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bivaded e 0 s tover. Forcrn 14
TUNTCATA . 18 b
bt ite heart s a long tubular struetire down which traye
| I In 7 ta the heart 1s about 1o em long =
[ he author observed @ Frx‘.‘:]utr:,,.
( ) r minute and the waves travelled a4
ite o between 10 and 20 mm per second, Carlson i observed <
1 rate of 15 mm. per second in the heart of Gty
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Worms in their activity, The striking peculiarity of tunicire hadres o
i3 that their rhythm is reversible. One end acts as a pacemaker 5 )

tor a number of beats and w
tion, and then the other end
travels in the reversed

aves of conptraction run in one dire
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direction for a somewhat similar per
Usually the number of sdvi

number of abvisceral.
ed heart {H“'Jn 1a1)

Nieolai s found that if the heart was cut in
omtracted, the

sceral contrachions 15 greater than tf
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two the two ends
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contraction

heart could show
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t ol origin of Homane contractns.
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= VUL e observation supgpests that, in any fube




Chapter 1V

GENERAL PHYSIOLODGY OF HEARTS op
JLD-BLOODED VERTEBR ATES
P ot i branchin—"Teleasts Lhipne
ran Circulation— Heart Valves-
The heas I all Vertebrates are of 3 similar type and are g
result of the differentiation of g simple tabular heart ifito a S€rie
hambers
CYCLOSTOMATA
i rt of the Cyele t Bdellostome) represents
fuirly devel a tubular heart, and Consists of 5
: ir wilbus arteriosus
] r ins oper the thin-walled stnus, The SITILR
I

IMatic frequencs
i

of any portion of the
and the wave of

contraction Passes

I fvel I the duricle and ventricle, There i3 2 marked

[ al 1 #cc, at both the sino-auricular and anriculo-

ventricular junctions (z). The rate of conduction of the wave of
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us and awricle and more vapid i the
tial arranpemnent is that of a
ished with muscle of
actensed by high
whereas the ventricle i

ventrnicle. The ess
with diverticula furn

sinus is chap

tubular heart
4 specialised type, The
and low u.-mlucmi:_v.‘

Automaticity
s characterised by

low automaticity and
higher conductivity. The bulbus arteriosus has considerahle
automaticity, however. and if it 1s stimulated i may give rise to g
series of 20-26 beats each contraction beine ¢ i

g conducted backw
to !!Il' s

Venosys

> Stmilar to those of the Cyelos
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cater ; ; f
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il conduction
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ERKAL PHY OLODOGY OF HEARTS

it auricle. The bulbus ‘arteriosus contains a complisy Spird
: pai) 1 th t hest OX Yrenated 1‘!11".[] PRsey 1y
y i ey vy I blood o the hungs, :
he frog heart 18 about 3O pér muniite al
lood pressure i about 46 Ifig.
PTILIA

Ret he divikl t the heart into a right andd |
: | e firther than in the .\I]!pl”l_'-i':l‘ for the
it i pth . most genera, and in the Crocodiliy
: plete ventrmeular septumy. No bulbus arteriosus i
resant 4y if Rephile’s heart which consists of a SIS, fyn
f T ¢ pubian heart varies trom 10 1o fa pee
| ( re fron o mm. Heg,  Existin,
| wich iter of size than XIS
\ nore rapid movements anil Tk
; nd this rence probably due in part

3 thetr circulatory: mechanism.

CORONARY CIRCULATION IN COLD-
BLOODED VERTEBRATES

art requires a ricl
o pertorm itz work, I'n the
from the first efferent bra
with oxygenated blood

1 supply of oxveen in grider
coronary arteries run back
nchial arteries and these supply the heart

Flshes

In the Amphibia the
the heart cells obtain
.\flh'ik Coranar

ventncle s of 4 sponge-lik
their oxy

€ Slruciure
from the blond in the he A
¥ arteries branch out in the bulbus arteriosus and

\u”ri\ artion of the heart
fn tepliles the ventricles ar supplied by blood from the
left aorey
THART VALVES X COLD-BLOODERD VERTEBRATES
I'h riebrat b AT o T et

d - with

ee sets of valvess

(1) aortic valves

parr of valves in
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COLD-BLOODED NERTENKAT e
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ENERAL PHYSBIOLOGY 'OF HEAKRTE

Ve ed anmmals 15 the Presence of a Apeciilic i
: s transmits the wive of 1'(1,‘%?:»1{.;;) from th
. he ventricle. This will be deseribed in hapter v
I} remarkable uniformity in the hearts of wiarm-hls
| srol due to the fact that the MAXImum Possik
ciency of circulation is a most drgent need in all these afvimals
nd hence there is little possibility for NOR-SIENIACARE varigtie, |
[ h¢
Ihe contrast between the work of the hiedre in Witer-blonded
1d-blooded Vertebrates is alawi by the tollowirig caleulatiog
L frop of 2 M. at 1570 haka l‘r:-.!us:ru_\- of 30 ey
: 4 t of blood 135 about 2 ¢cc.a minute, and the Blogd
ure 1s about 40 mm.. Hg
Ihe he of bird or mouse of this \RI;RQ!II has a Ir','qurn.-,
Ner T the output of blogd s about o (rE Uy |\-.r
: he t ntricles together, and the systemic bl
1 . Hg
I'} res indicate the enormous difference between 1tk
hearts of cold-blooded and warm-hlooaded
nals ol the same size; the heart of the small bird or Masmmal
mil Q. fImes much w i:i';\ PEr gram IIHJ\\;IC Per ity
CS L Dedrt

irt ol the frog

HEART VALVES IN BIRDS AND MAMMALS

The valves which guard the sino-atricular
blooded Vertebrates are rediiced in Birds and M
fold between the paceniiker ang

In Birds the left

membranoiis alves,

opening in cold:
ammals o a small
| the rest of the right auricle.

aurculo-ventricular apening
but the right auricu

i thick muscylar stritp whie
It Contracts, This

13 puarded by

O=ventricular open
provided wit)

h closes the orifice w lien

Arangement is remarkable since tunctionally i
18 different from ny of the other valves found in vertebrite
nEarts
‘ LrTLrm wo-ventricular valves are all membranons:
! tve with rw Haps and on the right the
: L Uhe orifice of thy 1orta and !'=.lsh'!'|r:i|.xj_\ arteries
rded by f three 3

s Birds and Manirnals,
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UENERAT PHYSIOLOGY OF HEART

Mawmmgls

miormstion is available COTCerning the pl

embryvonic mammalian heart in its carly

I‘r:'.ir-'l.-;.- nf tha
B0 the i
T day (Ries -
1St day ([’ﬂ.;ﬁm VI'J:‘mr.-T 'i"
artibers ik

embryo pulsations
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and in the human heart on the
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foetal life, wheq

the four ch
are developed, ther

are various well-know
toctal circulation to the

i the 3
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e, the activity of the foetal
directly with that of the infant,

The rate of the
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foetal heart is slightly greate

F than that of
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new-born animal about 115 any

1%,

11y s ghe
150 (Ellinger),

THE OXYGEN CONSUMPTION OF THE HEART

The figures

fiven on page 42 show that in
tion both the OXYZen con

the heart are d

the mammalian tuary

LErl.

lang prep sumpuion and wark de,

ndent upon the inirial filling of the heart. He
oxygen consumed by a hegre depends upa 1t
conditions of the expeérinient.  Evans and S;:rf\_h__;‘-,m fotind thas
1 the heart-lung preparation of the dog

y working under eo
reseribling se of bodily rest in the intact animal,

¥
consumption was abour 3-4

| oY ¢ ~ 3
the amount of

the: axyper

C.C. per gram per hour, By
calculated that under these conditi

was about 2o per cent,
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The efficic ney of the heart depends, however, upon, the depre
of tilhng us is shown in Table 8, The etficiency increases
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ever
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is more dependent on a rich and contintions e

YERN Spnl

15 the skeletal muscle.

Dunng violent exercise the work of the hegri I8 inereged
2 0y

greathy, The total OXYgen consuniption of the body durine vi

exerctse can increase 13-fold; it is true that bath [ht:"'t'
. s
sation from the blood and the mechanical sffe:, :

EICY
heart ure increased by increased filling, but the AXVEen 1

e by
the heart to maintain the work required of it during Violens &

exercise must be at Jeast five times the norroal,
With the isolated heart-lung Preparation of the dugp Evang 10
ned the I'uilmung figrtires »

Starling obi:

Table 2
Blood How O
€.C. per minute utrlis
Normal heart | : bag o
Stirnulsted |y renalin B3 =

Starhing and Evans found in the same Preparation ghy
normal blood supply of the heart was about 66 ¢ Per minyts
Per 100 grams heart muscle, but that during asphyaia this figtire
might nise to 370 c.c.

collected  the following fizures for i

Tigerstedtas  has
organs of the dog:
Table 3

Skelewal muscle

Stomach and gur -
Subsoayillary gland s 68 1hY
Kidaevs i §0
Theroids and suprarenals FE0-Hoa -

Supposing that in the ntact animal the oxygen utilisation
coefficient of the caranary blood only nses to 66 which is douhl

the normal value. then if the blaod flow 1s incressed two ar

half tirnes the oxygen supply will be raised s-fald. The coronar

flow in the dog can, however, increase O-fold, and therefore in

aTatee
thig case the co mary How appears to be fully .lnln‘\;li-rlt‘ Ly 3upply
HY quantity of oxvpen riceded by the heart, even when it i pere

tarming its maximum possible work

o i
L% 7
[
18 ;
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o7
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)
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torce and ampl uf the frne Bt sl s q -
. . o qussed late
FHE PROPERTIES OF VERTERRA CE HEART Muse, cussed later
VA0S I'he frea e ,;{!,. of e} PR y
Frog's Fleart—S pontancous H!.l\'[!'IHLh 1y - -If\u::ﬂw!;:\ —Cionidue temperature is increased, and tis S 7 i
All or Noii ~Refracrory Peri =T 5e . and tem ttnre disey | on ¢ P
r h ol Mustle— Invertebrat Fleart AL 7 2 e
" Fmaliy there is 1t Iation het ?
brate Heart Muscle—Inimal | T / )
the metabolic rate. and the | t}
~ 3 ASSed i chapter x
FROG S HEANRT cussed in chapte 1
I X ITABILITY
' he characteristic properties of the cardise muscle hate bees SALATABEL
analysed more fully in the frog than in any other Vertehrate the exciml ey
therefore 1t is convenient to make the frog’s heart miacle 4 n
- A i VArie o th ¢
ot compartson. Uhe chief distinetive propertes of the heart musl butity : e t f ¥ thie
e &1 lus 18 intro \ .
the fror. Rana temporaria, may be sommurised as Follows « I‘““"-' tir T ol
been made on 1} rOL's vertricle arrested § TG
SPONTANEOUS RHYTHMICITY Various facts have however been. rablish it
dture ot the response « i
Ihe spontancous rhythomacity of the heatt muse! Bty = ! s i X
. ¥ 7 chix of Tissn let=rr { Ty
iltcrent chambers of the heart. The sinus venosus has a nature
- _ CHurrent st In t '
oy ol about 30 per minute 4t 15 L. This chvthmicity Pl i :

: g ! of stimaulus gs ing | ! £

only slightly afected by pressure, and the sinus will continie i 2
R : " duration of stitnu ¢h pead
rhythmic contractions swhen there is no Pressire upan it [ |

g i ¥ Il Curren i
spontaneous rhythmicity of the auricle is feebler and an exci = o :

hronaxie i
auricle under no tension usually does not beat, but & pressure of i B R e Ny %

i i : i il 3y DUE v Pirre el T t '|
one or wo centimetres of \\..zru usially produces a thyth i about co (Adrs . TR N . .
abott 12 per minute. The excised ventricle 1 et no pressure _ mulated with pos A . i)
pot beat spontancously but a rhythm can be induced by increasing Nerirog ish)
the pressure _ Lucasis) found thatwhen 1w } ¢ ,

I'he following figures are given by Ludwig and Luck were applied they produced -

maamal mterval of 8z o 5 wi 1 i
Fable 4 v i ; : ' o
w the Irog s 13 th rics i -
Fréquency per mibnuts T o T ;
Pressure in NS : : nedic A : ¥
LI Water »inu Ruirie ] T by stimulatior proceeds m I lges £
i X i skedeeal sl
18
hese Rures show {

clearly th relation between pre
Lrequency, a relation w uch

iy

PIECE ¢

seen sull more clearly in the mnk
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specd of ity transmussion in the audricle or ventrigle af the e FHE PROTERTDIT
s about 100 mm. per second. Moreover the stimuhis 18 Condies 1 2 timalos i grad i .
rom il 1 unber of the hearn, .|1!h|-n;:h there is 4 da faterval Betiveen the LR i thar i
it el ar the junction herween AN two of the !lm—; and then the heart only resnand .
imbers 1 heart SHN thitt no & i e |
The wave of excitat in be conducted in any  direction X that 5 ¢ v, 1f the hearet ¢ sprovtiek il 6
the heart, and at IOW g ”"f-!”_\ agreed that ]:h{- L_'-_'J["u_.‘lf'._ of 2 i s duritig I fise - i i
110 % ind not neurogenic, amplitude or duration of the resoon Fhie) vof bt ;
. e : of any heart tomposed of mpre than followed by a supernormal p i
- e 11 upon the mode of conduction of the response of gre ammlitade ¢ af A
vave of excitation, for on this depends the accurite timine of the
f] tior [ th rent chambers CIME RELATIONS OF RESPONSE
In all such hearts it is essential that there should be stfficient AR MRaCLY
fi 1 the contractions of the Ju‘i’rr(:nt rh\lmlu-n; ta peTmi W I Wi
the passage of the blood from one chamber into the next, Henee 3 n
t f le of myssion of the wave of contraction is retatively e
nplex, as be considered in detail in the mext chaprer, s
fg 15 P
\LL OR NONE' RESPONSE ‘ ; IH
h response of the heart to stimuli is one of th i & i )
nost properties of vertebrate heart musele, ‘[hie ctors but seld It
cL appears to be due to the fact that the heart cells
smeytium and hence the waye of excitation is transmirted frechy
m all directions through the heart muscle. Any stimulus suthieny COMPARISON BETWEEN CA VC AN
o exeite a single cell produces a disturbance which spready OTHRER FORMS OF MESCLI
all the cells. \ mch greater knowle than we at preser 5
TIE REFRACTORY PERIOD tattre uf. muscle contraction is needed t understa
. 5 mdance o at st 2 LEa TN
\ heart cell, once it Kss received.a stimulus, 18 incapshle o Y S St
responding 1o a second stimulug for a period which is knowa as bk % ‘.'. ; e
thie absolite refractory period. The absolute refractury period endls s 5
YUl t { s af the electrical respunse and is fol-
lowed | rictary penod during which time the el : 1 :
B) OF the i \I"-\l‘ﬁ\!'; normal = (
Phe most | mtant consequence of the ocaurrence of this s =
et s U it P le to produce tetanus i = i b
ol : ventricly hang T
d 185 H mutlated artificially and the frequenss Phears | : i




THE PROPERTIES OF VERTEDRATE Hesne MUSEY

IHE FROPERTIRS OF VERTERRATE HEARY .
I eompletely to form fibres, and 1
1city and are ompletes thiss i
sheleral s r Fhe refric
dcCurate V"-‘-[‘jii

steparated so ¢
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to perform MOV ern
pletely under the control of the central METVOUR Sypten
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the muscle ¢an
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It - le fibre in skeletal muscle,
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tendency of a wave of excitation to die
larger the number of cell
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e THE PROPERTIES OF VERTENRAT HEART MUSGLy

The prece linp al,|.h suwmmarises the outstanding \lu!wr(-m,_,‘

et i [ d skeletal rmusele 0 the frop. - Haw
: : Platn muscle vary very greatly s the -‘[-"’H:}Ln‘flg :-:.,:\r.l:
| et \ an example. S
INVERTEBRATE HEA RT M USCLE
fo tes of invertebrate heart muscle have been e
b previous chapters, It was there shew fi that the ::rthm}:‘:_;
heart muscle resembled vertebrate skelesal musele more theatly
( rale cardiac - musele
h s Molluses and Tunicates howeyer resemble
r1 more nearly than vertebrite heart Milscls
M i\

mgher Molluses approgches v ertebric

uscie 1 some of 1t5 ‘I'?.\!:ilr:‘-

IRATE HEART MUSCLE
nea 0 be no marked difference between the hindz.
weart musele

and the Properties
-blooded V ertebrates

14
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o FHE PROPERTIES OF VERTREBRATE lRART MUSCLS

Ihis same law has been demonstrated equally clearly i the
wmmalian irt-lun reparation, T'he fallowing are typacal
A statihed Evans and Natsuoka o i the I“‘J.'f-}nrw

the dog and recaleulared by Evansis), In this toue

iried was the amount of blood adroitted per |

1 WAt ity
1820 1 Lie
Table 8
) : b5 Worl O visead
T per hour per hour etficiency
:
7
; 1S
i ‘ 28
. - ] i a -
These fiptire ow very clearly how the amouant of Venoys
il ulates the amplitude of the heart’s contraction, the wark

wygen consumed and also the tiechanical efficiency of

ch [
\ it urements correlating the foree of eontraction with
tension in the heart, or with the injtal volume of the
I Iv a in the case of the vertebrate heart.
Umerot | tans on the hearts of Tnvertebrates all apres
that both the frequency and amphitude of contraction in i!‘.u'll‘.-

vertehrate heart are de pendent upon the degree of !i”mg af the

This is indeed une of the most obvious phenomena noted whes
workirs
pressu
mechanism whereby the work dene by the heart varies aceording
1o the amount of blood supplied,

with invertebrate hearts. Thia relation between the venous

e and the output of the heart provides a very simple

This is probably the maost inpartant mechanism for adjusting
\

the circulation’in Iovertebrates. The vertehrate heart is subject

W 1 complex and complete svstem of niervous control and there-
tore in this case venous filling is # factor of rather le
irhng has however shown that even n the Marn

wfluence of v

Jatiy <

wal’s

NOus pressure on cardie output s of
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Chapter VI

FHE TRANSMISSION OF THE
EXCITATORY FPROCESS

Hearts—Invertebrate Fearts—

wduction 0 “""-}-'J’fkm‘--.‘
Conduction i Birds" [Heares Conduetion n A
1'% Electrical Rest

sty
ponse of Vertebrate Heget

I'UBULAR HEARTS

['he heart may be regarded as developing fron a tube of Thacle
le't Lsyncylum. From this tube are devels ed chambers
surrounded by specially differentinted musele

Simple fuibil
ns, caterpillars, Tunicates and

IT rrnbr-,'m,‘

ind in all these the rate of tonduction is relatively slow,

1w following table
I"able g
L emmperatinre Iute of enndustion
\ritrnal { N on . per sedond Avithar
Lo 5 15 Clicek t5)

i

3 Clark i
far R Laschizgg
I5
Roorr 5
Fhy 5 Clark i}
Chick embivo 59

Fano snd Badsoa

INVERTERRATE HEARTS
The arthropod hearts appear to. be divisible into two chief
clisses. Tn the firm class the contraction pa
dueted penstaltic wa
adult Tnsects

=8 U8 5 '\[i.nﬂ_\ Cvi-

ve. This cliss inchudes the insect I.n'-.-.u-,n'«_my

ve and the rate of conduction

15 about 2040 mm
whole heart ¢

and Limubes el as
n o the table

- second. In the
almost ~,iur||:l!.mu:|;\i_\_ In

conduction is almosi

ontraces

certainly neuropenic

ceond, Many adule Tnsects
i this

type, but the rate of

it known whether the
LA In tlie

Mollisca the Hesrt




THE TRANSMISSION OF THE EXCITATORY PROCPES S f TRANSMISRION O)

in the frog the impulie passes oyer the &

MUY a4 fron 3w == f
rute of about 100 mm. per second, and then bales tor o3 8
t the sino-auncular mnction, the (‘ul\dn('tiun Passex over 0y the process of deyel, proent of the |
iricle At al 1oo mm. per second and then halee abaiy pped Hyision <l
unculo-ventricular junction, and passes on 4o the e 'd rings I
wrricl ere the conduction rate 1S over 160 mim. per second - d transyersely
another halt of about o2 séc. 'betiveen the "t'f'-tr'icle_. wcter In the Heptiles these
nedl Biilb: - S are reduced to locglised strarda
I’} e in wl 1 the del 1y at the sino~auricular and .[uricuh-,_ f uscle connecting adjac 1
: I wtions is produced is of considerable mnterest. /e hismbers. This process of specialisa-
bvigusly essential to the working of the heart, singe it tion of conductive tizssde is
ar the bload impelled from one chamber o enter the considerably further in the - s
Ling one befare this begins to contraet. Birds and Mammals : % :
Sl w1 has shown that in the sinus, auricle and ventrigly in the frog the tssiue connecting IV Bi i
frog the long spindie-shaped muscle fibres are arranged in ¢ auricles and ventricles possesses
bundles which branch in all directions l‘urrnin_f__,r a network. m funct efues, for Tnt this
). and a.-v. junctions, however, he found that all the Hiricle or =
re FOTI n 4 cir r rnng. He accounted for the T yentricl i
Led T ] ) al * points by supposing that the rate af : ) rapid than LSV, Gonnecti |
luetion 1 rscly proportional to the number of cells per ' 1 it Lmg es, and that either 4n a.-v. or
nit dista that the wave of excitation has to traverse. This lating the auricle o e o
number will obvibusly be far the greatest at the s.-u, and BN, at a sufliciently rapid rate. It has been s pes VT
junction, where all the cells are arranged transversely o the direc: te of the a~v. conduetion 1% ¢ the
tion in which the wave of excitation passes, luction, and this indicates some sped: coa
The manner in which the wave of excitation 18 conveved from a.~v. conduction, moreoy I oy nced
uuricle to ventricle varies cansiderably in the different cold- gs or by chianges In fomt 3 the acnivic

blooded Vertebirates. In Fishes the whale of the junctional ring

el the auricle or ventncle,

etween the auricle and vertricle appears to conduct ([{ﬂbk.“'“"‘;n‘—]' Skramlik's explanation of the 4 n
i Amphibia only about three-quarters of the ring conducrs his been mentioned, but there are ok
{\-:1]-_1!11- .'.<J‘ '.:Il{.! in Rt‘pl!lch |II1|_\' :!l‘l?lll |')[1('-]‘Ll!l' 0‘[ lh¢ rjns: 134 \.‘l:n\h|l._‘7\i‘f'-l'.' amount of Con N
conducts (Lavrens (o). : i blooded: [nvertébinges r

Mackenzie ey found that in the Fish's heart the §.42. junction T ecung the sunicle with the T Iy
consisted of a eimple ring of tissue, while the a.-y. JURCHON was : spall relmarin (o, s0 showed th 1 h cold-blsoded
tormed by a portion of the auricle (the auricular canal) which anymal was cut into thin strips, th o ¥
was vaginated into the a.-v, orifice. In the Reptiles he found might be as lietl Iy per v b 1
t t d. junctional tissue was reduced to a single bundle of the normal rag ch iy

that the auricular canal was contmuous with the ven- abnormally fong

SCle on the left

side of the heart, The paths of condiiction §




IRANSMISSTON OF THE EXCITATORY FPROCESE 1
i Y livided by ii\ini\rmgl»‘ mt“'”"trg DELS R NAMUISEI HE BX
1 considéral conduction at the bridge, Gaskell alyy i the interventocula W at th il
it 1 of the a:=v. connection in the tortise aunicilo-ventricular o Mhey 1 i
longed the a.-v. interval consideralsly, composed of any f2 iy &7
The ¢ cti between aurnele and ventricle in ('r,llqi.]‘yl.,‘_,!i__‘_‘.| I'here "‘H‘: ATH Spr Tsed &3
uls appears therefore to. consist of muscle cells so ArTan e conduction of excitation from the Aieir i We
to mve o considerable delay to the passage of conduction. In the in birds, but no special chanmel for conductian o left
ishes the ning 13 uniform, but in the Amphibia the praver of hag been discavered
onduction varies in different portions of the ringr, whilst i the
Rer anly certain portions of the ring can conduct, CONDULCTION IN THE WEARTs P M AT
Tl Rl conduction can be explained by the node af In the mammalian heart the np BT T
wrrangernent of the fibres or by the narrowing down of the possible ncular node,
paths ol canduction, but also the presence of g "«[“.‘L'IIJ} tomn. of SUPEror vena cava ey
tional muscle fibre is possible spreads from here oy £ 1 d
% to the ventricle by a s Hosed ;
CONDUCTION IN'THE HEARTS OF BIRDS ; tional and morphol
of # the sinus is fused with the auricle and the ! Fhis:cl riczil Tic

fel ) Dresent uno-auncular node or pace Zal!
maker, the auricles, the auricolo-ventricular conductive tissue and r
e viricle ICI L]
Ihe rate of conduction in the auricles is abott 2006 mm. per i
second (Mangold and Kato 6}, and the average rite of conduction -
in. the aurictle-ventricular conductive tissue and ventricles i3 s cung
about zeoo 4000 mum. per second [_Ln WIS (23)), 51:“‘\':'1 .}11} urkan h ar ¢
The oy, interval (i.e, interval between 2 and. & Waves in o SEATE g i have less emarked se ¥
electnical response) 18 from owpb-o01 sec. (hen's heart, Lewis i) ..mvyr. : ! i
Spadolint and  Giorgio g pigeon’s heart, Tewisiay, Kabno { ke, s of e e FHERS Sysiems in
goose’s heart, Firket () swan’s heart, Lewis ). been studied exhaustiy Ly by Lews Ve
In the Bird’s heart large specialised fibres ('urkinge fibre 5} are IR Lrd
present. ‘These are very well dey cloped in the auricle of the ostrich i
bt ot appear i the hen's aurnicle (Molmes HENS ‘|'f'n.'}' are R i
much scarcer in the ventricle and do not form any definite con- § ARG HE
necting strand between auricle and ventricle. Their sionificance ¥ o
fur thy uction of excitation is therefore obscure,  Flackio t ki Iog i
I thut 1n birds the a. conducting tissue was 1o¢ 3 :
. patches deateer wnd the a-v. ring, Mangold and 4
Ko tound that fungtion -."_ the conduction of excitation from hese fpures show taat conductiong alone o :
nele to ventricle was localised iy a single porton of the a.=v. ring Ll convuctiont, munely the B | ) !
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HE TRAN { TON OF THE EXCTTATORY PROCEAS i
F " .
= m s composed of Purkinje cells. interlaced With | ; ;
f . i 1t}
e s CaT n a0 the hearts of wiarm-blooded Verte: | The 51 wtrikir } o
briates 15 helieved to be porely myogenic and the i"urk-.injf.‘ Nbres f
re believed to represent a form of heart cell ru‘.giu:nf far rapid j‘
ks I ho er remarkable fact that in the [.‘rli_.- ce th .
HY : 4 ity
Lquite as m[n,_l a8 in the .\I-muf\;;is‘ ! twenticth thar of the K it ven i
in the former the Purkinje fibres: do not apparently i of the P-R i of 1} FHitisT
5 = 1 i i
I nduction, even though these hbres GCCUT in liros ' Impule over the 1 ATy T
e T | LS s o i ¥ ' T. 1
) i I ! noas the ostrich, se attered T-I'l””lichfal\t i i
| tricl ! i Ver
Ihere site Mo 1 the rates of conduction of e Wave ! Uiy .
of exatarion in the hearts of other Mammals comparable iy 3
titide with those t d by Lewia in the dog. Tk 8¢ latter
how however that the conduction in the dop's heary i > { i
] ten tmes as rapid as that in the frog's heart, L T '
I § £y
In the Mammals, 28 in all other Vertebrates, there is a con. |
ierat delay ewing to the conducts n being slowed at the 3 ST 3
issue between the auricle and ventrele, and this delay i
L : | lar node accounts for at least half of the r
1 e 1 V1S Snpsireant
Comparauvely few writers measured the PR interval in
any but the commion domestic anims; and man, but the arthior J
1 ' 4 +
has collected the fipures shown in the tuble belr Many of thee : J
Il:ﬂjr‘} Iu\:' been ¢ .:L_ui‘li-_ d h'\ (lu' Writer lrom ('-|\-. trix ,‘.“il.-gr % e
reproduced in original papers,
I..‘.l)!{ 1
evil
Animal «
10
B
i
iR e i
157
11,
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i THE NERVOI CONTROL OF THE HEART

rd NVollisey and nn Jrval Torma or \[[hr”F‘pr.r_lﬂ On the other

vided strong evidence that the orisig et ‘, e
B St veat 1 Limulus heart iz ""“‘_‘“}ffm(.i:) ; F-‘.rn- tates tha i e v e
s lence is in ,.,m'h]\“L-n;c_r.\r\r][llfrl[h{,r_\rlh,—._'i.!l accelerator nerves in the 3} -
he Iymph hearta of the frog are another example of a rhyth.
mtractle circulatory organ in which the ongin m'-ﬂ,\ is comtrol of shian Heart
n Amphtlvan  bearts are under ntrol
i 11 wetyity of every cell s to a tater
e i sulated by augmentor or d ‘Pressar b i e act
A rearts are richly supplied by Nerve e j
nlest allyv be traced o every cell. . BUHDTeL i Fhie
cells in 1k T luriy 1
NERYOUS CONTROL IN COLD-BI OODED nc
YERTERRATES i
velostames and J".,.\llu g ‘ = )
I'h ( f the lampreys ippeirs to be feeble i
G f to hind any evidence of Fn.u'l-rug_}lll.ﬁ.ln_: nerves
n Peirom f nd that the vagus had no setion on i
the heart sl e of f’;:r.-.-»;-) <ot entosphenus, but that in adylt
Petromyzon accelerator and probably inhibitor nerves were present, 3
Zwaardemaker uo found that in ]’:'rm:.-r._\ van flutatiles hoth ze- s ;
celerator and inhibitory nerves were present
In all Fishes other than the lampreys the vagus nerves have 2 K aeaw b i A g
powertul action. Stimulation of the vagus produces arrest of the b Zoh
heart both in Elasmobranchs and 1 cleosts. Section of the vigt \ee A II’
causes acceleration of the heart, and this proves that the vapus the vi e producing @ depressor action
nofmally exerts a tonic depressor action on the heart and a.-v. connective tssiie yel exerts no dirécr
Britcke e, when summarising the action of the vagus in fishes, ventrcle. trang :
states that in all recorded cases simulation of the vagus arrests s
the heart but never causes any preliminary slowing or dininution ) : t ey .1_
1 the force of the heat oo b ! p : i
cWilliam ¢ however showed that the ecel’s heart cin be iy in Laceriu ' I 4
towedl by reflex stimulation of the vagus., NMacWilliam found that (£, ; s ' ’
Al stmulation on the diminished the force of contraction P D II. ; :
the auricl had no certain WCHon on the force of contraction he angmentor sympathetic
o the ventricl heart in t il T }

st hearts vagal stimiulation could




) CONTROL OF THE DEART

ION OF VAGUS ON AVIAN HEART

\ |
T . thi " hearts is on the whe

nowerl h hearts,  Usually only an arres;
ds can 1 Ducks are an exee PHOn, Sinde
swal arimiilal duce an arrest of soime Mt bes
S v of the vagus cau dinunished force of contrae.
(Knollw)) and- of ventricles (Jurgenscay)
tonic influence on rds’ hearts; Stiibel,

fect of section of the vagi on a large number of Birds

ind that in all cases section caused acee leration of the p|,|c..-_

rate, although this effect was much more marked in sonke Apecies

ACTION F AT TENT NERVES ON
AVIAN HI
Stubel found that stimulation of the znd and 2rd dorssl nen'es
| 5l Cread n 1 an ancrease in the leree

cct was observed on the

ACTION OF VAGUS Ox MAMMALIAN HEART

Vagal stimulation produces  slowing or arrest of the hedrt,

diminution in force of muscular contraction, and prolos
4.V, interval.
The vagus has o particularly poserful depressor setion bn sito.

gation of

auricular and auriculo-ventncular Juncrions. In the suricle vags]
stinwlation produces depression of foree of beat (many authors,

i.’r-:'Flu_H_n-; Wiggersta), The tefractory pertod of the auricle 18

educed but the rate of conducrion in the aurcle (Lewis, Drury

Bulger 26)) 15 not reduced

lian

Ihe extent of the icuon. of the vagus on the mamma

been the subject of much controversy. Ligerstedt te)

a- direct action on the

contraction, but that the

on the ventricle than on the auricle.

Vertebrates with

{
the

r

ACTION OF

Vi

\

e

tent in those of the

of these nerve

i partly m ¢

mentor ner

of their

Achon
heart, In

WCHon on

ENLOr NErves a >F
Vertebr
chambers. The

MAMMALIAN

TOR

HE




'HE NERVOUS CONTROL OF THE HEART

DIFFERENCES IN THE DEGREE OF YAGAL CONTROL
OF THE HEART IN WARM-BLOODED ANIMALS

{ yagal control 1o M

I'he ¢

ammals and Birds varies very

3 heart Wi, » 106
Al s with small hearts (1o, rats . ;
(1) Anmimals with iall hear (1.8 i !n-d} ok

rapid pulses for their size when at rest, and seetion

af the ynous causes lLittle acceleration.

(2) Animals with large hearts (1.e. mtio more thain o6} have
low pulses for their size when at rest, and section of the vagos
causes great acceleration. The following are some ."-l‘l‘il.!ls‘lgg\'_l.r'l'.‘\!.-;

thiz ditference

Fable 13

Fatio
¥ ] t 121
Ralvnt 7
IHeny
Ratio Hesert vy
WEL W, X 100 N ormal e after vagal
Aruimial wly weaghy of Freary SRTIOn

Hire (s} ; X oYk g Ity
Pigeon luz S I & =

Stiibel ta) noted that in all Birds with large hearts the vagus had

a powerful action (e.g. pigean, duck, sea-gull and hiowk), on th
other hand there was lirte viigal control in the hen, ook wnd
jackdaw. In animals in which the vagus exercised 2 considerable
imnfuence, stirnulation of th

vagus also produced w poweriul
tory acuon on the heart. The Yagus appears to exercise litle

! | on the hearts of small animals, for Oppenheimer Gy
tound that the pulse rates of small Birds and Mammals was un-

largre doses of atropine, 45 18 shown in the following




THE NERVOUS CONTROL OF THE HEAHT

have sl n new-barm animals vagal secting produces ny x
T reasE I K ate (Anrepio in kictens : Mever s in P“I‘I‘i"SJ :
fiaah v measured the TESPONSe 1o atropine of [
uppies of various ages and obtained such figtres us these

L . =
i Py oan e 210
1 Ive rate 1Ol
I 1 T i

NERVOUS CONTROL IN EMBEYONTC HEARTS

I chack embryos Botazzi ) found that stimulation of the vagsi
neeertain action on the iSth—zoth day, but that it had
Wik e fornd thas
mwpathetic fihres reached the heart on the sth day

| action on the new-bham chick,

Pickering a7 found however that after tho hours, direct &timyifa.
o inhibition and thag the
e clect was produced at this timic by rscarin. Before thie

lures had any inhibitor efivet. Pickering

fon of the chiick embryo heart prody

Vi 1 embryos, even at the earliest stapes, MUECarin
roduced inhibition of the heartand that this action was antagonised

itropine

THE ACTION OF CERTAIN DRUGS ON THE HMEART

In the Vertebrates the administration of adrenaline produces 3
reaction which is almost identical swith the effect of sympatheric
st dation.

The parillel is not absolutely exact: for exaraple, sympithetic
stumulation causes secretion of sweat, whereas this effect 15 not
prodaced by adrenaling.

Similatly administration of pilocarpine  and physostigmine
produce. almost exactly the sume effects as stimiudation of ihe
vagus and other parasympathetic nerves. and the action of thes
drugs and alse the action of the parasympathetic terves s an-
agonised Hhy ]ili'_!!‘l'-'la,'

Fhese facts fed to the assumption that these druges acted on
s and henoe it was assumed that, if adrenaline or pilo-
action ‘on an organ, this was

ye -;In_!‘m;

e produced

evidurnice that

vas supplied by sympathetic or parasympathene nerves




H FTHE NERVOUES CONTROL OF THE HEART

sarts of \r(?,smprn s, Limuluy heart il le
1!":{;'('.’ (“r-g{\m and
ake ). Seliskar fnnmj
the rate of conduction in the heart of
Elliottia) stated that adrenaline il st
the crab, but this appears o reqiire on.

ve) ) and in the b

arlson @), heart

glion

), heart of lobster { Brilcke and 8

also acts on other invertebrate tissues than the heart,
stes the intestine of the crayfish (Ten (".l.lruu], the
phradite, Aplvsia (Hogben and Hobsan =i} and

sphagus of A

of Helix (Ten Cate). It is interésting to note that i Vertehrites
the inhibitary actions of adrenaline are as COFIIMIOT &3 [t BUEMEntor

actions, but that in Invertebrates only augmentor actions have

en described.

Fie Action of Muscarin on Invertebrate Hearis

Muscarnn produces

ction on most of the inverie.

pressant

hearts that have been studied

In Aplysia (Straub o and Heymans (8)) and in Cotapus (Ran-
O Gel), muscarin arrests the heart: and  this action i not
antagonised by atropine. Ly fleliy (Vulpian 461) muscarin inhibits

the heart but the action s antagonised by ALropIne.

In Limulus (Nukads6ei) muscarin arrests the heart and the
action is antagonised Ly atroping, but in Daphnra (Prckering i)
muscarin has no sction on the hesrt.

Hunterc:) found that muscarin had a depressant action an the
heart of Salpa. This corrects an old observation of Keuckenbery,
Wwho found teat the drog hatd'no action o6 this heart.

Muscarin appears therefore o cxercise very generally an
nhibitory action on invertsbrate hearts, but the antagonistic )
attivn ol atropine is sometities absent.

Referencey

Cfliger’s Arehi. 21, 98, 1R8o, 3
2 LL897). Quoted from Tigersiteds Phys.d, Kringl. 2, {27, Ly &
ke, Wincerstein's Hawmd. d, sevel Phys. 1, 1018, 1921 :
and Satnke. Zowt, [, all Physiol, 14, 28, 1912, i
5
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Chapter [X
INFLUEN{ OF TEMPERATURE ON
HEART FUNCTIONS
ney and Metabolic Rate—Hibernuting Animals—Orhes
Furictions of the Heart,

INFLUENCE ON FREQUENCY AND
METABOLIU RATE

ience of temperature on the frequency of rhyvihimic pro
extraordinarily uriiform throughout the animal kingdon,
an extensive literature on this subject and anly a few
xamples will be considered

nd Tables 15 and 16 show the effect of change of tempers-

i movement of Amoebae, the rate of NGy emen)

of Mytilus and the fre quency of the frog's hearts it will o

t ull three processes follow practically  superimposable
Fip. 8 and Table 15 show the relation between the effoct
of temperature on the frequency of the isolated frog’s
d on the isolated rabbit’s auriele and it will be seen that
show a considerable resemblince.

Curves

Tiable 15

periture Coefficients (0/x0) of frequency and oxypen

CONSUMPHION in vertehrate (issies

Frog's beart Mamnallan tisees
(e

£ ='Q
1% z:1% yn
- 1 G F
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NFLUENCE OF TEMPERATURE ON HE ALT Bi

"CT 10w : EA ’ y ri
tached to the fact the formila (;'-‘n.',ﬂ_\' o o T 2 ; : » ‘]
mateh It L ; B -.II rontine I a
'k I Hv.||,-"::?m‘_1 efiect of alteration - ! LS A o : . i i oth
= n the rhivthm the appeans to he thay 1 e T i 34 =2 :
iatal of all cells varies in a very unitorm, manger Witk {'_ _" fasadie s :
ch of temperature, and  the l'TL't.ilh,‘nC“\' of Tissuies gpe. Sansaiel Sl
ractung rhythoucally varies -.'IJ'U.['_'\ as the mietabolic rite, ; .
Graviny found that the oxygen conswmption and the rate of FHE INFLUE \\"I_IIH \! : ‘_“- I‘ “lll'l
movement of Cilia of Mt varied with change of tempenitre el R, Ve
i exactly the samie manner; Figire 8 shows that the frequenc, Che infly 2
solated rabbit’s auriels and the ONYEen t:nnsmn}\unn of o ¢ contr fras 1
L guinea-pig s uterus vary in identical fashion. A comparison 5 i I I :
of the Irequency of the hearts of marnmals of difTerent size shiows fhuence of temperat DRCR
hiar variations in freauenc v are closely correlated with Variationa 1
the metabolic rate as will be shown in Chapter x. ' ?
he freg of the contraction of the frop's oesophagus
Stile 1) and the rabbit 1t (Fletcher and Alvares a. sed J
Vagnuy ) vary with changes in temperature 10 4 manner olise
lar to #riations in frequency observed in the ‘case pi the
f
Iy :
HEARTS OF HIBERNATING ANIMALS 0
\n extrapolation of the curve for the rate of the rabhit’s atricke
in Fig, 8 shows that the rates at 10° C. and 4o C. would be iy
and 190 respectively, which is a difference ol about 14-fald; = .
the curve also shiows that the heart would cease tiy bent Between el
o and £ C,
The Following heart tates huve been found in hibeinating : Lo 1 :
anmls ; . :
Table 15 i ha : 5
It £
F o Yast b I el
f wea g o Ak 4o boo-gon Duckamn Over @ copsideradiv range of tempeisd 5
21 ‘ ST T 1 i Hsihammn i 1 ¢ { 2
¥l s { By g G 45 Cire 4o 40 » Dischanad it innnals COAT %
L : 1 th=4 1) 16o--gob Fleaht i TR {
I d}

10 . over pap Tk i ttected




INFLUENCE OF TEMPERATURE ox HEART

¥ UNCT 1y
pacemiaker of the heart, The manner in whick the force of
I 0t ¢og.
et of the heart i affected by change of temperatirs i e v
what complex. In the ease il the frog, i the hea 15 5l
I J FL s allowed 4
beat at ics natural requency, then INCrease t(:mpf:r—;ilurc in'n--,,‘ v 13} CFE 1IODY WEIGHT %
i 2 b IE INT 3
the work done per nunute but decreases the force of CONtrCLior ‘B THE HEART IN WAR LLOODED !
of the individual beats, 1f the sinus is remived and the Keir :
; g ” b ) i Weight and He
driven with an artificial rhythm and [ll('ﬂphlrlui f?"‘-‘!|lll'fu.'§r foe s v I - ‘ : .
. spedine J ach e 1 £ A < :
temperature 18 chosen, then the farce of individual cantrss i nd Largmst Apimaiyi—Proportions of the Heart
i a5 temperiture 18 lowered.,
Y ¥ JII \ GHUT
Lt I : nen I
Referenees r e Hir iz Npark i
& e a r ! T
(1) Fonarn. af Physiod, 42 Proe. XX xgrr, BN } E) icier
(2 n. af Physiol 7 30, bl f 2 Shpn : ; = ¥
e 15 of i, I ampaTt
CLi 5 i
2, y : 1 ! -
; Hustrated 1 the Lact that
Fhysiol. 44, 44 1917, f = ] 52 5 =
T af Cavnegre Inst. of Washingion, 132 - bl 1} . :
(v) Hecht, Zest, f 5, exp. Med, 4, azy, LG15. 4 1 At S 1 Trest
(ro} Ishikamn. Priger's Arch. 202, 508, rgay S g b - 3 f i £
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and e xchiding t)

* whales, there are only a few Apecies wh
kilos. In the case of the Hinds

number weigh less than 10 gm. Heinrotl

h wes
thai

2 considersy
VO Ves the weidha,
YeCIES Weiph Jee than
16 grmy, The number of species weighing more than 5 kil
however small, and nearly all bf these do fat fly,

Fhe hearts of all these gnimals ire of very similar fen

cies of Birds, and of these z3 s

eril Pro-

portions and arrangement, and it {a interesting thi any single
type ol pump ‘»h:-l,lili be ._I!M-'_‘ L£5} 1‘1[[1&*“‘1)!1 urf'}ti(!T}fl\' Over such iy
chornous. range of sizes. It is therelore of nterest COnsidder

7
the manner in which the marphological and f
of &l

unctional Properivg
the heart are adapted to meet the requirs

ernenits Gf these Ay

S1zes
THE RELATION B TWEEN NMEART WE IGHT
AND BODY WEIGHT
The relation between the weight of the heart and the Weight
of th

Iy I conveniently 1!_\' stating the heart weight
of thie body \'.:'t'_"l'n', and this .f'igun' will be fermed

15 the percentagp

the heart ratio

The heart ratios of about 150 species of Birds and jo0 ipecics
of Mammals sre plotted in Figs. 1o and 1 respectively, The
majority of these fipures were obtained from Hesse tus, or from the
feasurements shown in Appendix 2.

These figures show that there s o great varation i the Feart
mitios of animals of every weight, but that there Is 3 definire
genentl correlition hety cen bady weight and heart ratio,

The uverage figures for the bieart ratio appear o follow the rgle
that beart weight viries as (bady weight)»,

This relition gives
the following rely

on between heart ratio and bouy weighe-

Heat el heart syeight & 160
body weight
If heart weight

K (ir'n.‘_\ \-;'\‘i'g}':l'}”"".
K (body ol s :
Ihen hearr ratia Kb 2 ““I"].(‘} L
i-‘mi_\_ \u(‘l;_r]l!
K 1oo

(body '..l'Jl__’il(}"‘

et




4 INFLUENCE OF BODY WEIGHT ON Bl

I'he curves in I-‘n;-u__so angl 11 are drawn according to thy iboys
formuda. Tn the cuse of Marmmals K “oorg,and in Birds K = Gy
I'he rule does net appear to hold for Mammals oVer 100,000 ¢

Tm

=
i s ) 20 30 40
Fig. 12 Relstion herw een heart weight und body weighr,
Ordinate: log. of Neare wright in gokee,
Abacivea: log, of body weight i Krams,

I Rodents (tamie trice rety mod rahbit) (Aurhar's bures and Donsldssn 1)
1L Infants CMGller 1:07)

111 Driea Aversges' of & roral of aboyt E50 figuces -collicied by the suthor
{referencest 1, faed, fe$), tach)

This rule is however only a rou gh gencralisation, for InSpection

of Figs, 10 and 17 shows that the individual varistioss from the
AYETAge are very great,

For example the ostrich (Wt. 70 kilos) has @ heare ratio af 1o,
vhich is as high as the ratio in many Birds \t'righing Jese than
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most of thes

)

8 paper e
SOurces guoted by the

are quoted from Hes
dogs were compiled from the

PRYires fr

Authiop,
The figures in Table 20 show thal the heacr Welght varis,
thody weight)™* in the cage of sheep, dogs and SParTows, higg
the case of axen, bulls

» cows and men the rel
15 (body weight)oe

ation in heary Weighs
" ¢ case of men Afpear
it does not agree well with estimutions of heart sign
made during life by means of N-ritya,

['he area of the ]

« hiz relation in th
ibeful as

leart can be measured by .\Z-ru_\'s ar
guves the following averawe figuces for the
area and body we ight in Ju':||lhl\‘ men «

wl Diethey,,
relation between by

Table 21

+3 50 oo o
02 1oy 53 11y 131
oW that the area of the heart varies a5 (hody
ts that the volume of the heart sy Vary
25 (body weight)¥* 5 f

gure which is nesrer 1.
hgures found for other animals,

ipproxamately

It is possible that the

reason why the
only increas

R 48 (bady weight)os is th
heavier individuals is largely far.
Figures for rats and Kumans of VArYVing ages wre available, and
N rats {I)una!dmnmw) the relstion holds for body weights fron
101D 450 mrn. tust the heass welght varies as {body weiglt) =
the same rule applies ta infants during the firse two years of life
but after this the increase in heart weighr s almost dires
praportional 16 the body weinht (Muller tzar)
All'these calelations only apply if Averige numbers ane tiken,
timdividual variations may decur, for example the heirt
tabo i dogs of 3 kilos TRy Vary from 673 o) 1ia.
The cen heart wei 1
of the same of related &
12

heart weight in catrl
at the cxtra weraht

W

lor area

relation betw ght angd bady weight in kil
pecies but of varying sizes and ages u
These cases all follow the general mle that heart
vanes as (body \\'f'i[:flt}"

etween bogdy

oF
Hown i Fie
weteh

Fhe relation | weight and heare weipht can by

stated therefore 4y fotlows, W hen a compuris

0N I8 made betiveen
intnals of the

e

pecies but of VATYIng ages and 3iz2es, or whei
e agces Ml 8

1}
¥
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Mammals cin be

the size of their Hearte: (1} the
have high heart FAtIOs; (1i) animals 3

©0; (01) animals j
L\n’rlif!r}, jr1 'nilf!m |

The qualification

for a short time, |
heart ratio of any M

explanation of this js that shart burst

by running into deby

suth as the bats, n;
Mammals,

The relation between the heart ratin of I

life is more difficult

rafio of npine specics of

ele

Birds which are the
singers or callers

between 1o and 1oog BIm. is o4y and the

VED §pecies of Passeres of similar
Propounded the penery] rule that if the
of consideration then the hj

best Hyery, the quick

NCE OF Bopy WEKGH T ON Sizp

e divided roughly into thre ¢l

nallest .\hmmais, all of w4
which are Gip

ncapable of CONNUGNS &,
he heart ratio js below o046,

that exereise must be
of violens EXer
‘or example (e rabbit which has th
lammal can run fast for 3 short dis

SEVeEre exertion of f;
Wurally have the

THE INFLUEN Cp 0K MUSCULAR ACTIVITY

ON

It has already been shown thag
Yiolent exeppice have th

e Eornge

OF active and imctive

tve gl

Bod

W

Striking “xamples of the

THE HEA RT WEIGHT

Antmgls.

Table 23

Heaxy Body ©  Heart
Tatio Aniniai weighi U0
64 Gange ¢aik o Liby i Gu
o6y Wild duek s, ITe pob
x4 tTare

4oed e

48363 Ak Elar
ik

tble of "““til".‘:-;;
and severe muscular exercise, in whom the hes

Continous i IMPortas
for anirmals with very small liearrs are Cipalile

€ Jomieg
tnee, The
S of activity can be perforni
t for oxygen, but the rr}ici-:ncy of the Cireuyly.
tion is the chjef limiting factor for long-con

tinued exertion. Sy
animals which undertake the rdn!iw.-ly

ght

highest heart ratios of any

Jirds and their mode of
to establish, For exainple the average her

Aceipities given by Hesse' of Weights
average heart ratio of
weights is the sume. Locren
smuallest Birds sire Joi out
ghest heare ratiog are found in those
SStrunners or the loudes

Powerful animals adapted for
¢ highest heart nutios, The Tollowmg
difference in the heart rasios
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Lhis correlation mayv be due to the Faot that the Mietdbe

anumal in 4 cold climate will probably be highet than v

x £ it

inval o a warmer climate; and therefore the ﬁ'ari!wr it
ntain the higher minute voluire

Mg rigs

will need to mai of Carenilan, q.

'HE MEART RATION OF SMALE ANTMATLS

20 e in hc‘igh[ are o
gh heart ratjos.

Mammals and Birds below ahout

distinguished by having unusually hi
Ihis is particularky marked in the

Many of these smallest animals gre
blosded

ded animals thige fiy have
thgh heart ratios

case of the simallest Mammy
howeyer bats, and alf

high heart ratios.
oceur however in other
Fuor example the

o

small Marn.,
Art Batio ot five Specia
50 grm., measired by Hies
> hewrt rativ: of foug |
between 5o and 200 I,

besides bats.

average he
of

nuce of \\c_'i‘;"fll\i betw Cen 1o and
Was o704, where as the aYerag
WAET

Arger ¥petisy
ured by e
was 045, The relation between the body we
Wt in mice, rats and rahl

I'he beart ratios of by

1S 0f Hl'n_(!lt'\

same author,

and hesry

ts is showat in Frg. 12
5 s a class are higher th

an thiosge of ather
isscen from the following fig

ures gven by Mangug

Mammals g

Average boily w1, A veiage Pwag

AN grm., 1]
AN Kpecies. of enall bagy 7 ¥
Throe spécies of larger baw fig o3y

Sitnilarly Strohl
M Wil
ratio was i s

2 tound thar m

9 specimens of Vepsrnhs
Wl aversge body weight

of 20 grm, the AVETUES hican
It will b seen

that the
the heart ra

heirt mtios of (hese
608 af the

bats are shoat tees
sdents: of simifar size,

whith are shown
{able 1y,

THE $EaRrT RATIO IN LARGE BIRDS

AND .'\I‘\.-\I:\[.-\l.'l‘-

There sre few figures for Bir
but Fig. io shaws th;
and the

ds of more than five kilos in weght
it their heart ratio is lower than that of sille
figures appear o follaw the
b heart v eht varies as r_hud‘\

curve based on the
werght)*® Uhe ostrich i w
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tpnsmgly high Hesre ratlg. g 0935 and TURRRIY thi ATION BETWE: FE X CEIGHT
i was ghnogm il The heart PO of the Clephan i THE RELA \ND BOBY Welgks
r rather than unddér o4 y S
¢ evidence | B been able to calloct I'r‘g';u'du)i- the hu “The o astdersd n I i1 ¥
of whales follow o B of an | o ;
¢ A B i
Meshytaiby. dissecred bahy Crreentan g while wmals of the same sz :
NMammals : their Besriy oo
indd b estimated gy body Weight exceptionally larpe hearts, md theis 3
: et Wi ighed 20 kifos, and eREy e ., birds of 4 simalar si;
ALy i i - §
. (length) iy 23 e, (depth). He alsi 5., () To Borh Birds s i
I s f,.lJ' '\\llfl".h ’l.l." v ¥ L | !", ¥ . > a2
; rano ;
eil 4 kil Fropi thie Tethe: Yery great mdividual
I estirmat, th hr,;"". werehr 1o have e STy ) _ tor
v s 1 41T
IFy ant
N L3} -
81 desenibed the heary of 4 whale b { ] 4
v ated to be abous 110 metres long ! the heEart meg h.-" the higl b ka ; ; & .
] bem, and werglied 22 kilos. aTe ¢ it :
: v 4 s - :
Ube usual fipur, for the relation i'-rrn‘u‘ﬁ W it and: le ik 3, In 1
O whales would piv, Y impossibly  high heart ratia in e weight)r®
g i
st and probably body lengeh was w:mh'rc-lme‘.m“f_f. Varmmal
Mirie Examined g FOr ] 184 télres Ingige. whese bady e hizher Pt rat A i
ity | ; 2 S (o e Ko ¢ fvund §
weieht i Glimaled as 45 fans; the NERIT mieisiured ¥ e i Hi ;
base-apey, breadih ap base rar o, 4nd at apey s Il ior- powers of Tigh
Gilate thay he DProbalile heary gl swvaa about zeo kiles,
Deuvier 11 described o SPecinien nf Iyevadau Yosiratus, thy (5) There 18 3 constders A
; (3 Y
Bhured mon o L'55 metres and the heirt 37 R 4% prolonged severe exerc i
i § i = - y matter of e 1 %
7o7) 633 Stated by & sperny whale of 6o i, fong'the miuch of ths evidence is z
beart fifled 4 barge tub g ho pstimated the Gutpt per beat
[ . 1 . . T it EA
the heurr of the w hale a¢ 10-15 pallons {4568 litres): thic witild - FH 1 ROPO] ;
be 4 Possible figure for a heart of ahayt 200 kilos. ‘ \ 1 s
Ihas gvid, nce is very Scanty but the MLV remernits Kiven sugpest : o Yy 1 7 SHOWT
that the huam ratiy of Lirge whales'is a¢ 1, 988 o°g and that the hoin i vty fiamcrers apy b
TG of the Ber cotacey s about G, I
P eviden, aviilabla SUpzests therefore that in Masrimalof \ lie f 08 -
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Emalle Mamimale
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217y OF HEART IN WARM-BYo0n N -
-I‘A})](‘ ZR v 2= T EE ] | 34274 |
¥ 3 A P
Heary weighi £ & Length ¢ By Miiller i L5 i
I gier v heaat waight OF Teft fisiry \‘.:.‘h T ol 3 ratia i 1
=87 o1 X . turkey Lowts abtained the rati
Gy i'n [n the turk 3 g
I8 o orposed to 3 ratio of ) H I : i
4764 T R the f r
’ -1 * NEUrcs supgest %
5 Bz These fig % o :
134y Tig T {s
Hars 157 thin

does not

dppear to alter with size. The author made 3 geri

Measurcments in which the ventricles were Sepurated fropm o,
sunicles, and the righy wall of the right ventricle w 45Ut off 24

18 weight compared with

the weight of the rest of the Ventrels :
The following figyres were obtained » s *
15 =
Table 26 lef trecle  pary i
Righr wall of righs Veritiriok s A & S i
Ratig ~ d e
A\nimal remamnder of Yentrieles - W
il d
o4 was chiefl
[~ 23
© L‘ I
o g ;
=2t | ¢ 19
Yazy ) Bowvier: Aoz, dee Se. Nap. =k S ol. B, 13
3 ; > = {isech. Ml Wk, 56, 10 o0
SWDshury a3) w ho used g similar method abtained an AVerige o 2} Broms. M 5 -
1At in man of oy, { s \ K g
These figures show that there is 0o abvions relition betseen : :
body weight and thickness of the wall of the right ventricle, b () D b (A e :
the dog \which hes & powerful beart has a relatively large right , &) ; Sy 33 1gay
' 3 7 4 Y X I = .
ventricle and gl rabbir and rq¢ which have feehle hesrts have i) ¢ : . . Med: 91 ;:
: : (%3 € ]
relatively snyal] right ventricles. o ! ’ 125, so7
- el . . s " & ¥ b 9 i |
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Hlysne . s e
Table 37 (s M Jahn, d 5
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4o RELATION HETWERN CIRCTTL A TIGN VoL ALy
The exact sigmilicance of this rule iz g matter of gt I
been sssumed that the

" IREtEbolic: pypi of 5
that their heat los; i

variations in ¢
are related to the fact
rroportiona] 1o their surface,

Some . workers 1

t

I

Wever  cong

or that the

relation Bty
metabalic e and body sudface iz pProbably gia,
Rubjier £1ves hipures to show thatin Cold-bloaded Animal
metibolic exchang alsoy is Proportional yo the bady Stfacs g
i this case the surfiace heat lose Gan play fingle PO Krah
however conclides that there is ne Certain relation between
bolic exchs ge and heat losg if l't.:!d—}'f[ru'u]\':d animals,

Benedict and Talbor e also donbe Whether 11 the case of finfagse
the heat loss is proportivnal to the body surface.

Recent experimonts upon isolated tissiyes by Meyerhef xg
Himwich ra prove that the varations in txygen Cunsumpio
observed in intaet animals ure also seen in isolated Haxties;,

Phese observers worked with small Strips of the chaphrs
and obtained tlye results shown belowy.,

Tablé 28
\verage bady Ratios of fiyz
weigh iy In grrceiding R i
Animad g, Column .
Large rats 130 iibo (5.
‘I-:sm‘ Tt 2 146 45
Mg 22 1y T

These fig
of the isg)
Weight,

bres show thay the

OXYRON CongUm
ated musely

Varies invcm!_\-‘ a8
same relation gy hiyt
act animgl.
er the ultimate Calse
exchange in animials of

PHon per unit caght
the cabe roor of the hads

This is the found for the metibolic

exchinge of the int
Whatey, may be for the

VAriauons in et
different siz

&, these ditferences e

to the seti 1Ty al the tisslies hmg Yokt iy diffacont ritss i

are giyl) shiown when the ¢ UES dre dt:p!’fh‘d of all REreous
Control

proves
I

ail nerv

%

) TR

['_}:..I-_- 203
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I'he me tabolic :'\n_‘h.mur' and the f‘rujncm'r

of Eolited fo
Vary 1n aivery similar THNNer: morasver they are Atfecind |»._.
identical manner, hy u‘h;mlr_-'n‘h i temperitire {2 & shiiwg
Fig. §)

It i therefore probable ¢h
determines the m

nssues, The

at there i
ctabolic exe
most probable

frequency of rhythm Lk‘[):"lhl‘.
of

S0Me Comimg
a0 feequiun
explanation
“Upan the

. Factor
hange <y ol thyth
PPEa o be th,
e of metalwlic

M of
T ik
the Lizsuyes

I'he varigtinns i pulse
f}:‘sf fore

e

frequencies of ditferent Anfrnials gre
Fundamerye cemaker of the hegrte of di
it :“]}L’rl‘u[ riates, JUSL us the VarTaLk in
e exchange are dye to. differences i the sk e,

€ pulse rave in thi i ing

ammal is howeyer urnder the
of the vagus and s¥mipathetic nerves, and can he
to meet the fig tuating needs of the b
heat exchinge alen can be vared by nervous inuerice

Swice the pulse rate of an ammal is affected by
wnd wvery acuvity it is diffieulr t obtain fip
which admit of acourate compatison,

The busal pulse rate of
4t complete bodily rest
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The pilse rites of 4 1
0 Figs. 13 and 1y in
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Which these tubles

I“lL‘T\. I3 and
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|
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EVETY Smintion
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4 show that the
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RELATION BETWHEN CIRCULAT 6N § QL (g
Phe virculation in Fesling animale only |

It s abyinusly a

18 beer Bitherty, . %
Iy antageous o Provid ,
o8 osible, by
o lisve an APpscin,

siderid, A1 Anim] g
ST as economically
for most animals ¢
rovide {fiicicﬁff_\' for
.arlfrlj.:ia t]t:,"lt;i‘\th mare o
than up miles effected during pe

The maximnm oirciilation which the
viding appears 10 be the ¢l

circulation i!ijﬂﬂ_"_:‘ hi)(f;."\' T
nvuch more
which will I
maost

mportant

Fergencies. The o
0 théir power ¢

t et tln{_‘]";:;
o MUNar econ riodds of teansu
heart is capable of
ief limiting factor in

p]’.‘w
the }“'rf:‘f’:u!'.rg
of sustained muscular exertion,

The oxygen supply as already

nentioned dépends on thrs

¥ Oxygen utilisation, systslic .

actors are of Importance in provid

reased oxypen supply during exertion, Theéir re

8 andicated by the following figures ubtained by
a trained athlete,

\'!T-.‘lriifmr\ factors, namel
frequency, All these |
ITiC

G 4
lative UNporting

Yandel| Hender.

SO (g from

Table a1

o
. n
Seanding {reoo kgam.)
at real - work PEY A
¥. Larres txvigen used per mitiune “is RO R T
2, Oxypen Gilination coetficien (difference
PEtwern ¢, of Ly per 100 . of arterial
w0l Of venoiy Blund) by (R a5
3o Pulse vure . e [LE: 33
4+ Strake yoltime jn Hirres (ealoyluind Froen
Uz and ) .‘ o i 0 1y: 38

This tab)e shiows thap anl the 1
e of inportance in providing
exertion. When animals of dilfe
pulse rate is the factor which
manner, "Ihe smuatfest Rirds

Proaching from 000 1o Ioog,

hree ciroulatsry facrors min fied
increased oxygen supply durise
Tent size ar test are compared the
Varies in mugch the most obvigis
and Mammals have pulse rites ap-
whilst the largest have pulse rates
trom 3¢ ¢ 7. The stroke volyme prabibly is proportiona
the bear Weight, and thig g influenced’ by size, dmce on. the
IVErage it varies as l‘hnd_\ \n_j;;l”}u * bur it d;.pr”d* L‘Jucﬂ}' on '.jw
Mode of ife of the dnimal ;i Mamiraals the heact ratin viiries
smaall bits), and in Birds from o5 1o 18,

trom

¥27 (rabbit) 1 1.6 {
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aramals are not dije 1o the tundarmeny

al irr:n'pn:ny\- o
pacemaker being low. but are due

'} !ilg fga
tir the Powerfu] Viaral :
s have large hiearts and e
slow pulse rates explains most of the pul

I'he fact that athletie animal Siugn

e rutes that fyl far

trom theaverages in the case of Marmnmala an Birc
‘ ill\' J"lrl.—-l,' .
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lsof mediin .

s of the smuallest Manirialy and Birds ol
general nitle ex regards the relition betweer ba
rate. In the case of the smiallest Birds thifs is
thieir met s]\-wiu, Fale 38 two o t
antxcipated from the general p

O ¢
ey Weigh o,
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iree Iillln‘." a3 oreat ag Wtild b
ule rcluting metabolic pyge 1 bad,
it These small Birds all have remarkably high' heat
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4 trequency of about 1o0e a minute i3 the highest at which
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tor this Himit is thay it 18 difficult to see how the caronary eireylin
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rafte

wer

Eratis,

sulficient Oxygen to the heart 1o TGS 3 preqre

Information regarding the pulse rite

s of the l'.i'r';t:-sl animaks f
VETY scanty

I'he pulse rate of the elephant (1000 kilos) 3
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of the horse (5o0 kilos), which is 35400 This suggests tht the

is a lower limit 1o the pulse rate, below which th
#ovwork efficiensly.
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¢ cureulation e
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ANTMALS op THE
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VARY ING BODY WEIGHTS

The fipures given in Table 20 show that in several aniniels of
the same Epecies this weight of the heart viries e (Dody weighipjr
The NCregsed metabolie needs

of smiall animals of the dame
Species are ”I(.‘f"‘,"u!'c very- |

argely met by variation m the hean

SONSEquent variation in the stroke volinne per-ulk;
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THE ADJUSTMENT BETWEEN M
RATE AND PULKE
study of infants,
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Vammals of similar size. These differences Appear suff;

e
to account for the relatively greater hear weight in Birgy,
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106 HEART FUNCTIONS 1% COLB-RLOODED
collected fionres for the hloadd press
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HEART FUNC FTONS IN COLD-R1 QoDprn
hen is about 320, which is twice that of the embeyo, T4
esting becanse the metabnlic

rate of the embirve ehicl

0438 iy

I8 Fir
than that of the adult hen.

Bohr and Hasselbach ) found for
dav of ineub

example i an

BE at the
of about 100

|“rf|~.= s
A figure of fio for the adult b
er embryos are higher il
o higher merabolic rite ang
rate than the adult angrmal,

auon a tietabolic rate
18 compared with
eir fipures tor Youngr

er 24 hours

The ¢

egg therefore has |3 fower ;;-..“..

The Ewmbryonic Rate . Mammals
tollowing figures show that the rae o

greater than that of the new-hirn

f the f‘udal Fieast iy
animmal:
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Lhien (1% 8] LS ] o
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i metabolic
metabolic
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5405 New=borm 266005+ Adul: 34
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Chapter XI1]
THE WORK 01

THE HEART IN RIEL
BODY WEIGHT

ATION TG
IN WAR \T-HIJH_)])EH .\f\‘f\!J\!‘\

The work of the Heart—Bload Pressiire

- \'clmrity of  Blood~- o
Cross-section=—Duration of Systole—Caleulation of Veloity of oo
Work of the Heart— Coromary Flow.
I'HE WORK OF THE HEART
The hearts of all warm-blooded

anirmals ure of very similar pm.

Lo consider what is the intlueng

ICE of
the manner in which the heart perforg

poruons and s of ntere

alteration of dimensions on
its work.
The heart performs mechanical waork i two ways, first by
expelling at each beat a certain volume of bl
resistance and secondly by

certain veloeity

ood against artersl
imparting to this efected bleod

The total rite of work is the sum of the two and is given by the
expression (Evans )

MUE 3
W= OR < tor each ventricle,
% 2z

Let 0 = vl of blood in €.0. expelled per second,
R = blsod pressure in terms of cnu. of bl
M < mass of blood cjected in Brams per second,

¥« velocity st which it is cjected in emfsec.,
Eravity constant (081 em.

-1011,

&

= Per sec.).
Then 117

gram centimetres of work pe

rformed in wait tioe,
This calculation shows tl

1t the work of the heart muy be (hvided
Me

24

mto the static fuctor OoR

v . o > t

[hie relative impor of these two factors depends upan the
velocity of the blood strean, singe t}
dutput of thie

heart Per mimute
velocity of the }

Varica

and the kinetic factor
tance
e static Tactor viries as the
and therefore directly a5 the
the heart, while the kinetic fictor
if the output of the hedrt 15 increassed

oo d leaving
as (velocity)®,

“rm!‘,

e
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(2) During exereise

10,300 4 10

" 10,300 155

100 00¢ 1,040,000,

Uhis shows that in 4 man's heart the kinets fiictor renre
an one-twenticth of the toral work dame whiles #t res

vielent exercise i AMeUnts to one-fiftl of thi

aliir

Yot

done.,

It will be shpwn later thar in small animals thit velacity o ke
blood is greater than in large antmals, and therefure the Kiretls
factor is relatively grearer in small animale.

['hiz varying relation hetween the static and' kinete factars
the work dugie is of interest for the comparison of the wark
by the two sides of the hc.tri.

The volume eutput of the two sides of the heart is the samie. 24
since the cros ~sections of the pulmnnur_\_' artery and sorty s
almost the same, tly velocity of the blood in the EWO drteries mign
be the same, THe pressure in the pulmsnary artery is h-n-.c\--crc_.nfg
about one-sixth that in the worta, The static factor o work wi]
therefure be six titmes 35 great on the Jeft a8 g the right side of
the heart, byt the kinetic factor wil] be equial o the two sides,

bt darge animals a rest therefore the lefi ventricle will de iy
tiines as much work w5 the right ventricle, bug in ymall anieniks gt
Fest, or in large ammals d.urmg viclent exercise, the ditference will
bo much less, [n the caleulstions muide above for the wark of the
heart duninig violen EXCrIse in mun, the work done by the right
side of the heary must have bedn abour one=third of that done tor
the left side, This fagt ar once explaing w hy Violent exercise causes
hypertraphy of the right side of the heart. .

In arder to caleplate and compare the work doug by the heart
I animals of different sizes 1t 98 necessarv know the fallowing
Tactors : i

(1) "The voliume of
e

{(z

Inod expelled from the left ventricle per

The systolic blood Prossure.

(3) The specific Eravity of the blood.

(4) The veloc Ity at whicl the bloud s ejectied

All these factor can be either messured or caleulated,
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Table 43
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5,

erent size, and may

THE VE] CCITY ‘o) BLOOD IN THE AORTA
U measurements of the
v the large arteries }
figlires are quoted from Tig
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of direg
bload fow Iy

velocity of i
1ave been made. The totioy

oy
tl’sh‘(fl'uif
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approximately as (body weight}*® ng therefore e AOCTIE oy
Seclion appears 1o vary in this case as the (leary weiphiy,
I'he writer has collected and nmyade measirements of the ;
of a large nurber of animals The results are shown in
and it will be seen that over 4 10,000,000-fild range of body:
the aortic CTOSS-SCCHION Varies ¢

WEigh:
43 [hc-,\rt\\'cigh[)"s_ rrht.' }lz'-l(t Weight
ori the Ayerage, varies as {body \"(‘igi'”;"\" and ll‘lt’rcfnl’(’ the &
Frossection vaties approximately as (body weighi)sn.

DURATION OF EYSTOLIC OUTPUT

In order to find the gy erage velocity during syatole the iy |
systolic sutput must be known, "The proportion of heart cyele ooy
pied by systole in any species depends on tht-frcquenfy of the

For example, Roosio found in One case in man that d ;
rest with & pulse rate of 69 the systole occupied g per cent, of
the cardiac cycle, but that during an attack of tachyeardia the
rose 1o 160 and the time occupied by systole rose 1o 43 per ceat,

Yandell Henderson i) found similarly in dogs that when tie
heart rate was varied from 90 to 200 per minute the durdsion
s¥atele varied very little, and hence the greater the frequency the
greater the propartion’ of the cardise cyele that was occupied by
syetole,

The following figures shaw the propartion of the cardiac oviele
Occupied by systolic OUEPUL In Various animals - most ol them Have
been calculated by the w riter fromy records of sarvic and ventricilar
Pressures reproduced. in Tijgerstedr e

o
able 5

Peroonitage of
akt e cvgle

Pulse rage acuupied by
Anurl  pey whanute  systahc egtpi Anstho

Heore 40 27 Chaveais and Murie
Man 40 a3 Reos

1he 43 Haog

5% 10 Roaos
ey [ I8 Fhirthle

Nz s Fltechile

130 4 Piper
Clan vz 41 Piper
:5 by 240 4o Tigersiels
at ¥

FE 40 Clagk {ealéuinted

eleciracardiogm
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of the rahbit the caleulated value js 110 less 1
abserved value, but obviausly the interferenee
involved in introducing a Cstrom-uhe ” ines the
the circulation very 4bhnormal.

AN six Tl the
with circulani,

AOTEA PO Tt

It has been shown that the OXygen re

quirements of I
vary as (body weight)»®

-Acction of the aorty vus
As bady weight increqses therefore the o,
section of the aorta increases slightly more rpidly than doe

munute volume of blood needed.

,and the cross

as (body weighryr7

All the figures for velocities i Table 406 have been caleylaied
on the assumption that ¢

§ volumes of OXygen are tsed from ey
too c.c. blood. Probably this figure is too high in the ¢

st of athfes.
animals such as the horse, man and dog and therefire the st
Ve |cJ;iI} in theke

animials i somewhat greater than caleulated
On'the other hand, the cilewlated aortic velocity in the
and rat seems unprobably high,
animals the

TRotise
and it is possible that in thee
oxygen utilisation eoefficient s higher than ¢
pet cent. The figures as a whole indicate that the velogity of the
bload in the aoria during systolic output of the fiart ind during
hodily rest is about roo e, pet second,

During CXCITise, however, this veélocity must be far griaier,
Yandell Henderson o huag shown that when the heart is aceelerated
the duration  of systale does nat shorten greatly und hence e
propostion of time oceupied by systolé rises. ‘Dhis reditces the
velocity somewhat, but in the extreme case in man of the wxygen
Consumption being raised 16-fold above the resting value by violent
exercise, the circulation volume must be inereased at least tofold
and the veloaty in the aurea dun’ng systolic SUTPUL at Jesst §-fold.

During violent exercise, therelore, at the time when'the heurt
15 doing its maxinl work the asrtic velocity must appreatch yod o,
per secand. The hgures for drculition in man during exencise,

quoted on Page 113, show gn aortic \-rlm:ity during svstolic oui-
put ol 252 em. per seconed.

yoliumes

THE WORK

QF THE HEART IN ANIMALS
OF VARYING SIZEA

available permit the ¢
Per gram of musel

The figures aleulation of the work duse

¢ of left ventricle per minute in heasts of varyung
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\nrepyio Ban shivien thas thi EOrOnary tow 4y xlny_n.\‘l,:,__ ths

wervous supply o e heart o taer, is elve ily cl{“]‘ﬂ’nlrun.n thie b, i
pressire; Any increase in hiood Presetirs posdices 4 POEF o
¥ krvy

a1l wflvery thy
coronarsy How 1o 4 leaser pvie nr, and tha rate of the Fedry b iyl

Hiereane 1 coronary. fow, T it of thie fie

ellect on the coroniry flow Evang and Sarling shiswed k.,

AEFTMMY Wk alveny

the caronary fluw i the dog's heart-luang pire
G0 per Gent, of the heart Wl per e ABIERS frogn
showy that in coniditions APPSO Ui o oa tisheaial resting ateling
the coronsry Now I8 alseit 4 Per Cent. ot fhe tirtsd auEpyt

Eroiary How 1, imu-'lvr, donilslisd Woa e of hined Pres

el e 4 PI:HIH({‘(‘ Iy :-«Prmulmr.

Evars aned Starling fonnd gt e Coranary Bow In ihe s

heart-dung Preparabion umder the nflicenee of dcidomi 1

HEREALE 1Y 30 e eoiit. of e ris] TRiipit al tho- heast, Boil astyin
the tigure of 320 ¢4 PET INInUte per tow ranms Reaet wedph

1 i Coranary Hosw tll']':mTv i the first I"j:h.'r o the ok
Pressee, ot an addition e caTnRrY. vesseld are proyided with
VIRD-CONBEFICIOr 1efy on Heomm the vugus gnid vaso=dilator feeve
leain the syripathetic (Adirepig)

Exans and Dhoows foumd that thic ORI wblesnibon of fhe
Caraiary blaod  flow e 1l feurtlong pripuration wis atwat
6 yolume of UXYRES par 100 ¢, bl hlood ider forasal conditing,
and rose b 19 valamies al axyien after adreialine,

The voranayy flow in the g ix therptore enly Jusi aledpuite 1
stpply the NECESAATY Dinditig "f““\‘h't‘" 1ot heare

T'he Coronary flow {n xngall animaly must he Very great. Yo
mouse of 24 e Hu.-hr.m-.:ppcunru’u-rtoru'l nllmul FOLC00 ghmom
work hor g Per mligte, Suppeairg an sftichency of yo per Cant
s iivelves the utilisation ol o8 « L ORYRCG Per Enn. por pidiiete
R LT FL TR oy §'0 eals, il g ol e 445k '.;,; 1w, wark), St
Pering the vo valomis of AYEED Are pravided by 100 ¢o: Bied
this meana 4 s Wikt of B o PRI REURNG [ andigte, a volume

Wy frallieled hi Hig "-:'w-‘\i -U|!]1“ ol thy duetleas 1:'-"“"1‘ a
arper Nariemgls

O NOREONT thar thie Eting"s h.-_\rtl whan the anifmal

i abmissl gt ghie Ui of the possiih

MEHS i HE D Fehaon why Maoimals o hesa sy
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The work hecessary to drive the blood through the s,
however be miuch greator - large than in small animat;
amutiler arteries are presunmably sieilar in il aniruls and g
the work needed to drive the bload through
in a large animal is additional waork which & n
smutller animals.

Ties

the L'"g" Wrtene;
Ot reqnived

he resistance die 1o friction when 4 fuid flows [hn,-.;,g:-, ¥ tohe
1210 the first place proportional to the 1‘1'.0:0.-.-'in of the iy
the leneth of the tube, and is inversely proportional 1 thé sqyu
the radiug of the tube, The relation betwee resistance und ve
15 4 complex ane. When the flow s of Btream line natire o
resistance varies a8 the'y elocity, but when the flaw % turbulene by
TESISIAnC: ¥aries more nearly as the square of the velocity,

The eritical veloeity at which turbulent low commences depent,
on the viscosity of the liguid and the diameter of the tybe.

Milleraw) found experimentally that when hlood fowed thire
an elastic tube of 7'5 mm. diameter the flaswe begun 1o be turky
at a velocity of about so/cm, per second. The flow fn the Ly
arteries of the larger Mammals must therefore be of 3 el

nature, and even in the dog the Aow must be thirbulent dur
violent exercise,

Any increase in output of the heart and donsequent fnerease i
velocity, must. therefore raise considerably the resistance 1o e
bload How through the areries,

This rupidly increasing resistance involved by an iseresse in
blaod velociy in fa rge animals OWIng to the oconrrence of turbulent
Howy SUREESS o reason why it is unportant for such animals o bave
as low 1 bloopd ve!mit;' 4% possible, and is probably the resson o 11
the crosssection of the a0rty Increases with increasing body weight
more rapidly than does 1)e minute volime of the blood,

The acnal amount of work done in forcing the blaod thrumpl
the larger arteries can lve estimatad from messurenienis of Blood
pressure an different Arterics.

Dawson o found in the dog that when the pressure in the

4NONYDIL WS Y23 mim. Hg the pressure in the simallest arferics
mensured was 137 mm, g,
In the horse and the

ox however the fall of pressure is mich
Breater. The aortie pressurein these animals is ahont 1ha mm, He,




Chapter X1V

THE INFLUENGE 0OF CHEMICAT E.N\HR!J\'\]E\.T
ONTHE HEART’S ACTIVITY
Effect of Chanpes in Tanie Concentrations on Frog's Hesrt—qy Hesns
of Birds und Manunals—Om Fishes” Hearts—Qn Invertehrate Hestn.
Mollusea—Limzidis —( 'm~r:|n:u-—lnvw..t'a-—F‘Tlrﬂmlyrr Content of R

The »_f'r-';‘n‘.r_'r_\' by Ringer in 1874 that an excised frog’s beyn
could contiltue o funcrion normally for & prolonged perind. if
perfused with a fluid containing a suitible content

of soddiym,
[n s

um and caléium, was the foundation of 4 new branch i
physinlogy, These ariginal discoveries were gradually extended
and peneral laws have heen &tablished regarding the nature of
the environment necessary for the normal Hinctions of cells; The
claboration of the technique

of tissue cultures is one of the [
mportant developments of this branch of physiology.

Isolated hearts, and particalarly those of cald-bloaded Verte.
brates, have proved exceptionally easy nuiterial on which to sty
the effects produced by varations in the Composition gf the
perfusion fluid, and many of the general laws now found te be
applicable 1o many other varieties of cells, were discovered Iy
experiments on the isolated heart.

It is ‘now known that isolated vertebrate tissues cun function
normally when immersed in 3 fuid satisfving the following con-
ditions. The fuid must be isotonic with the body fuids of the
animal, and must contain the kations Na, K and Ca in the molecular
Proportions of about joo tg 1y Furthermore the Auid must be
feebly alkuline Gy 0 167 =10 and Mst contain 4 buffer

substatice. Finally there must be adequate oxygen tension w the
thiid,

THE ACTION OF IONS ON THE FR(]G’S HEART
I'he hear

tof the frog ar of the tortoise functions normally when

perfused with Ringer’s fluid af the l‘-vllu\\ing molir cotnpasition !
NuClor1y, KClo oz,
5 (o0 -l ) )

CiCl o'oor, NaH €O 0001 (0} = 4 < 10°%;

g}




126 THE INFLUENCE OF CHEMICAL ENY I!lu"_\'\u\,;

ACTION QF ANTONS

Lussana sy showed that small quantities of sulphate, heqy i
or iodide ions produced no effect on the frog’s heart, but tha 1,?”
doses diminished the excitability.  Francaws: found that thissd,
was toxic to the heart, but that Br, I, NO,, SO, and NO, jons aig
not produce any toxic action, Sakaiie investigatiad the iy
of various ions on the isolated frog's ventricle, e nead Mixtisre
in which the sodium chloride in Ringer's sobition was replaced
by isotoxic solutions of varying salts, He found thar it was possitile
to replace ithe whole of the €l ions in Ringer's fluid by other
wns and still to obtain regular and nearly normal Contrctisn
He found that as regards amplitude of contracrions the
vestipated formed the following serics:

Br = NOj; > Cl = CHy . COO' = SO, > tartrate > citrate

As regards spontateous frequency this was greater with L, Br,
NO; and 80, than with. CL, but much less with CHj, COO, lactase,
tartrate and citrate.

The effect of changes in the anion content of Ringer's fluid on
the frop’s heart is therefore much less pronotncesd than the offecs
produced by changes in the kation coptent. ;

A

08 16

DETAILED EFFECTS OF 1ONS ON THE HEARTS OF
THE FROG AND THE TORTOI5E

Our knowledge regarding the effect of lome changes i far more
complete regarding the hearts of the frog and of the tortose tha
regarding the heans of other anumals, and therefore 1t is con
venient to summarise our knowledge on' this subject as 4 busi
tor conipansan when discussing other tissues. The extent of e
wark on the subject makes it difficult to summarise and only the
outstanding facts will be considlered.,

The heart funcrions which can be measured most aocurately are
as follows;

(1) Spontancous rhythemicity,

(2) Irmtability as measured by electrical stimulation.
(3} Rate of conduction of the wave of excitition.,
{4) Force of cantraction.

(5) Duration of the process of contracton and relaxaiion.
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arrest the turtle’s sipus, auricle, and ventricle were iy iy
of 622 1. Kolm nnd Piek taa) shawed 3 samilar
the auricle and veniricle of the frog,

iff B

Sak: . ~'hn-.j-u| thut the following were Uptimal DeTER Nt
concentratons for the spontaneous frequeticy. of the SEus - zad
ventricle:

Siriuy Ventrich
Na(l] < o L)
K1 oo & ooy
Cal’l, a1ty e o3

Dale ‘and Thacker s found that the Timits of dutimatic free
quency for the chambers of the frog's heart sere as fabkows-
stnug Gy e ro'to 3 % 10 auriele G =3 X 70 167 %1e0:
ventricle Cy) o ol 9 =l

These fucts are interesting, since they show that rthe ophisy!
1onic concentrations for the activity of isolated tisies differ i
diflerent tissues of the heart of a single animal,

The most striking ¢ffects of changes in jonic concentrations mus
be summansed a5 follows:

(1) Reduection of sodism chloride contént to one half, Th
chinge depresses the mate of condietion in the turtle's ventr
(Pondisn), and in the a~v. tissue of the frog (Dalv and Clark
but increases the force ol contraction of the frog's adncle and
ventricle (Daly and Clark); and incresses the duration of the
mechanical response

{2) Incredse in potassiom, content, [lis change: has 4 ven
powertul depressant effect on the rate of condaction i the tortalse’s
auticle (Seliskarus) and also in the 4-v. connection i the frig
(Draly and Clark s ). The torce of contraction of the auncle sl
ventoivleis preatly dimirished. the refractory period i ]m‘ilmﬂ,‘-'d-

The €O, prodiction af the heart 15 decreased, The excigabiling
of the turtle's ventricle 12 also decreased {_Schuhzi,a)}

(3) Decrease in caleinm concentration: This causes @ groat -
Créase 10, the force of cantriction of the heart Condutrien in !hf
auricle is but slightly affected (Selidkar) hut the u-v, conduction
ta depressed (Mines o). Daly and Clark). The escitabiiity ab the
turtle’s ventricle is increased (Schulez),

{4) Decreasein pot

SHLT COnTent orincreéase in calcivam cantent

Thise two changes produce similay eifects, the chief being an

e A AL

stroni influence a

Ch in - hydrogen-ien

(3) ¥ ¥

nivde R 100 neentration de

the of contraction, snu prod

: Py e el ©
I’ L8 llrr.‘,!l:\_‘l_'._ll.‘ v glowly

X T
ye caleium content Wil y

in a few sectnds, wheress &1

3 ‘Prate to produce =

entration takes neariy

1 there: 15 &
WCST ¢ ther
rence SIEEeSts. Thi

5 RS oAl
le of atton of potassiam

1 af prth yodages A o
AN IRCrease ot erthet PO

I YR
THE XEED oF THE HEART ¥C
ORGANIE SPRBISTANCES

wot for severs

The frog's heart will contrnie

¢ i

perfused with Ka
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impeoved by the presence
parently able to metabolise
The heart is np

ol 6'1 ‘per cent glucose whic

TR

t, hoswever, in equilthrism with [ sarn
and all of its activities if measured will be fo
b-t:.':‘ttlif}' with the P&

e

vind to he deg

e of Nme.

The heant, after prolonged perfusion, p
state in which it can be stimulated by
have filt!:.'

ASSEs into n typodynani
many substanies wbiy
ar no effect on the (rosh heart, The lipsids o blosd
serum: have particularly powerful etimulant action on the by
dynamic irag’s heart and similar cffests can be produced by :.r.:c(
lecithin or even by soups of the hieher fatey acids.

Increase in the calelum content HHTEoV
stimulant acts

er s 3 mwch s
ion on the exhausted thian on the [resh hess
writer has sugvested that the setiviey 'of the
on the presence on the surface

heart i de rrdmy
of its cells of a calcium-lipcid
ally washed away by perfugion &

cotplex which is ¢
THE EFFECT OF 1ONIC CHANGES ON THE HEARTS 04
BIRDS AND MAMM 6 B

‘T'hese- hearts have the ssine ionie requirerients ds those o
Amphibia and Repriles; and the chi
osmotic pressure 18 needed (A=
Locke's fluid for perfusion of warm-
lowing molar composition: NaCl o156, KU o-0057, CuCl aeni,
NatHCO, 0-002. Abbut half the NaCl car be replaced by cane sugat
and therefore this fraction only servies o ny
OSTOLIC pressiire.

f difference is that a hiche
o5h = 06" C) The npesd
blooded tissnes has' the ful-

ATOLRIN The necesssn

The composition of Locke’s fluid is sirlar to that of the
sernin ol Maminials and Birds
sonie content: Marmals~
CaCl, oroos-o 0027 The Composition of Birda’ serum ia the sene
except that it containg three tinies

This has the foligwing maokie
-Nalll o'r38-a:145, KOl o-0os-oanks,

45 nrch potassiung salts.

FHE ACYTION OF 1ONS QN

FISHES' HEARTS
As reprards

cantent of  their seruin, the T éleges
form & strking contrast to the Elasmobranchs.
The T

resemible i
saline cantent ol their

the saline

higher Vertebrates in that e
BUtum 15 fxed

el and i bur it infloesosd
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et

csventin

i
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yrurmnnanan

Bagliond and
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pertusion fluid differs fram that of seq w
LONGuUNs no magnesium,

The follow g is th

iter in) that the forma
€ Approximate jonie COMpPosition
ar concentration: NuCl afi,
o1z, MgCl, oo, Of these
cssenbial for the fFunetioning

The dogfish’s heart re
stmitlar to the amphibi
hearts that hive b

o 8 s
K ooz, (5
ITAE S §
of the elesmobranch heart

4Cts 1o jonic ¢han

expressed as minl

1604 the prisence of

RS in a manner Virs
an heart, and so, indeed, do the other Fia
en investigated, e eel, lamprey | Tris, how v
dangerous to make Any sweeping generalisations berayse detifad
analysis often revesls striking di ferences in the heare i

related species. For exarnple, Mines (o) found that Taueh sl

coneentrations of MgCly arrested the hesrt of Raja thap that o
Seyvllum,

The possibilities of erratic variation in this respect are shown by

species of freshowater Elasmobrunch: hrle
ailable concerning this anirnal, but s power o
:nuhn;:iniﬂg the saline composition of ity bload rusy differ com.
pletely from the ordinary J:‘I-Lsu.mhrmch:, for when these dre net
into fresh waterthey suffer a continons Joss of salts from the bl
and the osmotie pressure of the blood sinks urtil the animal dix
ina few hours. Dakine) found that the oamuntic pressiure of the
blood of 1 dogfish placed in fresh water sank from & = — 197C
/A= 551 C. i o hotcy!

the exi

ente of one
information is as

THE ACTION OF IONS ON INVERT EBRATE HEARTS

F'n.-:h:ri\-qhu divided the aniimal w ocld a8 follows

(1 j r.'u-';rl'l.fe‘)'q.l‘( i
In these anirmals the fAuids and the b

ly ‘tissues have the s
qualitative and quanrtitati

‘e saline coritent a4 the surrounding wites
(2) Marine Incertebyates

ils the body Auids: have the sarne qualititive cime
Position as the sea Wilter

in‘which the anima lives. The bady
tssues, however, have 1 var

Whant siline content. hut their pamatc
thar of the Surrotind

In these animy

pPressure §s the same

g sea water sl
Water - dre  dedfs

variations in the OSMotie pressure of the sea

f

or Ravion 6

S0 Wwater, but

Gaitanied o

permeable

el hosweey,

fiids
present v the tweo Bl
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It will e feen at once that Witle Cariations i 1he g
nvertehmpe heurts ty fnps are o 1 OCTUr, §
rhe circulating Tuid fs of more

iit'. E 10 s
or less COMX L COMPG
in others jre COMpPYsition vipies witly v

Wi hilis
Hriatinn. i the S
water, The hearts of the Intter may be expectad tn be the fe

Wetochanpesin the h‘-nit:cmn{w';uilinrml fluids saers i o

MOLL USCAN HEAR Ts
A Brechoggor Yolluas

F‘hi!ljpsr:nu:-) found: that the vamgrie PECSSUTE OF the Bl i
fresh-wearer Molses vared from A = o3° O
Kook (21 Found thag . Anidey |y

1o = g94°
o et 000" C Tle f

that the heart bear well when perfused el A MXbUTE of o

volume of Irog’s Ringer'to Yo or foige vilumies of WRRE, and

f
the heary WS Arre

sted by the foily g molik concsentritions é 1t
NaC] o6, KOl oy, ('zi_f*. o4, .\IL;'(,-[. O3 The
heart Fequired the presence of KClandg CaCl, i order to fincha
and excess of Ko arrested the heart in systole,

Varons }nn, ;

I most Molluses  exoess of potassivmg Causes myarcle of
henrt; this i the opposite effect 1o that  produced by ex
PUtassivim on (he vertebrate heary but resemibies the. activn i
Potassiim. g vertehrure staooth puusele. Tn “chapber 1 it iks
Pomnted Hur thar in most of their Properties: the maffisean Beart
muscles resenibled vertebrate smanth fmiuscle rather than verteie
heart rysele

B. Land Molhuses

Severy! observers have studied the hegrr of Helix, Evans wnd
frog’s Ringer, and ¢ Aot dimd Haghben

feertised fluieds very similer.

Bvans i thought tha (he PrESeace of potassiun v nut csientiyl
for the aormal TTIS Uoring aof the heart, bug both Cartlotin anid
Hogben e found that

bacnce of PAEssium atrestod tye feart by
R arrests the heare iy svstole, Lsck of
HOx arrests the hoart 0 systole; while
the heart in digstole (Hogbern b e he
-J'_y ulld AL a .'”“ IBL'F—'-II oy

e, Excese ol pot

excess ol caloiam arrests
.
le

IS darrested in Syl

On the Whale, tle hearts of fresh- =rand land Malhuses Pt
1o 10n1c Lh:m,_«.n 1 @ Dianer Yery similar veriebrate oy miuscle,
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forins, in that the Presence nf TAgnesinm i essential iy thie 50
of the hearts of the Istter. I tiye CNE OF Prppy
of potassium i NOt essential e the Heary

MIXtire of sadium, caleiym and maghesiom:
menes

u:
the oess
Gy hmc:m;', '
Theése 19 e
o veny different from, UV thing seeri iy vertebrag

The hearts of Tunicyies APPCr to be g
m their jonie fequiremen s,
tiv ¢
If)g

b
mmlir e thode 1f ‘\[\,]},_-_‘T‘
Tanicate blood has the sy Juianiy
and qualirative content of Morpanie Saliz 45 weq Water, sag
tticate hearg funetions when “spended in seq Water,

ARTHRO ron

Al arine

HEARTS
Forpy

In the

marine the

séa \'..i!ur, and the

Arthropods OsImiotic. presgiire O the o
]

lonic composition of ihe bloog
0 be Sirnilar. but is ngt identicy] in all casey,

Limulis

The
Witer,

heart of Limgydys hunctions yel) when perfused with e

Macalltip: Hias shown that the

Limtwdis Blogd are identical
Carlson 1, Studicd e HCTION of fans baith on the heury Lt

2nd on the hesr Mscle of Lo He found th PO

EXCELSs Nirst expited and they Patalysed the heart Runglion, where

Caleiim exgess Patalysoil the heary ganghion withe it ey

tion. Lack of Caand K Cotsed] the ACTiVity of the gaighion 1o tegse
I aboit 'y hour. Caleium

dépresser attion on: (Jje
POtassiim fje,

NGrean e CONSHIlent (of

Quantitatively wiy those of ey water,

and porassinm both produced purely
feary mrhscle: Lack of otk calesuen and
PUTE NaCl) s eivad the hengt muscle, snd ensed
180 it ed from the Bnglion 1o COBtract Avtomatically.
Acids stirmulaged the ganglion and depremed the musele Alkalies

the musele

sumilated byl Banglion and miliscle,
Meek e measured the e required 15 produte pandyss
thie Vi s

SEMCIUCes i L frnie heart when CXCess of potastium
or caleirmy was added, and abiea

ed the I'-\H-mir.;g resules;

2in

L2 s T8Q M

Sl .

CTUET), P

Fiant. o “ y
etfeot ¥ WA

- but of the potasss
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Ereshs ater Oy Uslqepy
The OSmatie Pressure of' 3 Hacus " Blon 8 o
(I"rrderiw;(-n}. An analysis by Diohen (1866) EiVes the foll
miolir Corapositian « NaCl o 14, IC(L’TO'O!R: Cw(_ff._.cn_,_-r_ M;.’("La:-,-
The figtires for Potassiig and Calciym are snrpri_sfngiy Loy
(?riﬂ?ihw-fu EIVes the f'ullox«inf; MSEE ragig. Na oo, K & (6
Mg 1, and these APPtir more prabable.
I.’I;;JF}n.mnu-,-l found that the lieart hoye well jg 4 duibie o
Gentration of frog's Ringer this fuid ae the fsrllowmg Molar 6o
Centration - NaCi 923K Clw. ooy, [‘LIC‘L o 003, NaHCO, (e
He found thiat exppss of ‘either Potassgm
little ¢ ffect on the heare.

TR ACHp ATA
The OBMmotic Pressure of insect Blood Varies from A s
=t o

In. water beet/es J_I,.ckn'r‘m:,n foung

e 04y to L5 LR e showed ‘thy
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