7 per cent of gren dose per liter plasma and
was reached on the second to the fourth day after the adminstration of radioiodine

Ater surgical thvroidectomy residual tissue could not be detected in any of the goats
mn the region where the thyroid gland had been situated Ectopic thyrowd tissue, how-
ever, was found by radioactvity measurements i goats I, II, 111 and V (Table I}
In goat V tissue concentrating radiotodine could be localized to an area atthe border
between the middle and lower third of the neck, and 1n the remamng threc ammals 1
an area inude the chest yust 10 front of the heatt Afier repeated treatment with I8t the
cctopic thyroid tissue was destroyed n all goats as judged by scanming

The development of complete thyroidectonty was also studied by measurements of
serum PBI and plasma PBI® The sesults obtained, m two goats, I and IV, can be
scenn Fig 2 In goat 11 ectopic thyroid tissue was detected but not 1n goat I\ The
maumum levels of plasma PBIY found before surgical thyrowdectomy 1n these two

* Grateful acknowledgement 1 made to Dr G Wadstrom M D Head of the Climcal Labora
oy Dandervds Syukhus Dandenyd by whose coustesy the serum PBI determinations were
made
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goats were 06 and 27 per cent of the tracer dose per hter plasma respectively \fer
the first post operatve treatment dose of I' the plasma PBI™ value were 07 per cent
sngoat I1T and 0 5 per cent of the dose per Iiter plasma n goat IV (which lacked detect
able cctopic thyrowd tissue) Asin goat I1I an increase of plasma PBIM was noted in the
ather anumals with deteeted ectopic thyrords \ost pronounced was the rse 1n goat 11n
which maximum plasma PBI® before surgical thyroidectomy was J 3 per cent of the
dose per fiter plasma and after a post operatie treatment dose of 10 mCs 119 was 169
per cent of the latter per hiter plasma
By gnving a tracer dose of [' (180 uG) to goats 11T «nd IV before admnssteation of
the second post-operative treatment dose of 11 the effect of 191 on PRI was studied
As can be seen in Fig 2 the plasma PBI'#* rose in both arumals showing that I # labelled
protein had been released into the blood due to the second treatment dose of P2
Also the level of plasnta PBI' was esumated immedratly before and after the second
treatment dose of I In contrast to the rise in PBI'** there was hardly any inercase in
PRI!, indicating that hardly any of the 1 used 1 the sccond treatment dose had been
taken up by thyroid ussue
No serum PBI determinatians were made on the days soon after the wdmunutration
of treatment doses of ¥ but a rise of serum PBI 1s likely to have occurred Howeser, 2
to 3 weeks after the second treatment dosc of 20 t0 25 mCi ' the serum PBI was
fower than 0 3 ug/100 ml serum n the 6 goats studied
To ensure complete destruction of thyrord tissue the goats were gnen an addional
farge dosc of 18 after the first scanming 1 which no ectopic thyroid tusue could be
detected To contro! that no thyrord f1ssue had developed goats 11, 11T and IV were
grven a tracer dose of [ about three months after the last treatment dose of M Scan
ning of the ammals at that time did not reveal any residual thyrowd tissue nor was anv
serum detected However 1n the 3 goats 2 maximum plasma PBIW ranging betwern
008 and 0 15 per cent of the dose per hter plasma was found None of this PRI could
be extracted with acid butanol from the plasma proten precipitate yndicattng hat the
plasma PBI'" did not represent thyroid hormones
Other than a considerable erease 1n body weight and certain changes i temperd
ture regulation (Andersson Tkman and Hokfelt 1965) no change in the general ap1<
arance of the ammals was noted Goat IV had a body weight of 32 ke at the nme &
surgical thyrordectomy and 7 months later the weight was #4 kg Ihe other goals
sncreased their weight by 12 to 25 per cent of the pre expenmental weich
\o significant hematologrcal changes were sren 1n any of the goits Serum calcum
was also unchanged eal
Two of the goats no \ and VI were in early pregnancy at the tune of '""":“’
thyroidectomy 3 months later goatr \ delnered two keds which were dead at b '
Goat \ I delnered one kid 3 | 2 manths later The kids appeared to be nomally del.
oped with the exception that no thyroids could be detected Goat V1 had got 2 "h’
dose of 12 6 days before delivery thus making it possible to scan the kid o e !
coneentrating tissues could be detected either in the neck region or elsewhere :\t:u(\‘f‘:"
nothing abnormal was noticed  but inspection of the lungs revealed that they ha
red t
" gosts . and \ 1 approximately normal smaunts ofc lontrm milk wete "’f’:‘": “
of the udder on the days of delivery The amounts of alk obtaned daning ¥ 1; i
after delvery were less than 10 per cent of that obiained from normal geats

stage of lactation
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Discussion

In the goats two parathyrords arc embedded i the thymus, one on either uide just
above the level of the thyrowd cartifage Another pair are intimafely bound up 1 the
thyrod proper {cf Ellenberger and Baum 1943) Therefore the thyrod withits asso-
Qated parathyrords can be removed Yeavang one pair of parathyroids undamaged In
consequence there was no sign of parathyroid hormone deficiency in the goats m the
present study

Occurence of ectopic thyroid tissues has been descnbed 1n other ammal speaies (cf
Eltenberger and Baum 1943) The present study shows thatats also common n the goat
Therefore if one wishes to completely thyrordectomize a goat the surgical removal of the
thyroid gland has to be followed by radioiodine treatment I the present investigation
1t was desirable to obtaun an athyrod state without causing any general radhation effect
on the aumal A dose of 25 mCi I’ repeated at about a month interyal was not found
to cause any hematological changes or other symtoms of radiation sickness This 1s not
surprising snce the integrated whole bady dose from 25 mCs I vall not evceed 40 rad,
assuming an cven distributton 1n the soft tssues of the goats

In adult sheep a depression 1n lymphocy te count has been obsert ed following surgical
thyroidectomy {Hackett et al 1961) or radiothyrmdectomy (Bustad ef af 1937) In the
cow, however Gamner ez al (1961) did not see any hematological changes efter radio-
thyroidectomy There may thus be species differences explaimng why no hematologicat
changes was observed 1n the goats

The sudden nise of PBIY and PBI * following treatment doses of I'? support the
wiew that the jodine concentraung ussue remarntng after surgical thyroidectomy really
represent thyroid tissue A similar nse has been seen m cattle wrth mtact thyrod gland
when the animals recened 10 mC I3 daly for 14 days (Garner et al 1961) There are
indicattons that some thyroglobulin might be released from the thyroid gland at muck
lower doses {Owen ef al 1960 Anbar and Iabar 1963)

o . Vel
reduced metabohe ratc i hypothysoid
Lsm and uthzation (¢f VMacgregor 1964)

The overall chnical changes followmng surgical thyrotdectomy 1n the sheep are well
Lnown (Srmpson 1924 Marstom and Prerce 1932 Spiciman et al 1945) as are the
changes followng radiothyvrordectomy  Bustad ef of 1957} The onset of the symtoms
18 much more rapid and marked in the young ammals than m the adult The lack of
drastic chmeal of by po- or athyroidism in the present goats may therefore
be due 10 the fact that only adult anunals were used mn the present study

The I™ doscs to the preenant goats were large enough ta completely destroy the
thyroids of the fetuses Other than Iacing thyroid glands the offspring appeared macro-
scopically normally developed The cause of death ss therefore not apparent The same
observation was made in cattle when the pregnant cow recened large dases of [
(Gamner et al 1961 1t wawld be of mterest 1o study the development of the central
nervous svstem in fetuses and soung ammals which are athyroid

In previous stud cs of milk production 1o hypothyreonc farm animals a reduction has
been observed Spielman Petersen and Fitch 1944 Gamner efal 1961 Further evidence
for the need of thy roxd h srmones for maintenance of normal lactation was provided by

which causes a red, 1n tissue fat catabo-
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the present study tn athy reotic goats 1 which an almost complete cessation of [actation
occurred In laboratory ammals normal lactanon 1s smid to take place even in the abunee
of the thyroid {cl' Myant 1964) Thus difference between farm and laboratory ammals
may be expl: d by spectes diffe or by an % thyroids y 18 the
studres of laboratory ammals
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Adrenomedullary Response to 2-Deoxyglucoese in the
Hypothyroid, Euthyroid, and Hyperthyroid Rat
By
D G Jouwson'
Recewed 29 March 1963

Abstract

After the earls demonstratons of a relation between the th,
15 catecholamine metabobism (Cyon 1898, Kraus ang Eﬁ,ﬂ“:m" animal and
Talta and Rudinger 1908) several studies were made whugh gy 1908, Pppinger
possible dufferences in the adsenomedullary response 10 magty, g 1© FluCHdate
under vanious thyroid conditions Hokfelt (1951) found thyy ‘«hx!" uced by poglycenmi s
ofsdcensline were resularty hugher n the Bypothssoudeatang .37 gland levcls
*at than ia normal rats 10sulin admimistration cased feyy ,p,ﬂ““" the hyperthyrord
rat than 10 normal rats while hypothyroid ammals “}“bmdw“ ' the hyperthy rotd
These observations as pointed out by the author, were g 1he largest deplcuion
posibslty that hpothyrend rats Have & decreased abuygy s Wi caher the
there 15 an mereased demand for and secretion of adrenaty e o, (’))‘;“lhtsxz; catechols o

er studics on the rat

* Medical Research Fellow of the Modical Stadent ey,
Present address Hanard Medical School Boston, Ma, " Triming Program L 9

26303 tete phymal cand Vol 65
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Taviz 1 Total body weight and adrenal gland weights of rats on the 22nd day of treatment

Body weight (g) Adrenal ghind weighy (mg)
Mean £ SEM Mean 4 SEM
Hypothyroid 24142 308+26
Euthyrord 31944 M7
Uyperthyrad 27943 338%1¢9

of synthesis of catecholamines in the adrenal medulla hase been unable to demonstrate
any differences in the hypothyroid (Hutcheon and Parker 1950) or the hyperthyrod
ammal (Van Arman 1951} Harnson (1961) 1n 2 study of thyrotoxic patients found
that the release of adrenaline in response 10 insulinanduced hypoglyeemia, as measured
by urnary hol was d d compared to other publihed
normal values (Euler and Luft 1952) This study was Jater confirmed by Leak of ol
(1963) In a sumlar expeniment, Leak e af (1962) found a decreases response i hype-
thyroid panents as well From this evidence the authors concluded that 2 balance sn
the thyrord status was required for optimal release of catccholamunes from the adrenal
gland

After the demonstratson by Landau (1938) of the hyperglyccmua following anjection
of 2-deovyglucose (2-DG) ta the cat, Hakfelt aad Bygdeman (1961) showed that thy
was actompamed by 3 marked decrease 1n the adrenaline content of the adrenal
medulla with the ding apy ¢ of large ¢ of adrenaline in the
urme, presumably in response to an tracellular glucopema of the hypothalamic
receptor neurons seasive o glucose (Dunér 1953) In the present study an anempt
has been made 10 relate the evidence obtamed from the above mentioned studict of
wnnary catecholamine excretion after hypoglycemic stress in hypothyrord and bvper:
thyroud patients with the earlier studies of the adrenal gland depletion in expenmental
amimals 2-Deovyglucase has been chosen as the agent because of its abihsy to relex
quantitses of adrenaline that can be obtained only with convulsive doset of tmulin. 1
addition, the hyperglyeemic response evoked by 2 DG prosides further unlulllnf‘;ﬂ
evidence of the magmtude and pattern of the adrenaline release from the adrenalglands

Methaods

Preparations of anymals

16 male rats (218258 g of the Sprague Dauley steain were ramdomhy agugned 103 g1y
14 animals were made bypathsroid by the dafly admunistratn of 022, propyliu el
the diet which conusted of  ground. well bulanced laberatory ray fu sieed b an €1
volume of tap water 16 amimals were made hyperdiraid by daily s ¢ injecton of 10¢ VT
sodothyronine (lundly wpphed by Smuth hhnc and Freach [ab  Phil “}m 20 wrlh 3
cuthyrord control ammals al rats recersrd the groind food dher and water al 1 4 Vi Y
dnly injections of either the truodathyronne 20 mt natkaknexaline or gfkal v

Experimental procedure B
- [N . N 1}t 0
- . . oo L oase
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Fig | Blood sugar responsc
evohed by s ¢ admimstration of
2DG (250 mgfkg bw X 2)
rats Numbers mn parentheses
represent the numbser of determt
nat ons made 1n each group for
every plotted value  Standard
errors are plotted for the first 3
hes

p—)

P

s
imection of 2 DG 250 mgfkg bw The 2-dcoxyglucose (Fluka AG was dissolved
e - T P R R
.
2t 2 hr mtervals with 1 ml of acetic aod
Analytical methods
- .- B 2 ae U a e e uaa
. . "
Results
~ - L S T .

appeared o be hyperactve and smitable All of the ammals recewing 2 DG displayed

cool and cyanotic extremitics etc )

most pmmmcnll) scen 1n the hypothyraid group
Because of the well known effects of thyroid metabolism on total body weight cardiac

size and function and the adrenal cortex the values for carecholamine content or
excretion were expressed per anmmal

The blood sugar curce

The blood sugar response to 2 DG admunistration seen in all groups 1s simular 1o that
reported by carl er workers (Landau 1958 Hakflt and Bydgeman 1961) (Mg 1)

However 1t 1s apparent that there 15 a large difference in the response of the 3 groups
of ammals the hyperthyroid reacting least the euthyroid sigmbcantly more and the
hypothyroid rats most of all The hyperglycemic response to the second dose of 2 DG 15
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Fig 2 Fig 3

Fig 2 Unnary excretion of after s8¢ adi of 2 DG (20 mg ke

bw ¥ 2)n rats Numbcrs in parentheses represent the number of deternunations made in
cach group (The urme of 2 amimals was pooled for each determmation) Standard errces ase
plotied for the 2 DG treated groups

Fig 3 Adrenal gland content of h after se¢ ad of 26 20 meiz
bw x 2} m rats \umbers in parentheses represent the number of ammals i cach group
Standard errors are plotted far all groups of more thin 3 animals

dimumshed except for the hyperthyroid group and the differences between the 3 grm‘xpl
- ~— Ve — &)

groups of control antmals are strmilar and relatively constant

Urinary catecholamine excretion
Examnation of the unnary catecholamine excretion after 2 DG reveal a mawsne
increase in the adrenaline excretion af all 3 groups of ammals [, 2 Morcover, e
pattern of increased reactisity 10 2-DG seen in the bloo.d sugar cun e of the hypothyreed
animals 1s reflected in significantly larger amounts of excreted adrenaline compared 1o
esther the eutin rard of by perchyrord animals W hile the difference i themeana Jrenatine
excretton of the euthvroid and hyperthyrord rats is not as great as that betnern thert
and the hvpothyrord rats 1t seems to agree with the decreased response of the hyprettye
roid animals seen 1n the blood sugar curve The noradrenaline excretion & sneresed 19
a lesser extent than adsenaline after 2 DG but reseals the characteoistic differentey 1m
the 3 groups The unnary catecholamne values from the § groups of control anim.® ‘]
including the normal cuthvroid group appear nmilar to cach other and 1o narm
excretion vafues obtatned wath thes technique
.
The adrenal glands
The adrenal glaads of the hyperthyrond rans show the chiaric
described by easher msestigators Preston 1928, Feldman 1931
of the catecholamine content of control antmals from each group show
in either the amount of adrenaline or noradrenaline 1w, 3 The hypot

tertatic increavs (A 120

Table { Traonpati ®
3 ittte daffrre e

hyroud an ma'
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Danaenavive
€1 NoRADRENALINE

pofeat CONTROLS AF1ER 2 D5

Fig + Heart content of catecholamines after
sc admimstraton of 2 DG (220 mgfkg
bw %x2) m rats Sumbers m parentheses
represent the number of determinations
made 1n each group (The hearts of 2 ant
mals were posled for each determmnation)

Standard errors are plotted for the 2 DG
weated groups

HYROTNYR EUTHTR WIPCRTMIR NYPOINTR BUTHIR NPPENTATE

contam msigntficantly larger amounts of noradrenalne, whereas the hyperthyrod
animals contam slightly more adrenaline After 2-DG the adrenals of the hypothyroid
amimals are depleted to less than 13 °, of control adrenaline values The euthyrod
anumals are depleted to 52 %o, and the hy perthyroid animals to 56 , of control values
o large changes are found i noradrenaline content after 2 DG, but there appears to
be a shight decrease 1n the line content of the b h

d ammals

Heart catecholamunes

Thbe heart catecholamine les els of the hypoth and control rats 1
both 1 regard to noradrenaline and adrenahne (Fig 4) The hyperthyrod hcarts
appear to contain shightly larger amounts of noradrenaline and mvace the normal levels
of adrenaline After 2 DG the hearts of all 3 groups contan considerably increased
absolute and relative amouats of adrenahne, the amount rsing from approx 8 to 20

per cent of the total catecholamines The absolute increase in the hyperthyroid animals
18 greater than in the other 3 groups

Discussion
“The abot ¢ data suggest that lhcrc 52 quanmame difference 1n the response of animals.
to the acute stress of 2-d: which 1s dep on their thyroid

satus Although the nptnmemal methods employed to produce tber hypathy roidsm
or hyperthyrotdism have

the spectrum of the response over the 3
Kroups scems to tadicate that 1t is most closely associated with the level of thvrod
or the ndary physiol ] changes which result from different thvrod

condittons Since the dose of 2 DG given to each ammal was based on 1ts body werght
1t might be possble 1o argue that the decreased response of the hyperthyroid antmals
compared to the heavier euthyroid controls was due to a disproportionately low dose
(Table [) However the hypothyroid ammals although also smaller in toralb s react
with an increased response so the method of calculanng the dasage seems sausfactory
The reselts scen tn the unnary catechalamines of the hyperthyrord rats stressed with

2 DG are similar to the decreased reactivity obtained after insulin induced hypoglicemia
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1n thyrotoxic patients (Harmson 1961) However, the increased uhinary catecholamme
excretion obtained from the hypothyroid rats suggests that there are posubly other
mechamsms, such as renal function, which may account for the decreased catecholamine
excretion of hypothyroid patients, as studied by Leak et ! (1962} Alihough increased
noradrenaline Jevels are found i rat unine after insuhin induced hy poglycemia (Hokfelt
and Bygdeman 1961}, the increase obsen ed after 2 DG may result from the hypotherma
which this agent induces

Wihile no large vanations were scen in the catecholamine lexels of the adrenal glands
from control animals from each group, the changes seen after 2 DG are smiar i
direction to those obtaned by Hékfelt (192)) with msulin Wath the support of data
from the urnary catecholammne excretton and the blood sugar curve, 1t seemn hikely
that the cause of the different degrees of adrenal gland depletion 1s based on an increased
response i the hypothyrord amimals and a decreased response an the hyperthsrud
group Even a recorery of adrenaline in urtne as high as 8 per cent of that
released from the adrenal glands (cf Leduc 1961) and onginal control levcls of approve
mately 30 pg adrenaline in the adrenals of each rat 1t 1s apparent that resynthesus 1
oceuring 1n all 3 groups of anymals at smilar and considerable rates (around | pg'hr)
which agrees with the findings of Hutchcon and Farker (1950 van Arman (1951
and Bygdeman Euler and Hokfelt (1960)

The increased levels of noradrenaline in the hearts of the hyperthyrod controf ratss
simlar to that observed by Gondall [1951) 1n sheep and Hakfelt (1951) in the rat The
imereased levels of adrenaline 1n the hearts of the hyperthyrord control rats agrees with
the findings of Leduc Dubreurd and d forio (1935) but differs from that f Hukfelt
(1951) The markedly closated adrenaline values in the hearts of the 2 DG treated sats
probably result from increased blood lesels of adrenafine as indicated by the icreased
urnany output of adrenaline The higher absolute amounts of adrenatie in the byper
thyroid hearts both i contral and 2 DG treated rats as compared to the respectine
by pothy soid and euthyroid rats couli) be explained by an increase in the abibity oftie
hyperthyroid heart to take up and retan arreulanng adrenaline

‘The findings :n the hearts and adrenals of the hyperthyrad ratsin Ity expenment
3uggest an intercsung possible explanation for the well known increase in senutiity of
nearly all kinds of catecholamine receptors in hy perthyroid sm 1t has been 3t own that
procedures such as sympathetic denervation which presumably decrese the amourt
of noradrenaline reaching receptors result 1n increased receptor senstinity Tte lnt’l'
sensun ity of recepters 1o catecholamnes seen an hyperthyrodsm could theref e :'
the result of a similar decrease in the segular release rate or dilfesent dipoution
catecholamines from both the adrenergic neurons and the adrenomedullary "“‘n{lhf

One possible interpretation of the differential response of the adrenal m“‘”’:wd e
3 groups of animals in this study 1 that more adrenaltne v relezsed from xblr m:uh
of the hypothyroid animals and less from the hy perthy roid i response to Bm lu ‘n\oﬂ‘
from the preganghomic scerctory nenves relaying wmpulses from the contrdl j" v
system A alternate expl could br a diff I of the blond 1ot
les el receptor neurons of the hy pothalamus resulung n an increased mm\;h!:":) o
case of the hypothyroid animals and a corresponding decrease for “an‘))‘r’nﬂnfm'
ammal This difference in sensitivsty mav be dependent on the atubity rf“ it

normal encrgy bofsm despite a tempacary, afuie snterlrrns TL0
of glucose entry and metabolism resulting from the competith@ n
produced by 2-dovyslucose

o
the first steps
of the hexokinase reaction see Brown 1962
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Influence of Adrenaline on Blood Flow and Metabolism
in the Human Forearm
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Abstract

Lundholm L ~=4 ¢
forearm Acta phr

raised the blooc .
elimination in

sisc i GO, production 1s assumed to have bren due to increased oxygen
a3 to an increase in the lactic acid content of the tissues The rise tn CO, tenst m resulted ‘mm
an augmented CO, production Adremlines observed sasodilator effect i atinbuted at
least n part to heighted CO, tension of blood and srssues

consumption a3 well

Experiments on cats have revealed a close association between adrenaline ,\:v)dxl:wr
action 1n skeletal muscle and its stumulation of lactic acid production (Lundbolm 19%
The vasodilation was niot however directly correlated to that production but ratt r;{
to an ancrease 1in CO, production Thus increase was attrshuted to peutrahization
+ [ skelrtal muscle of

lactic actd by the tissue by the oxvgen ¢ P ol
the cat did got nise after adrenaline mfusion In rabbit experzments a connection 'N:
noted betseen the vasodilator and the lactic acid sumulaung effects of ssaprend i
Lundholm and Svedmyr 1964 S

Corresponding studies in humans have yvielded more controvent o
and Cobbold 1956) found dunng the Iater stages of infusion a close I“““I ey
between the bload lactie acid level and the sasodilator effect of adrenaline Ite :n_
substance they reported had a biphasic effect on the blood flow of the hvrt]ru”'
an itial ase and a sustained nse Winle the sustained rise 1 thnr nr;. M’:‘ el
inereased lacue acd production the mtial me hd a different mes. :m} i
Lande ¢f al (1960 found that adrenaline raised the Ieue acd t(m(f'ﬂl‘l ot
tlood from the muscle and demonyrated a stimulatory effect on ﬂxr’u;:d e
metabolism of human muscle Such an effeet hal previowsly bern douhd
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Hildes, Purser and Sherlock (1949) had faled ta detect any glycogenolytic action
of adrenaline 1n human skeletal muscle on 1a 1nfuston Allwood and Cobbold (1962)
observed sclectine by ph yb of s

effect 1n the human forearm  the dilator action was fied and the

of carbohydrate metabohsm was not inhibited De la Lande and Whelan (1962)
studied the influence of sodium lactate and lactic actd solution at pH 3, admimstered
by 12 nfusion upon the farearm blood Row, but were unable to demonstrate any
vasodilator action

In the abovernentioned 1nvestigations on human subjects the effect of adrenaline
wasstudied only upon the lactic aad content in muxed venous blood or 1n v enous blood
from the relevant muscle In experiments on cats {Lundholm 1956) 1t was found,
however, that 12 ifusion of lactic acid so raised the muscle blood flow that the lactic
aad content of venous blood from the muscle sometimes fell below the basal level
Only when lactic acid elimination with the blood was calculated from the product
of the venous arterial lactic acid difference and the blood flow was 1t possible to demon
strate an mcrease The eltmination of lactic acid with the blood, however, did not
accurately reflect the rate of lactic acid formation 1n the muscle Lactic acd duffuses
rather slowly m muscle tissue {Egeleton, Eggleton and Hill 1928, Sacks and Sacks
1937), hence, the ehmination did not wncrease immediately and the content m the
muscle rose Lactic acid ehimmation was preceded by an ncrease of CO, elimmnation
commensurate with that of the lactic acid content The increased blood flow after
adrenaline was not considered a direct effect of lactic acid, 1t was related to an elevated
CO, production and CO, tension in the tissues

In these circumstances we deemed it worth while 1o investigate if there was a rela-
tionship between ad. B by effectsand its action in the human
forcarm To this end we studied the effects of ntravenously nfused adrenahine upon
the forearm blood flow, lactic acid elumination, oxy gen consumption and CO, produc-
tion, as well as the CO, tenston, pH and lactic acad content of arteral blood and of
venous blood from the forearm muscles Since adrenaline may raise the ATP content
of skeletal muscle (Mohme Lundholm and Svedmyr 1965), and ATP itself has a
powerful vasodilator action the influence of adrenaline upon the plasma ATP and
ADP levels was also investigated

Methods

The expenments were performed on 6 healthy male volunteers 20—2a years of age who had
fasted since the previous evening With the subject reclming wn a room having a controlled
temperature of 25°C a fine teflon catheter was introduced under local anesthesia anto the left
brachial artery \1a the catheter arteral blood samples were taken for determnation of O,
AECN aCO and b~ 2 A Tntn s« mavfieal o af Loy A

Lrass volume transducer 11 » A} o0 a Lirass polygraph Each subject receved before the
experiment 1 mi » per cent Hepann® intravenausly

The blond flow ol the { rerm wa first recorded at 1 mun wntervals for a basat 30-romn
Peniod dunng which erher one or two basal samples of arterat and venous blead were taken
drenaline was then ifused v 3 102 Srae ofO | pug kg/min far 30 mun The sofutton was diluted
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Tante § Effect of adeenaline infusion on blood Box, O, consumption, CO, producuon iy
acd ehmmanen and €O, tension of human Jorearm Mean of 68 tests £ SEN

Incresse over basa} valves

Duratron of infusion min

Basal values 3 10 30
Blood flow 250 £035 233 4039 3162072 4012077
1/ 100 mi wssue/min @ o0t p<oat p oot
O, consumption 014440025 00404001 007010022 005910013
™1/ 100 mi tssue) min p<00 p<UD2 p oot
€O, producuon 0093002/ 010540024  0023+0015 005640026
mi/ 100 mi ussue/min p= 00!
Lactc acid clmination QOM£00NL 004020037 0081+0030  0229:0077
g {100 m} tissuefmm p 0D p<dM
pOG, arterial blood 344221 15407 24408 164013
mm Hg p 005 p<00>
PCO, venous biood 35419 32:10 73,10 27219
mm Hg proQ2 p 003 p 003

lat e the
with 09 per cent NaCl to which O 1 per rent ascorbic acid had been added to sta b
adrenafine Bath artenal and senous blood samples were taken 3 10 30 a:% Dgo i ,’r{’n:”;
stare of adrenabne infision n addition attenaf samples were taken at J0

80 paun F - FaLkr 2 FIR = bk o mnd o Buind

e , - - 4
. . e
» s - . . .
et
artersa) differences and the means of the blood flow values obtyined bef re anid afier the wi

drawal of bload samiples

Results p

BDlond Floww The eifect of 1y snfised adrenalne 10} pg hg man on lhr“blmt: :lt:u“
the forearm 13 evident from Table 1 and big | Duning mnfision the b)nodr I':“B‘h' P
rose and reached approumately double the basal Ieset Followme ml\”:nmr apen
slowly decrased and reached the presnfusion tevel within some 30 nua :n b
ments a phauc effect way noted  the bloud flow fint nung mluum;) y;mn‘ vl
ficst few munutes then fafling towards the asal lovel then gradus '”
more A trace of this biphasic effect can be seen in the mean runr;)f::‘ e Drrarm

Lacte Aad Elmination Under bawl conditions vepous blood ’Hz\ml e e
generally had a somewhat lugher lactic acid coment than &id aﬂr::mmu Bt
fHenre there wat some degree of lacuc acd chmination In some exp
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Fiz 1 Effect of mtravenously infused adrenaline on blood flow, oxygen consumprion, LO
production and Jactic acid elimination in human forearm  Each point is the mean of 6—8
tests

when the basal lactic acid content of arterial blood was elerated 1t exceeded that of the
venous blood, hence the forearm muscles were extracting acid from the blood The
maxmum extraction amounted to 0 06 mg/100 mi musclefaun

Three min after the start of adreanime infusion the lactic acid content of both venous
and arterral blood was unch {Fig 2) Thu h 1 1
had nsen since the blood flow was increased After adrenaline infusion for 10 and for
30 mun both the venous and artertal blood lactic acid levels and the venous artenal
lactic acid difference were wcreased as was lactic and ehmination The increase
was sigificant both after 10 and after 30 mun (Table I} 60 min after adrenaline

mfusion had ceased Jacuc aad ebmmaton sull was hugher than the preanfusion
level

Oxygen Consumption After only 3 run adrenaline infuston the oxygen consumption
had risen in the forcarm (Fig 1 Table 1) The clevation persisted, with hitle change,
throughout the infusion and amounted to about 40 per cent of the basal value

Fig 2 Effect of adrenaline on
lactic acid content of venous
blood from the forearm muscles
{ven) and of artenal blood (art
Adrenaline was infused 1n a dese
of 01 ugkgmin dunng the
from O to 30 nun Each
pornt 13 the men of 6—8 tests

\KIE LD Tou T g%
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Carbon Dioxide Production At the end of 3 min adrenaline infusion the CO, production
was more than doubled, and the increase was statistically sigmficant (Fig ), Table !
Tius tniual nise was considerably greater than that of ovy gen consumption The resjira
tory quotient rose from the basal value of approumately 070 1o 11 at the 3 min
mark When determmed 10 and 30 mm respectively after the start of adrenal ne
infusion the increase 1 CO, production was more moderate, being commensuzate
with an elevated oxygen consumption at an unchanged respiratiry quotient Irde
mean effects after 10 and 30 min was calculated together the sncrease over the bas!
svalue was 00370010 ml/ussue/min  The difference beng statsucally significant
(P< 00D

Carbon Dioade Tension Dunnyg infuston of adrenaline the €O, tension rose both
1n zrecrial and in venous blood (Table I Tig 3} For venous blood the nse was mont
pronounced at the end of 3 min infusion when the CO; production 100 was manmurm

Plasma pH Nether artenal nor venous plasma pH changed appreciibly dunne
nfusion of adrenaline For artcnal blood the basal pH averaged 7 438, the corrop nd
1% value after 30 mun infusion was 7 #43 For venous blood the plasma pH was 741
wnetially and 7 430 on compleuon of the infusion

tdenvlic Aad Compounds In 3 cxpis the plasma ATP ADP and AMDP Jaels u(;r
deternined before and duning the nfuston of adrenaline Vo ¢hanges were note

Discussion

Adrenalne sumulated the blood flow oxygen consumption €O,
factie acid ehmmation 1 the human forearm and rassed the lactic acid ¢o
CO; tension of the bload Some of these effects were probably corefated et
Blood Flou In a few expeniments the blood flow shawed a typucal biphaste €77€
te first a substantal nise then a decline towards the metial Inel then once m«-;rk
gradyal increase I increase persisted dong after completion ¢f the mfuswr:{mm
mean blood pressure was not changed duning the infusion of adrenahne (L;mm "
and Svedmyr 196 a The increase m the blood flow was therefore anminy
vasodslavon and not to heightened prrfusion pressure depent o0
The vasodilating effect of adrenaline an skeletal musclr s (hrnu:’: 10 ‘;)mm o
stimulation of adrenergic g4 receptors \s pointed out by 1 und? olm (1% »6' l:mmﬂr"
confirmed by Grant 1964 ssolated wessefs from skeletal muscle are owv

nd
producnon &
neent and
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by Tocal apph of adrenaline 1 all Iv ijection of adrenaline
however, dilate the same vessels

These facts indreate that the f receptor mediating didatation 1n skeletal muscle are
probably situated 1n the stnated muscle cells The sasodilatmg effect of adrenaline
1s thereby thought to be caused by a metabolic action Both the mcreased oxygen
consumption and lacttc acd production of the forearm were probably of importance
for the sasodilating cffect of adrenalne

Oggem Consumption Adrenaline increased the ovygen consumption in the forcarm
bv approumately 40 per cent Tlus parucular calongenic action of adrenalime has
not previously been recorded 1n humans In expeniments on cats (Lundholm 1956)
adrenaline tended to deptess oxygen consamption n the muscles Euler (1931), however,
reported that adrenabine increased the oxygen consumption of skeletal muscle 1n dogs
Beam Billing and Sherlock (1951) found that rarsed the oxygen p
of human Iner, comadent with an increase in lache acid extraction and blood flow
Adrenaline s calongenic acton was thought to be atenbuted to mcreased ovuidation
of factie acd Our results mdicate that in man a calongentc response to adrenahine
als0 occurs 1n skeletal muscle Its mechamsm s not known One possibility 15 that

b

she tacue acrd increment produced by adrenaline was a

oudation of Jactsc actd 1 the muscle The extraction of lachc acd noted i1n some
espeniments on the forearm rmight favour this view On the other hand the calongenic
acuon of noradrenaline did not depend on s ability 10 raise the lactic acid content of
the blood (Lundholm and Sy edmyr 1965 b) There 1s reason therefore, to assume that
other mech besdes d oudation of lactic acid may be mvolved m the
calongenc acuon of catechol amunes 1n man The subject 15 discussed by Lundholm,
Mohme—Lundholm and Ssedmvr (1966)
x B v

- e af A A v e

s

N s
Perpheralresstance I cold adapted rats noradrenaline wncreased the oxygen consump.

o up 10 100 per cent and decreased the systemuc resistance

Corbon Drgide Production and Lactic Acd Elminction Carbon diovide and lactic
34 are g of the acid metabolites which arc thought ta be impleated 1 metabolic
‘asodilatayon n the present the CO, prod rose dunng adrenal,
nfusion, by che rise seas maxumal three mun from the start, when lactee actd ehminaton
hed only psen shghtle This peak m CO, production 15 not bkely to have been
duesalely tg an mcrease of oxidatse metabolism Norisitvery probable that adrenaline
“d have a relatrnehy long latent period ant stimulatmg the lactic acid production
dmusgle 4 more plausible hypothess 1s that the stulation was masmal o alee
kgt from the outset of mnfusion but since lactic acid diffuses slowly wn wmsscle
Uue (Eggecon Essleton and Hill 19281 an aceumulation ocourred in the muscles,
208 the peyd was neutrabzed by the tissue brearb The 4
o s exera peak 1 COs producuon 15 consonant with such a view

¢ increment of CO; production over and above that which could reasonably

enbed 1o ncreased oxygen wasnaturally d on the respy y
Sty Agsuming that the laver did remain unchanged durtng the mfusion — 1t
Aenaged 0 "0 privr 0 infusion and 073 after 30 min — the extra CO,

; production
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would have amounted to 0105--07 0039 or 0077 ml/100 ml ussvefmn or 3¢
femoles per min This amount of CO, 15 equinalent to 031 mg lacuc ac1d {100 m!
tissue/min — a value only shghtly exceeding the mavmum increase of baetie acid
elimmatron (0 23 mg/100 ml issue/mun) recorded after 30 mun nfusion Stace adeenaline
also raised the contenms of other organte acids 1n the muscle — pyrnge acd, hexo-
phosphonc acids — a somewhat higher value mught have been expeceed

If adrenaline did ancrease the muscle lacuc aod production by about 023 mg/Io)
ml gssue/min, the increment was less than that nated 1n eats which amounted 10
approximately | mg/100 g muscle/min (Lundholm 1956) This value, howrver, was
referable purely to muscle, whereas 1 the expenments on human forearm the ussurs
meluded skin and bone I these together consttuted 50 per cent of the total tave,
and were not msalved i the formation of lactic acd, the lacue and production m
man would have amounted to same 05 mg/100 g muscle/min — te, one half of that
m the cat  On stra-artenal mfusion of lactic acid i cats the shreshold dose for a
vasodilator action was in the region of 0 3 me/100 g muscle/mm [t scems reasonable
therefore, to 2ssume that :f human and feline muscle blood vessels were equalls rspontine
to lactic acad, the amount of lactic acid released via adrenaline in man would have had
a vasoditator effect However, to duplicate the effect of adrenahine on Jacuc and
producuion by wnfuston of Jactie acid 1n humant would require infusion of approvmately
10 mg of lactic acid (12 ml 01 ) per mun 1nt6 the brachral artery, which could
probably lead to complicauons De la Lande and VWhelan (1962) infused lacuc sod
solutions of pH 3 3 (about 00003 \) in the bracheal artery The lack of vasadilstor
action 1n these expenments 1s probable attributed to the fxct that the amount of lactic
acid mfused was too small

The CO, tension rose, both i artenial and in venous blood, afier adrenaline fte
nse was probably atsbutable both to increased oxygen consumption and to sumulabon
of lacue acid production 1n the musgle The clevated O, tension may account ss part
for adrenaline’s vasodilator action The maxsmum clesation at the end of 3 i
comcided with the inttially pronounced inerease of blood flow noted 1n some exprrments
During the later stages of nfusion however, the blood flow rose whle the COy tension
remamned fairly stable It appears itkely that an additonal vasodilator factor nr;::
\ata play duning these stages when the lactate of the blood was conspicuusly fo "‘
blood flow Under certam conditions sodium lactate may have sasodilator propesty
{Lundholm 1936,

11: relatne sigmificance of tcreased CO, tension and of the lactate rnnrrmn:::
wath respect to adrenalne s vasodilator action i the human forearm 13 ’"”"',,q::: I
In cat the vasodsfaung effect of adrenaline 1n skeletaf muscle sccTie 3¢CON ,mtr\l
Gosselin 1962 10 be connccted with an ancreased CO, tension The n:l::! faten
hete reported suggest that adrenaline s metabolic effect 13 2 factor in ":‘:‘k ;mh
in man This view 13 supported morcover by the obseranon that m;d‘l‘;d"}( M
blocks adsenesge f# receptors. smultaneomsty inhilaced the metabobe : .
effects of adrenahine i the human forearm  Lundhelm and Svedmir 3%
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Tissue Eosinopenia in the Jjejunal Villi of the Isolated
Loop during Resorption of Histamine,
Acetylcholine and Adrenaline
By
Torsur RAsanen

Recened 6 Apnl 1963

Abstract

Rasinen 7 Tussue sonnopemia 1n the jepnal tills of the 1solated loop durng vesorpton of b rilm;u
acelyichaline and advenalne Acta physiol scand 196% 65 322 3.6 Ssotomc sl um ol f fide
ssotonic potasstum chlonde acetylcholne hutamuine adrenabne and dexamethasine ?nr
imected into the loap of the £t jepunum sotated wath 2 § gaures e arculatv a n{-v; )v,'p
was intart Afier an hour specimens were taken from the nolited and muvet jejunum £ r ke
count of tisse eounophibe jeucocytes and of the mucasal mast cells Soddny and g la«;um{
chlonde and dexamethasone did not cause any changes i the supesficial tissue eosite pf s o
the lamina propeia at the tip of the villy or 10 the bisal ussue cosmophils of th e l[.:mu{x)zupmt‘;-;
Superficial ussue eosinophilia decreased during the accn of aceiylchol we { s and
histamne (P Iress markedly during the adrenatine cilect fasal nwue on "0, |
ancreased i the free smestinal loop during he taftuence of the bast ment ned aniar U’x R
o changes occurred m the mucosal mast cef} counts 1¢ 1 suggested that eomineg In! o
€ytes participate i the detovicanon process with they prrvidase enzyme 30re x
destroyed

\etabolites with a direct cosnolvie effect appear in the plusma during #teess l":"”"
et al 1933 Fmouonal stress causes cosinopenan man  Deeviuss and lcldmmI ’(:';
Kerr 1956 The costnopemia of neurolabile dogs 13 greater than that ol‘n(:unm{:x:m"
account of the effect of infection and ACTIT Rurdina and Mchikhohs ¥ r’U -”"'
and protein metabolites seem to have an mfluence which Jeads mmdu;;{,(:;"m .
rospopema Aschkepasy 1957 differsng thus from the rostnopenic effec P,
which follows after the imtial nise Fovnopenia 1n the blood rawed T mus N
more | ed than metabolism corresy 1 the product of enrrey
suzgest, powbly breause of neural factors Y anayihara 1958 —

Acetylchaline inhibition with 3tropmne causs an merease in “mmul o ea
raI gAstrIC Mmucosa Ter et al 1935 When acen lchatine, Intamine a'm et 1€
metabolised and raprdly inacnated they powbly consume the peroudase

Pl
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THE MMGER OF EOSWOPHLS PER 20 VISUAL FIELDS M
THE TP OF JEANAL VKLI 1N THE ISOLATED AND W THE
FREE CONTROL, LOOP

Gt
-
- e
1 ! [
b
-
2 |
e T
g =
Fig 1 The eolumnsindicate
means £ S E of hal:
counted from B test animals  DEHAVETRASOE T
1 each group

3 st ioor L] troeoer

Teucocy tes In order to study this questson, tissue eounophila was determined 1n Iamina
propna lmted 1o a loop of the small intestie after the short term cfect of an mjection
of the above agents For the sake of agh d d h with
a\ery marhed tissue eostnopemic effect (Rasanen 1962) was included i the study

Method

About 15~ 18 cm of the jeunum was ssolated with 2 hgatures under a light nembutal-ether
anesthesia 1n 4 month-old male rats of Dawley-Sprague stram from which both food and drink
had been withheld for 12 hrs before the expenment The Ligatures were placed so that they did
not mterfere with the eirculaton wn the loop of the itestine 2nd 2 ml of the solution under
examinatian was injected into the 1solated loop The small laparotomy wound was close Afier
1 br the abdomen was opened again under cther anesthesta and specimens were taken from the
ssolated sntestinal tonp and from the free loop about 3 ¢m aborally from the distal hgature
The spraimens were fived 1 Bouin s solution and in 4 ©, fresh basic lead acetate Adter paraffin
treatment sections 4 u i thickness were cut from the specmens and stamed with hemalaun
cosin for the determination of cosinophils The samples fixed with lesd acetate were cut mfo
thicknesses of 10 4 and stained with toluidine blu for the mast cell count

Eosmophilic lescocytes were calculated separately from the up of the vills per 20 visual
fields and from the basal part of the mucosa also per 20 visual fields. At the up of the vills the
supccficia) eomnophuls were counted If the lamna propria of the vllus filled the entire visual
§ield or haf of 1t (o) mmersion magnification 1000 and Lewz plane system) In the basal

2 Ysotomic KO aqueous solution

3 Hustamine diphosphate ! mg 2 ml (326 10 * meq of hustamme

4 Acctylcholine chlonde soluteon | mg 2 ml (550 « 1) * meq of acets lcholie

5 Adrenaline chlonde 1 mg 2 ml 1330 v 10 * meq of adrenaline
methasone-Na phosphate 10 mgi2 mi (20 7> meq of dexamethasone

The soh ent m groups 3—6 was isotoruc satine. Fisher 5 Stadent ¢ test was used 1 the scatistcal
\rcatment

23653003 fActa phy 1ol wnd Vol 65
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¥rom the Department of Pathology, Section 11, Unnemity of Helsnbs Fanland

Tissue Eosinopenia in the jejunal Villi of the Isolated
Loop during Resorption of Histamine,
Acetylcholine and Adrenaline
By
Torsu RAsAres
Reeened 6 April 1963

Abstract

Rasanen T Tissue eosmopensa n the yequmal ¢ills of the ssolated lovp doring resorpnon of »uum;z
acetylcholine and ¢dsenaline. Acta phywiol scand 1965 65 352 — 36 — Isotonic soxhurm ¢t b e
notonic potassrum chloride  aceylchohne histamine adrenalne and dmmﬂ)u;ﬂl’f :::
injected 1nto the loop of the a1 yrjunum wolated with 2 bgatures The arculaton e the b
was ntact Afier an hour specimens were ken from e wolsted 30d imtact ypunur 14 dhe
count of ussue eosnophulic Jeucnevtes and of the mucosal mast cell Sodwm and ['ru)ll}lu"
chionde and dexamethasone did not cause any changes in the superficial luwur connophil (f
the Limuina propnz at the up of the villi or n the basal tissur camophils of tf ¢ z..m..s.",m:nd

ipe assue hila d d dunng the action of acenylcholine (¥ ) A
hsiamine /P 002 less markedhy duning the adrenaline effect Basal tsur ;‘wn“;ym
nereased n the free intesunal loop duning the influrrice of e last mentoned amne F 001
No changes occurred in the mucesal mast cell counts J1 1 suggested that o e
cytes partcipate in the detosiatin process with thewr peroxiduse enrvine ster
destrored

Metabolites with a direct counohytic effect appear  the plasma durng stres (1]';’:""
et al 1933 Fmouanal stress causes counopemia in man  Deevfuss and If!dmzn, o ';‘
Kere 1936 The counopenta of neurolabile dogs i greater than that ul‘n:x'mr(x’:m
account of the effect of infection and ACTH Burdina and Melithoha 1 ;’ m’m;d
and protan metabolites srem to have an mfluence which trads ,mmr;iuxe(‘w"“mh
counoprnia Aschkenaw 1957 differing thas from the cosmopenic effect t‘m e
which follows after the inital nse Fosinaperia m the bload causd by mir ey
more [ d than bolism ding to the product of eners
suzgest, powibly because of neural factors Yanaghara 1953 R
Acets Ichioline intbition with atropine ¢auses an isereav n 8 ey e
When acetskcholine }stamntne and adirns
daseof o gt €

rat gastc mucana Triv et of 1935
metabolurd and raprdh inactnatrd they posubh consume the peros
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Acetylcholine disintegrates very rapidly m the tissues under the mfluence of esterase
and the metabohsation of lstamine 1n the tissues also results very sapidly s inactva
tion {Halpern, Neven and Wilson 1959) It 1s possible that the rapid destruction of
acetylchohne and histamane takes place 1n the vill: as adrenaline may be resorbed into
the organsm and cause u persisung decrease in the tissue eosmophilia of the isolated
intestinal loop 1n contrast to increased basal eosinophihia in the intacet intestinal loop
In the gastnc mucosa atropinisation leads to an increase in tissuc eosinophilia (Tewr of
el 1955) and inhbits the disintegration of acetyIcholine in the cerebral cortex (MacIn
tosh and Obonin 1953)

Histarune produces an immedsate drop 1n blood eosinophihia (Rose and Brown 1938,
Panzenhagen and Speirs 1953) and eostnophulic granules ishibit the effect of histamine
on smooth muscle {Vercauteren 19325) Histamine 1s destroyed 1n the mucosa of the rat
mtesune, this effect 1s mhibited after enterectomy {(Millican 1993) The peroude that
forms in the amine acetyhisation process sphits perowidatically in the orgamism  Peroude
forms h when d upder the influence of mono~
amuno-oudase which 15 profuse i the mtestinal mucosa (Acbt 1961)

Intestinal mucosa cont;

ytesand hence a considerable
peroadase actiity (Terr and Rytomaa 1961, Undntz 1352, Vercauteren 1935) The

eosinophtlic reaction establishied in the villi 1s probably caused by consumnion of the
peroadase needed for the detoxication reactons and by the concurrent destruction of
eosinophilic leucocytes

It has been observed that normally cosmophil leucocytes in rat after partial loss of
the myeloperovadase, mugrate through the intestinal epithehum in the lumen (Ter et al
1963 Teir and Rytomaa 1965} In the lamuna propria of the 1sdlated jejunal Toop the
loss of the eosinophilic peroudase may occur viclent dunng the destruction of additional
acetylcholine and amines

Dexamethasone causes eosmopema in the gastric mucosa after repeated myections
(Rasanen 1962) as cortisone does in the intestinal mucosa (Sundell 1928) No changes
seem to occur 1n the cosmophulia of the intestinal mucosa m an hour A single cortisone
Injection causes an mcrease 1n €osinophilia i the intestinal mucosa of the rat, especially
m atropinised rats (Sundell 1938)

The autonomous ners ous system may contamns much histamine compared with the
spinal nerves (Euler 1936) possibly bound to mast cells (Torp 1961) Adrenaline and
acetylcholine are released from the nerves duning sumulation The reactons that follow
for thew mactivation may be the cause of eounopema n stressed test antmals {Tanos
¢t al 1953) or when neural tension 1s emphasized (Dreyfuss and Feldman 1952, herr
1996 Yanagihara 1908)

m
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Fluorometric Assays of Glutamic-Pyruvic Transaminase
Activity in Microdissected Pancreatic Islets
from Obese-Hyperglycerme Mice
By
Bo HELLMAN

Recteved 8 Apnil 1962

Abstract ——————

Sy tUusd Cpa e L € SC 1w seereno
that transamunation processes represent an Jmportant metabolic featyre .',',:",’,’,‘:’ rea the view
the specific endocnine function of the § cell intenance of

. '
. . . L
wa posn wo uy v wouv Uam N :
s stage by d dary e 45 may be synihensed from
S of the Primary amino acids

With the introducton of a procedure for large scalc isofyg,

Langerhans 1t became possible to extend our analysey of the on of mammalian istets

ransaminaton mechansses
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Fig 3 Relation bermeen the incubation ime {runutes) and the measured GPT achivitiea s an
sslet homogenate

Fig 4 Relatne GPT-acuviics atdifferent pH values The enzyme actvities were expresed n
pec cenc of the maximum actiities measured e the slet ( ———l—~— ) and exocrne pane
<create tissue (~— — -]

mucramales of DPN in the sample solution Senal dilutrons of the different trssue
homogenates were used for studying the relation between the enzyme concentration
and the amount of pyrusate formed during the present assay condimons In the fatier
case a linear relationship wad obtarmed up to about 20 10 * pmples pynnvie
(Fig 1), which corresponds to a 16 ©, consumption of the DPNH i the mcubation
medum This means that a dry weight of about 25 pig wslets and 4 grg exacrine paren-
chyma or liver tssue represents the maxema) amaunts, which could be anayrd for GVT
1 the ohese-hy perglycemie mire

2 Substrale The nf} of the ¢ of cach of th
Lealanme and « k t was tested sep N The relation bemween the it
enzyme actnity and the concentration of the sulntrates can br seen m iz 2 Jt5
evident thar both the concentrations of Lealamne (41 mM and a ketoglutarate {7
m\l} wted i the standard procedure fell on the honsontal part of the cunves

3 Dussection and wmeudation tune The possibibty that enzsme feakase or 1ohibition
duning the dissection procedure would have influenced the results nas tested Iy seeords
ing the GPT-acte ttv in specimens of endocrine and exoerine panrreas keps for dfferent
perods of ume 1w the dissection bath For a disscction tme up to 4 aea po siemificant
effects were noted  The safluence of the mcubation ame on the enzyme actmn B
shown in big 3 The 45 ann meubanon at 37 G used in the standand procedure could
be considerably extended wrthour deviation from a limear relavonship

+ pH optimum The actpaty s det ned ar different pil aturs e the
Tus buffer Both the endocrine and crocrmne pancreat homosenates duplayed &
maximum withm the pH range of 75 80 Fig 4 The decrease of the transamina.
tiom activsts with higher pH values tended to be more pronoundrd n the et tsue than

renchyma

i the exocmne b : Omussion of pyrdoval phosphiate (4 1o <} from the

5 Ffet of prnidonal phosphate
mmbn{{m medium did not decrease the GIFF-acns i meassiced 1 the nlets o017 it

pther tssues erther for the YO or YOSmire
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Tants 111 The selative GPT-actranies recorded for varions concenteations of earbutamide n
1he neabation medium {the values obtamed 1n the absence of sulfonylurea were
denoted as 100) The figures represent the mean values of 4 separate experiments
based on materal from 2 AQ and 2 AOS muce

Refative GPT actiuity
Carbutsmde g % Lslets Acinar ussue Liver
25 m m 99
250 9 9 o
2500 77 69 55

B Enzyme gcluities

007 MB.H umts was noted as compared with 3 42 & 0,36 for th ~
(1=874, P < 0001) and 515 3 073 for the hner {t = 737 ?‘;"‘;aﬂapaxmhym
starvation period indued 2 40 %o reduction of the et GPT } Whie the
Pe A anned athe o actvty (t = 330

ha .
L

homogenates pattiuial y sl b« T v tulcea b
ceess

of 25 or 250 mg % of this compound there was on the other ha:: food In the presence

also 1n the pancreatic islets 30 thzyme inhintion

Discussion

The GPT actrvty was messured with 2 fuoromerne procey
prnciple to that descrbed by Wroblensh and LaDye (jqogy . “1ich 13 smilac 1n
fiv the d

.
: nf(g;i) oxeept that instead of
wmeasured fuorametacally  AREr 2 systematc stugy of o e DI formed 2

© Possibilities of using the

lateer alternatie for measuring GFT 1n serum Laursen 04 T
& P ansen (1958) reported the

P o gve very "
tepresented by the mammahan wlets of Langerhang . ¥mall amounts of tissu®

the high sensitnaty offered by fluorometnc assayy 1q 5 Hhecesga,

analyses of the opmal assav conditions the usefulnes,

been fully § also for ussue h Py .

dry weight of up to 25 pg wlets and 4 43 exocrine Pln(: ;:xsg hyperglycene ’\“::w
- -t L Al

N 0"

Wam | he lanes
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The Tactile Hairs on the Cat’s Foreleg
By
BeaeT Y Nsson aind C R SwogLisp

Receved 13 Apr 1 1902

— Abstract

Nt B Y and G R Skegl nt Theta tirharson thecat s forece Setaphys | send 190
534 39 Tlestrrmelke ban atthe vt of the cats foreleg Fave bee svind
wnpt Tacally and j1vs Deally Bach Lar follcle ¢ ntam a large thod 3 nus clae ¢

wh tasu ber fPacnanc rpus bes are s twated Rec ring fr m nerve flanents sl wed

wmunt nerve end ngs to be spe ntanerwly actne Bening of a Lar resubied 11 an creaee !

Isudarge [ equencs up to 0 persec g dly decl n ng toa s e ly frequency level (£20 40

prr sec wheb wae ma nta ned wi t st appreciable funid er dedd ¢ during several m

Bent ginde pposte Drectonn o1 cawe cessat nefthe spx ntaner usd scharge bat e Ter

wenr prowou e Teect nalse sty wasobmerved Releas ng el eba rwastally £ 1 wed

tyasleriper o intle speontar e und scbarge Cantrast ngw thel est why a fapt ng d scf arges
£ the bav 1 Inm are the trans ent resp nses of the T ac nianc rpuscleaw th el aracter »
all Tavet o [ltny brat eystoulat n Thes gn feanceefd rtHoods nuvan{ ftheel achs
relard Fa nanbodes sl el $scuned

Harswitt s sprafe tactle funct nare§ inln many mimmalanspeces Jeyac
meatt <ty driel pedincarn vora and rodents 1 ¢ ant aliwbic) £ rbernxnrmal
fragncevpadt osaredepen denton a keen percept oncfto of [T ese tactile fa s —
wl chd fler fron 1l e or fnarv covening §aies ¢ £ 11 » bexdy i that () e cap llary network
ofthef elebasdmel petantoatlueds n s — areata rule located arnan T them utl
thewncalled vt r e

Fland & st (1887) ednenved a tuft of long and aufT 12 1 2t the wrst of certan
Lem moandlater b fard I8 dewenbrdat ft ef vl rsae 1 ke bairs distally entle
Tuelnbyiny ars (lerr anmal wnsprcies T1er olercrefil exe D s secmat \3ry
tnd ferent specssbuttl y areabmeall v be frun ) anas malspang the forel bt
crayj or frel

The mcroacomeal anatony  £1de s brvae Farheen thesetjrct of a great nambreof
imet anonseversneeile IT Y ernt 1y faree g Vancent 1913 Melaragn s sn d Mo
tarra 143 but padetaled v er aeopcal deser fuon of the carpal tact Ie }a rvseems
to have bren put abed s far Fréderic (105 mentons, homeer acthe {1 1ol
carpal Fa eafoen e sorcaes Hinar 0w

iR}
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A B
Fg 1\ Longirudinal section of har follicle with blood siaus (S) and five Pacinian corpuscles
Black lme 0.5 mm

fig 1 B Longuudinal section of hawr (H) and blood flled simus (S At arrow nerve Bbers
passing through cavernous part of smus Black bne 0.3 mm

In connection with other imestigations on the cats forelmb {Skoglund 1960 a
great number of Pacinsan corpuscles were observed round the blood stnuses of the carpal
hairs This finding prompted a fustological studh of these hawr structures, the resulss of
which are reported in the finst part of the present paper

The second part of the paper gises an account of recordings made from nerye fila
ments from thus strucrure showng that the physiologtcal properties of the carpal hars
closely resemble those demonstrated for vibrssae (Fitzgerald 1940), thexr chief character.
sstics being slowly adapting end organs while other rapidly adapting mmpulse s
¢€an be shown to denve from Paciman corpuscles The results were bniefly reported at the
I Scandinavian Physiological Coneress (Nilsson and Skogtund 1963)

Morphology
On the cat s forehmb yust aboye the wrist on the volar
ha 13ofa length of 1-—2 cm which protrude from 2n easly palpable shevation i the dkue, Tous
elesation which s of a pale bluish lustre 15 also conered by ordinary hairy (the tacnle hairs
9fien d ffer 1n cofour from the surrounding bairs) 1t s connected to the underiysag fascus by 2
strong connectie tstue band and suppl od by 3 relatiely harge nerve tunk romnoag coaciher
‘with the blood vessels .

10 some animals the clevation was dissected free and afier fixation 1n formahin sectioned and
fained according to the method of van Gueson or Palmgren. roned an

side there 5 2 small tufk of 5—6 ngd
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of a length of 07 mm enclosed by a small actenolir loap could be disected free
and 1t was found that the pulsations of the loop caused a dislacation of the corpuscle of
15 4r Pulse synchronous impulses could also be recorded from a filiment contarin.,
the fiber from thus corpuscle, and the same umi could als> be actn vted by mantal
duslocation of the corpuscle by a probe

Discussion

The cat’s carpal tactile hars exhibit properties which closels resemble those of tf ¢
vibrissae (Fitzgerald 1940), stowly adapung receptors bemg imvoled 1 both caves but
there scem to ke certun functional differences Thus Fitzgerald estimated the number of
spontaneousty active endings (o be less than § ©, of the totat number studred whereasin
the present snvestiganon most of the untts tested were spontancowsly acuve Fitzgerald
ohsersed a marked difference 1n discharge frequency when the hatr was bentin different
directions and proposed that this dircctional sensitin ity mught be of use 1 postural
adjustments of the head in relation tosolid objects In the carpal hairs no pronounced
direetional sensinaty of this type has been shaened bt then ths s 2k be of few
unportance m the paw than n the head

The slent penod 1n the spontaneous discharge on refease of a hatr may of course 1e
due to mechanical rebound phenomena causing a transtent unloding of the receptors
However, 1t may abo Le a stgn of a reduced excitabihity analogous to that observed 1n
other sensory endings and this concept gains support from the Lxcts that the duranem o
the silent period 1s dependent on the duration of the stnulation, and that after a sient
penod of some length the onginal frequeney is only stowh resumed

Slowly adapung mechanorcceptors 1n so-called  touch spots” m the cat hase been
studied by lggo (1962 Peessure apphied at such a spot resulted in an impuhe discharge
of slowly dimmishing frequency lasting more than 5 minufes There sastrkinzan fasty
between the adaptation patterns of these touch spots  nd of the carpal tactile huns
In view of this sirlanty 1t 13 of special terert that according, 10 Jpothe tauchspon
are very richly vaseulanzed with a whorl or glomus of small blood vessels probat iy
capllaries which were alwas filled with a rich flow of bluod

The presence of a large blood sinus i the root of the hatt has been the obyret of 3 great
deal of speculation i the earler anatomical lterature Messeoer (1900) way of ‘:'
opinton that the sinus may act as a hemostatic apparats Y whith the senutnats of the
hatr can be graded \incent 1913 potnted out that the free suspenyion """“"""
the sious makes « posuble for sbrations of a near by obyect 0 be frammitied o £¢
sibnissac, which would not be posible if the hair was hod m 10 umnrlding \mu;d he
alsa mentioned diat the sumatus threshold of the recepiors misht perhagn be o
Jowered by pressure changes m the sinys \incent as well 3 also Pereter and Charp
(1912 discussed a possblr reflex mechanssm which might mfluen
hayr via conteacton of che musculature compresstng the hlood sinus and dampeny

ce the srnninaty {1 ¢
ng e

wbranions of the hawr "
e
No cxpenimental study of the sgmuficance of the blood staus seemstof l"rt:é‘ .
However, Firzgerald 1930 amvetgated the effect <f dufeent tons 1n)! T tborces
arterally snto the cat’s vibrissae beanng area and found thai e ?mun‘:‘ R
23 well 2s the tate of adaptation of the evoked discharee were deprnd < arand

i
concentration [t 18 possilile that the large amount of oo ennunuatly flow
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the nenve endings 1 the tactle hair contributes to the maintenance of a constant
chermical mikeu which may be a prerequusite for the slow adaptation of these receptors

Gammon and Bronk {1935) showed that the Pactman corpuscles mn the mesenters
are senstave enough to respond to pulsattons 1n the mesentenc vessels, and pulse
synchronous discharges were observed also in the present investigation The close con
nection of Pacintan corpuscles to the blood smuses of the carpal tacule hairs raises the
question of their i relation to this latory system and this comparatn ely
casly accessible preparation may open up a possibility to study this question

References

Berosrp F E. Observanons upon the carpal vibnssac in Mammals Proc Jool Soc (Lond )
1902 3 127136

BLavnS mm T e 1 . FLs wm 7o T aateeer aca Ty
Frr .
t
b2l . . -
75

Gaxvox G D and D W Brovs The discharge of impulses from Pacinian corpuscles 1 the
mesentery and its relatton to vasculsr changes dmer 7 Physiol 1932 11f 7781

oo A, New speerfic sensory structures i hairy skin Acta seuroteg (Wien) 1962 24 175179

Metaracho H P and W Movracwa The tactle hair follicles n the mowse dnat Rer
193 125 129142
SHisglungl g . Aot amn sn 00 an9



Acta physiol, scand. 1965. 65, 370~377

From the Neurophysol Laboraton at the 3 | Insnitute, Universiy of Oslo,
Norway

Peripheral Autonomic Influence on the Motility of thé
Urinary Bladder in the Cat
1. Rhythmic Contractions
By
Racvar Gjone
Recened 28 Apni 1965

Abstract

Gyone, R Penpheral automorc wnfluence on the monhiiy of the urwnary bladder 1 the eat 1 Rhrtbmue
contractions Acta phynot scand 1965 65 370—1377 — In the present fork the influence of
each penipheral autonomic component was studied by companing the tntrasesical pressure
cunves obtaned under progressve bladder denervation in eats hightly anesthetized ik
nembutal Intravesical pressure recording was established by the direct approach descnbed
n e ad cm il - — - " - "

- - '
. . " '

. ' '
i viner expeniments the sympathetic nerves were first sectione! blaterally with, the paranmpa
thetic figres intact This was followed by a marked enhancement of the frequency and amplitude
of the rhythmic bladder Aier I section of the 1 hete ELdder
nerves the vestcsl hyperactinity was abolshed Fairh  normal  prewure fluctuabions were
again recorded similar o these described above from the fully ntact bladder Phus defimte
cvidence of a dual autonomic mflucnce on the rhy thnnc vesical acuvits was exrsblubed by the
of exenatory and nbtbriory svmpathene effects

When fluid 15 introduced into the bladder casity, the sesical wall exlubuts rhythmic
contractions which are reflected a3 regular vanations of the intravencal presure
¥ rom exp on cats the ph was described more than 70 yearsago by
Shernngton (18921, who als demonstrated such actnity aftes spinal tramsechon 31
different lesels, after sacral rlurotomia and dusng the fint 5~ 6 hrs followsng the
death of the ammal Stewart 1900 extended Shernngton’s observabions sn mmun;
wons of the bladder 1 vitro He showed that spontancous chythmic contraction




PERIPHERAL NERVQUS (\FLLENGE OV RHYTHMIC VESICAL Acrviry . 371

were present i exeised strips of the vesical wall placed in Ringer's saluton Thus,
the rhythauc activsty of the ammal bladder appeared to alacge evtent to be mdependent
of the extnnsic nerves Witk sespect to the human bladder, evidence of- such indepen
dence was not reported untit 1960 when Plum and Colfelt revealed the persistence of
rhythrue vesical eo although hat reduced in amplitude, syl q w
spinal transections removal of the esical plexus, and spinal anesthenia extending to
thoracic levels These vesults, wiuch werc obtamed with the axd of 5 tughly senative
preswre recordig were carned further by Plum (1960), who found that rhytheme
contrachions were stll present 1 the human bladder after rjections of ganghome
blocking agents Hence, the statement was made that the unnary bladder, when
distended contracts rhythmucally duc ta the propectics of the vegieal wall It was
ategoncally mamtamed that this actiaty was enturely unaffeoted by the vesseal nerve
supply, which i denved from the two dions of the avtonomic nenous systern
Contrary 10 1he opruon referred to aboy 5 MOst previous workers whether concerned
with chaucal studses or expernmental watk, advanced the opimon that the rhythmic
bladder actrvity 15 dependent on nerous mechanusms With respect to the origa and
mediation of these nervous effects different conclusions were reached (for svstemanc
eview of the fiterature, see huntz 1933 and Plum 1962)
fa the e, the wview has generally keen held that smpunes causing complzte
fansection of the spinal cord or of the sacral nenes are followed by abohuan of the
thythmc yesical actviry By systemanc studues of bladder moulity subsequent to total
transection of the spal cord patients with fractures of the spine Holmes (1933),
Munra (1935, Prather (19531 holtherg and Petersén {1963) noted & marked reduction
of the spontanequs shyibmc contractions If the spinat cord Tesion “as ntuated cramsal
¢ the conus region the thythme muscular actnny re appeared dunng the pext
weeks or months, and as a tule pressure fluctuations gradually mncreased in size far
beyond the pressure peaks recorded fram the intact buman bladder Based on these
obseranons the spontaneous thythmic actmity of the bladder was thought to be
mantamed b the effects of an autonomc sacral center The relaxation of the blad
der tutally seen was then explained as a reselt of spinal shock whereas the ncrease
m thythauc actistty later occrTing was asersbed to a loss of mhubitory nfivence from
the cerebrat lexet
Denny Brown and Robertson (19331 recorded powerful rhythmic contractons of
the human Bladder several weebs afier mpures that aterrupted all the sacrat nerve
Fools In view of cacher chservations Efhot 1907 that the thythme acinty of the
cat bladder did not re-occur subsequent to remasal of the vesical plexus, the opinion
»as reached that nerous imnpulses which regulate the contractions of the bladder
vwall onmnate from autononue ganglsa within this ple<us
Ample evidence was obrained by expenimental work as well 1n support of an exinnue
Perious wnfluence on the shethmic bladder activan According 10 these absen, ations
tuch regulaton effects were conducted mamly through the parasympathetic nerves
(Langworths and \furphy 1939 Langworthy Aol and Lewts 1930 Ingersol! and
Hegee 1951 Carpenter and Root 1935
However huntz and Saccomanno 1944) ako demonsirated an effecs on the rhuth
e bladder by i of the heuc yesieal supply The response
Obtained was charactenized by an mual sharp presiuze peak followed by a fal sn the
Pressure volume cune below the pre sumulatory tevel associated w1th abolinon of the
thythmee acaan
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In spite of the duat autononue nenve supply to the bladder, no data have so far been
provided 1n favour of an antagonistic mBuence on the rhy thmie s esteal contractions
In the present mvestigation, performed in cats under Irght anesthesin, such evidence
was searched for through partial bladder denenvation Thus parasympathetic effeets
on the rhythmic vesical acuvity were established from the changes which appeared in
miravenical pressurc records after bilateral section of thus pathway alone The role of
the sympathetic bladder innenvatton was rescaled by the pressure alterations recorded
subsequent to primary bilateral section ef this component In both wstances a compan
son was made with the intraveecal pressure reflected by conttnutous recording from the
wntact bladder and after deprival of the entire extrinnic nier ¢ supply

Material and methods

- i i PR B N

.
4+ eme 31 tads bemebadeorsy o ddvileacnbed

CONLOI ¢u VY 4 ternosie he cat
Hdentification and wsolation of the different components within the resteal rer-e sufply In the catihe
. ] e - "y . .

. . f

from the second and reach the vesical plexus through the pelvic senves 1Hretletentcnl ,; “1
was interrupted by sectionmg ventral spimil roots which were separated from the d, mh“-:x:
through an eersive laminertamy To ensure complete denertation the arsenth lumbor,
well as the three 1acral nen ey were included in the procedure which way perf rmed b r"“y‘

Afferent fibres from the bladder accompany cither of the two autc nomic i #s1ns \.T;:V e
was made (0 snlate the afTerent component of the sympail etic nenes because ]:n l‘ﬂ":uh al
thoraco-lumbar laminectomy s then sequired which would make st extrerrely d e
mamtam the ammal in 3 grod condinon apart from the face that complete wr"n( eent
aflerent pathway could hardly be secured despite extensene vpersine pm(r\hnr;' e sl
fibres of the pathetic supply were pred amrasp mfly by cutog e d
of the seventh Tumbar and of 1t € thiee s3cral srgments

Resules

cal presure
thel antmal rhy thmee fluctuations of the mirar e
tact and anestheuzed an Y e Mhadder caus

nef

the an
ll:cl ‘wrc wnteated by the fint fow ml of fluid introduced 2t

Iy a slgtt nerease in frequency
(urther distension of the vesieal wall on
‘a)r::l‘:‘lgudr of the rhythmic acusity was Roted up to the point of mictunition Lommonty
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Fig 1 A, Rhythmic fluctuations

0,
of intravesual pressureatintact A B €
e wpply, B Comsdersble 2
changes m amplitude and Ire- ¥
quency of the muscular actmiy g [NMIVMAARA M}'\J\jf"‘ CAAARNAD

of the same bladder at constant
intravesscal volume (20 ml) due W

to pain after fixation of the ans

mal's head 10 a Horsley Clarke frame €, Normalization of the pressure record followang reficf
of pain by local anesthesia (Cat 44)

Fig 2 Intravesical pressure var-
iations at constant bladder vol
umes Upper records Bladder
filed with 20 ml saline solution
1 lntact nerves, B, Efferent A B c
parasympathet:ic nerve supply
cut and C, m addition sympa-

thetic supply bilaterally mter MMA,W.WM‘
rupted (Gt 73] Lower vecords st MR

4
Bladder filled with [Omifnd & 0% e
D Intact nerves F, Afferent 340
parasympathetic nenes bilater = € F
ally sectioned and F Efferent O o
parasympathetic  nerves  and AAAANA~A,
sympatheuc  supply also cut PV V. V.V, §
(Cat 89) o

afrequency of 3 to 5 contractions per min was recorded with an amplitude of the pressure
sanauons seldom exceeding 10 cm water pressure

Indnrdual differences were observed with respect 1o the frequency as well as the
amphitude of the rhythmic pressure fluctuations, whereas a stnlingly unform activity
was often seen 1n onc and the same ammal as long as the vesical nerve supply was not
interfered with Such umform contractions were m the present expenments recorded
for peniods of 3 10 6 hrs However, in some ammals the rhythmc pressure fuctuauons
of the intact bladder were more or less rrregular, particularly m amphirude

Considerable iregulanities both m fr and Itude of the it i}
pressure undulations almost constantly ensued 1 animals showing signs of pain duetoa
100 hight anesthesia (Fig 1)

Since the recording method did not interfere with the bladder outlet, complete
emptying of the vesical cavity was hished once the reflexwasrcleased
The protection thereby obtuned agamst overstretching the contractle elements of
the bladder appears from the fact that repeated filing procedures throughout hours m

the acute expenments did niot affect the typical features of the spontancous sesical
actmty

Alternatne bilateral wnterruphion of the perspheral autenomuc pathu ays to the bladder

1 The parasympathenc nerre supply Bilateral section of the spnal nenves L,—S, was
performed in 7 cata, leaving the sympathetic vesical supply completely miact The
efferent (ventral) nerve roots only were cut in another group of 4 ammals whercas
Primary tilateral section of the afferent nene components at the same levels was
carned out 1n 3 cats Essennially the same effects were obtawed by these denerration
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A e c D Fig 3 Rhythmuc inteaves eaf
PFESSUre varations gt constant
bhdder filling (Swml) 4 In
tact nerve supply B imn edr

ately after section of the nym

Wwwm paibevs s G 15 mo

tter and D, after wterrup

EUHTIVIINT u W fannrat, tron of the entire extrins cvex
seal nerve supply (Cat 61)
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&
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20 after replacing the flui { by the same s lume
M I e of 002 per tent adrenabin (Cat 83
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procedures (g 2 The rhythoue actvity of the intact bladder (Frg 2 A) 11 seen 10
be replaced by srregutar contractions, profoundly reduced in amphtude (Fig 2 B
When a low degree of bladder distension s masatawned  the spontanrous coateactions
may even appear to be abolished (g 2 [} The Ginal past of the pressure cunes
{Cand I} whichreflect bladder activaty after an additsona! section of (] © sympathietic
eucal nenves shows that the effect of parasympathetic denenanon was counteracted
although no complete restorarion of the rhy thmic contractions was obtamed in the acute
expenment
The marked changes tn vesical actnaty following interference wath the parasympathe
tic bladder inpervation occurred immedately upon scetionng and temamed the same
duning the envire penod of absersation which extended over 3—5 his
2 The sympatbetic menes Promary brtareral sympathetic deners ston under mamte
sance of an ntact | hetic supply was performed m 10 ammals. Alt oush
not equallhy promnent in all expeniments a marked increase of the shythmie bladder
activaty wsually ensued This applies tn the amphtude as well as to the frequency of
the contractions s a rule extreme effects occurred wanally Ti, 3 B Watdwm thr
nexe 15--20 nun there was a (radual decline paruculacly tn Grequency but also 12
amphtude Thereafter the rhs thruc contractsons remained (urly canstant during l"'r
1est of the olsenation pened 3 6 hrs  aull representing & conuderatle degree o
h ctniny Fig 3C
)';:r;uu carnplete interruption of the extrinuc sutonomic seucal s 5f phy wan perform
«d through an addimonal sechion of the paranympathetic nenes Ihr nscular uml{l‘;
of the venical wall then immediatels decreased and aeam regular contractions appear
clasely resembling those recorded from the mntact bladder although with somie reduction
10 amphitude <Fig 30 ,
from () e autopomx
B o aresth A veeimn s WS of s o he e )

nervous s;
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(Fig 4D)

Discussion

The present study of penpheral nersous mfluence on the rhythmic bladder activin
was based on continuous pressure recordsng from the vesical cavity dunng step-wise
bladder denervation After direct cannulation of the bladder through a cystostomy,
leaving 1ts urethral oudet intact (Gjone and Seteklew 1963), the contractions of the
muscular wall were reflected m the form of regular pressure fluctuations Fallowing
complete extrinsic denervation by cutung the p th aswell as the
e vesical supphes bilaterally, the thythouc bladder actvity remained essentally
wnaltered Thus ewidence was obtained suppomng the concept that the rhythmic
vesral are primanly as also dby a
mnor group of recent lmaugamn {s¢ce Plum 196”) Doubts are, howerver, raised when
these workers, from the same data argue that the rhythmic pressure vanations are
merely reflecting an inherent property aru-sm! smooth muscle, which 13 not 10 any
respect affected by extnnsie ) nenous Thus 1t s
beleved was made because they were preoccumed with the sumlar patterns of vesteal
actiaty recorded from the intact bladder and after complete extrmnsic denenation
Apparently they have thereby overlooked the conspicuous effects induced by partral
autonomuc denervation reséaled in the present ewpenmcnls. These obsers ations demon
strate the ewstence of a pentpheral nen ous which exertsa i tonic
whuence on the smookh muscle actvity wathin the tesical wall Thas conclusion s
m accord with the view generally held that the rhythmicactmvity of the vesical wall 15
subordinated nervaus regulation The present study does not bowever yreld support
to the camman concepts abaut the role of the different autonomic systems in medrating
such nervaus effects to the bladder As d n the ds y part both exatator
and wetubitory tnfluence on vesical smooth muscle were by previousinvestigators attrib-
uted to the parasympathenc bladder innenation whereas no important effects were
found to be conducted by the sympathetc pathway Thus accordmg to Learmonth
(1931) the actnsty of the detrusor muscle remained unaltered after section of the
hypogastric nencs as udged from Sumlarly L hy etal
{1940) observed no effect on the intravesical pressure fluctuations by bilateral section
of the sympatheuc chans In the present evpenments sympathetic bladder dencnauon
nat found to cause a marked merease both in fr and amplitude of th
bladder contractions, which on the other hand were abohshed or greatly reduced bs
solated parasympathetic denen ation Thus an aniagonstic autonomse mechanism 15
shown to regulate the rhythmue bladder actnaty by exatatory parasvmpathetic and
whibrtory sympatheue effects on vesical smooth muscle The discrepancy between
eatker obsen ations and the results obtained 1n this work rught possibly be explained by
methodological considerations Thus, 1t seems Dikely that the present obsenations were
Bacilitated to some extent at least by a better protection of the contractile elements
sithun the 1esical wall due to the maintenance of an open outlet from the bladder cavity
Further evdence of a dual autononmuc regulation of the rhythmsc bladder contrac
tions was provided by the results following sumulation of the peripheral vesical nerves
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Hydrogen Yon Concentration in the Gastric Juice after
Pylorus Ligation in Dexamethasene-Treated Rat
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Abstract

Hakonen, N and T Rasinen Hrdrogen wn concentration wn the gastric puise aftes pylorus frgatum m
dexamethasont treated rat Acta phivsiol scand 1965 ¢35 378 382 Rats werc myected with
dexamethasonc 5 ) mg at 12 hr intervals before ligation of the prhlorus The hydregen ton
concentration of the gastric secreta the valume of secteton and the amount of free N were
measured 2 hes aftet fying the bigature The adnunustration of dexanethasune £or 2 dayy brfore
Lgaton of the pylorus smbubited gasteic secretnn dursng the higation and elevated the pliof
the scareta No free HC3 was demonstrated i it Secretion was restored by b samine smyecterd
1ato the ras in connection with the appication of the higature A single d ne of dexamethawne
4 s befare the apphcation of the Jizature caused elevation of gastric seeretion

1t s suggested that the degranulation of the mant cells of the gastese mucow during dexame
thasane therapy Jeads 10 inhibion of gastne secretion with ihe mucoss losing 1t e istamme
needed for 1 sumulation T lom may be compennated by exegenous histamsne On the athier
hand the histamine liberatiag praperty of dexamethasone caliances secretim when the de
granulation of the mast cells begras

The justamune which appears n the gastric gurce when the stomach 1 mmul:rrd_ n
sanous mean s 2 peapheral sumalant of the parenchyma of the stomach Lode 1956
The histamine content rses 1n portal blood Silen and Foeman P61 and an uhne
Irvine and Cade 1138 dunng gastric seercton The gastric mucoa contans much
hestarmine Douglas ef al 1931 which 1o rat gastnic mucoa decreases toxcther wiitt \z:r
drgranulation of mucosad mast cells duning cortieme therapy Folm and Glick l"f..’

A sapid ragal and slow endocrine component were dutanguishied by French et &
(1937 among the agents stmulaung gastric s~eretion in rhrsus monkeys Loth romgw-
aents are probably acuvated m the castne sumulaton provoked by prlora ligature
and shis 13 followed 10 16— 18 hes bn lrunos 1o the rumen of the et Shas ¢t o I’Hli
The damaze 15 probably caused parth by avascular ditrubance due o el ated m!rx“u;
munal pressure Mo Asthur and Michel 1%\ agutamy dors not prevent leunns mth
pastng mucon of Shay hcated rats Sundell and Tewr 194
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PH N THE GASTRIC JUICE OF RATS 2 HOURS AFTER THE
LIGATION OF PYLORUS

O ¥ 2 3 a4 sn
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Dexamethasone degranulates mucesal mast colis very effectively (Rasanen 1967) It
5 possible that the histamune they, contawn transmits the penpheral sumulatian of the
Bastrie h and therr d. may be assocsated wizh gastric secretion
3y higature is possible after devamethasane
the object of the present study

Method

138 a1 12 [ tan was
24 hirs before hgrtion of the pylorus The pyloryeg ;|2 PT intervals The last ingee
ether anvsibesia dunng spavolomy 2 hrs afies v,
Sxsangunauon under elir anexthesia the somagy o0 nod
T somall dish The PH. of the gaainc s-creta vas derermuegy oo 1 27 13 contents empnc
e socrea were then separated 1n 3 g of e e srers b
Yacuum filkering dhe volume was messured and g lmoun?:‘r ;r?; s}O{'(.Idl E:\J:Z:(::znm e
ttration weth Topfers kre:(gcm as lh\c indicator During the deamethasone injectian penod 3
et of the rats were kept on an Ammosol.gh The
rvompusxuon of the Aminosol-glucest soluon way ™ 7 10 240id solid gastric comtents
30 pares of Amunosol 10 per cens  \ rerumer
20 parts of glucose solution 50,per ceng
3 pasts of [1g Darcaw I
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“The phyologw combustion s alue of the ftutrient solution was 3 kead md The test 2numale were
Fven e sohoton 2d Wanam
Fisher's "Studens * € test was wied 1n the ftzustcal treatment of the results

Results

The study was diided into 4 different experiments The results of cach are presented
separately in the firt éxpenment (Fig 1}, 15 rate recetned dexamethasone prior tothe
pylarus ligaton and 9 raws from the contral group recensed no snyrctions before the
apphication of the bigature Ten of the former and § of the latter were gnen Ammosol
glucase dunng the tost period, the others recened rat feed A distinet difference was
seen in the pH of the vanous groups, 11 was hugher for the rats recening dexamethasone
than for the controls It was 39 . 05 with ordnany rat food and dexamcthasone,
18 502 for e contsols [he comparable values for the rats on Aminosolglucose
were 373 £ 07and 19 £ 03

10 1he second expeniment, @ 5 mg of hsstamne dihy drechlonde was myccted to the
closed pentoneat cavity afier ligating the pylorus The rats gnen dexamethasone had 2
tugher pH than the contrals, but the diffx was pot 1l

In the third expeament, 10 20d 3 Q g of husaquee was ingected wto the pentonral
cavsty of the 1218 gien dexamethasone No mansfest dessanons were stated in the
hydsogen 10n contenirauon i this experiment The secrenion yolumes and the free HC
content were as foffows frange 1n brackets)

A olume of secretion Free JICHO 1 0 100 ml

Dexamethasone « hntanine 10 mg temi12 21 T3 0y
Dexamcthasone  hstamine 50 mg 21mii20 35 H? @t 2y
Caatrals 36mfO8 32 92

Alarge quantity of lustarmine appeared 56 cause profise secretion of HClan the gastrie
mucosa of rats g en dexamethasone

n the founth experiment, 48 he dexamethasone therapry Towered the gastsic secseqant
but of the dexamrihasone was admuustered only once the pH of the gastrie guice §rit
distinctly sn connec1ion with pylorus higature The solume of the secrenon and the free
HCI content of these 131 were a3 foflows range m brackesns

Vchame of wosenon Feee HE20 1 0 100 end

Dexamethavme 5 10ng 28m) 15 5% ot brasned
Pexamethawne § 10 mg A0mt 25 »C 2T 6 M
Controls 42wl 20 281 a2 w

Dexamethasone admunstrred in a nungle inprenon seems 1o have a stmulatng e{feet
on gAsnC secreton

The gattric cantents of the rats contamnd small amounts of bload 1n m‘r)xrw‘(tlm
otnioudy due to 2 Jruen causrd by the bgatyee Aucasal by permua war Ala :I' "
all the cats macifrae ulceration did ot appear to arpe 0 the mucosa withan 11 ouns
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of the appheation of the ligature The stomach was full of secretion 1p some cases, but
not dustended enough for the pressure of its contents to cause crreulatory disturbances
1 the wall of the stomach

Discussion

The volume of free HCI decreased and the pH rose disunctly in rats grven dexamethasone
for 48 hes in connection with Shay ligature Dexamethasone degranulated the mast cells
of the mucosa of the fundus and the pylorus sery effectively (Ratanen 1962, 1963} The

hitamine content of gastrc mucosa d mn with d (Foley
and Glick 1962) Qu the other hand, h b d at the
et e . er teew

of lesions i the rat gastne mucosa especrally after adrenalectomy (Percmans 1958)
when the quantity of the listamine (Bartlett and Lockett 1959) and of the mucosal
mast cells iy the gastrte mucosa 15 clevated (Rasanen 1961) Thus penpheral histamine
contained m mast cells probably stmulates the parenchyma of the stomach after
adrenalectomy with cortisone restorng gastric secretion to normal or even aboy e normal
depending on the dose (Nicoloff ef a? 1961)

D h causes loss of 1l (Pechet 1962) Potassium appears
especaally an the yutial phase of secrevon i the gastne juice, but sts content 1s not
ueeded for the secrenion during histamume sumulation (Werther and Hollander 1962)
O hp v s ¢ da of he m roca the inerease 10 the DOt o an on

s

hitamine seeras to be able to make good the endogenous histamine defcst and 1o e

the gastric secretion to the same Jevel as n the controls

Auded by the Sigrud Jusélius Foundation and Damen Runyon Memonal Fund DRG 665 A

References

Bwrterr A L and M F Lockerr Effect of adrenalectomy on tussue
Physil (Lond } 1959 747 $1—27 It B ‘stamine m rats §
Cone.C F Hustamune and gastnic sectetion In Histarmine E W ¥
O Connor § & A Churchill Lid_London 1936 pp 189213 Aobtenholme and €. \f
P - Won s Axe e

Bacenas ams
Fe
3] .

Huus g o s .
reess “tmer 7 Physol 1960 198 285288 st tessance of the frog gastn®
Invine W T and C F Cooe

Gastne secretion and feee b,
Phynol 1933 195 202 W re W the unne Amer J



382 SIATTI HAIRONEN AND TONME RASARES

Jaswey G and P Bors Influence des hibérateurs & huseaumne sur Is production et 1t préseatian
des ulcéres gastnques chez barat Re canad Bool 1939 18 367372

MeArTiir W and A \ficner, Intragastrie presures in pylorus Egated moce ¢ J Phoal
1550 198 737739

Nieowors DM N H Svone LT Perzr R Domzastex and O H Veanorswnay
]GDOOmm;IéO;"d Gagtrie secretion 1a adecralectornized dogs J Amer med  tor 1961 1°F

5

Pecrer M A The metabol ¢ effects of natural and syathetic stexod hormoneys T3 e mets
bolism of potassium and of sodsum snd studscs of the mechan sm of Early kscape from
sodiam  Fxeerpta med Jnt Congr Ser 1962 51 233

Peremans J  Losnfluence de a predn solene sur la muqueuse gatnque du rat blane surrénalee
tomseou non A£dla gastroent bely 198 27 66

Pramos T C.and A J Pursrey The effcct of prodnisone on gastric seeretion and wrme an §
uropepatn extetion in the dog Castroenterolopy 1958 35 183189

RAsiNes T Fileets of dexameshasone prednssolone and cortisol on the mase cells and tuwr
eosmophls m rat gastne meosa Act endoer (kBB ) 1952 42 437436

RAsaves T, Effeet of histanune and msulin on cot pophals and mast cells 1 1) ¢ rat gastie
Tucosa deta phynot seand 1964 61 200211

Rasines T The Role of the Adrenals on the Mucosal Mast Cells and Tissue Losinapt ke
Gastsic Waltof Rat feta phssiol seand 1961 52 162166

Siay 1 § A howwer, $ 8 Trrs D Meravze M Groessrovand H Sweer A nmple
Aethad for the umfarm Production of Gastee Ulceration an the rat Gastromterology 1947 5
4361

Sien W and B Fsswav Evdenee of hustasune as the agent respannble for gavr ¢ hypenecre
uan after partacaral shunt Swgery 1960 50 213239

Stsorre B oand M Tem Expersmentat gustoc ulceves m rats treated with vagofomy and
prlonc § aton Acta push muerobiol seand 1956 34 181181

Wermner § L and b Hortasoee Potas um m mecholy hatimulated gassric seceet ann 1€
dog Amer 7 Physat 1962 207 111721



Acta Physiol, Scand. 1965, 65, 383384

From the Departmene e{Chcmmr), ka-rohn:ka mstituter, ke Drpaﬂmtnt Of Interngy Mod,
e Rarolsyy Qukhuser gy King Gugiar Ny Researcy Instreee, Stockholry Sweden

By

Pmutaglandm E. (PGE,) nhibig Iipolysys 1 rat (Sucnberg “ al 1865) ang humap
(Brrgstrom 2nd Carlsgp 1965, Carlson 1965y adipage tssue nCubated ,, 2rp I\nmnmc
a0 gl Ihabity ghyg hpolys,g mray {Carlson 1963 Earon 1963) ang humay (Carlson
1965) adipoge 4,

mobilzation increanng with 2Ct nature of the Process(es) and fa:!or{s)
Sumulating 1,09 Mobilizang, B ¢ 18 not wn Present styq, *as under

€7 to see o PG, *nd nicotyne acd had 5y, eflect on 1pee bpolysis the fsung seqe

Prague-Davley rayg Anveimey, Stoc kot eighy " e
T2 were decapuraeq 2taroung fp_; 13 m, the Picdymaf fay Pads cut yny Pieces
nd randomyzeq b 3tion fla, Acording ¢4 the pooy, tissue
technique of Froesct, “ral (1963 Modified 4, desenbed 4t carlyey (Carlson

€3¢y
1965 Bizz; ang Carlson 1965, Brel Runger Bicarbionase Duffer e, 9 Precent human
2lburun (AR {41 Stockholmy 3ng QL per ceny Slucose o used 25 icubagon
Medium
Table I shows that PGE, 2 Cxpected Wwhibigag the Teleage f gl ceroy from adipose
BSsye of foq Tas ag o contentrang, of gy He/m} Intubarey Medinm Hou erer when
PGE, was added in 41y, 4, 3dipose g0 af 3 Tats concemrauon:mrvan from
101 A8/Mincubatgn metium g, SgNIficans nhbygyg, of the gy cerop release
33 obtained In o ol these studicy g0 2and gy, g) AL o Lhee
of release which way of barderfine Statisnc,t llgmﬁtzmcr, 125 Obsery e
Mconnic and 1y e other fang ] "Bl cerot pepeq,e from both foq and
fasted ey adipase tagye Also w,th thi 38nt, Koy, T, did qne MWtonal stare 1y
fuence the hibiion The ln)t;hllbmon Ohpolyge h 1o, Pronounced iy the foq
3
nhibigey, effect of P(,E,
Bipolyss M adipase tixsye
“E2U0D of these findines
erplay of vartous hormonal

Sopporied by 2 grant from e Sedah Moty Researey, €U prryect 1o, 20402
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Tarte I Effcct of PGE, (Exp 1—8) and mcotimc aad (Exp 9—10) on the release of ghyce
rol (pmoles/g adipose tissue/hr) from adipose tissue of rats fed od fibiton And of rans
fasted for 18 hrs Mean value 4 standard error of the mean and number of incuba

tion flasks
Concentra-
tion of added
agent pgiml
medim [} 0001 ao1 ot i
PGE, Fed Exp | 2652012 2664015 1854020 1572027 ~-
rats 7 & [ [
Exp 3 1981009 — — 1031008 1143007
5 [ S
Fxp 5 2.10£004 160£006 1291007 0891003 081£00H
7 7 [ [ G
Exp 7 1952017 — - - 1142006
8 8
Fasted Exp 2 2354013 281007 2524015 2531017 213028
rats 7 6 - 6 7
Exp 4 2122009 — -~ 2154006 1914007
5 5 o
Exp 6 1695013 182003 1622013 1542014 1512007
7 7 6 6 6
Exp 8 1974010 — - - 2291010
8 8
Nico- Fed  Exp 9 209-006 - - 060006 0585004
ume  rat 5 5 3
2 Pated Exp 10 1992007 1222005 1352007
nu 5 6 5

On 3 gnen dav rats from the same batch one fed and one fasted group were studied Thoe
two groups have been gnen consecutive pxpermmental mumbery i the table
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