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Phys~ology. - "A study of tlte hea1'tmuscle according to the 
pl~a1'1naco-physiological metlwd." By Dr'. S. DE BORR. (Com

munirated by Prof. G. VAN RIJ~BERK),~ 

(Communicated in thr meeting of March 25, 1916). 

lntroduction. When studying the funetion of the heart we ran 
do so in the tirst place according to the usual physiological methods. 
In tbe second place we can examine the heart aceording to the phar
macological method by making poisons exert inflnence upon it. We 
del"Ïve the lmowledge of tile dlsturbances of the heart-rhythm espe
cially from the use of sucb poisons as incite the heart-muscle to 
greater acti vity, ronseqnently the poisons of the groups digitalis, 
antiarine and vel'atrine. All these poisons, if not applied in too great 
a dose, cause an increase of the dirnension of the systoles, aftel' 
which suddenly hal ving of rhythm can occur. This was shown by 
BOEHl\I (1) fol' digitalis, by v. BEZOJ,D and HIRT (2) and also by 
BOEHM for veratriue, by HEDBOM (4) and STRAUB (5) for antiarine. 
ThlS halving of the rhythm was caused by au /increase of the dura-, 
tion of tbe refractOl'y period and at the same time of the a-v-interval. 
It took first place at the ventricle and aftenvards at the aUl'icle . 
.A t last the heart stood still in maximal systole. I l'efer for my own 
investigations into the modificatlOns of the heart-rhythm to the list 
of literature at the conclusion of this communieation (6, 7, 
and 8). ' 

Besides these physiulogical and pharmacological methods the com
bined pharmaco-physiological method can, in my opinion, be of 
gl'eat use fol' tbe study of tbe general physiology of tbe heart. I 
lUIderstand by this the application of the usual physiological methods 
to the poisoned heart, in consequence of which the irl'itability, 
conductivity and contrartility have changed. I applied this method 
already previously, when by l'efrigeration of the sinus venosis I 
reduced the ventricle of a frog's heart, plllsating, nfter being poisoned 
with veratrine, in the halved ventdcle-l'hythm, to the normall'hythm. 
At the same time I made some investigatlOns into frog's hearts 
poisoned with vel'atrine by means of extra-stirnlliation. In tbis way 
I cOllld red nee a ventl'Ïcle, pulsating in the hah'ed rhythm, to the 
normal twice as l'apld rhythm, by an extra-stimlliation at the end 
of the diastole. 1 have no\" systematically applied this method, i.e. 
the application of extl'a-stimulations dUl'ing the different time-moments 
of the heart.period of heart13 poisoned with veratl'ine, and oblaüied 
in this way a l'ich materml of curves. I arranged my experiments, 
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.as I described al ready previously, and irritated by means of opening
indllction strokes (movement of the signal upward) whilst the closing 
strokes were blended. 

Every frog's heaL't was examined before the injection of veratrine 
by extra-stimulation, whilst aftel' the poisoning this method was 
continued for a few houl's. The number of experiments made in 
this way ambunts to more than 200. 

1. Extra-stimulation of t/ze heartpoint. 
I succeeded in bringing about artificially by extra-stimulations 

the modifications of rhythm, occurring spontaneously, previously 
described by me. As in these transitions the duration of the refract
ory-period plays an important part, it is of importance to know 
how it behaves aftel' the poisoning. A great number of experiments 
made in this respect have taught, that Hs duration increases aftel' 
poisoning with veratrine. I found even, at a certain stage of the 
poisoning before the hal ving of the ventricle-rhythm began, this 
ventricle refractory till far in the pause. ...(fter the halving the ven
tricle-muscle was then irrltable again already during the diastole. 
This fact can only be explained, if we admit 2 components of the 
refi'actory stage aftel' the poisoning. 

j. Tlle periodical refmcto1'.lJ-stage i.e. that part that is contributed 
during a special heart-period by the contraction of the ventricle-
muscle during th is heart-period. .... 

2. Tlte residue refractory-stage; this second component is caused 
by the fact that, at the beginning of each systole, the heart-muscle 
is not entirely restored. 

The farther the poisoning advances, the more this 2nd component 
increases, till the hal ving of the ventricle-rhythm is completed. The 
latter occurs as soon as: 

the duratlOn of the refi'actory-stage 
the duration of a sinus-period surpasses 1. 

I called this the relative dttl'ation of t/te rejmctory-stage. 
As soon as the relative duration of the refractory 5tage is abollt 1, 

I can discretionally modify the rhythm of the ventri('le by an extra
stimulation. Evel'y modification of l'hythm that can OCCUl' spontane
ously, ('an also be obtained by means of an extra-stimulation. 

As an example of my material of curves the followlng experiment 
may serve.' 

On t1le 30th of Aug. 1915 (cllrvesheet 60) I suspended a frog's 
apex ventricllli in the way I described alt'eady. First I noted down 
about 100 systoles ot' the unpoisoned heart. By extra-stimulation ofthe 

102* 
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-apex il WlIl:! found -to be perfecti)" irritabte during Ibe enlÎl'll dilllltoie. 
Afterward. I i"jected 5 drops of a solu ti on of \'eratrine 1'/, nnder 
Ille skin of tht lhig-ll. 

During the diaStole the irl'itability gl'adually dee~lLS(',s. so thai in 
the end, Wi ll, an equal s t~nglb of the stimll ialion as before Ihe 
injection, I earl onl)" during rhe panse oblAin H tra-syswles ",hieb 
are much s malle~ Ihan Ihe systole~ of the norm i\1 rloylhm. Tht 
frequency of the -systQles dilllinishes somewhat. Ábon' hl\lf an hour 
af ter the injoction halving of the "enlricle-rhyt hm begins. Aftel' rhe 
hearl has execuled a few systol es in this halved rhy thm, J apply 
an induclion stroke at the end of the diastole. Ry Ihis stroke lhe 
normal, Iwiee as rapid rhythm is re810red (vide fig. 1)'1. This can 
be explained as follows. 

rig. 1. 

Whilst the ,'en tric!e is pul saling in the halve<! rhl' t llm, the pauses 
betwecn Ihc venlri cle-systoles IUl,'e beeoroe ",ueh longer. Tlliseauses 

the residue reIt'aetorl'·stage 10 de<:rea.se, berause the ventricle-muscle 
can better l'estore itself during Ihe lengthened pauses, Yet Ihenormal 
rhythrn does nol ,-etUrD, because the periodical refraclory-stage hll8 
increllSed in dumtioll, The lengtl,elling of the periodieal refractor)'. 

stage is 11 direct C<lnscquence of the en largement of the sysloles, 
Tbe r!)Sull is then, th&! tbe tutat rcl'rnclorY'~I"I!~ htuj IIul y~ I t1ilUillishetl 
in dural iOrl , as long as the hah'jng of the ventricle·rhythm las18. 
I expresse<! this in a previous C<llllmunicatioll hl' observing, thatlhe 
increasc of sire {l,nd duration of the systoles in the hah'e<! rhl'thm 

cllplivates IIte ventride in its own rhytnm. Ir no,v, at tbc end or 
the diastole, lappil' an extra·stimulatlo)) (at 0) an e~trn·systole is 
cause<! , wltieh is muelt sm,aller, OOcausc the pause tllM immedialely 

'J Aa figu~ h.ve been rtJu~, Th. figuru 1 10 6 included, belooging 10 
the .. me !>earl, hue Dol been rtdnced in Ihe ,am. "_'alu~. Tb. dislanee belwetn 
the .Ii"ulatio"·.i~nat aoo lb. time-si'll&t, wbich ;. equal in tht ~,igiDal rO"'o or 
cu ..... j , unequal in these fiKutes. Th;' altOWll us 10 jndlle or Ihedi!t'erenl deg'_ 
~r reduction. 
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pr«:edet, ;~ conliderahly reducOO. Colleequentll tbe periodielll refracl. 
ory-srage of tlriB e~ I""'Bysrole i. umclr ."'aller tir an will> ,b" lyBtolt8 
of rb" Irall'ed .hJ'th", . For Ihnt reaeon 11,,, tot.al rerractory-&tage 
duri ng Ihi$ utra·period hllll be<:o",o mud, 11,0rler tlilm durilO8 Ihe 
periools of rl,o hah'ed rhytl"", 

After rhil one precl'ding, Ihotter 1 .... "86 lire residu. re fraclorJ' 
8tagO h", of eou"", not rer Ilmngly o;Ieyeloped it8elf. lt inerta8el 
only b, accu"' rl huioll, whell Ihe ven lrid" hu uec"led. fe w , ,.iIOlell 
in tlre " ormlll rh,. thm. Consequenlly il il dellr t ha r IIr .. ror61 I'f!fracro.y_ 
stage duriug the 6J;t .... y8tolo is !:Ihor1er tirAn d uring rlr .. sy8tolea of 1 he 
." ..... "di .,,:! hah'oo . hlli m. And Iherofore tiro ""xl followinr no.",,,1 
"Erreg" ng", co'" ing Fm", I he lIu "ide, C""8err " ~y.lol" in r I,,, """ I.ide, 
H"I I hi. IY810le il aioo IIgain 8",,,1le.' u ",le. Iho inti ""nce of 'he 1"''''0011'15 
shorl pauie, eo Iha! alilO afte. tlli l sY8toio tlle uexl following i"' llillse 
ooming from the ,,, .. ide NlUsei a. .Y3101e of Ihe ve'l1ricle, 'I'h". Ihe 
notmal, twiee u rapid rlr~'lhm eQnlinIH· ... , till, by increa.se of dnralion 
or the reeid ue-refraclOry-slage, tho tOlal refraclorY'Stage Ir", been' 
lenglhened eo mndl, Ih"t Ihis rh)'lh", ean ilO Ionger be maintaineo;l. 
111 ou ' preeent CAM! Ih" nonnal rlrylhm rorllimleddllrirlg 16.,..tol"., 
and Iheu ehllnged inlO bigemilOlll-gro"f'I allemllri,,!,: wilh lrigilmi,,". 
onflll, Th is bigil",iny 1_ inlO l ire h"h'ed rhylh"" Hl' Iln i"dlletion
sirokc III 1100 end of 11.e dillSlol" I ,'onl'Crl II, i5 1".h'~d rI,ytlllll in lO 
bigemiuy, W h"" Ib i$ bigemi"y hOU! l..;slc" ror aooui IWO ", i""IC8, r 
"pply 'UI <"x trAoSti mul1'lion 10 Ihe allex I'C"lriell l; iU51 !.cfore IlIllend 
of Ibe di6510lo of Ihc fil'1u large Cll rl'O of A bigernin" .. grollp (fig. 2) 'J. 

~'i" 9:, 

T he esl ra-tl.Ulole thlll is OI:c/U!ioned tI,cn, ie " little smaller Ihan 
Il 2"" 'J'ilole of Ihe bigemill us-groufll', ,uKl Ibll JIA"se afler il il a 
lilde Ionger Ih&n Ib" pau&eS bet,. ocn lil" bigemillUl-jl;roufII'. T he 
nest rollowing 'y'lOle i. thereby 8O",,,II'h,,t enl&rged, 80 11",1 now 
Ih .. iralved rhJlhm en!ues, Now Ihe tollll rcfr&ctOr;,- pol'riod ofeach 
&y slOle il of 100 10llg a dUnLlio" for "nOlber syslole 10 follow .ner 
il witb Ihe i"tervAI of Iho IIor m,,1 rhyth m, as is Ihe Ca8e willt Ihe 

'J In Ilo . ".ure. !. ,. 7 aDd g the ,iral·_malien, indieati"l Ilo. Ilil1lullllon 
is • liule 100 IJIllU. Dy Idding In Imf" (fl l hne ~ ,dicaled mor. ouetlr th. 
DltIrL>t'III, wb ... lbo ltiaoulolion . 'a. appl;ed. 
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bigem'"I1&-groul'S. Dunng Ihi. hlll .. eJ .b,.lhm Ibe IOla] refraclor," 
period i. IIWI or a longe. d"rtllion Ihan dunng ~h first .,.-,ole 
of Ihe bigeminu&-grolll'S. AI Ihe end of lhe diall,ole of ,he 4'· c"" 'e 
in lbil bah'ed .h,-Ibm I elfa-' lIIn ellrtl .. ,-Irole bJ" all urra·Slin",I.'Ó<m 
(vide Hg. 3 at 0). This url"ll'IJ"~lole i. followed 10,. A norm .. 1 

t1" 8-

,,.llole, 1.0111 Ihe Ihen follow,"g im]lulae of Ihe .. unele. ".hen reaching 
Ihe .. eninde, i, nol lIIMwered 10,. rha 11IIIIe • . 

Tha Ihen following impnl8e occallionl, il i. mie, again a "er,lnde-
1,lItole, bil ' Ib il Iyltola is a lillia Imalle. and ot shorie. du raliorl 
tI .. n lha p~iDg ,,,"oles or Ilie IUII .. ed rb,. lhm. The following 
au nd&<:u r .. e de$C<lnda a liula deellel' down from Iba rop of Ihe ftrsl 
' yllole<! of Iha bigerninu&-groullS Ihlu lu e IlOW following. Ihl" wit h 
the 1,.1101.,. of Ibe hlll .. ed rh,.tl"". ('()IH1e<:lllenll,. wa ha\"O~8horlened 
rhe 1011\1 rofra.:lOry pe.iod of thi . '·entricle·l,.alole, ~'Om]lllred wilh 
Ihe dnrati en of Iha rofrneto<j",poriods of Ihe lIah'cd rllythm. T he 
eon8«Jnenee of tbi. i. Ihat Itill IIIIOlh<:r 8y810le can folio ... , lifter 
... hieh one .. entricle-8y$tole fall. 0111. 50 Ihat bige", i nIl8'!l:r'mps al'l>ear, 
among whieh oc<:urs a"."e idelllall,. ,. t.igcminll8·groul" Ir I had appl ied 
the U lra'l,imlllarion Mrlie. in the dialltnle, Ibe normal rbrtbm 
wOllld hll'l'e appeared. T ha eSlra ... y&lola wOllld dien, proJlOfl ion.Jlr 
IQ the gruter di mim' lion of Ilie I'~ing intef\"al , ha"e been 
I rn.lla. , 10 Ihal ju.sl all in r.g. I Ibe normal rlI)" IIIIn ... ould I .... a 
rollowed. This appears disti " Clly, Ir dIlri ng Ihe 6 .a. gro"l1 afler Ihe 
IalJI of Og. 3 (,' ide fiJt:. 4) I lIPpi)" .11 as lnt.,ltimulation al an Mrli('. 

~"i, . ,. 
I'eriod Qf the dirulole of Ille firlll rU",'1!a or the bigeminn&-groU]l 
(al fl. The e~tnt.-<!y8tole is .hell am.IL, .nd tlLe no<,nlll .hy lbm i. 
re6lored , ronlillues dunng 15 IJltolet, Md changtoS Ihen i"IO torne 
bigeminu &-grouJlII and .fter .... nli iu lO ,he h.h·ed rhrlhrn. 
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Two ,ro"[18 (I~~ io".ly I had .. ppliet! all u tm'l li mulatio" a linie 
late. ; the eJilnwy,lole i8 .. oW I .. rg<>', blll lI.e .>exI BySIOl1I il Itill 
large •• tll'l'tlr1!ully, boctlu!Ml the I' receding a·~i"lc"·1I1 has IM)oI!n 
Icng.he llcd. "lid eoll llO.."(]ucntly !he 8Y8101e OlOC"'" Illlet (~ i,le fig . 4). 
A more Iltellrll!O III C II~IIrntiOll sho\\'~ liS IIIRI in realil.\" Ihi ~ systOle 
begi lIs lil 1\ 11\10" momelI" Thi s f .. c t ospel'illily also CO""ICr/IC18 
Ihe (JCC11 . ",nce of Iho 1I0rmai .hylhm. 

Whcn now lbe reblored no.mal rI'J,I,," of fig. 4 hu p~ "Saill 
inlO Ihe hah'cd rh,.,l"n, I excclltc here aner Ihe 6'\ !'y51OIo of Iho 
hal~ed rhylll111 a ~l1d melhod ofoollvertillg from Iho bah'ed rhyll.m 
inlo Ibe IIorlllal onc (~ide ~g. tol. 

1 described alreAdy Jl~.' ionsly, how Ibe hlllvcd rhylhm CIII1 be 
oon~erted i"IO Ihe IIorlllal oli e til' au ulm·etimullllÎOII at lhe end 
of Ihe diwHole. I had then 10 IIl'pl)' Ihe exlrll_Blimul!uiotl 111 1\ 

special momenl of Ihe diu tole \0 ",ake Ihe con.'ention Bncceed , So I 

applied , 111 80 willo Ihis Ioeart, in Fig. I (a t Q) 1110 ex lril-sti ,"ullllion 
loward8 Iho end of Ihe t1iulOle. Ir I had al,pliet! Iho ulnHlimn
lalion al lin ea.lier moment of Iho dil./llOl0, il would eilher b".'o 
had 110 efl'ccl, and oon!IeQue .. tly h .... e permilled Ihe hal,'ed rbylhm 10 
conl inue undisturbed, 0. it w()I,ld ha"e produeed .. still Bmlllltr 
ulr .. ..syslole. TIoe nexl impulse hO\\'ever wou ld lI,cn, afler 11';1 

InlflUC' utr.-S1 81010, luwe produced later A 81$1010 whid. would 
for Ihis I"8IL$OrI ha,'e borom .. 100 large 10 lel Ihe "0' mal rhylhm 
CQrlti""e. Ir I hAd "" Iho COllI rat)' al'plied tho etlm-8timulation 
l&ter. d.e ~~tnwJ" llolc ilsel f \\'onld bll.'e l'rtlVcd 10 bec larger, a"d 
wo" ld Io""e Ilocome 100 III.ge for the resl(lrll,ioll of Ihe normal 
rI'.V lto ,Q. Tho hah'cd "'," Ibm " '()IIJd ha,'e ronli,..,ed (Vide fi g. 8) /)f' 

loeart-bigemiu,!' might 1I11"e IX'\'IIrred a l ill ~ïg. 3. 
h is Iherefore olo,·iolli . wh!' I h,\d to i.ritato the ve ll t rielll61UI~lly 

al .. sl oeci,,1 mOlllenl in order 10 obt,,;n relt10r .. lion of Ihe normal rhJ" Ibm. 
TuaaSTKOT. SlRij)tI!~,"" ""d E~(] K' .",~ ~ ('{I"ld ,\180 b.ing "bout ft 

Iwiee l\$ >Irong freqllcncy of Ihe 1",1811Iioll' by ... 11 c~,,,.~timIlIQlio n 
duri ng Ihe dialllOle in Ihcir experitllclllI 011 Ihe 8inll8 "e,,08U8 IUld 
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heart-veins. These mvestlgators have not been ab Ie to explain 'this 
phenomenon. 1t is certainly peculiar that 1 myself, in the beginnmg, 
fonnd this conversion of rhythm only b)- extra-stimulations applied 
I;I.t a special moment of the diastole. 'I'he- ranse of tbis ronformity 
-for in the beginning I niade these experiments without being 
acquainted with the inve'3ttgatlOns of tile abo\'e-mentlOned authors
we must eVIdently find 111 the fact, that we are always accustomed -
to apply the stimulatlOns d uring the diastole Ol" shortly afterwards, 

, but with few exceptions onIy in the end of the pause and certainly not 
of the long panses that occur with the halved rhythm. And af tel"
all there is a 2nd moment. of the heart-pel'iod in which 1 can apply 
an extra-stimulation with as rnuch success 111 order to restOl'e the 
Jlorrnal -l'hythm. - 1f -I apply namely in the latte?' part of tlte 
pause, Ol' in t!~e beginning of t1~e auricle-systole aftm' t!le pause, an 
extra-stim//ûation eithel' to t/te apex ventl'ic~ûi 01' to the base, the 1w?'mal 
rhytltm 1'estOl'es itselJ also frmn tlte Italved one (vide Fig. 5 at 0). 
The extra-stuJlulatIon now causes an extra-systole, which happens to 
be rather lal'ge. lts great height may be explained by the fact that 
we register Ilowat the same time a shortemng of the ventl'icle
and the auricle-rnusculature. The fact that the ventriele }s 1ess fuIl 
may perhaps 1ikewIse cxercise sorne inf] uence. ThiE. extra-systole 
occurs now at an eal'her moment than (he normal ventt'ICle-systole 
of the halved rhythm would have appeared. Wüh the systoles of 
the halved l'hythm the second aUl'lcle-systole falls at the end of the 
systolic p1ane. Wlth this extra-systole the Jle:xt aurie1e-systole occurs 
at the end of the diastole, and can for Jhis l'eason be s,)Jcceeded by 
a ventrirle-systole, whlch is small on account of the short pre
ceding interval, and introdllces for thls reason the normal l'hythm 
as in Fig. 1. 

Here in Fig. 5 the nOl'mal rhythm is infl'odnced by the normal 
phYSlOlogical "Erregung" at the end of the diastole of a large extra
systole. The two experiments cau be:executed equally easIly. It is con
sequently evident, that, in two llldicated pJaces we can, dUl'ing the 
period of the hahred l'hythm, b'y extl'a-stimulatioJl of the ventricle
muscle convel't this hal\'ed l'hythm into the normal one. This restored 
nOl'mal l'hythm passed aftel' twelve systoles into bigeminy, which I 
convel'ted again 'into the normal rhythm during the third gl'onp 
by an extra-stimlliahon, which was applied a httle eal'lier in fhe 
diastole. Aftel' twelve systoles this normal l'hythm changed again 
spontaneously into bigeminus.groups (as in Fig. 4). Aftel' about 
3 minutes 1 convel'ted these bigeminlls-gt'OUPs into the normal 
l'hythm by an extra-strmu1ation, which was applied towards the end 
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of the diA!!tole of the Oret 8y810le of II group (~ide ,"'ig. 6 .1 0). 
This ~tored norm/ll .hyllun conti ll ue. IIOW duri"g 95 syslole., 

IInd pa$iICS then /llllIin inlO bigeminy. "' Oe. abont one minllte 1 

fil. 6. 

cO)m·crt thi. bigcmillY lIga;n illto tlto lIorm/ll rh,III1", a/j I did ill 
Fig. 4 and ti. This II ormal rhylhm 00'11;'111« II0W for o,'cr hllif >In 
hOll ' , whilill Ihe ,Iimen.io" of thc systoleagmd,mllydocrca.ses. Thcll 
the experiment i. stol']Jed. 

Con$(!(]"ently with Ibi. frog's bea'l anc. the poillOning wilh ,·era
t.ine wil bavlI oon,·crle(i: 

I. TIII\ halvecl .h,llIm in IWO ws, . into the normal one by /In 
induction-Sll'Okll (Fig. I ,and Fig. :I). 

2_ The lu.lvcd rhyth", into bigemin, Wig. a). 

3. lJigemin,. into tho hnh'cd rl'yth", Wig. 2). 

4. Big,,",i"y into thl) nor,nal rh,. !l"n (l'ig. 4 ""d 6). 
Con$(!(]ueutly wc r"" di!jCrClion/llly ... ith /I heart lhe ,·entricle of 

whiel, p"ISIIte6 in Ihe h/llve<1 .hyll"", convert II.i s '''Ylhm eilhc. 
illlo thc norma1 I""ee AS .... p;d rhylhm o. ill1" higemi"u:I{!l'OI'ps. 
Thcrefore Wil 1"' ''11 to roegulate Ihc d imellsionl of Ihc ,yslOle8 hJ" illlc .... 
roring ftl ~IJeCi/l1 m011101l 1$ of Ihe heartllCriotl with Ihe slim" i/l"t . 
These ,limcusiO lls .lopcml On H,c JU.III;On of the p'ec<l<ling "."&e. 

Con$(!(]ucntly if we obillin Ihe nor ... ,,\ rio ythm, /lnCr ha";ng ftl'plicd, 

"I " s]>ccial ",ome"t of Ihe diastole. t!u.iug Ihe I'/lh'et! rh,.I""', "" 
e~lra·sti n",llItion , the" wO ca" obllli" '·cnlriclo·bigcminy bJ' 1I1'1'1)"i,,; 
lloe 6.'<lta.$ti",,,latio,, a little lale •. 

1'11e u[HI.imcnll, in whieh I oouvcrlOO "cnlricle-bigemi"y i"l0 
lloe norma1 .IIJlhrn by IJl u l .... 'lotimul.tiOIl in 1111\ diastole or the 
& ... t clI"'e of a group, whîd, . OO"&eqllcnll" produces.u utra
.,stole, bero", lloe 2'" I)lI r '·e would 10"'·11 beg,," , .. '" enli..,l)" in 
wnfo.mity wit" lhis view. 

The di/Tcrtlnce ill d ;",ellsioll betw~n Ihe "Clltric1o-systolcs ofthe hah·ed 
rhJll .. " aud Ihose of the II ormal onc ill vcrJ" grelli. The dimension of lhll 
n ... t 8)"stolc of Ih ~ bigc",i"ul·gn::mps i, 11 ",cdi"", betWOOII th_. 1t 
is always ''''fIolle. than the "entriclt-lyslOlee of the lalest hllh'ed 
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rhJ'lhm. Thi, appea~ dis'inc' ly {,om Fig. 2 IInd 3. Tlii8 diminUlion 
is likewise IIPlmrenl in Fig. 7. 

. . - ~ 

_ .~o, ' . .. . . ..... . . 
- -- - ----

Fi,. 7. 

!l~, .... I al'I,lied 10 a rrog's hell'l, pulsl'lling af ter Ihe poisoning in 
the Iollh'ed ,.]'JII"n. Ril eXl ra'Slimulalion (lil f) al Ihe end of Ihe 
diastole •• he COllseqn~nee of which wIlS all cxl""'-$y slol~. Tho "exI 
following 8y8l010 and r"rlher Ihe lir'SI systoles of Iile bi~min"s
gronps are lh~n ,- isibly r.-dn('.-d. Af.el' IIVO min",1OS III i8 bigcminy 
;,r","lftn"""sly (·hange. inlo I he halvefl rhythm. If now a littl .. Mrli~ r 

in Ihe diastole. I ~lInse IIn ~xtr"'syslole. (,'ide Fig. 8 al t i Ihe 

Fig. 8. 
following sy$lole is nol ~nfftcienl \y rednced 10 oblain bi~minn s IInd 
Ihe hah-oo rhyll"n C{ln.i"nC8. But al tl,e same time Ihe exl rl\8yslole 
is no, linie enougl , '0 reslore Il,e normal rhytl"ll. 

As in Ihese serip.s of experiment" Ihe "limnlant wa« placoo near 
t.he ~'rio-\·eo lri~ul"r.lirni. , IhA r",,\\h~ <1~\,illl" ""rn"wMI r ..... m those 
Ihal hM'e been deseribed ahol'c . I sbllll ill"slrlllc Ihls ti)" 11 tew 
examples. In Fig. 9 I ba\'o c"uood al 1 all exlra-rauS<! wil bont 

Fig. 9. 
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extra-systole of the ventricle by an extra-stimulation (the stimulation 
that I applied thl'ee systoles earlier, and th at took place at an earl i el' 
moment of the heart-period, evidently reaehed the aUl'iele dUl'ing 
HR re.fractory stage). )'ll'e 0 stt'ongly incl'eased posteompensatol'y systole 
fixes the rhythm of the ventriele in the hahred one. At 2 1 applieu 
an extra-stirnulation at the E'nu of the diastole, whieh eaused a 
rathel' large extra-systole wlfhout compensatol'y panse. lf on the 
contI'ary - I apply the extl'a-stimnlaiion at 3 earliel', a smaller extra
systole follows, so that the normal rhythm is l'estored. During the 
26th systole of this restol'ed nOl'rnal rhythm I convert this in the 
llsuaI way again into the halved one. The Jlh systole ofthis l'bythm 
yet pal'tially is to be seen~ at Fig. 10. At 1_ the nOl'mal rhythrn 
is not restol'ed, at 2 it is indeed. Aftel' whal has been said before 
this is obviollS. At 3 1 cause an extra-pause withont ventl'icle extra
systole, but I pl'event the retmn of the halved rhythm (as at 1 of 
Fig. 9) by stimulating again in this extra-panse at 4; by doing so 
I make· a new extra-systole occnr, whieh is smallel' than the post
compensatory one would have beeome. For this reason and likewise 
beeause ir COlnes earlier the norrnal l'hythm is l'etained. The next
following 'impulse, co ming fl'om' the apriele, conseqnently, l'eaches 
tbe ventriele later aftel' this extra-sysiol~, than it would have arrived 
aftel' the post-compensatory systole, if I had omitted the stimulation. 

A place may still be given in this series to Fig. 11. In th is heart 
(curvesheet 104) ventricle-bigeminy oecurred half an hour aftel' the 
poisoning. Aftel' a few minutes I convert at 1 of Fig. 11 this 
bigeminy into the normal l'hythm by an induetion-stroke at the end 
of the pause bet ween 2 groups. The pl'oportions nnder whieh this 
conversion is brought about, are not so simple here. 

The extra systole comes here in tbe place of tbe first systole of 
a bigeminusgroup. But now the Rystole, following aftel' the extra
systole, is wider than the second systole of a group, ~nd has 
consequently a gl'eater pel'iodieal refl'actory-stage. Oonsequently we 
should not expect aftel' it another systole with a short interval. Yet 
this happens, the nOl'mal rhythm is even promptly restol'ed. We 
find the cause of this phenomenon in modifications of the a-v 
interval. A 'liltle nleasurernent teaehes US nameIJ~, that tbe a-v
intel'\ral' 'of Ihe systole', sucreeding the extra-systole is 'collsidel'ably 
abbreviated namely abollt 1/~ second. The sligbt IE'I1gthening of the , 
duration of tbe venti'icle-systole by no meaus eonntel'-balances 
th is abbreviation of tbe a"':"'v-interval,) so' that the am'iele·systole, 
sneceeding this ventricle-systole, can easily be followed by' a new 
,~entricle-systole. 

.. 

II 

I, 
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AI '2 of Fig. ·11 after 1116 i"dlH::: liOIl·Sl roke (here OC<.:IIn! all exlmpauSll 
wilhollt extrnay510le of Iho vClllride. MIer which Ihe \"clltric!n
bigcm;"y Ilppelln! aga;" . 

3. fJrlr(Nlimul/.llilJII o/ Ih. /.lurkie. Wig. 12). 

Of Ihis !'Ow follows here a 6gure in whid. I red"ee(\ " frog'. 
hea.1 (cu.n~15heet 99) pul$ll.l;ng in thc halve.:! rhythm to thc nonna! 
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twit<'! M I'lIpid onll, llnd the laller agllÎ n 10 the hah'cd rhrth",. 
Ancr Ilie preceding .... m .. rks Ihc e.plrmatioll of Ihis facl i .~ ob,-;oos. 

A short remark "boni the a - v-inrcnal ma)' sHIl follow hcre. In 
m)" lhirtl eo'n",,,,,icatiOIl a\lonl ~he heIlTI-rb)'rlnll [ have a \ready 
shown 0.' [lerimcntally , I har the ,,- v-jute,,',,1 cOll sisrs of 2 [IIIr18 Vi1 .. : 

1. Timo of CO,,,1116Iion "long th sysleons of CO llIICCliou. 
2. pcriooJ of lalent .lÎmnlarion of Ihe \'(~"Irjcle. 

Th" eX[Klrimcnls descriOOd !>erom gi ,"o .ogni" an cntire nAinnation 
of Ihi s rnet Ir nnmel)" I ~an com'crilhe halve<! "enlride-rhythlll ;1110 
the normal Olie, h)' all jnduc tiOll .troke, it i ~ rertai" lhat dnring the 
halve<! rhythm ,,!'ler every auricle</lystole tloe " t;rreg",,!:" reacl\oo tho 
ventriele, but ever)" 2"" 8y~tole roeoiled. be<:ause Ihe ,-enlride wM 
then refril.C\(Iry. We r,nd "OW du rjn~ the ha1,'cd rhyt hm Ihe <l,.·.iulerv/ll 
shorter Ihau duriug 1100 1)ormal ~"e. T he caU!;e of thi s (IInnol be 
found in 11 ditrereul"<l in the times of conduction along Ihe s)'stems 
of I'On"""lion. ~'or in 00111 rh)·t lom8 tloe eti mnlation Mw. e"er)" 
/luricle·systole i$ COtulucled It.lou!; these sySlems. The shorter a·v
interval consequent!y originale8 in Ihe fp.ct. thai in lloi . rlo1'llom Ihc 
duralion of lloe Inlenl stillluialion is shortcr Ihan d''''ing lloe normal 
twiC<l B$ rapid rhylhm. Af ter tloe lon!!cr p.~"ses oftl'e hah'ed rhythm 
lhe dnralion of lloe IMenl stim"lation is couS<!<:I"ently abbr<l,·ialed. 

Tloe higcminusgro"ps 111110 di'linolly OIplain thi. queslion. With 
Ihese every norrna! I'hysiological "Erreg'mg" is conduoted 10 the 
"entriclc, for I Clln converl these gro"ll!! into II,e normal "enlricle
rhylhm. The (I.v-inlerval befor<l the 20<1 syslole ho,,"o"er is cousiderably 
longer thau lhal befor<l lloe firsi Bys\(Ilc. lIere Ihis di Ifer<lllce is Ii~e,,"ise 
caused by Ihe di Ifer<lnce of duralion of the slage of Ihe Inleut 8l irnnlalinn. 
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Astronomy. - "S!W1't account 01 some wo1'lcs by BENSAUDE upon 
t/te 1cnowle(~qe of asl1'onQmy anc! navigation in Portu,qat at 
tlte time of t!te great discoveries in t!te 15tlt anc! 16tlt cent~tries, 
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(Communicated at the meeting of March 25, 1916). 

During the 14th and 15th centuries, the POl'tuguese, as is weil 
known, made a number of jmpol'tant voyages along the west coast 
of Afl'Ïca. They had reached the Canary Isles before 1336, and 
theil' sea power is demonstrated by the conquest of Oeuta in 1415, 
In j 462 they undel'took a voyage to Gllinea, yisited St. George del 
Mina in 1481, and some years later JOSEPH VIZJNHO accomplished a 
number of determinations of latitude' in Guinea. In 1487-88 
BARTHELOl\fEU DrAz made his voyage to the Cape of Good Hope, and 
in 1497 VASCO DE GA MA undertook his expedition to the Indies ronnd 
the Oape. . 
, In some of their first voyages they probably kept pretty close to 

. the shore, and made nse of a few maps, and the compass. But, 
when the voyages became more extended, astronomical detel'mina
ti ons became necessary, and it was pl'obably befOl'e 1-183 that JUAN 

U, to whom his fat her had entl'usted the administration of the Por
tugllese coloJlies in 1474, although he did Jlot succeed to the Cl'own 
until 1477, called togetl~el' a Oommission Ol' Junta, to examine into 


