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REVIEW OF THE LITERATURE. 

There has been a great deal of experimental work 

done on the heart with reference to the action of atropine, 

but little investigation of the problem with especia~ re-
; . . 

fere'nce to the action on cardiac muscle. .' 
Ringer (1879) found that atropia greatly slows 

and weakens the heart and often after sone hours arrests 

it. It is probable that the slowing and weakening of the 

heart is due, he says, to the action of a tropia on the · 

excito-motary apparatus, or on the cardiac muscle or both. 

He exposed the heart of a brainless frog and then partially 

opened the pericardium and filled the pericardial sac with 

a 2 per cent solution of atropia. His results were as 

fol~ows:- The hearts contractions were greatly slowed, 

became weak, and often wholly failed to recover, even after 

many hours. 

The reason for this observed slowing of the heart 

was doubtless due to the great concentration of the drug 

used. Smaller concentrations of the drug must be used to 

obtain the non-toxic action of atropine. ' Also the way 

the drug was administered may have had something to do with 

the slowing. 
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Ringer (1882) has proven that atropine affects 

the hear't ifiwinter in a way very similar to that sf. cold. 

They both diminishing t.he number of beats, prolonging and 

strengthening the systole, prolonging diastole and inc-

, reasing the diastolic ' dilation of the ventricle. The 

diastole is prolonged much more than the systole. In 

summer atropine l 'esf1ens the amount of blood going to the 

ventricle during diastole, for during the iauricular con- ' ' 

tr~tio/ns, the ventricle still remains only partially fill

ed and the ventricular contraction is w'eak:ened. 

Gaskell (1882) says that the ~etion of atropine 

on the heart is to bring about a certain max1rm.un of ,rythmical 

power and a. contraction force of such stable character that 

this maximum is with t.he greatest difficulty displaced in 

ei ther one d.1rection or the other. ' In the unfed heart 

outside of' the body, its beneficial effects are followed, 

with a rapidi ty varying ace'oiding to the extent of the dose, 
, . 

by a marked depre~singaction; the force of' the contract-

ions stead,ily diminish" the rythm becomes slower and slower. 

,In the frog neart when removed from the body, this depress

ing effect on the 'rythmical' power is manifested very early, 

so tha.t, the ~.rtllm may' be narkedly slowed at the same time 

that the force Of'tli (~ contractions is as strong or even 

stronger than before. No doubt these depressing after 

effects are . due mainly if not entirely to an overdose of 

the drug ,combined with the absence of' nutrient material. 
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Atrop,lne produces the effects by directly modifying the 

various: functions of the cardiac muscle, and in propor

tion to tne stability of the effect so produced is the 

possibility of a modification of that effect by the direct 

stimulation af the muscle or by the action of the cardiac 

neF-ves. It is partially because the atropine acts in 

smh1 a. way on the mUBcul'ar t issues as to keep the various 

mUBC'ula.r powers fixed in a Jr'elati vely high state of acti vi ty, 

that the c:ardi 'ac nerves are unable any longer to depress 

thoa e :powers. He further concludes that it is because 

atropine is able to restore ~he rythrnical power of the 

muscle, that stimulation of the muscle and s~nus is no 

longer able to produce inhibition; it is because the 

atropinized muscle contracts with the very first stimuluB 

at its full strength, that neither the cardiac nerves 

nor the interrupted current is any longer able to diminish 

those oo'ntractlons; it is because atropine repairs con

duction, that stimulation of the vagus is no longer able 

to prevent the co'ntraction wave passing from the sinus into 

the a.uricle. Th i s v iew was later replaced by the work of 

Langley and Dickinson and that of' Harnack and Hafeman. 

He states that it not only prevents the action 

of the vagus nerves by its direct influence on the cardiac 

muenle, but also on the intra-cardiac nerves themselves, 

and e8peciall~r perhaps on their ganglionic nerve cells. 

In the case of the frog, atropine applied. to the sinus and 

auricle alone, prevented the whole action of the vagus, 





not only on t hose parts of the heart, but on the ventricle 

as 'Well. Atropine not only inflUences the muscular 

t1s:sue but also the nervous structures of the heart in 

such a ''Miy that neit h 'el;" th e direct action of the ~nterrupt

ed eurrent nor st1·mu1.ation of the vagus nerves are any 

longer able to produce their usual effects upon the various 

functions of the oardiac muscle. 

Aceord1ng 'to Harnack and Hafeman (1883), we possess 

in atropine a oompletely re,liable drug for determining 

the cause 1n any diastolic pause; also for excluding 

the 1nhibi tory nerves on the heart wi thout injuring the 

heart 1tself. Also, after large doses the heart is 

~Lralyzed, but before there is a paralysis, there 1s a 

slight st1mu1ating action which is very weak and only lasts 

for as:hort t .ime. 

Langley and Dickinson (1890) were the first to 

demonstrate that atropine exerts its effect on the heart, 

so far a~8 t he effect is nervous, by the toxic action on 

the mrve endings in the muscle. 

(rehl and Romberg (1892) are of the opinion 

that the point of action of atropine is not upon the heart 

ganglia. See, table :from their work on page 5. 





TABLE PROM KREHL AND ROMBERGS WORK. 

Time 

3 hr. 40 m. 

3 M. 41 m. 

· :Rate per min. : L1gated aur10les inaurioulo-
:Ventr1ole:auricle. 
· : ~ventrioular furrow • . L1gatured 

72 

· · 
· · · · 

· · 

174 

~arterie8. Right vagus affeots . 
;aur1cle, not ventricle. 

Resp~ 40. 

. . 

0.001 mueoarin (Bohm) 1nject

:,d into Jugular ve1n. Diasto110 

:pause of ventr1ole. 

Aft er 10 sec.: strong oontraot1,pns of auri-
· • 

.. 
:ole. 0.0004 atropine sulphate 

: :in Jugular vein. Ventricle beat 

· . 
· 

· · 

3 hr. 43 min.: 120 140 

· 3 hr. 45 m. 80 · 140 

3 h1r. 49 m. 

· · · . 

3 hr. 50 m. 80 148 

5 . 

~again. 

Resp. 40. 

Right vague ineffective on 

~ventricle and auriole. 

. . 





iecordlng to Gaskell, Bowditch states that "atropine 

brin.gs th:e co-ntraation power of the mUscle to a maximum 

straightway, sO' that the beneficial effects of successive 

stimuli disappear. We should expect to find that atropine 

improves the rythmical power and the conduction power in 

the same \Way as t ,he contraction force, such an improvement 

being of' at fixed and stable character, though not necessarily 

lasting. " 

"Sokoloff has shown that the application of 

atropine to the heart restores the rythmical power, when 

it has bee·n depressed by the action of a variety of 

di:r.f' erent drugs." 

Cushny (1906) summarizes the present views as 

followa:- "Atropine paralyzes the inhibitory terminations 

of the vagus in the he~'t, and stimul ation of this nerve 

ther 'ei'o re causes no c'hanges in the pulse after admini strat-

ion. Small quantities of atropine have no further action 

on the hear't tmn the paralysis of the inhibitory -ends. 

The terminations of the ace 'alerato!' nerve are unaffected 

and the heart muse'le is, neith .er stimulated nor depressed. 

In man following a theraputic dose and in tl1e lower mammals 

in the blood pressure experiments, there is a marked 

quicken i ng of the heart after atropine. But since, 

normal.ly, impulses a.re constantly transmi tted from the 

inhibitory center in the medulla to the heart, these pre

vent the heart from l.!eating as rapidly as it would if 

freed fro-m the nervous C'ontrol. Stimulation of the vagus 

causes no retardation of the pulse after atropine." 
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"Large quanti t1ee of" a tropine, besides paralyz.ing 

the vagus, ~"eaken 'and depress the heart muscle and the con

t rae't ions: consequently become slower and weaker and the out-

put of the heart is less than normal. Hedborn states that 

large quantities aocele~ate the coronary circulation in 

mammals and increase the amplitude of" the contraotions. 
-

He is inclined to believe the latter alteration as due in 

part to the dilation of" the coronary vessels, in part to 

a direot action op the hear·t muscle." 

"It is not seldom stated that atropine, in addi

tio~·n to paral.yzing the vagus ends, stimulates the heart 

musole and thereby quic'kens the rythm. This assertion is 

somewhat. dlfficult t ·o disprove, but none of" the alleged 

f"acts bro·ugl1t forward to support it have stood closer 

inveStigation. The error generally arose from the belief 

that atropine acted on the ganglia and not on the nerve 

ends or :from the use of impure and irritant preparations 

and all of the phenomena on ~hich it was based may be 

explained by the more modero. theory, that the ganglia on 

the course of the inhibitory nerve fibers are left intact 

by atropine, while the terminations of t11c nerve are 

pa.ral yzed. It 

§ollmanh ' (190l) says "in animals in which the 

Vagt1i S is normally active tdog and man), . its paralysis 

causes a great.ly quickened heart rate. Atropine has in 

addi tion a d.irect aotion upon the heart muscle. It is 
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stimulated by small doses (an exhausted apex preparation 

will bea t again. )" 

Cushny (1910) states that the he·art is sometimes 

slowed andv.eakened at f'irst, owing to the stimulation of 

th'e inh1blto'·ry oenter in the medulla probably, but is later 

generally quickened from the paralysis of' the inhibitory 

f'ibers in the, heart, and after very large doses 1s weaken

ed by the direot aotio·n on the muscle fiber. 

However at th:e. present time the view 1s still 

curre,nt that atropine is toxic to oardi ao ' vagus endings 

and hffis a direct aotion on cardiao muscle. 

In v1~ of the disoussion in the literature as 

to t.he extent to ,rhioh atropine acts on the nervous system 

of' the heart, a review of the present knowledge of the 

cardiae· innervation is presented a.t this point. This 

review is particulti'rly directed to the ii terature of the 

inner·va-.tion of' the terrapin, the animal used in this 

investigation. 

According to Dogiel (1897), ganglion cells are 

f'ound regularly in the hearts of the frog, turtle, f'ish, 

birds a.nd mannnais. In the hearts of' these animals, the 

ganglion eells lie at the junction of' the large veins in 

the heart and a.t the brundary between the auriole and 

ventricle. Delioate interlacing nerves run from the 

ganglionio rings later d.escribed by Gaskell, to the 

muac;ula ture of' the auriole and to the ventriole of both 

sides. These nerves co·nta1n small ganglia and single 
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ganglionic cells. 

Mills (1884) in his observations on the vagus and 

acc:e lor ators of the heart of the turtle, found that 

whe'n either vagus is irritated, it has power to stop the 

h€B~t action. When the ventricle of the heart is exhausted 

by stagnating blood, and the auric~es are beating normally, 

stlnul.iation of the vagus causes an inhibition of the auricles, 

but has no influence on the peristaltic movements of 

the ventricle. After kneading the ventricle and after 

the coordin&ted beat has returned, then the vagus influenced 

it as usual. In sea turtles there are accelerator nerves, 

their course being similar to that in mammalia and in 

Crocodyles. "In the latter the accelerator fibers leave 

the sympathetic chain at a large ganglion, corresponding 

to the ganglion stellatum of warm blooded animals, 

ao~mpany the vertebral artery up to the superior vena 

cava, where tl1·.EV leave the artery and passing along the 

vein, a.Ilastomoses vt i th branches of the vagus in the 

neighborhood. of the heart. It 

Gaskell (1881-1884) has done good detailed work 

on tJ!I!e ner ve s of the heart of the turtle (Testudo Graeca), 

and I shall give qui te a large amount of his work here. 

He found that the left and right vagi nerves 

pass into a ' ·l.arge aceumulation of ganglion c ells in the 

sinus, and thenoe along the auricular basal wall to the 

auriculo-ventri cular g~oove. After they leave the 

ganglion groups in the sinus, a branch is given off from 
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the l'igh:t nerve to accompany the large coronary nerve. 

At each extremity it is in connection with groups of 

ganglion cells, the s·inus group on the one hand and with 

the vent:ricular groove on the other. During its free 

course it c:Q'·ntains very f .ew if any ganglion cells and 

just bero re enter ing the auriculo-ventricular groove, 

ganglia again become abundant. The largest accumulation 

of' ganglia he found to be in the bifurcation of the large 

nerve trunks in the sinus, in the junction wall between 

the two auricles and in the termination of t11is wall in 

the auriculo-ventricular ring. In all of these places the 

ganglion .cells are also found on the smaller branohes of 

:the nerves whicl1 ramifY a·ver the sinus and form a rich 

plexus· in the junction wall between the two auricles and 

ven tricles. The nerves With theiraccoITlpanying ganglia 

are distributed around tIle v.hole junction of the sinus and 

aUFicles. · From this ring as well as laterally from 

botll s ides of' the junctio n wall between the two auricles, 

nelYe fibers with gariglia are plainly seen passing into 

the auricular tissue. As the nerves pass further into 

the tissue, the ganglia become more and more scarce and 

soon d1 sappear. At the junction of the auricles and 

ventricles, the ne rve trunks passing from the junction 

wal~ of' the two auricles anastomose and form a rich 

p1exus ~ontaining large groups of ganglion cells along 

the. :~ine where the junction wall passes into the auriculo-

ventr i cul ar ring. From this group of ganglion cella, a 

p1exus of nerve fibers, also containing ganglia, though 

much more sparingl¥ than the basal portion, passes 
10 





around the aurioulo-ventrioular ring. From this ganglionic 

nervo·us ring, :fibers ramify over both the ventriole and 

auricles, in eaoh oase aooon~anied by ganglionic cells 

for a short distanoe. Similarly, the junction between 

the sinus and the aurioles contains a ganglionic nerve 

plexus ring. Over the Whole surfaoe of the sinus, -

nerve fibers anastomose and oarry ganglion cells with them. 

11. 





STATEMENT OF PROBLE).{. 

The review of the literature shows tha~ 

atropine poisons the nerve endings in the heart, but 

whether the muscle is stimulated or depressed is still 

an open question. " 

Gaskell's classic demonstration of the rythmio 

power of the muscle of the apex of the turtles I heart, 

together with his demonstration that this prepar~tion is 

free from nerve eells which could regulate or control that 

rythmic power, gives a method not yet tried for the 

cructal testing of the question:-

Does Atropine influence the Cardiac Rythm and 

the Power of the Hearts Contractions by Direct "Action on 

its Muscular Tissue, and if so, to what Extent and under 

What Conditions! 

It is my purpose tl1er!efore in this work to 

dete:Inline the pharmacologioal action of atropine on cardiac 

muscle, using the heart strip in place of the whole heart, 

where one would obtain both the nervous and muscular 

effeots. 





MATERIAL AND METHODS. 

Turtles were used as the source of materials 

for the work of this paper. The species used were 

Chysemys Emys, Emys Blanding!i and Emys Rugosa. Strips 

of th'e muscle were cut from the 'fex of the ventricle by 

the method practised in the Physiological Laborato~/ of 

the University of Missouri as described below. These 

strips contain nerve endings it is true, but they have not 

been Shown to contain any nerve cellular nechanism, 

hence the contractions developed in the muscle are to be 

ascribed to the inherent property of the cardiac muscle 

and to that alone. Strips of the sinus were used 

because they contain nerve ganglia. A cOI!lParlson of 

the reaations of these two preparations, one with nerv'e 

ganglia and one free from nerve ganglia, 'ma:y~'be expected 

to yield results from which one may conclliai vel~r determine 

whether' the effect is upon the he8.rt muscle or whether 

it is nervous. From these conclusions, the action of 

at rop ine on t he whole heart can be more full~r explained. 

In ~aking a preparation, the brain of the animal 

is crushed, and the heart exposed. The heart is then seized 

with foroeps near the apex and a strip cut with scissors, 

beginninG at the outer margin of the apex and cutting 

from right to left, as indicated in the figure below: 
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Figure I. Showing method or cutting heart strips. 

A thread is then tied at each end of the strip 

while still moist in -serum. A si~s strip includes about 

15 ro.l!l. of the le}t vena cava. Tl1ese strips are prepared 

as follows:- A ligature is first placed around the left 

cava, then passe~ beneath the posterior vena cava and 

tied. The strip is then removed from the attached 

auricles and veins and is mountod in the salTIe way as the 

ventricul.ar strip. Because of itG delicacy, the sinus 

strirJ was made to contrac t against a tension of' only a 

part of the weight of the lever. 

A glass rod is bent at right angles, and is 

clamperl. on to a stand so tl1a tit is vert ical. The lower 

end of' ~le rod is so bent that one end of' the strip can 

be attached to it, 'while tlle other end can be attaehed to 

the muscle lever which is clamped on to the stand above 

the rod. The musc .L e lever consists of' a straw, on one 

of' which 'i s a narrow wri ting point of paJ!er. To the 

other end of' the straw is att ached the upper end of the 

cardiac strip. A few centimeters f'rom this end there is 

a ne-edle ccting as a fulcrum. A one gram weight is so 
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plaoed on the long arm of: the lever, that there will be 

one gram tension on the muscle. As soon as possible the 

strip is put into a bath of physiolorrical saline solution, 

whiah was shaken up in air to get as much oxygen as 

possible into solution before using. The bath of the 

saline solution was used until the strip began contraot

lng' rythmdoally, after which, Weaker Rlnger's solution, 

compos:ed of' .·7 per cent Sodium Chloride, .015 per cent 

Potassium Chloride and .013 per cent Calcium Ohloride, was 

then ~bstituted. A time marker to reoord seconds and 

the musale lever were th·en adjusted so that they would 

~ite on a smoked paper kymograph, whioh revolved slowly. 

The exaot time when the drug is put on and when taken off', 

1s marked very earefUlly. Af'ter the administration of 

the drug, the strips were washed with Ringer's solution to 

remove the exoess of drug before permanent i~ersion in 

the normal solution. 

15. 



TABLE 1. 

No. 

·1 ' 
Sl10wing the ef'f'ect of' ~ per cent Atropine on strips 

of Cardiac Muscle taken from the Apex of the Ventricle 1 

Weaker Ringerls solution is used as the Normal and 

the Atrop ine is dissolved in this Solution. , The 

Rate and ~litude are taken Bef'ore the Bath of' the 

Drug and During and af'ter the the Bath. The Rate 

reprosents the Number of' contractions of' the Heart f',~ 

strip per minute. The per cent of' the Normal is 

calculated for both the Rate and Amplitude During ,and 

After the Bath of' Atropine. 

19 a 1 21 

___ 1~9~_.---IooIa ___ ..IOO2a....----.-.-:;:::;2=1_--=..i _..uD....-...£.,l _--:-: ~3.:... ~5 __ 1 ... QloL-__ .....IJi&:-4:iE-.._ ...... , .--,8~'_~1 _L1.40 : 86 ? 5 . a ~ 5 . . ,! 4. S; ,91 , : 881 ; 
• .. ~ • : ' il u, ' : 4 " .. 

19 b 2· 21 0.1 :3.5 16 14.4 12 .t 90: 78 • 2.'1 ; B.G 2.8 : • __ ~~ __ ~_-~~~--~~-~--~--~~~~~~--~~~---~~.~;~~ ,-, ------!--~' -' -:~:-~~~.~ ____ ~.~ ____ f{_, __ ~j~3~L ___ w~1~p!$~: ________ ~ ______ ___ 

__ ~1~9~_.~a __ ~--~3_--~21--_~~O~J----:~3------9~8~--_9~O~~~~8~2~~/· 4 __ ~9_a~! __ ~6~4 __ ~* ___ 2_._8~:--_'2_.~7~~~:_2_._?_" ~;~~9~7L-~~'~ __ ~l~,O~O~. ; 
21 .

. '7 12 11 :".. 1 go· : 5 1 ~ l ~ .. l 1, '-.--------o 1.::J ~ \II 98 ' .:J . sa.. . ' ; 5. 0 .. v'" • : '_" ___ ' ~.~_~~-~.~' __ ----~~~~. ~~~~:--~9~9~, ~t~~~~------~, t~~ --------
19 a 4 21 0.] : 4 84 10.4 82 • 19S: 98 · ' 2. 8 : 2 . 6 ... 0 : : _-=--:'--" __ '=:'-_~--A-------~--l.l ......... ---.,;....:.-.---~.::...-------'_;U-:l..---l-1 ' I . .' '. : i !,. ~~. 

_--=1~9~-:--.=:.b_~_-. ___ 2_1_--.:;.._J.L.a..J..-_:"'~ 4 ___ -9-0-' __ . '_9_._8 __ ~.---s9u'O~~~ 00108 : : 5 .1 i 4 . 9' 4 . 9 : _H ; , 4 . a • 1 --: _ 100; ~ : -flY ! 91 ~ 
__ ~1~9 __ ~b~~--_1_1----2_1--~--~o~.]~~:~2------8_2----_6-4 ____ ~8~~~---7_9-~~~-9~e--~!--4-.-1~--~4-.1-. ~.~3_._7--'· ~~~'l~O~: O~.~~~~9:1~;------~~-ru-:-AS __ __ 

21 • :. :" " 

19 b 
, ; 
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TABLE 2. 

Tur 

No. 

la 

19 

19 

- -19 . 

19 

Showing the effect of 0.02 per cent Atropine on S:bripe . 

of Oardiac Muscle taken from the Apex of the Ventricle. 

Weaker Ringer t s Solut:Lol1 is used as the Normal and "; 

the Atropine is dissolved in this Solution. The 

Rate and Amplitude are taken Before the Bath of the 

D!'Ug and During and After the Bath. The Rate l'C-

presents the Number of contractions of the Heart Strips 

per m1nut'e~ The per cent of the Normal is calculated 

for both the Rate and Amplitude During and After the 

Bath of Atropine. 
Per cent . . 

e: str ip : Exper1 : Temp. : strength: Time: Rato_per of normal: 
ment of : minute 

. During: Aft lit · . · No. No. · cent. 0 Solution : · . . 
a 7. · 20 

2 125 :119 · · · · 2 
b 7 20 .02 2;2 _ 121 .. :102 . . 

· 1 
b 9 ·0, 103. · 60 

• 20 .02 8.4 8.7 5.0 · ~ . j 

· 2 
.: · 10 

.. 
b · 9,0 .02 5.8 6 5.8 :1103 :100 

----tIl 

17 

Amplitude of cont • Per cent . 
of nOrmal Remarks . 

BeforC:During:After:During: 
. 

After~ . · . · 2.0 2.2 2.2 110 Ij~ 

5.1 4.9 5.0 97 · . 99 · 
4.6 4.6 4.6 100 · 100 

t 

· 4.0 ' 4. ft 4.1 107 · 102 . "\' . 



TABLE 3. 

r<'h • vi 0 \'11. ng t he effect of 0 . 01 per cent Atropi ne on s t r i ps 

o f Ca rd iac 'Mus e] e ta.1{en from t he Apex of t he Ventricle. 

Weak e T Hi n g e r 'g So 1 u t 10 n is used as th e No tmal and th e 

Atrop ine i s dis solved in this Solution . The Rate a:nd Am-

plitude are tak en ' be f ore t h e Bath of the Drug and Du r ing 

a nd A f t er the 13 a tho The Ra t e r epr esent s t he Number of Can..;.. 

tractions 0 f t~ e Hear t St-r i 'Os r e r mi nD. t e . 
~ . , The per ce nt 

of the normal is calculated f or bo th t he Rate and -Amplit~de 

During and Aft e r t he Bath of Atro p i n e. 

Turtle: Strip: Experi : Temp 
ment : 

No. No.: No.': Cent 

Streng th : Time: Rat e per minute ' , tJJer cen t - :J.mpl.l tude of cont. : Per 'cent : .. . 
: of : . , pf normal : : of normal : . : Solution: of! :'5e1O"Te:uu"r i ng : aI t e r~ ~~ri~g : a f ter :bc'fore :d..}lring : after during: after: R( 

(V'l \ -. .... 
;::urks 

15 a 1 18. 0 .01 -- 14' 18 1 5 stop .. 84 0 24 26 0 108 100 
, t:: b 1 .)..o,.J 18 

----~--
.01 14 15 10 " 67 0 18 19 19 105 '105 

----=-- ~ 

IS" a 1 --- .------ .01 2 17.3 18 '17. '9 128· 97 12 13 14 108 106' - - " , 
) . _ ....... 22 

18 b 1 
~--...:. --- .01 2 18.2 18.8" 18 132 ' 99 23 25 , ~. 26·· 108 113 - ; 

22 -
18 a 2 22 

--~------~----~------
1,r~ 4 119 7 

I 

.01 2 lC.8 16.2 86 10 11 12 110 120 ,- ' .. 
18 b 2 22 -..:..-...-- - .01 2 20.7 __ J :§ __ 15 91 . 73 25 27 28 108 112 - - -
18 a 3 22 .01 4 22.8 20.4 18 90 

1--- 79 9 10 11 111 122 .. 
18 b 3 22 .01 4 21.9 21.9 ~ 19. 2 100 88 30 30 30 ' 100 100 - - ...:....--- --- --" 
18 a 4 22 

'-~-

.01 2 17.8 18 19. ~ 101 111 12 12 12 100 100 - - --
18 b 4 .01 2 18.4 18, 17 98 93 26 26 27 100 103 - -22 

18 a 5 22 
--~~----~----- ~ 

.01 2.4 12. 8 14 13.§, l OB 108 __ 9 9 a 100 100 v _ .. ' 

18 b 5 .01 2.4 14.4 15 . 8 15. 6 ".,109 ·108 27 27 28 100 103 - .. 22 
~'-

18 a 6 .01 2.5 12. 6 12 11. 6 96' 92 8 9 9.5' 112 118 -. ~~ ,- --'---... .. ........., \. --j-

22 

18 b 6 22 .01 2.5 14 14.4 140_8 tl.0~ 1(l)5 26 27 25 103 97 . --:,_ .. _-_._---------
18 a 7 .. , .- - .01 4 12 11.6' ll. ~ t3 7 84' 8 8 8 100 100 1 I'- . -- .-- ---, -----......--.....-.-...-...... .------..----......, 

22 

18 b ',' 7 22 .01 4 15.8 15.6 150 __ .E.9 100 22 22 2Z 100 100 .. 
----~. -------

19 a 6 -- ---.- . --.-....-,.. ~---

20 ---- .01 4 $ 9 9 leo 100 19 22 21 115 110 ! --- ~ ' , .. _'-
19 b 6 -"'--.-. _ . :-,.. -.- 20 

---.-. . -
112 

---r'~ .01 4 8 9 9 112 49 50 50 120 120 ; . -.....--. .. -...-.' -. -- . -. --. -"- ------_._.-". ~ _ •.. _- . -_._-'-_ ..... __ .- .... --; 
L-.. .. ------.;;.; , .. _ } J'. 

----- ---~. ~.-----

_. _ .. ~L.-.. --.' . ._._.._ _ 



TABLE I V 

S hov; i n.s t t,_ e Ie f fee t 0 f O. 001 per c e Y1 tAt TO I) i n eon s t rip s 

of ;jardiac l,rusc18 taken fl'C~!1 the Ape x of tho Ve n tricle. 

V,~eak er Rins e r t s 801u t ie n is used as the ~ \Jo r r-!a1 and t he 

Atrofine is dissc 1ved i~ t h is Solution. The ~' ate a~d Am-

r 1i tude are taken before t-h e Bath of the Drug and Durin g and 

After' the Dath. The 'Rat e ref-Te ~~ent s tl:e NU!TIber 0 f Con-

t ractions of tt';.e Heart Strips I; G~C minute. The per ce ~: t 0:: 

th e normal is calculated. fOT both tIle Rate and Amplitude 

Dt:ying and After the Bath of Atropine. 

Turtfe: St"rlp:-BrX-peri : " Temp.·; Strengtl1: 'rims: Rate per minute j'ex cent : AY!lp11tude of conto -P-e-r-c-e-n-t--- ' - ' - - ~ '--- '-- ---------
ment· of: 'If normal i of nonnal : 

No. No. No. Cent. Solution: on :be!o:[~: .... urlnf>:~-=..;t ..... .e..,;;;or...-__ ... ~~i.er; befor'e;.durins;afte_r:dur~ns:at:ter; _ ... _ ._Rmn~rk l! ----------------. __ 2_1 ____ ~ a ___ 1 , __ £_2 ____ ._001 4 17 31 17 182 lOQ 29 . 26 2,9 ..... .-a_9c;.., ___ .1;;;;",O __ O ____ -L~c,qat inc.r~asing ra tee 

_Z_l _____ b ___ 1. ___ 22 _____ 0..9_1 __ . .-:4~ _ _._;;;;;1~E ___ 17.._-.-;::;1-.;.4 .... ~_Sc,. ........ .-...-. ......... ------'~L.r.!9:::..---=1~ , 2.2 ___ ~24_=__ . . ~_ 1~9Or__ 126' 

21 a 2 _2_2 _____ 0_01 __ ... __ .::.1 ___ -=1:.:::5 ____ .;. -....:1~9~_,,;;;;;,1 .... 5__t-l~Pr¥Q-... ~--~$~ • ...::9--~2..::a..4 _____ .,,;,,;::2o.:;.O .. < _ _ -.;..2-.,;.;2----..-..;:&==-=4 _______ ._9_2 __ . ~ -- r _ __ -______ _ 

21 b 2 22 _~. __ OO __ -/1_, ___ 1 __ __ ~'t.. ___ 15_ .---1 .... 5----1r:-_ ......... _. __ ..l."O_7__ .. 21 ~, __ 1 _____ 2o..;;;;l __ 1;;;;-..~O~ .. O,::----...;;:1:.::;O..::;,O __ 
-----.--------------~ 

~2~1~ _____ a _______ 3 ______ 2_2_~ __ ~-~O~O~1 ____ ~2~ __ ~1~3~ __ . __ 1~6~--~_j~--~---~2~8----~~~3--- ~2~O~ ____ ~23~ __ ~__ 10Q 
- . -.-.. _------_._---

Zl '- b 3 ,_2_2 ____ O_O_1 __ ----.? _____ J4_ 4 _ 20 ----1b_4,.· ____ . ._- 128 17 16 ,_ ...... 1.-...7_--.;9::-;5"--____ ..:::::lQ9 __ --_._-_ ._-----
,--.::2::..:2=--__ .:::.a_- __ ...;;1~ __ 2_0_) __ • n01 2 11.6 1.0.,8. _10.8,~ __ ~_~4~ __ 4~3_,_-:::4;.:,1 ______ 4~O _ ___=9:;,.:6:..__~9~4~_ 

.::2:.:::2:..-__ ..:b~ __ ..,;;;1~ __ . __ 2_0 ____ 0 -..0_0_1 ___ .. _2 ___ 12_.1 ____ 1_1- 8 . 2. 4 _.-s. ... 9..&. ..... 9_--:al~3.:.:.3 __ 2""""l ___ 2;;,.,.,;;O ____ --. ___ 2,..;;;;1 __ .-9.-6 __ ..=;1.::.0~O ___ ___ , __ ., ______ _ 

22 a 21 .001 3 1.0 10 ._E,~ -..;I...,...Q. __ 105 .-~ __ -_---lQ. . ______ 1~ .. 6:;;...-' _____ 9-::;;~_. _ __=:;.10~.Q~,. --..., .. . _-_,-

22 b 2 21 
.. ---,_. _. ~-------- .001 3 13 __ -=1;,;:3;.:_-=9;.,...-__ 1-,2_,...-[ r-_-9>:...:::;..?';'.:..0 931:'..----..!97 ___ IS * . ____ 1~ ___ ,--=1.=.8 __ 1-.;O::o..=Q. __ l_O ..... O __ _ 

22 a :5 21 _~J. ____ .1.Q ,_1_0_, -_5,' ___ 1_2_0_6_ 12. L ,., 
-_l_~Q .. ___ ,~ ___ 1_5_ __~9 , __ ---::;5 ..... 7 __ .....:6~Q ___ .-_, . _ _ • __ .~ _ " 

--.:2.:..:2~ __ .._b~. ___ 3 ____ 2_.J1 ___ .001 ___ ._ .. _ 1,_0_-__ 1..-.2_0 _b __ l_..!?_. _ 12. ,- 10 ) _ DQ __ ---=1~8o.....-_ _...;1:::;.:8~ __ ..;;,o.18 ______ 1 ___ 0;,;,..;;O __ .;;;;;.10~O~ ___ - . ___ .--

22 a 4 20 0001 3 9.2 10.4 11_ I J:..L.-li.~:=...... _---=1;...;4o...--_~1;;;;..4 _______ .-_1_--.:;. 4 __ l_QO __ ~ __ . 100 

• 001 __ 3 _ ____ 1~3_. _3 __ 1_-4_._8 ___ ~-.,..-_1-..1 ..... 1 __ .:;1..;:;;O~5 __ ~1....:..7_-_ _=1~8 ____ 1 __ 8~_1_O_.5~_-=1::;.,;0~5=__ __ 22 b - -----_ .. -----------'---4 21 



TABLE V 

S a~e descri p tio n as TABLE IV except that 0.005 per 

cent Atropine was used on Cardiac Strips. 
~ ;~~----~----~~~~~--~--~----~----~---------f - .--.. -~~ .-,- ~-- -- 'II1 ' Per cent : Amplitude of cont. : Per ce:1t : 

Turtle: Strir : Experi: Temp. : Strength: Time: Rate per minute t of normal : : of normal : 
: mont: : of : ~ . . ...: .r ~ 1· duritl8.:3ft e r : b~fore:during:after: during:after: 

.. No. __ ~. No. ~~~ __ i_q~r1-t:..~ ..:J~.olution: on . oefore.dur1. ng . after 
- -16 11 '- '- 9 7 5 . ~_ 5_~_~~g. 38 .. ~ 36 98 ,. __ 9_3 ___ _ 

2 22 .005 5 

:' 8mark 8 . '--_._-
15 a 

. . -~.-----~-----.----.- --
100 

100 
15 a 3 22 .005 ,._ ............ _.._.-...---4 •• •• ______ .. _ ...... . _ ...... ... ____ . _ 

15 3 ------_ .. _-----
15 ' il 4 22 .005 6 8.-5- 8.5 '7 , 

100 82 28 26 26 93 93 

------~~ ------------
---_ ....... ..-..,,----_ .... --. 

102 a .... 9 9 100 100 
15 .------- ......... ------ .~ -- ~-- .. a 4 22 .005 6 7 7.5 

----.--~ ...... - .. ~ . .. - ... --___11 
7 Il--.----------- ________ .-. ... ~ ___ ....... ' .. ~ ___ ..... _~. ___ ~. __ ~ ... _ ----------------------

TABLE VI '. 

Same descriptio~ as TA BLE IV except that 0.002 per cent 

Atropine was used on Cardiac Strips. 

Turtle: Striu : Einsl"i : Temp. : StrengflfTT'I'in8: Rate per mInute I Per cent . Amplitude of ·-cont. : Percent : 
. "': ment of on : -.. . of normal : : of normal : 

No. No~~ __ ·_._ No.: Cent. : Solution: .~._. _ : before:durinJ~:aft e:l ~duri'ri&·:aft~z: :"~·e 'f.o~e~:·dur~~£...:..~~ter: during:af~er: ;'; cmark S· .• 

14 2 ._2_-3 __ ......... ,.~ ..:.~~§. ______ 14 _., __ 9_. __ 10 ____ --r1 ~f£. ' , ..... ...,..f_l-1-1 __ 1_0_0 ___ 1_6_~--1-5"---, .. -1-1---9_~ ____ 6_9 ___ _ 

14 b 2 23 .002 1_.~4 _____ 1._ J.~ ___ 1_1. ____ ; ._ ~~ ~.l.O-Q __ .~ __ l4.-=---_-_lj"'""___ _ _ .).~4._.....,,;:1:_..=O__=O __ __"~ _____ .... __ ~_, _ _ _ . • _ .. __ 

_1_4 __ . __ a ____ 3 _____ 2_3, ___ • _cn_) _2 _____ 5_", _____ . __ 9 _____ -! .. O ____ 1_1 -11.1_ .. -o . _ _ --.-::.1~2;:..2 __ .:;.I=I ___ __'8=__ _____ Q_ • __ _ 7--..3---. • . __ ...... 4;;.,..;:6 __ · _ ____ . _~ , _._. __ . __ _ 

' ... __ }j . ___ b __ -__ 3 ___ 2_· :"'_'~_ .002 . __ f_)~~~1_0~~~_9~~_~1.·~~ ~~O _ ___ 1{Q .. __ l _ _ irreg. __ .~5~.~1~O~0.~.~, ___ 5~O~~~ __ _ ~ -~.~~~~~~~ 

_]37 87 '---_--....;o.-:.-.. ______ .-~ .-.-. ~1~O~8~ __ ~3~O~.J ____ ~2~9~ ____ 26 
., " 16' a 1 23 · CG2 f.) 11 5 .l.~) I n O 

-------------- -------------. - .- •. _.,_ ... . .-- r---'""" • 

17 ___ a-----1----2-4 .002 _5 _____ 1_6 ____ 1_5_-_9 __ 1_7 r--.~.z ~ ... --1QZ_ ~9_ .. < .• ~ ~3:...!.7 __ --==1~O:::....:..7_-----.1.;.o..l~2 ____ 8 .... 2 _____ ,_._~_'_4-' ~ ______ _ 

1? b 1 ._. _0_02_ ___ G _~ 14. ~., _ _ 1_4_=-_4 ___ l [~ _~ . .a1:~ .... ,_~9~2~_~1;.:!4:...-.. __ __=_1~6 __ -... _1::;..'4.:.___.:1 ..... 1_4 ____ 1~0_.;O ____ __.~ . ___ . _______ _ 

2 24 • OC2 3 12 15 1(' 25 104 Ion --.-------------.------.--------~~ t--- -~ ~L-__ ._~4~~.Q. ___ ~Q..- .. -.-~--:--.. _________ ~__ .,I 

17 a 
..... ~ .. .. ---. 

1 7 b 2 24 • 002 3 15 14 1 ~ o c 03 7 7 8 100 114 I -=-.:..-.--..;:.----'------ .--- '----------- --------Ir-... ~ _ __:--:o;;~---..!---.---;----- .---=-----------------_-__ .-.--.--______ _ 
___ 2_4 __ .~a_·--_2_--2-3---. _OO_2 _______ 3 ____ ~~~_. 2_' _._~_5 __ --~ -.-ltL_..:::;9..::1~ __ ~9 ___ -_~8~ .. __ .---c;:-...';;)--9-9-----1-0, ~ o ___ --~-----.--~-

8 8 Sf 100 100 
~ __ ....;;.-..----. ~o..;. ...... -.-----... .... ---___ _ 24 b 2 -=--____ ---~-,_ ' . 1 _ . _ 

23 · 002 3 13 15. 5 1:3 , 00 , 0 A 

. -- -------------~, ... , l± 
... 1 

24"::-__ ..;a;.:.----3-· ___ 2_<~3 ___ ._n_)r._ .. ,2 ____ 2 ___ ._14_. ____ 1j:_._1_~~ .-.-£~L. __ 1'+".._O ..... 8--_--i9L.:.---~9~, _ - ---=-9-...... 10..;;..,0---1 .... 0;;....10=--_____ _ 
.- -------------

24 . __ --:.:.b---3----2-~_'J _-_._:.~~n_:2 ____ 2~ __ __ ~_1_2 ____ 1._2 __ ,~, _______ 13 ..... )0~ lCOS 8 8 9 100 112" 

~: r)3 r ' (\t') .~ 11.9 13 1 (:., --:-- -----, 8 7-100 . 75~~. <t: ... 1 ~ ~.J • ..J \ JhJ._ . . _ '-' _~ J~. ll ~ 11h 8 ' '\~\.:;j 
- - .--=:::....--.,o-·::";:'~~~--- ---:."'.~. -.. ------E... _ _ ~ .. _'-~:::.....---------~-:-~- .... - - ---

CJIL • 

24 a 



T liB :: n 'VI --conclu:i cd. 

TurtlG : Stril' : ;:!xperi : Temp. :·"-StrenGt!1 :-TiY:!8 : Ra t e per f!i:-n}.te 
:1'ent of : .. _--._ .. .. _-.. 

No. No.: No. Cent. Sclution: on : .bef~~e:duri~g:afte~ 

?A 
0..) = 

24 

24 

24 

2 4 

. 24 

21 

,') r: 
fJ .... ) ./ 

,~ 

25 
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a 

b 

a 

b 

a 

b 

a 

b 
~ 

b 

4 

5 

5 

6 

6 

7 

,... 
( 

1 

1 

TAB:;'S VI I 

23 

23 

23 

23 

23 

23 

23 

20 

20 

20 

.C02 

.OC2 

.002 

.002 

.002 

. • 002 

.002 

.002 

.002 
• 0 cJ z-
.OC2 

3 

3 

3 

5 

5 

7 

7 

5 

5 
~ 
5 

13 15 

12.9 13.3 

15 15 

15 15 

14.8 

12.-2 

14.2 

10 

9 
1 
7.5 

12.2 

13 

8.5 
p,J-
7.8 

Same description as TABTJE IV except 0.0001 per cer: t 

Atropin was used on Heart Strips. 

15 

9 
? ,.., 

I • 

F-er Jcin:r--· :1\r.lpfftu,lle of coTir.-:-" '·Per-CG1it--·-·:-" 
of normal : : of nor~a1 :. 
d · "':'t b ~ ;;. ~ d' ... ~~J.ng: 0.1 er: . c!o~e: 'J.urlng: a:te r: urln~:a!~er: 
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7.8 

8 

6 

11 

7 
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7 
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17 
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16 

89 
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67 

100 

75 

89 

77 

100 

91 

1CO 
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(')0 
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P..cmarks. 

'TUrtlo:-~Strir)-~: 'Sxp'erI: ~Tem'5:~:-gtren3n: 1'lme : Rate f.er r:: inlJTc'--: 'Per ce n t : Amplitude of ccn~. : Per80nt of nor! ~ ;;r''''" ' ' ' ' ' ' ---.- -
: ment: of: of nOTTral . 

~·10. No .... .... ___ Nc..:_ .: Cen!,:_~._?o~ution: on :before:duril}G:~fter : dUTir: g :afte~ _ before:d1)r~r4g:a~!rJr: durir:g:after: _~ TIe:narks. 
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TA BLE VII --continued. 

Turtle: Sixi::) : ' ~xp8r£--femp.: t3frength: TIme: Rate per minute : Amplitude or cont. : Per cent t 
: !Yl ent: of: : of normal , ; 

No. No.: No.: Cent. : Solution: on :afterxiurin :after ~ Bemarks 
----------,~- - -----~-~-.;..:::~Q------~-------------.------=------...,...! -._-----------
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11 

12 

12 

12 

12 

12 

12 
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26 

26 

26 

2G 
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26 
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26 

26 

a 

b 

a 

b 

a 

b 

a 

b 

a 

b 

a 

b 

b 

a 

b 

a 

b 

b 
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b 

a 

b 

a 
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4 

4 

1, 

1 
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3 

3 

1 

1 

2 
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3 

3 

4 

4 

3 
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21 
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23 

24 

24 

.0001 

.0001 

.0001 
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24 
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24 
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25 
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15 
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14 
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17 
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14 94, 
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TA?LE VIII 

Show ing t~c effect of 0.00006 per cent Atropi~e on 

Strip s of Cart.l:iac nuscle takcr: I 'l4C 'f;1 t he Ap ex o :f the Ven-

triclc . Weaker :c: in <~~e rt s Solutio~ is used as t"n. c ~! OT-

~al and t~eAtrGr ine is dissolved i~ this Solutio~ . . The 

Rate and Ampli tude a re taken Before the Bath of the Dr~g 

and During and A ~ tcr the Bath. T ~ : e Ra te represents 

the Number o f CG r~tractionil of the Heart Striy;s 

r e r ;n i :-: ute. The per cen t of the Norf:1 a 1 is calculi ted 

for both the Rat ~>, a~ld Amplitude During and Aftor the 

Bat h of Atropine. 

Turtle strip . t'I --~ . Ter.1p. . ,.,- Trme- : Rat e pe r rr.inute Per cent Amplituae of cont. 0 Per cent . 1"xperl . . vtrenstn : . 
m e~'1 t of . .of no rmal : o f normal 

No . No. 110 . Cen t. Solut ion . on before :durins :aftcr d~~f nJl:._~~.~~~r: be~?£~ :dur.ing: after : during: ~fter :._ Remarks . 
rJ8 a 2 24- . 00006 3 14 17. 5 15 121 107 29 28 27 97 94 

28 b 2 24 .00006 (7 13 15 12. 115 8'7 17 17 19 100 111 ! 
D 

28 a 3 24 .00006 ') 15 17.5 14;. 5 
.,., ("\ 97 27 M, 25.5 93 95 

i-.J l..1.0 G:) 
I 

28 b 3 24 ~ 00006 2 12.5 14.5 12 116 96 19- 19 19 100 100 

28 a 4 24 . 00006 2 12.5 13 13.5 10,4 108 28 26 27 93 97 

28 b 4 24 . OOOC6 "" 13 8 :5 9~5 70 77 25 28 27 112 108· 
Q 

28 a 5 84 .00006· 10 13.5 3~9 3.0 140 148 27 7 2 26 8 
L 

28 b 5 24 .00000· 10 9.5 17 16.5/ 17C: 174 27 211 81 89 78 

). J. 



rr . .t.B .L~ IX 

Same desc ri{;ti or:. as TABLE VIII exce :~·: t t r~ at 0 . 0000 4 

per cent Atro p i ne was used. 

Tu rt l e ~ : 8trip . P' xr'p. ·,~.{ -:Tom .... -~-stTBncr+h . Time : Rate Eel' m'inute- - - Pel:'-ce nt ----:-Amp 1 i tucl e of cont . · Per cent' . . ,~ - ........ ' ..... J...:. . ~. ".... ... 1--' . • . . .:. 0 'wi . · 
:11 en t of -- of normal : of no' rmal • : · . I. 

!'-:o. No. No . Cent. . Soluticn : on before: durin i~: aft~E d"ll r i D {Z : 'afte:r : before:durin~ :after : d.1.~. ril!g: after_.: __ . ~emaTks . . ----_ .. - .- _ •• . At . 
---~-~ 

1'1"" a 1 25 .00 004 ,., 12 12 10. 5; 100 88 31 31 31 100 100 ,;..) ,
8 r.J 

~ l 

."l.; " 

2 7 b 1 25 .O()()O4 ..., 
(..J 6.9 9 13 130 ~::. 188 34 33 37 98 108 

27 a 2 ')h .oor04 3 6.9 0 13 ... ,-, (,: 110 28 20 27 72 ' . ..1 .0 '-' It:.J .. 

27 b ... , 25 .00004 3 9.5 0 ::; .. ' 8 C i t:; · ..,v 85 37 36 36 98 98 

27 a :3 25 .00004 4 12.5 13 11 10 4 88 19 16 19 85 100 

27 b 3 25 .00004 4 10 9.5 8.5 at=' 
.:;; i,) 85 34 34 34 100 100 

TABLE X 

Same description &9 TABLE VIII except that .00002 per cent 

Atropine was used. 

T1..~ rtle : ·Strlp : EXlJeri : TeF.p : StrenGth: Time: :Rate per ~te : Ampli tuae c-;r ccnt-. -:l'er cent 
rnent of: o f Tlorrcal : : of normal ~ 

________________ . _______ :_b_e_f_.o_r_e_: d_u_r_in_~9~g _: ~!t'er :. J;;r i n ~ f t e r : b e fore : d 11 r ins; : a ft er: d ur in:;; : after f _ . __ R_e._m..;....a_r_k_s __ 

11.3 12 11 106 '28 29 30 30 103 103 i 

Ho. No. No. : Cent: Solution: on 

36 a 10 24 . 0000 2 4 

26 b 10 24 .00002 4 9. 5 9.8 9 rz ""' r? 98 24 24 24 100 100 .0..) 1. 1
" D 

26 a 11 24 .00002 5 11 10.4 10 ("'". r-
vu 91 3t. 3C 29 lOC; 97 

26 b 11 24 .00002 5 S.~ c ') 
v.f..J 8.8 S~ 4 90 25 24 24 96 96 



TABLE XI 

r'l h . 
~ OWlnS the ef fec-ts of A tro p ine when appl ied to 

same Strip cons ecutively. Weaker Ringer's Solution is 

used as the Normal 8 rrl ' the Atropine is dissolved in this 

Solution. The Pa te and A~p li tude are taken Before the 

Bath of the DruG and During and !\fter the Bath. The 

Rate represent s the Numbe r of Contractions of the Heart 

Strips per minute. The per cent of th~ Normal is cal-

c-c.lated for ' be th the Rate and ampli tum.e Durin t:; and After 

t h e Path of Atropine. 

Turtle: Stri"lJ : Exnert Te~r 1 . - -.~. strength: Time o'-Ra te p~ r minu te r er cent : Amplitude-a! cont. Por cent of ~ 
'TIent: 

iTc. C en t. No. No. 
of of no T!T!al : nOT!nal ; 

~efore: dl). rin£ : a .fter . during: after: be fore:during:~fter _ ; during: after; _____ R_e_m_a __ T_k_s ____ _ Solution: on 

26 

26 

26 

26 

26 

26-

26 

3G 

a 

a 

a 

a 

a 

a 

a 

a 

2 

3 

4 

5 

G 

7 

8 

o 

24 

24 

23.5 

23.5 

24 

24 

.0001 

.0001 

.0001 

.0001 

.0001 

. COOI 

.0001 

.0001 

27 

7 

2 

4 

4 

3 

2 

3 

92 

11 

11.6 

12 

11 

11 

109 

12 

10 

11.2 

11.8 

12 

Ie 

12.2 

112 

1 2 . 2 

1L0. I 108 

11 101 

11 10 1 

11 

100 

91 

110 

102 

101 

108 

100 

92 ' 

100 

101 

95 

96 

42 

37 

34 

37 

32 

30 

28 

39 

35 

36 

36 

30 

32 

27.2 

40 

35 

33 

35 

33 

31 

31 

27 

93 

95 

105 

98-

96 

98 

100 

96 

95 

98 

95 

103 

103 

97 

97 





Txacing taken from TABLE 1. 

19,2, a. 
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Tracing taken from TABLE 3. 

Turtle #1, Expori!rent #5 . 

0" 11-/ 
• V 

• 
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Trac ing from TABLE :3. 

Turtle # 19~ 

Tracing fro~ TABLE 14. 

Turtle # 1, Exp. 2. 
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Tracing taken from TABLE 6 

TUrtle # 24, Experiment # 2. 

Tracing taken from TABLE 9. 

Experimen l,' · Turtle 27. 
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Tracing taken from TABLE 8 . 

Turtle # 28, Experiment # 3. 

Tra~ing taken f rom TABLE 8 

Turtle # 28, ExpeTiment # 2 . 
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OBSERVATIONS ON THE EFFECT OF ATROPINE 

ON CARDIAC MUSCLE. 

The· fellowing discussion is based O'n the tables O'f 

experimental results. The tables are presented in the 
... 

O'rder' of the~ncentration of the drug used, and net in the 

erder in which the experiments were perfO'rmed. The ex-

perimentsw1th the ,strenger selut1ens are presented f1rst, 

and. tho'se with the weaker sO'lutions fellew in order. The 

headl~ O'f each table gives a full descr1ptiO'n O'f the 

exper1roonta pres ented in 1 t. 

In table l, shO'v.ring the effect O'f 0.1 per cent 

atropine, there is shewn a slight increase in the rate O'f 

the eto nt rae t 10 ns. This amounts to' a 3 per cent increase 

when the averag1e O'f the eight trials is taken. There is 

however a decrease in the rate in feur instances and in fO'ur 

an increase. Vfhen the atropilte is applied to' the same 

strip success1 ve times, there is at one time an increase 

and at anO'ther a decrease. In one~the depression amounted 

to' 92 per cent a f th e normal ra te while the increase was as 

much. 'as 113 per 0 ent· • FO'llowing the remO'val O'f the drug, 

ther,e 'was always 'a great decre'ase in the rate, except when the 

drug was applied fbr the fir :st time, this time the rate 

r eJYla in ai th e B lJIle • The amp~itude with the 0.1 per cent 

was d oor:8B.sed in ev·e~.r experiment except the first , in 

which th'er 'e -was '8. slight increase in the ampl1 t\1de O'f the 

contraot iO"IlS. After atrO'pine of different strengths 

had been app11ed to' the ;88:1e str1p ten t 1mes, then when 
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i.n 1tbre 'ell.~ed.!:l tl!l'lre 0.1 per cent is used, there was a 

zmrked de:crease in rate and amplitude. This tends to show 

that such strong strengths of atropine depress the muscle. 

Table 2 gives the action of 0.02 per cent atropine. 

This 'strength of ool.utio'n is not as injurious to the muscl e 

as the 0.1 p et' C'!~nt. With this concentration I got an 

increa.:s e averaging 13 per c ent in rate. There was also an 

increa'se in amplitude of g per cent while t11e drug was on, and 

2 ~:r cent increase af't er- the removal of' the drug. This 

concentratio'n O',f atropine was also tried after several 

differ'ent strengths had been used. When the rate f'ell to 

60 per c: ent of" the no\rmal in the table, the strip was 

becoming very irr egu1ar, the ampli tude of the contractions 

rem :inihg the same. It later returned to normal. 

Table g shows the observations with the 0.01 per 

cent co no Ell tration. In eigl1 t instances, I got a decrease 

in rate averaging 14 por cent, but in nine instances there 

was an increase in rate averaging 10 per cent. Averaging 

all of the trials, ther'c wa. n a decrease in rate of 2 per 

cent and in two instances th ere ''JaS a fall in r ate of gg per 

vent. After the drug was r6"!loved, there was an after decrease 

in rat.e in eleven trials and an increase in seven. In the 

:first experiment \nth 0.01 per cent while the atropine was 

on, th e he art ceased, but soon returned to normal again 

when the Weaker Ringer's Bolutio'n was Iljlplied. In another 

instance in t 11e same expe.I1ment, the heart strip ceased 

boo ting af't. ,cr the d rug had been removed. The ar.lpli tude of 





the contractions under the influence of 0.01 per cent . atropine 

increased in every instance, the average being 16 per cent 

increase. However after the drug was removed, there was an 

increase of 7 :per aent, there being just one instance of 

a decrea.se in the eighteen trials. 

In Table 4 is shown t11e effect of 0.001 per cent 

concent ratio~ n of' atropine. As a whole this strength of 

a tropine ;stimul.ated ~he he r:trt muscle, for in sixteen trials, 

there iWa.:S an inc'rease of 15 per cent in rate. In two :ex-

perirnent:s the rate remained practicall~r normal. In one 

case the rate al.most 'doubled, this being the largest increase 

in rate that was obtained in all of my experiments. After 

the drug wa:,s renoved, there was still an after increase of 

5 per cent. When th)ere was a decrease in rate, it was very 

sna.l~, and there Vlere no instanc 8S of an increase rate of more 

than 20 per ae.nt. With this increase in rate of 15 per 

cent with the 0.001 per cent concentration, there was a 

doc r ease i h t ,h :e anpli tude of 13 per cent. In the instance 

wrere -th,~e rate 8.lrro':st doubled, there was only a decrease in 
L'!lpli tude 
xaD: of 11 per cent. The amplitude fell in one experiment 

43 per ent, 'When there was an increase in rate of only 

19 per 00 nt. The amplitudl.eand rate later returned to 

normal. The a!Ii)li tude aft Erth e drug was removed, showed 

still a decrease of 9 per oont. BUt this would not be 80 

large VI -ere it not for the large decrease mentioned above. 

With th,e 0.005 per cent strength of the drug, as 
average 

is Brown in table 5, tlDre 1s ~"doorease in rate of 6 per cent. 

After tho rate decreased the f1r :st time 27 per cent, the 
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second time the di'ug was apPlied, ' 1 t inoreased to 16 per 
average 

Oelt and tb-.e th1rdtime to 2 per cent. With this decrease 
,\ 

in rate, there 1Vhou.1d be ;expected an increase in the 

ampiitude, but there is a very alight deorease of lper cent. 

After the drug is ranoved, the l'8.teis till 4 peroent below 

1'lOt:na~, while the amplitude 1s deoreased 6 per oent. 

In table 6, ther·e are ·shown the re8u~ts with the 

0.002 per cent strength. There is an average increase of 

1 per' o'ent in rate in th·.e 25 trials wi th this ooncentration. 

nr e highest increase with !h1sstrength was 19 per cent and 

tm lowest 16 per cent. Most o'f the experiments show very 

litt~e inorease or de·crease, but remain vo!"! near normal. 

The amplitude going wi th this heart rate shows a deorease of 

2 per aent. Looking through the 'experiments with 0.002 
p·er eent from the standpoint of 'applying atropine sucoess-

ively to' the strips, there seeus to be a slight stimulation 
followed by depression. After the drug is removed, there 

stiLL remained an inorease in rate of 1 per oent, but a deorease 

of 4 per oent in amp~itude over the normal. In one case 

there was a deorea ::e of 54 per cent, going with an increase 

in rate of 22 per c ·alt. 

Table 7 ·mows the effoot of 0.0001 per cent 

atropine. There is an ·ave .:rage decrGase of .9 POI' cent 

in rate in 36 experiments. In one trial the rate fell 77 

per c ont, but there wa:s an increase of 9 per oent in am-

plitude going with it. The h1ghest increase 1n rate was 

23 per cent, the amplitude remaining nor~al during this increae. 

The amplitude dur-ing the wnole aeries of experiments averages 

t deoreas··e. After the drug was removed, there was .6 per c: en 
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a decrease in rate of 10 per cent, together with a decrease 

in amplitude of 5 per cent. 

In table 8, the experiments with 0.00006 per cent 

co'nc ontration are given. · With this strength of atropine 

the average percentage increase in rate in eight experiments 

was 20 per cent. There was an accor~l panying decrease in 

amp~i tude of 11 per cent, which C!an not be considered as 

compensatory. The rate in the last experiment of this 

aeries alnI)'st doubled, the percentage increase being 79 

and the decr ea 00 in ar:Jpli tude onl~r 11 per cent. Again in 

another exper iIoont, t rere was a decrease in aJnp1i tude of 

only 4 per ~ent wi tll an increase in rate of 40 per c ent. 

After the drug was r emoved, the rate fell back to an increase 

of 9 per cent, while the ampli tude fell to 14 per cent. 

In the case where the amplitude fell to 74 per cent, it later 

fe 11 to 6 per cent. 

In table 9 is shown the effect of 0.00004 per 

cent atropine. There is an average increase in rate of 

7 per cant, while the amplitude is decreased 8 per cent. 

Af't .e,r tI1e drug is removed, there is an average increase in 

rate 01" 6 par cent. In one experiment, the percentage 

increase in rate was 88 per ~ent, and at the same time there 

was an increase in amplitude of 8 per cent. 

Table 10 8.hoWs the effect of 0.00002 per cent 

atropine on cardiac muscle. The results were only obtained 

on one turtle. In averaging four experiments wi th this 

com cntration 0 f the drug, there Vias no change in rate and 

amp~1tude. The greatest increase in rate in any experimont 
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with this drug was only 6 per omt. There was an increase 

in tlte ampli tudeaccompaning this increase in rate of :3 

The greatest Changf-n the amplitude was a decrease . 

of 4 per cent. Aft or th;e :removal o:f the drug the average 

rate of the :four experiments fell 6 per cent below normal 

ani. th,e ampl.i tude fell 1 per 00 nt • 

The influenoe of 0.00002 per c'cnt atropine on the 

rythm and the aml~· li tude of the ventricle MU8cle waft very slight 

in tIllS aeries. It was therefore taken as the minimal 

strength of atropine that influences the reactions of ventrio-

ular nusc:l.e. 
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stripe orr the sinuB I!U8cle were experimented 

upon in the same way as with the muscle of the apex of' the 

ventria~e. With two exceptions, the rythmic contractions, 

When demonstrated, were unchanged. The percentage change 

in either case wa.s not over 8 per cent f this large increase 

ooourirg afi·er tlle renoval of the drug. 

Turtle: Experi :strength:T1me: Temp. :Rate :' per minute : Percent 
· ment: of' : :: : of normal 

No. No. : Soluti on: on :cent.:before:during:after:during:afi 
. 

:3 1 .002 4 21 

4 2 .0001 3 21 

6 1 '.001 5 20 

40 

12 

22 

· · 
· • 

· · 
· · 

41 41 : 102 
-12.5- 13 : 104 

-
22 . 23 '100 

The gre'atest increase in m ·te was obtained with 

0.0001 per oo.nt atropine. Th.e other strength o~ the drugs 

d1d no't produce a very' great ef'f'ect. Averaging the experi-

nent e, ther e is an incre as e in rate of :3 per 00 nt while the 

drug is on and 7 per cent after the removal of the drug. 

· · 
• J 02 

-104 

Alcrng Wi-:th the slight 1nc'rease, there was notioed a very slight 

d~rEaSe in to··ne. The length of the tone waves remained 

almost c'oneta:nt, tl1erc being very little difference in the 

waves whlle th e atropine i8 on and when it is off the muscle. 





DISCUSSION OF THE EXPERIMENTS ON THE PHARMACOLOGICAL 

AOTION OF ATROPINE ON HEART MUSCLE. 

There seems to be very little dif~erence in the 

etrength 0 '1' -the atropine used, because the weaker solutions 

have an aver age effect upon the cardiac muscle not etrikingly-

difie.rent f'rom that of' the stronger solutions. In the 

0.1 per cent, t]l3re was an average increase in ~ate of' 3 per 

gent, while with the 0.002 per cent there was an increase 

in rate of' 13 per cent. With the 0.01 per cent there was 

an a:.verage deor:ea.se in ra te of" 2 per cent, and in two caeea 

with this c'oncentration of' the drug, the percentag(; change 

in normal was 33 per cent. There aee~ed to be almost paraly-

sis in o'ne eXperil:'lent wi th the 0.01 per cent, but finally 

the heart strip rega1ned its nomal rytl'U!l. With the 0.001 

. per cent, ther·e was an average increase in rate of 15 per oent 

and a decrease in anplitude of' 13 per cent. The rate almost 

doubled in ane exper 1ment, while there was a decrease in 

amplitude of only 11 per cont. With the 0.005 per oent 

t1lere i8 an a1verage decrease in l'ate of' 6 per cent, accolll]lan-

led by a decrease in amplitude of 1 per cent. The 0.002 

per cent does not seem to have very muoh effect upon the 

o ardiac muse:l e, there bei ng an average inorease of' only 

1 per eent in 25 experinents. Looking through the expe~i-

mente with 0.002 per cent f'rom the standpoint of' appl~ring 

atropine suooessi velT to the strips, tllore seems to be a slight 
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incre ase in amplitude lind rate :followed by a decrease in 

rates:1d anpl.itude. This fact seems to be true throughout 
with froIn ,0001 to 005 per cent concentration 

the eXllQrlnentsM) that the activity of the I!lUacle is :first 

inc-reased above t lat o' f' th e normal, and then to depress 

the muscle in successive experiments below normal. This is 

ShO'WIl in t dJl-e l~. But averaging all. of the experiments 

Wher e atropine is applied the f'irst time to the strip, there 

is s h:rwn an increase of only 2 :per cent in rate. When the 

weaker solutions have been applied to thttriP a number of 

times, -the stronger solutions seem to be more active and cause 

a marked depression of' th e rate and amplitude, of' the cardiac 

strip. The • 0001 per cent atrop ine does not have very 

effect upo'n tne muscle. The rate remaining the same, 

but there -was an increase of' amplitude of 9 per cent. There 

was nevel' a great increase in rate in any of' the experinents 

withthis com'entration, the greatest being 23 per cent. 

The l.argest average increase in all of my eXl_,er1ments with 

too different co,ncentrations ' of atropine, vras obtained with 

the 0.00006 per cent atropine. The increase being n this 

oa~e 20 per cent. There wae an accompanying decrease in 

amplitude of' 11 per c'ent, but this cannot be con ~: ; idered as 

co-mpensa..tory. With the 0.00004 per cent and 0.00002 per 

cent, th:ere i8 ve~J little effect. With the former however, 

there is8Il a.verage ire'rease in rate of 7 per cent, and also 

tmre was obtained an increase in rate of 88 per cent 

accomPlnied by an increase in ampli tUd.e of 8 per cent, in 

one exper irr.ent with this concent ration. 

Two au~veB are plotted in attempt to represent 
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T AB L~-=:Xll 

Showing the effect of Atropine on Heart Strips when app-

1 ied the fi 'rst ti f'1e on each Strip. Weaker Ringer's 

Solution i.s used as the Normal and the Atropine is dissolved in 

this Solution. The Rate and Al'lpli tude are taken Before the Bat)] 

of the Drug and During and After the Bath. The Rate 

. represents the Number of Contractions of the Heart Strips 

per minute. The per cent of the Normal is calculated 

for both the Rate and the Amplitude During and After the Bath 

of Atropine. I . 

~T~u~rTt~l~e~:~s~t~r~l~'p~:~E~. x~p~e~r~l~. :~T~em~~~:~S~t~r~e~n~g~t~h~. ~:~l~·l~m~e-:~J~q~a~te~P~e~r~n~11~n~u~t~e~~.~hP~e~r~c~ent- - : Ampiit~e of c6nt . . :: Per cent 
t .p .&' 1 o.f normal : men · . : 0.. O.L. norma : 

No. Cent: Solution: . on : before:during:after: durin ':after: before:durin :afte:r:: durin :after: No. No. 

8 

8 

9 

9 

11 

11 

12 

12 

13 

13 

17 

1 7 

25 

25 

15 

15 
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18 
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a 

b 

a 

b 

a 

b 

a 

b 

a 

a 

b 

a '-

b 

a . 

b 

21 

21 

22 

22 

19.4 

19.4 

21 

21 

10 

10 

24 

24 

20 

20 

18 

18 

22 

22 

. 0001 

.0001 

.0001 

.0001 

.b001 

.0001 

.0001 

.0001 

.0001 

.0001 

.002 

.002 

.002 

.002 

.01 

.01 

.01 

: 01 

35 

35 

30 

30 

10 

10 

17 

17 

10 

10 

5 

5 

5 

5 

1. 4 

14 

~ .. 

9 

16· 

9 

8 

8 

15 

15 

18 

10 

16 

(S' 

10 

11 

13 • 

12 

14 

14 

17 

16 

15.9 

14.9 14.4 

10 10 

9.5 8.9 

18 10 

15 10 

1 7.3 18 

2 18.2 
~ JjtJ. 

18.8 

3 23 

e-' 67 

11 - 6 :3 

9 122 

11 162 

13 150 

14 94 

13 94 

17 

16 

95 

89 

17.4 ' 99 

16 97 

10. 5 100 

10 94 

stop 84 

late . 67 

17 c. 
", ..... ' 128 

34 

67 

25 

100 

37 

62 

94 

87 

95 

89 

108 
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105 

o 

o 
97 

18 . · 132 ' . 99 
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9 

5 

29 
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20 

22 

23 

30 

33 

1 

16 

24 

18 

12 

23 

24 

11 

65 

4 

29 

35 

22 

21 

18 

21 

29 

37 

1 

18 

26 

19 

13 

•. ', 25' . . 

25 

11 

6 

3 

28 

33 

21 

20 

11 

19 

26 

27 

15 

17 

100 

19 

14 

26 

109 

79 

73 

80 

100 

93 

109 

104 

82 

96 

97 

112 

100 

112 

108· 

105 

108 

108 . 

113 

79 

67 

60 

97 

87 

lCO 

100 

50 

83 

87 

82 

150 

10(3 

100 

105 

116 . 

113 : 

Hemarks 





graPhlca.l~y, the variations in the effect of' atropine on the 

heart mus·cle of' the turtle. One of these curves reprosents 

the effeot on the rate of oontraction and the other represents 

the ef'fect on the amplitude of' contraction. The figures 

represent the ehange while t he drug is on the strip. The 

horizontal in each oase repres.ents the percentage change in 

normal while th e bath is on the strip, while the vertical 

represents the number of t .L mes that in all of' my experiments 

I was able to get th'at particular change in amplitude or · 

in rate. It is very plainly seen that the curve rapidly 

falls on ·ea.ch aide of the normal to very near the base line, 

then becomos very irregular. . This is true for both curves. 

The work ort th e sinus muscle shows that there is 

onlY 's very a.light inorease in rate, the maximum being 8 

per c·ent after the removal of the drug. Along with this there 

was a', slight c1ecrease in tone. With stronger solutions 

there is notlced a marked depression both in rate and amplitude. 

Sim~,e there is very little difference in the results with 

the ventrioular a·trips and the sinus strips, so far as 

the ra te and ampdi tude are concerned, shows evidently that 

the presence of nerve oells in the sinus strip exert no 

appreciable influence on the response of this tissue to 

atropine. 
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f ~~:" '~" . - . _" . r ~ . !. ~ '. ':~ ' . .. . . ,,-, 

SUMMARY OF THI~WORION THE~AeTI0K OF ATROPINE ON HEART MUSCLE. 

1. Atropine is a :stimulant to cardiac muscle, when weaker 

solUtions are used. 0.00006 per cent atropine produces the 

grea.test stimulation. 

2. Atropine of fro,m the 0.0001 per oent to the 0.005 per 

cent concentration produce very wide variations. Such 

v!triatio,ne as occur seem Pa:rtly to be stimulated above the 

nornal and otl1ers arc depressed below tlle normal. 

3. stronger solutions of atropine, 0.1 and 0.01 per cent 

cause a'. depression of the rythm1ci ty and the ampli tude of the 

hea.rt muscle. This is especially true after the muscle has 

bec·n experimented upon with weaker solutions before the bath 

of' the str'onger solutions. 

4. When atropine i8 applied to the same strip successively 

in eonoentrat1ons whieh produce very little change in the heart 

muscJ.e, 0.0001 to 0.005 per oent, such variations as occur, 

seem at first to inorease the activity above that of the normal 

musele, and. then 1n~ successive applications to depress the 

5. In rno'st o·!I the experimente where there is an increase in 

. rate, there is usually a decrease in amplitude and vica versa, 

but th is carmot be considered as c ompensa tory. 

8. The effeot of atropine on the sinus strip is almost negat-

1ve. There is however a very slieht depression of rythmic1ty 

and amplitude with very strong solutions, and 'wi tl1 the weak'er 

solutions as i8 the case with 'the ventrioular strips, there is 

produoed a alight stimulation of the rate. Acoompanying this 

there is· a slight deorease in tone. 



TABLE XIII 

Showing tte effect of tr ... "3 'p13~cfusion of different 

atrengtts of Atropin through the Froes' Heart. 

the Atrcpine is dissolved in this Solution. The Hate and 

Amplitude arc taken Before the Ba t h of the Drug and During 

anJ After tte Eath. 'rhe Rate represents the ?Tu!Tlb ~~ :r of 

CO:'1tractions of tto Heart Strips per minute • .. ·, The per cent of 

tr;8 Normal is calculated fo:" both the Fate a!1ci A~rli tude r;urir:.g 

and After ~~'l e Ea th 0 f .A tTopine. 

Frog 8trip :--Expe ri : Temp. strength :rrime : Rate per IT!Trlute 
of 

. .Per cent . : Ampli tude of cont. :: Per cent ~ 

. of normal : : 0 f normal t 
No. 

3 

3 

3 

4 

4 

4 

4 

4 

5 

5 

5 

r:. 
v 

5 

5 

2 

2 

3 

1 

J 

1 

1 

4 

1 

1 

1 

1 

3 

3 

3 

No.: No. Cent. Solu "tion :on 

.001 

.001 

.001 

.01 

.01 

· 1 

· 1 

· 1 

.G01 

.001 

.001 

.001 

.001 

.01 

.01 

4 

2 

2 

4 

2 

1 

2 

2 

1 

4 

3 

5 

2 

1 

before :clurin:;: afte: dl) ring: aft~_r-=-~efo r6 :du.r_~~ng: aft~:!:: during: alter t---~- Remarks 

32 

30.5 

31 

100 

36 

36 

38 

36 

33 

39 

39 

38 

3C 

3C 

32 

32 32 100 

30.5 31 1CO 

31. 34 100 

'15 16 100 

100 

101 

109 

100 

10 

1 . 1 

9 

10 

36.3 36. 100.8 100.5 15 

36. 35 '100 98 · 1 3 

35 34 102 100 11 

38 

34 

40 

39 

39 

30.8 

30.1 

32 

38 .102 

35 103 

36 

37 

3C 

lOC 

100 

102 

Ie:? 

100.3 

10(; 

102 

106 

93 

95 

102 

100 

106 

100 

11 

11 

10.5 

11.5 

10 

128 

128-

138 

·8 

9 

13 

14 

7 

8 

5 

10 

10.5 

10 

128 

128 

128 

10 

c 

1 5 

13 

1 15 

11 

8 

10 

11 

12 

11 

1 ~?'8 

128 

128 

50 

82 

100 

130 

94 

54 

73 

46 

100 

100 

67 

90 

100 

100 

100 

100 Great decrease in amplitude 

82 

100 

150 c~-sed heart to beat after 
scdi1.;.n1 and R~ refused. 

87 

89 

100 

73 heart did not contract 

100 

104 

40 

100 

100 

100 

100 





Tracing taken from TABLE 13. 

Frog # 4, Experiment # 1. 

Tracing taken from table 13. 
Frog # 5, Experiment # 3. 
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TRA.CING FROM TABLE 13. 

FROG # 4, EXP. #1. 

Showing the atropine produce 

tIle normal rythm of' the heart. 

Heart beginning to aontract. 

Heart regained the norrel rythrn. 
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PERFUSION OF THE FROG'S HEART WITH ATROPINE. 

Two a~ira ~ or pressure bottles, with tubulated 

foo,t for att aching rubber tubing, contained the solut ions to 

be perfused. Th8se were clamped to a stand. One of these 

bottles. contai ned th e physiological normal solution and the :' 

other a-ontainod the drl.l.g, dissolved in the same normal solutim 

as used in the oth at' bottle. Each bottle was provided with 

a rubb er s topper and constant level tube, about 2 nun. in 

diameter, extending through it and down below the surface 

of the so~ut1on8. The two tubes were set at the same level. 

The rubbaJ! tubing from the aspirator bottles connected the two 

branch'ee o'f a g'lass perfusion canula. The canula was so • 

shaped that it aoul.d readily be ins~rted into the inferior 

vena oo~va. The special featur~t of this canula is that at 

the junction of the branches of the canula, there is a vertical 

open limb, about 4 centimeters in height, out of which the 

801ut ion overflows when the pressure becomes too great 

for the heart p 'erfused, this insuring a constant pressure 

on the heart itself. A pinch cock was placed on each 

length of the rubber tubing near the bottle, so that 

the sllutions oan be poured into both bottles and tho air 

expelled from the app aratu'l each time before the canula is 

inserted. A recording lever was supported on a separate 

stand. This lever was like the one previously described as 

used for the heart strip, except that a vertical arm, 4 

cent imeto:!s long, was: sealed on to the fulcrum with wax. 

This p3I'm1tt eel th~ heart of the :frog to lie in a normal 
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position in t ,he body. The f~Og'8 used for this perfusion 

were oa·rofully pi thad, the thorax opened and the pericardium 

removed. The apex of the heart was turned anteriorly, a 

ligature p1aced under the inferior vena oava, an inciSion 

made into this vein and the canula inserted and ligatured. 

One o:,f the aortae was cut to allow the outflow of the perfused 

.olution. A small "9" shaped wire hook, which i8 attached 

to a thread, is hooked into the apex of the ventricle. The 

other end of' the thread is attached to the upright arm of' the 

r .~o rding lever. The tension of the lever was regulated 

by a light mov8i.ble weight placed on the long arm of' the lever. 

The ~iting-point wae then adjusted to the smoked kymograph 

and a time marker used to record seconds. 
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OBSERVATIONS ONf_'THE PERFUSION OF ATROPINE 

THROUGH THE FROGS HEART. 

In table 13 is seen the records of a s eries of' 

experirrents o~ the perfusion of .ltro:pine. The ef'fect 

seems to be very s light on the f'rogs heart, there possibly 

bei ng an i ncreas e in rate. However this increase was not very 

large,it being never over three percent. This could 

have been due to a change in pressure , although I was not able 

to deteot it 3.t the tine. Accompanying this slight increase 

in ra te, there was a d·ecrease in ampli tude. The average 

percentage o:hange in amp~itude was a decrease of 5 per c 8nt, 

wl1ile af'ter the drug vniS removed, there was a decrea s e of' :3 per 

cent. The rate after the drug was removed increased .7 

per ~ent, while there was an increase of' .7 per cent while 

thedlrug was on. With the 0.1 per cent Sol-LItion which was 

tried, the heart was paralyzed and would not contract normally 

aga in. The weaker solutions \',11ich were tried on tl1e heart 

strips, such as the 0.00004 per cent and 0.00006 per cent, 

1100 no effec·t, the 11e art remai~·ling normal. The best sol

ution was found t ,o be 0.001 per cent, for 1 t aluld be tried 

any number of times and the heart would always return to 

norm al, ·and waxld ne ve r show any aft er etfrfec t s • 

Anot her po int which was brought out by the perfus

ion of the fro'gs heart was the fact that atropine increases 

the irr1 tabili ty of the he '1rt. After 0.7 per c nnt saline 

am both the Ringer and the Weaker Ringer I B Solutions had 

failed to start the heart to oontracting, atropine when 
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pef'used started tIle heart to aontracting and Boon had a 

norm:tl rythm. 

The well establis,hed fact that the vagus nerve of 

the frog when stimulated produoes inhibition of the heart and 

after the perfusion of atropine, the effects of the nerve w~ 

rem,eved was again established. 
~ 
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SUMMARY OF THE ACTION OF ATROPINE 

WHEN PERFUSED THROUGH THE FROGS HEART. 

1. Atrqpine when ~erfused through the frogs heart causes 

an im.rease in rate accompanied by a decrease in amplitude. 

2. After the heart has been at rest for some time, the 

ap.p~lcation of atropine will produce the normal rythm. 

3. 0.001 and 0.002 per cent atropine are the least injurious 

to the heart mus·cle. 

4. strong solutions {O.l per cent, depress the rythm~~c1ty 

and amplitude and. a~mos. t paralyzes the muscle. 

5. Atropine destroyes the influenoe of the vagus over the 

heart. 
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TABLE XIV 

Showing the effect of Perfu sian of d if~erent strength 

of A tropir..e thr.O'l1sh T.urtle's· Heart . . . Weaker Ringer's 

Solution is used as the Normal and the Atropine is dissolvd 

in this Solu t ion. The Rate and Amplitude are taken Before 

the Bath of the ' Dru g and During and After the Bath. The 
, I 

Rate represents -:he Number of contractions of the Heart 

Strips per ~inute. The per cent of the Normal is calcula~ed 

for both the Rate a nd Amplitude DurinB and After the Bath of 

A tropine. 

TUrtle: Strip: !xperi:-:t"'''l'ernp. : 1rtrength :-Time :1iate per minute t "er cent : Amplitude of 
: ·J;1ent .: of: : f of norma1 · 

No. No. No.: Cent. : Bolu t ion: on : before :durin~: after. durin.: after: before: durin. 

1 

1 

1 

1 

1 

1 

2 

2 

2 

3 

3 

:3 
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1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

.001 

.001 

.001 

.001 

.001 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.1 

4 , 29 29 29 ~ . ~OO .100 28 29 
~" , 

5 30 30.1 30.1 ~ 100~1 100.1 - ~6 36 
~ 

2 301 30. 1 301 "f 100 100 36 35 

2 

12 

2 

3 

2 

3 

:3 

12 

5 

15 

31 

30.5 

32 

30.8 

31.2 

32 

31.5 

30 

30 

30 

30 

32 

3"2 

32 ' 

31 

32.5 

31.5 

28 

27.8 

24 

30. 5 ~ ' 9 7 

31 

32 

I 104 ,'> 

r 100 

31.2 103 

31 99.4 

32 101 

32 100 

28.5 ,' 94 

27 93 

8 80 

99 

101 

100 

101 

99.4 

100 

101 

95 

90 

30 

43 

471 

. :471 

47 

475 

46 

46 

39 

40 

39 

47 

471 

46 

456 

471 

451 

45 

29 

27 

44 

cont. : Per cerit ' :'1---
: of normal ":1 

: after : during: after : i 

,31 

36 

35 

47 

471 

46 

470 

471 

46 

46 

39 

37 

39-

103 

100 

98 

109 

100 

98 

98 

99.2 

99 

99 

98 

68 

112 

, , \ --

110 

100 

98 

109 

. 100 

98 

100 

99.2 

100 

100 

100 

93 

100 

.t Me. 
~ . 
'i. . ,.. 
? . ..... 

"H"'~ 

Remarks 



TABLE }..rv 

Effect of perfusion of .001 per cent Atropine through the 

Turtle's Heart. Normal blood diluted with Weaker Ringer's . 

Solution is used as norr.1.al and the atropine is dilu~ed with this 

So lu t 10:1. The F..a te and Ampli tude are taken Be fore tte Ba t'h 0 f 

the Drug and Durins and After the BElth. I Tne Rate represents 

the Number of Contractions of the Heart Strips per minute. 

The per cent of tlJe Normal is calculated for beth the Rate and 

Amp1i tude During a:--ld After the Bath of Atropine. 

. reng . ... eper 
of . . . . _. __ .. _._-_:.-. 

No. No. 0 Cent .. So lti tion : ~_: before:durin~:after . 
4 1 .001 7· 32 32.5 32 

4 t"') 

.001 3 32.3 " 34 ;.J 33 

4 3 .001 5 30 31 30~E 

4 4 .001 2 30 30 30 

4 5 .001 4 29 30 30 

4 6 .001 10 30.5 31 30 
0 1 .001 3 30 30 30 

6 2 .001 3 30 30.4 30.3 
6' 3 .001 a 30.2 51 30.5 v 

6 4 .001 12 30.4 30 30 

.. 
cent : Amplitude of cont. Per cent . ! t er · · Of normal . · of normal .j . · during: after : before:during:after: during: af~e~(~ Remarks 

105 100 10 10 l() 100 100 
t 

105 102 11 90 90 82 82 

1;03 · 101 15 14 13 94 87 

100 100 13 12 12 93 93 

103 ·103 11 80 11 73 100 

101 99 9 9 0 , 
i.J 100 100 

1

100 10C 31 29 28 D4 90 

101 101 36 35 35 98 98 

1102 101 30 28 29 94 97 

ie;o 
I "'V 99 32 30 30 94 94 





Tracing from 

TUJ? tIe #15. 

Table 3, a, 1. 
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PERFUSION OF THE TURTLES HEART WITH ATROPINE. 

The method of perfusing the turt ~es heart with 

atropine is; precisely the same as that for perfusing the 

f'rogs heart. The heart is exposed and the canula inserted in 

the infer1o'r vena cava. A heavier weight ie required to 

equalize the tension than in the frog. To prevent the move-

mente of' the oeeophague and muscles in the region of the 

hea..rt, a 01 amp wa.S put on the aorta to hold it steadily and 

prevent getting an effect on the record except that of the 

he'art beat. 

In table 14 is shown the effects of the perfusion 

of different concentrations of atrop1ne through the turtles 

heart. The rate in this table was decrea!1ed 2 per cent with 

a decrea.se in amplitude of 2 per cent. Aft er tIle d'rug was 

rc!!X)ved there "'\Wl8 a decreasein rate of 7 'per cent. This 

large d 'oorease was due to a great fall of 70 per c ent with 

0.1 per c'ent comentration. otherwise it v.o uld only be a 

decreaDe o"f 2 per cent. The a~litude increased after the 

removal crt' the drug to .5 per cent. The ampli tude remained 

normal during th!6 large fall in rate wit11 the 0.1 per cent 

concentra tion. The turtles heart ' seemed very much more 

res Istant to' atropine than t he frogs heart. However the 

change in the rat e and anIpI:l tude may be due to a change in 

pressure as I stated in the case of the frog, it being 

sucrh 8. snall per c I.:;nt change. After very large concentrat-

ione, the he ar t never returns to normal. The weaker 801-
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utlo'ns had very 11 ttle ,effect upon the heart, but as in the 

ca.se of' the frog wi th the 0.001 per cent, the heart was 

always uninjured aft er the perfusion. Several times when 

the heart refused to c'ontract with Ringer's solution and with 

phY8io~og1cal saline solution it began to contract after the 

perfUeion of atropine. 

The vaglm nerve was procured and stimulated. 

There i,vas slight inhibition produced, but not co mplete. 

Aft at' the perfusion of atropine, there was not the least trace 

of inhibition and the rate bet"ore stimuation was the Bame as 

it was after stimulation. 

In table 15 there is shown the results when 

atr6p ine diluted with the blood of tile same anir1al, is 

perfused throo.gh tID heart of t11e turtle. I obtained an 

increas·e in rate of 2 per cent with a decrease in amplitude 

of 10 per <IDnt, 'when mainly the .001 per cent was used. 

After the drug was removed there was still an increase in 

r :ate of' .8 per cent wi th a cb cre ase in ampli tude of' 7 per ent. 

There weI' e no mark ed chan{v,es '.1 ther in ampli tude or in rate. 
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SUMMARY OF THE ACTION OF ATROPINE eN THE TURTLES HEART. · 

1. The effect of atropine on the turtles heart i8 almost 

negative, a'lhe inorease in rate never being over 2 per cent 

in averaging the tables and the largest decrease in amp Ii tude 

bei~' only 10 per cent. 

2. In large doaee the heart seeme to be paralyzed. 

3. When the heart has been still for Borne time, the atropine 

produee s normal rythE. . 

4. The heart does not show inh1bi tion after the perfusion 

of' atrop1ne, Vhen the vagus is stimulated. 
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TAB LE XVI 

Effect of the perfusion of atropine through tho i8-

olated mam~alian Heart. Normal blood diluted with Weaker Ringer~ : 
\ 

Solution is used as normal and the At ropine is diluted with this 

Solu t ion. The Rate and } .. mpli tude are t ak en Before the Bath of 

t he Drug and During and After the Bath. The rate represents the 

Number of contractions of the Heart Strips per minute. T.he pe3:7 

cent of the l~orm:ll is calc1]lated for both the Rate and the 

Amplitude Du~ing and After the Bath of Atiopine. 

-~-:STrip : E.xperi . Temp. : Strength: T~me : ¥ate·-ne·rmrnu~-·-. 
ment of . • • • r,I= liE . 

No. . Ho. . No. Cent. Solution: on ~efore : dUl·_?:.n_tl_: after · . --.---..-- -
1 b 1 36 .001 30 93 108 _ 99 

1 a 1 36 .001 65 96 91 114-

1 b 2 36 .001 15 117' 132 144 

1 a 2 36 .01 35 aT 72 78 

1 b 3 36 .01 Ie 81 
r t 

81 81 

1 b 4 36 .01 33 81 78- 72 

" .. ~ . • • r-
~ . 
"'" ... 6 ~U. 

er ', .. cen 
f normal of Normal 
urin : after: before: during: after: durinp': after : Remarks ----
116- 106 42 44 32 104 77 

95 118 3 3 33 30 100 91 

112 123 135 185 16 137 11' 

83 90 11 12 8 109 73 

100 100 155 165 155 108 100 

97 89 15 13 1 87 67 



TABLE XVII 

Effect of the perfu sion of .~tropine through the isolated 

:r:ammalian Heart. ~o rmal blood d iluted with Weaker Ringer's 

Solution is used as :;loTr1al and the Atro~ine is diluted with this 

Solution. The "R ate ar:d Amp1i tude are taken Be fore ·the Bath of 

the Drug and During and A:ter the 5ath. The rate represents th~' 

Number of Contractions of t~e Heart Strips per minute. The per 

cent of the Normal is calculated for both the Hate and the Am,-

p1itude Du~ir.l.g and After the Bath of Atropine. 

. ........ -~-

Cat dtr 4 p · Experi : Temp. strength: Time: Rate pe.! minute ' J ,er 'cent- · Amplitu.le ot cont. : Per cent 
I...J ... • · 

ment of tof normal · . of normal · . 
I· ':- cmarks No. No. Ne. Cent. So l~_~ t ion: on . before:durinrr:afte ,'durincr: aftc~: bef?.~e :duril~: after: during: after: --- atrop~ne 

_ 0 i 
._. 

2 c 3 67.5 .001 23 8D.4 102 174' . ~ 114 194 a 7 1 88 111 
f 

v 

*' 2 a 4 38 .001 14 69 78 132 
.. 

113 191 8 6 8 75 100 ~. 

\ 

Z a 5 38 .001 11 66 87 138 131 209 6 3 .1 50 16'6 
.; 

2 b 6 38 .001 12 78 90 132 1."",115 169 6 3 7 50 116 
, r . 

2" b 7 ' ~ ,I 80 140 38 . 001 12 60.6 70.8 13. r; . 116 227 5 4 7 
nicotine 

2 b 8 40 .001 26 180 180 198 100 154 11 a 31 42 290 v 

.) a a 40 .001 10 192 192 210 100 109 12 13 57 108 475 
hJ v 

,., a 10 36 .001 15 150 150 168 100 112 14 26 44 185 314 .,,; 

') a 11 36 .001 27 144 144 162 100 112 6 28 33 866 550 hJ 

2 a 12 55 .001 56 132 132 120 100 91 7 5 3 72 43 

2 a 13 35.5 .001 60 132 132 120 100 91 6 
.- 4 84 67 0 



TABLE XVIII 

Effect of the perfus i on of At rop ine tlroug. t Ae i sola ted 

mamrral ian Hear t. I'; o r !!!al b I ood di l u ted wi th .!eaker Rjn ger ' s 

Solution i s used us norma1 and the Atropine is d iluted wi th t his 

Solu tion. The Rate and Ampli tude are t aken Before tte Bath 0_ 

t h f! Drug and Dur ine; and Aft er the Bath. The rate repre s e n ts t he 

Nurrber of Contrac t i ons o f the Hear t St rirs pe r minute . 

ce l t of tl~ e Normal i:J calcula ted for both the Rate a nd t he 

Ar p1 itude During and After t he Bath of At r opine . 

Cat Str i p : Experi : "Temp : Strength : Tlrne : Hate per ml.riute " Per ce nt : mp ~ u e ° cont. er cent 
ment of 'of normal ' : : of normal : 

_ rf_o_-_ _ _ _ N_o_._: __ N_J o_. __ C_e._r_l t_ ! _S_o_l_u_t._l_· o_n_: _ o_n--:-_b_e_f_o_, r_e_: d_t:_l.r_l._· n....;B:=:.-= a_ft er : I d ur i nO': aft e r : b e for e • d uri ng : aft e r : d u r i ng : aft e r : 

3 

3 

3 

3 

3 

3 

3 

3 

a 

b 

c 

c 

a 

a 

b 

1 

':) 
~ • .1 

3 

4 

5 

6 

7 

8 

35 

35 

35 

35 

35 

35 

35 

35 

.001 

. 001 

. 001 

. 001 

. 00 1 

. 01 

. 001 

. 00 1 

35 

20 

30 

21 

39 

48 

38 

4 2 

96 

108 

102 

78 

78 
,1 

102 

114 

90 

78 

78 

, 77 _ 5 63 

69 66' 

54 48 

114 

1 8 

90 

78 

72 

69 

63 

48 

106" 

89 

. 100 

100 

82 

96 ' 

89 

118 

100 

8 9 

100 

93 

90 

92 

89 

10,8 

14 

15 

11 

10 

, 8 

6 

4 

14 

17 

16 

10 

17 

14' 

1 

8 

13 

13 

8 

6 

5 

3 

175 

121 

06 

145 

170 

175 

166 

200 

93 

87 

91 

80 

75 

84 

75 

F ::alysis of auricle 

r , ~i ced particularly 

~ ~~h large i ncrease 

d :";g is on . 





ACTION OF ATROPINE ON THE ISOLATED MAMMALIAN HEART. 

For the peT.f'l.lsion of the cats Jleart, tl1e canula is 

made in one piece together with two spiral tubes. The latter 

are in an ordinary condenser one foot in length, and the 

c8.tl1ula projects from one end which is below and clrunped in 

plac e for perfusion. A side branch :from the canula, near 

the condenser, is su;pplied wi th a short rubber tube and a 
I 

pinch cock. The condenser acts as a water jacket by ~eans of 

which heated water can be kept by circulating around the 

spiral tube s which c'ontain the per!fIDsing fluid and atropine 

solution. The upper ends of the spiral tubes connect with 

the reservoirs containing the norElal and tlle drug solutions. 

The perfusing fluids arc r orced into the aorta and coronaries 

by oxygen under pressure (110 cm. of wat~r) which is run into 

the perfusion solut ions. The solutions are tllUS well 

oxygenated before entering tllG hO 'J.rt. The metal ~ c points of 

the Gutherie cardiograph connect with tho auriculo-ventricular 

ring on t he one · side and with tlle apex of the ventricle on 

the other. These are oonn,:=:cted wi th a wri tine lever, which 

with a ti mo mark er beating seconds, record simultaneously on 

the smoked drum r c:volving at a uniform speed. There was no 

11eans o'f keep i.ng the heart warm and occas lonall~r it was necess-

ary to Vlarm some normal blood and pu t the heart in it for 

a few minut es. 
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The oat is pr epared in the fol l ov!in::r way for the mammalian 

heart exper 1rnent : The oat is etherized and a oanula, whioh 

has been previousl~r washed in magnesium sulphate solution is 

in8e~ted into the oarotid artery of one side, and as much 

blond a8 possible is drawn. While this is being drawn, it 18 

being de~brinated. 

Ringer' 8 e:olution. ;': 

This blood i8 then diluted with Weaker 

The thorax after bleeding the animal 

1B opened and the h(eart exoised with suf'fioient amount of' 

the aorta to be ligat cd to the oanula, and so th ·~1 t the 

valves of' the aorta are not interfered with. The heart 
o after excision is placed in warmed Ringer-a solution (37 e.) 

and massaged to wash out the uncoagulated blood. The aorta 

1s then tied on to the canula and the perfusion solutions, 

whic h M.ve previouely been run through the canula, started. 
o 

The temperature was kept as near 37 o. as possible through-

ou t t he expertm ent • The normal and the drugged blood was 

C91ught in separate receptacles and used. the second time. 

The d~g : WB.S'V-" atropine Bulphate that wae 

used through this experiment on the ieolated heart. As a 

rule the 0.001 per cent atropine was used, it be1ng 

a~~arently less injurious to the heart than the other 

concentl'9. t ione. 

The effect of atropine on the whole heart can 

probably be best studied by this method. However onl~r 

rather liege hearts can be used on account of the large size 

of t be canula. 
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Tables 16. 17, 18, give the results of the perfus-

ion of three isolated cat hearts. 16 and 17 agree in near-

ly every detall, ~}hoVJing that ' there is stimulation, but in 

18 there is a decrease in rate of 5 per cent and an increase 

in ampli tude of 57 per cent, "lv-hila the drug 1s on and when 

removed, a decrease in rate of 4 per cent and a decrease in 

amplitude of 12 per cent. Averaging tables 16 and 17 there 

is an increase in ra te of 51 per cent 1,-\li th an increase in 

amplitude of 2 per cent. The fir ~3t and second times the 

drug was apillied to tlle heart, there was an increase in rate 

of 5 per c' ent. The average of the first trials in 16 and 17 

shoVi that there was an increase in rat e of 15 per oc nt. 

Aft er about the second time that the drug was applied, 

there came depre f3sion of rythmici ty :lnd ampli tude, the rate 

falling greatly below normal and the 81!1pli tude falling a 

very drmll amount. I was unable to get the heart back to 

normal after th e perfusion with this concentr :Jtion. In table 

18, I noticed after the perfusion of o. 001 per cent atropine 

tInt tIle auricles, which nearly always beat twice to the 

ventricles once bef'ore the perfusion, became paralyzed after 

a '~Ihl1e. After leaving tIle normal perf'use for a wh1le 

the IUrieul ar rythm returned to normal. Through tIle heart 

of t 11e 5 eco'nd cat tI1ere was perfused a 0.001 per cent 501-
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ut10n of' Nicotine, which caused :first stimulation and later 

depressio,n. After this, 0.001 per cent atropine when per

fused caused no change, because t11e heart was so nearly dead 

after the severe test with Nicotine. 
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SUMMARY OF THE ACTION OF ATROPINE eN THE ISOLATED 

MA1L· .. fALIAN H}l~ART. 

1. 0.001 per eent atropine causes first a stimul :ltion and 

la te r depression of the heart in its rytlun1ci ty and ampli tude. 

2. The heart is paralyzed by groat concentrations. 

3. 0.00004 per c·ent Iltropine has very little effect upon 

the isolated mamnalian heart. 

4. With the 0.001 per cent concentrations of the drug, tl1ere 

is paralysis of the auricles, vmich soon recover after 

perfua.ing with tbe normal solution. 

I w1s11 to express my appreciation to Dr. C. w. Greene 

for kindly suggesting the line of investigation, and for 

guiding me through all of my experiments. 
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GENERAL CONCLUSIONS. 

1. Atropine is a Htirnulant to cardiac muscle, when weaker 

so~utiQ;n8are used. o.oooos pee cent atropine produoes 

the g-reatest st1mulat1on. 

2. At:r'op.1ne of from the 0.0001 per oent to the 0.005 

p,er e:ent cO',ncentratio,n produce very wide variations. Such 

var1ations as occur seem partly to be st1mulated above the 

noma!.l and others are depressed below the normal. 

3. StrOJng,er so~utio,nB o,f atropine, 0.1 and 0.01 per cent 

caus e a d CI> re'ssian of th e r 'ythm1ci ty and the ampl1 tude of the 

heart nu ac~e • Thle i8 e spec1ally true after the muscle has 

been exper1IlW'nted upon with weaker solutions before the bath 

of th'e 'strong:er s:olut,ions. 

4. When atropine is applied successively to the same strip 

1h conoentrations which produce very little change in' the 

heart muscle, 0.0001 to .005 per cent, such variations as occur, 

seem at first to increase the activ1ty above that of the normal 

muse~e, and then in 8uccessive applications to depress the normal, 

5. In most of the experiments where there 1a an increase 1n 

rato, there is usually a decrease in ampli tude and vica versa, 
.. 

but tl1is cannot be considered as compensatory. 

S. The effect of 'atropine on the s1nus strip is almost negat

ive. T'here 1.8 hO'wever a very slight depression of rythmicity 

am. a.nIpl1 tude -wi th .. very strong solutions, and wi th t re weaker 

sol.utions ae i8 the (lase with tl1e ventricular strips, there 
of the rate. 

1s produoed a :elight stimulation". Accompanying this there 

is a sli ,ght decreaee in t ·one. 





7. Atropine when pexfUsed through the fregs heart, causee 

an increase in rate aJld. a decrease in amplitude of the 

contract ione, 1:f weaker solutions be used. 

8. strong solutions depress the rythmioity and amplitude. 

At tines 'a~rnost paralyzing the heart. 

9. Atropine destroyes the influence of the vagus over the 

f'rO'g 1 s heart and tn e ·tu,rt les heart. 

10. If' a f 'rog I B heart or a turtle I s heart at rest is per

fus ed with atropine f'or tIE fir ,at tine, rythmic contraot

io'·ns will be prcduced. 

11. The cf'f oot 0 '1' at ropine on the turtle t B heart is practical

ly neg~tive, exce pt in velY. large concentrations, when the 

hear t t s d~r eBBed if not paralyzed. 

1 :2 Wooker solU:.tions of atropine (0.001 per cent) produce a 

stimulatio'n ani. 1 ater depression of the isolated mar.ma11an 

heacrt in its rythmia1ty :and aIIi>litude Of contracti ons. 

13. The ieo la-ted namma1ian heart is paralyzed aftor the use 

of a trong s olut 10,ns of 81. tropine. 

14. With the 0.001 per cent of atropine the r e is produced a 
paralysis of -the auric~es, which soon recover after perfusing 

, wi tIl tl1 e normal Bolut i on. 
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