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REVIEW OF THE LITERATURE.

There has been a great deal of éxperimental work
done on the heart with reference to the action of atrorine,
but little investigation of the problem with especigl re-
ference to the action on cardiac ruscle. J

Ringer (1879) found that atropia greatly slows
and weakens the heart and often after some hours arrests
it. It is probable that the slowing and weakcning of the
heart is due, he says, to the action of atropia on the
excito-motary apparatus, or on the cardiac muscle or botﬁ.
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 werec as
follows: - 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.



Ringer (1882) has proven that atropine affects
the heart in winter in a way very similar to that g# gold.

They both diminishing the number of beats, prolonging and
strengthening the systole, prolonging diastole and incf
reasing the diastolic dilation of the ventricle. The
diastole is proloﬁged mach more ‘than the systole. In
. summer atropiné lessens the amount of blood going to the'
ventricle during diastole, for during the auricular con-
tractions, the ventricle still remains only partially fill-
ed and the ventricular contraction is weakenéd.

Gaskell (1882) says that the aetion of atropine
on the heart is to bring about a certain maximum of rythmical
power and a contraction force of such stable character that
this maximum is with the greatest difficulty displaced in
either one direction or the other. In the unfed heart
outside.of the body, its beneficial effects are followed,
with a rapidity varying according to the extent of the dose,
by a marked'aepressing}action; the force of the contract-
ions steadil& diminish, the'rythm becomes slower and SlOWET.
In the frog heért when removed from the body, this depress-—
ing effect on the rythmical power is manifested very early,
so that, the rythm may be markedly slowed at the same time
that the force of £hb.contractions is as strong or even
stronger than hefore. No doubt these depressing after
effects are due mainly if hot entirely to an overdose of

the drug, combined with the absence of nutrient material.
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Atropine produces the effects by directly'ﬁodifying the
various functions of the cardiac muscle, and in propor-
tion to the stability of the effect so produced is the
possibility of a modification of that effect by the direct
stimulat ion of the muscle or by the action of the cardiac
nerves. It is partially because the atropine acts in
such a way on the muscular tissues as to keep the vérious
musculary powers fixed in a relatively high state of activity,
that the cardiac nerves are unable any longer to dcpress
those powers. He further concludes that it is because
atropine is able to restore she rythmical power of the
muscle, that stimulation of the muscle and sinus is no
longer able to produce inhibition; it is because the
atropinized muscle contracts with the very first stimulus
at its full strength} that neither the cardiac nerves

nor the interrupted current is any longer able to diminish
those contractions; it is because atropine repairs con-
duction, that stimulation of the vagus 1s no longef able
to prevent the contraction wave passing from the sinus into
the auricle. This view 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
muscle, but also on the intra-cardiac nerves themselves,
and especially perhaps on their ganglionic nerve cells.

In the case of the frog, atropine apylied to the sinus and

auricle alone, prevented the whole action of the vagus,

3.



not only on those parts of the heart, but on the ventricle
as well. Atropine not only 1nfluences.the muscular

tissue but also the nervous structures of the heart in

such a way that neither the direct action of the interrupt-
ed current nor stimulation of the vagus nerves are any
longer able to produce their usual effects upon the Qarious
functions of the cardisc muscle.

Aocording*to Harnack and Hafeman (1883), we possess
in atropine a completely reliable drug for determining
the cause in any diastolic pause; also for excluding
the inhibitory nerves on the heart without injuring the
heart itself. Also, after large doées the heart is
paralyzed, but before there is a péralysis, there is a
slight stimlating action which is very weak and only lasts
for a short time. ' .

Langley and Dickinson (1890) were the first to
demonstrate that atrppine exerts its effect on the heart,
so far as the effcet is nervous, by the toxic action on
the nerve endings in fhe rrruscie.‘

Krehl and Romberg (1892) are of the opihion
that the point of action of atropine is not upon the heart

ganglia. See table from their work on page 5.



TABLE FROM

KREHL, AND ROMBERGS WORK.

Time ‘Rate yer min. : Ligated auricles in auriculo-
.Ventricle:auricle: _
: : -ventricular furrow. Ligatured
X : .arteries. Right vagus affects
; : -auricle, not ventricle.
3 hr. 40 m. 73 174 :  Resp. 40.

: . 0.001 muscarin (Bohm) inject-
3hr. 4lm. . — : -=—  :ed into Jugular vein. Diastolic
; : :pause of ventricle.

After 10 sec.; - —-— Strong contractions of auri-
: ‘cle. 0.0004 atropine sulphate
; p ‘in Jugular vein. Ventricle beat
: : iagain.

3 hr. 43 min.: 120 : 140

3hr. 45m : 80 ‘140 : Resp. 40.

3 hr. 49 m. — f —— . Right vagus ineffective on
. : éventricle and auricle.

3 hr. 50 m« . 80 148




Kecording to Gaskell, Bowditch states that "atropine
brings the contraction power of the mascle 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 the contraction force, such an imp:pvement
being of a 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 been depressed by the action of a variety of
diff erent drugs."

Cushny (1906) sumrarizes the present views as
- follows:- "Atropine paralyzes the inhibitory terminations
of the vagus in the heart, and stirmulation of this nerve
therefore causes no changes in the pulse after administrat-
ion. Small quantities of atropine have no further action
on the heart than the paralysis of the inhibitory ends.

The terminations of the accelerator nerve are unaffected
and the heart muscle is neither stimilated nor depressed.
In man following a theraputic dose and in the lower mammals
in the blood pressure experiments, there is a marked
quickening of the heart after atropine. But since,
normally, impulses are constantly transmitted from the
inhibitory center in the medulla to the heart, these pre-
vent the heart from heating as rapidly as it would if

freed from the nervous control. Stimulation of the vagus

causes no retardation of the pulse after atropine."
6.



"Large quantities of atropine, besides paralyzing
the vagus, weaken and depress the heart muscle and the con-
tractions consequently become slower and weaker and the out-
put of the heart is less than normal. Hedborn states that
large quantities éccelerate the coronary circulation in
mammals and 1hcrease the amplitude of the contractions.

He 1s inclined to believe the latter alteration as due in
part to the dilation of the coronary vessels, in part to
a direct action on the heart muscle."

"It is not seldom stated that atropine, in addi-
tion to paralyzing the vagus ends, stimulates the heart
muscle and thereby quickens the rythm. This assertion is
somewhat difficult to disprove, but none of the alleged
facts brought forward to support it have stood closer
investigation. The error gencrally arose from the belief
that atropine acted on the ganglia and not on the nerve
ends or from the use of impure and 1rritaht preparations
and all of the phenomena on vhich it was based may be
explained by the more modern theory, that the ganglia on
the course of the inhibitory nerve fibers are left intact
by atropine, while the terminations of the nerve are
paralyzed." |

golimann (1901) says "in animals in which the
vagus is normally active (dog and man), its paralysis
causes a grecatly quickened heart rate. Atropine has in
~addition a direct action upbn the heart muscle. it is

7.



stimulated by small doses (an exhausted apex preparation
will beat again.)"

Cushny (1910) states that the heart is sometimes
slowed and weakened at first, owing to the stimulation of
the inhibitory center in the medulla probably, but is later
generally quickened from the paralysis of the 1nh1b1tory
fibers in the heart, and after very large doses 1s weaken-
ed by the direct action on the muscle fiber.

However at the present time the view is still
current that atropine is toxic to cardiac vagus endings

and has a direct action on cardiac muscle.

In view of the discussion in the litérature as
to the extent to which atropine acts on the nervous system
of the heart, a review of the present knowledge of the
cardiac innervation is presented at this point. This
review is particularly directed to the literature of the
innervation of the terrapin, the animal used in this
investigation.

Aceording to Dogiel (1897), ganglion cells are
found regularly in the hearts of the frog, turtle, fish,
birds and mammals. In the hearts of these animals, the
ganglion e¢ells lie at the Jjunction of the large veins in
the heart and at the boundary between the auricle and
ventricle. Delicate interlacing nerves run from the
ganglionic rings later described by Gaskell, to the
muscula ture of the auricle and to the ventricle of both

sides. These ncrves contain small ganglia and single

8.



ganglionic cells.

Mills (1884) in his observations on the vagus and
acce lecrators of the heart of the turtle, found that
when elther vagus is irritated, it has power to stop the
heart action. When the ventricle of the heart is exhausted
by stagnating blood, and the auricles are beating normally,
stimulation of the vagus causes an inhibition of the auricles,
but has no influence on the peristaltic movements of
the ventricle. After kncading the ventricle and after
the coordinated beat has returned, then the vagus influenced
it as usual. In sea turtles there are accelerator nerves,
thelr course being similar to that in mammalia and in
Crocodyles. "In the latter the accelerator fibers leave
the sympathetic chain at a large ganglion, cbrresponding
to the ganglion stellatum of warm blooded animals,
accompany the vertebral artery up to the superior vena
cava, where the leave the artery and passing along the
vein, anastomoses with branches of the vagus in the
neighborhood of the heart."

Gaskell (1881-1884) has done good detalled werk
on the nerves of the heart of the turtle (Testudo Graeca),
and I shall give quite a large amount of his work here.

He found that the left and right vagi nerves
rass into a'large accumulation of ganglion cells in the
sinus, and thence along the auricular basal wall to the
auriculo-ventricular gmoove. After they leave the

ganglion groups in the sinus, a branch is given off from

9.



the right nerve to accompany the large coronary nerve.

At each extremity it is in conneection with groups of
ganglion cells, the sinus group on the one hand and with
the ventricular groove on the other. During its free
course it contains very few if any ganglion cells and

Just before entering 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 this wall in
the auriculo-ventricular ring. In all of these places the
ganglion cells are also found on the smaller branches of
the nerves which ramify over the sinus and fofm a rich
plexus in the junction wall between the two auricles and
ventricles. The nerves with their accompanying ganglia
are distributed around the whole junction of the sinus and
~auricles. From this ring as well as lateraliy from

both sides of the junction wall between the two auricles,
nexe fibers with ganglia are plainly seen passing into
the auricular tissue. As the nerves pass further into
the tissue, the ganglia hecome more and more scarce and
soon disappear. At the junction of the auricles and
ventricles, the nerve trunks passing from the junction
wall of the two auricles anastomose and form a rich

plexus containing large groups of ganglion cells along

the line where the junction wall passes into the auriculo-
ventricular ring. From this group of ganglion cells, a
rlexus of nerve fibers, also containing ganglia, though

much more sparingly than the basal portion, passes
10



around the auriculo-ventricular ring. From this ganglionie
nervous ring, fibers ramify over both the ventricle and
auricles, in each case accompanied by ganglionic cells

for a short distance. Similarly, the Junction between

the sinus and the auricles contains a ganglionic nerve
plexus ring. Over the whole surface of the sinus,

nerve fibers anastomose and carry ganglion cells with themn.

1l.



STATEMENT OF PROBLEM.

The review of the literature shows that
atropine poisons the nerve endings in the heart, but
whether the muscle is stimulated or devressed 1s still
an open question.

Gaskell's classic demonstration of the rythmic
power of the muscle of the apex of the turtles' heart,
together with his demonstration that this preparation is
free from nerve eells which could regulate or control that
rythmic power, gives a method not yet tried for the
crucial 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 therefore in this work to
detemine the pharmacological action of atrorine on cardiac
muscle, using thc¢ heart strip in place of the whole heart,
where one would obtain both the nervous and muscular

effects.
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MATFRIAL AND METHOLS.

Turtles were used as the source of materiais
for the work of this paper. The speclies used were
Chysemys Emys, Emys Blandingii and Emys Rugdsa. Sfrips
of the muscle were cut from the @fex of the ventricle by
the method practised in the Physiological Laboratory 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 mechanism,
hence the contractions developed in the musclé 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 cormparison of
the reactions of these two prreparations, one with nerve
ganglla and one free from nerve ganglia, may:be expected
to yield results from which 6ne may conciusivelv deternine
whether the effect is upon the heart muscle or whether
it is nervous. From these conclusions, the action of
atropine on the whole heart can be more fully explained.
In rmaking a preparation, the brain of the animal
18 crushed, and the heart exposed. The heart is then seized .
with forceps near the apex and a strip cut with scissors,
beginnins at the outer margin of the apex and cutting

from right to left, as indicated in the figure below:

13.



Figurc I. Showing method of cutting heart strips.

A thread is then tied at each end of the strip
while still moist in serum. A simus strip includes about
15 mm. of the left vena cava. These strips are prepared
as follows:- A ligature is first placed around the left
cava, then passed bencath the posterior vena cava and
tied. The strip is then removed from the attiached
auricles and veins and is mountcd in the same way as the
ventricular strip. Recause of its delicaéy, the sinus
striy was made to contract against a tension of only a
part of the weight of the lever.

A glass rod is bent at right angles, and is
clampgd on to a stand so that it is vcrtical. The lower
end of the rod is so bent that one end of the strip can
be attached to it, while the other end can be attached to
the muscle lever which is clamped on to the stand above
the rod. The musc.e lever consists of a straw, on one
of which is a narrow writing point of paper. To the
other end of the straw is attached the upper end of the
cardiac strip. A few centimeters from this end there is

a needle acting as a fulcrum. A one gram weight is so

14.



placed 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 physiological saline solution,
whieh 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 contract-
ing rythmically, after which, Weaker Ringer's solution,
composed of .7 per cent Sodium Chloride, .0l5 per cent
Potasgium Chloride and .0l13 per cent Calcium Chloride, was
then substituted. A time marker to record seconds and
the muscle lever were then adjusted so that they would
write on a smoked paper kymograph, which revolved slowly.
The exact time when the drug is put on and when taken off,
is marked very carefully. After the administration of
the drug, the strips were washed with Ringer's solution to
remove the excess of drug before permanent immersion in

the normal solution.

15.



§ .
Showing the effect of 46% per cent Atropine on Strips

TABLE I.
of Cardiac Muscle taken from the Apex of the Ventriclef
Weaker Ringer's solution is used as the Normal and ‘
the Atropine is dissolved in this Solution. The
Rate and Amplitude are taken Before the Bath of the
Drug and During and after the the Bath. The Rate
reprosents the Number of Contractions of the Heart ¢
Strip per minute. The per cent of the Normal is
calculated for both the Rate and Amplitude During and
After the Bath of Atropine.
TuzzfegstripiEéggi;é Temp.istrgggthéTimei ga:e ?er minu?e | .ipezfc:g;mal : Amplitude of cont. ; Per cont . P e
: No. i No. : cent_iSolu ;onf on- " - —During: ‘ter;sefor-; YT Aftarfbugi rormal : Ren
. : N ’ i : . : p - - : orsburin "o s
19 -~ a 1 i 2l ; 0.1 2 ‘s 186 f 16 ;% 100 i 100. . 549 : g,1 ; 5.7 i 103 g‘ - f
19 a 2 ;.21 * 0.1 :5.5i 10 ;J‘A ia g___,eiuof 80§ 5-6? Bed ;4.5§ 9.,§ eelf
19 ;b 2 ‘21 L 0.1 5.5 ; 16 : 14.4 §12.4§ 905 78§ Be7 1 8.5 88 . o) losfw
19 :a z 21 il 3 98390. 82 . 92384;2.8; :3.732.s§ﬂ; s od
le :b [ s ‘8l : ooq 3 12 :11.0 g 93383;5.12 5.0 3 Bal 1 o F gt
jo e 4 P oo s (| o8e 1104 gy M85 op i 38: 28 1%7 : g50 a0l
19 iv ioa PR : g4 4 90 : 9.8 =g ool08 fjog o B.li 4.9 8 48 o7 . 970
19 .b Lou 8l ¢ o, 2} 82 ;64 - g 4}]__795 98 . 4.1 : ‘i.l?z’“?; loog 91*;"
21 : ) : : . : : ~
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TABLE 2. Showing the effect of 0.02 per cent Atropine on Strips
of Cardiac Muscle taken from the Apex of the Ventricle.‘
Weaker Ringer's Solution is used as the Normal and 5
the Atropine is dissolved in this Solution. The
Rate and Amplitude are taken Before the Bath of the
Drug and During and After the Bath. The Rate re-
presents the Number of Contractions of the Heart Strips ;
rer minute. The per cent of the Normal is calculated |
for both the Rate and Amplitude During and After‘the
Bath of Atropine. ‘JP
S .
Taftlefstripfﬂxpfrif Temp.: Strength: Time: Rate: per minute | ggg;g;mal; Amplitude S irpeif?gﬁimal_i Remark
No. : No. : mﬁg? : Cent.E Solgfion: nn'E EETBTé”HurIng?ITfEf'DuringiAft!? Before:puring:; : ! o
: : ; : . : : : J : . g-After:During: After:
19 : a 7 : 90 i .02 % g 10 o 126 212 8.0 8.2 . 2.3 . 110 . 130 .
28 i 7 o0 L oo 2 o 10 . g.q j12l (102 5.1 : 4.9:50: 97 ! 99|
19 b 9 20 . .02 1 kg g7 . 5.0 103 ;6054.6 . 4.6 : 4.6 0 100 . 100 .
1% T p 10 1 ., . .02 B - g " 59_;4103 ‘100 : 4.0 4.554.35107 :_log !
19 ' : : :
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TABLE 3.

Showing the effect of 0.01 per cent Atropine on strips

of Cardiac Muscle taken from the Apex of the Ventricle.

Weaker Ringer's Scluticn is used as the Normal and the

Atrdpine is dissolved in this Solution.

The Rate and Am-

plitude are *aken before the Bath of the Drug and During

and After the Dath.

tractions c¢f the Heart Strips

.

rer nminute.

The Rate represents the Number of Cecn=

The per cent

normal is calculated for both the Rate and Amplituée

of the
During and After the Bath of Atropine.
TUTEIe  3TTip : BAperi : Temp. : Sirength : Time : Ratc per minute er cent T AmpIitude of cont.  Per cent
: : ment : : of s f norpal : of normal
YNo. " No. : No. : Cent. : Solution: pr. fE?Bre:auring:aftgn gring;after:before:during:after'duringiaftér: Rerarks
15 a 1 18.0 .01 | 14 18 15 stop [ 84 0 24 26 0 108 100
15 b 1 18 _.01 14 15 10 n o €7 0 18 19 19 105 105
18 a 1 22 .01 2 17.3 18 17.¢) 128 o7 12 13 14 108 106
18 b 1 22 .01 2 18. 2 18.8 18 | 132" 99 23 25 .26 108 113 )
18 a 2 22 .01 2 16.8 16.2 14.4[ 97 86 10 11 13 110 120 -
18 L 2 22 .01 2  z0.7 1 15 |91 .73 25 27 28 108 1123
18 a 3 22 .01 4 22.8 20.4 18 [ 90 79 9 10 11 111 122
18 b 3 22 .01 4 21.9 21.9 19.24 100 88 30 30 30 100 100 ) B
18 a 4 22 .01 2 17.8 18 19 111 12 12 13 100 100
18 b 4 22 .01 2 18.4 18 17 83 26 26 27 100 103
18 a 5 22 .01 2.4 12.8 14  13.8 _log ¢ 9 g 100 100
18 o 5 25 .01 2.4 14.4 15.8 15 108 37 27 28 100 103 o
18 a 6 22 .01 2:5 138.6 12 11.€ .92 8 9 9.5 112 118
18 b 8 22 +O1 2.5 14 _14.4 14.E 105 26 27 25 103 97 N
18 a 7 23 y 01 4 12 11.6 11.¢ 84 8 8 8 100 100
P
18 b 7 223 .01 4 15.8 15.6 16.¢ 9 100 22 22 22 100 100
15 a6 20 01 4w e 9 N0 100 19 22 21 1156 . 110 e
R R 2 = .9}‘”“‘“—‘774 & g ¢ W2 113 49 50 50120 130 “TWWM B
_ N . . - " T e T




TABLE IV

| Showin: *he effect of 0.001 per cent Atropine on strips
of Cardiac Muscle taken frcm the Apex of the Ventricle.
Teaker Ringer's Soluticn is used as the Wormal and the
Atrorine is dissclved in this Solution. The *ate and Am-

rlitude are taken befcre the Bath of the Drug and During and

After the Dath. The Rate rerresents the Number of Con-
+ractions of ithe Heart Strips per nminute. The ner cent ol
- & -

tme normal is calculated focr both the Rate and Amplitude

Turing and After the Batn of Atropine.

Turiie : Strip : Bxperi : Temp. : Strengtn: Time: Rate per minute Per cent : Amplitude of cont. : Per cent ¢ i )
No. § No. 2 mgg?': Cent.§ Sola;ioni on gﬁefqgggdurinu:afteinugigzi;iggg;;pgiggg;duzing;ggzezfdgg§32?;§22r; Remarks
21 —a 1 22 .001 4 17 31 17 182 100 29 . 26 29 89 100 freat increasing rate.
21 . b 1 22 .001 4 15 17 14.S) 113 99.9 19 22 24 126 126 |
21 a 2 22 .001 1 15 19 15 130 .. 99.9 24 20 . 23 84 92 )
21 b 2 22 .001 1 14 15 15 | 100 107 21 21 21 100 100
21 a 3 22 .001 2 13 16 1% . 133 138 33 20 23 87 100
21 b 3 22 .001 2 14,4 20 _18.40 138 128 17 16 17 95 100 -
22 a 1 20 .001 2 11.6 __10.8 _10.€] 99,4 94 43 41 40 96 94 - ]
22 b 1 20 .001 2 12 11.8_12.4} 99,9 133 31 20 21 %6 100
i a 2 21 .001 3 10 10 10.60 100 105 _ 16 _ 18 16 94 100 B
22 b 2 21 .001 3 13 13,9 18.001 9¢.9 g7 i8 19 18 105 100 o
23 a 3 21 .001 10 10.5 12.6 12.1) 120 11c_ 16 15 9 57 60
22 b 3 21 001 10 13.u 13 12 ) ioo e 18 18 s 100 100 -
22 a 4 20 - .001 3 5.2 10.4 11 { 113 11¢ 14 14 14 100 100
23 b 4 21 001 3 13.% 14.8 14 4 111 105 17 18 18 105 105 o
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A e

jarme description as TARLE IV except that 0.005 per
cent Atropins was used on Cardiac Strips.
— e e - J Per cent : Amplitude of cont. : Per cent
Turtie : Strir : Experi: Temp. : otrength : Time : Rate per minute 1 of normal ! of normal
; :ment : of ‘L — s during:after : before:during:after : during:after: amarks
No._ : lo. : HNo. _:Gent.: Solution: on {oefore:during:affeq— —— —— — T~ S
75 57 32 38 36 28 S3
15 a__ .3 22 . 005 5 16 11 9 T e "
73 64 16 16 16 170 100
15 b 2 22 .005 5 11 8 7 2= —
100 137 33 34 22 103 88
15 a 3 23  .005 83 8 g 11 s = —_ —
116 142 15 15 14 100 94
15 ! 3 23 005 22 7 8 0 "/ T
) 100 2 28 26 26 G3 23
15 a 4 22 005 S 2.5 .5 7
- 1023 ¢8 S , g 100 100
15 a 4 22 006 6 7 7.5 7 e
TABLE VI
Same description as TARLE IV except that 0.002 per cent
Atropine was used on Cardiac Strips.
ToTETe T SETip ¢ Experi ¢ Temp. : Sftrength: Time : Rate per minute Por cent T Emplitude of Cont. © Porcent
: ment : of cn: et 0 normal : : of normal :
Yo. : WNo. No. : Cent. : Solution: : before:during:afted during:after : beforetduring:after : during:after : vemarks.
14 a 2 RS ____-00= 14 ¢ 10 Sl 11 100 16 15 11 94 69
14 ’p_‘ 2 ‘::: . . (‘IOZ 14 "_l-.l. 11“’“_ - 1-(\ _._AQO 91 :L4 l4 14 loo 1,)0 I e
14 a 3 =3 . 002 5 ¢ .10 o1 12211 8 5. 73 46
14 b ) 23 o L008 b 10 S o 14] S0 140 1 _irres. 5 100 50
16 a 1 23 .COR 5 115 ¥ 40 08 30 " . an B B
17 a 1 R4 .008 5 16 15.9 1% |97 107 33 2% 107 112 £3 -
17 b 1 24 002 5 14.¢ 14.4 1”*‘;34‘% 92 14 16 14 114 100 -
17 a 2 24 .003 3 12 15 1’3_‘“ 04 25 26 35 104 100
17 b 2 24 .003 3 15 14 1 ec 9% 7 7 g __100 114
24 a 2 23 . 003 3 15.2 15 5 IREE o1 9 g 5 99 100 -
. - 1
24 b B 2 23 . 002 3 13 15.6  ~ 200 104 a a 8 -100 100 La: ——
24 a 3 33 002 3 14 14.2_ = 100 108 S 9 8400 200 ey
24 b 3 B4 _.00R 2 12 12 2 100 1¢s 5 e 9 100 112
- . Y ( © o e B
24 a 4 & 008 . B 1.2 13 -+ 13c q3g g 2 7__100 75 y
20. e T




Per’ cent t Ampiitude of cont. : Per cent 5
_ of nermal : : of nerma :
Terile : StTio : ' xperi : Temp. : ctrength @ Time i Rate per minute during:after : before:during:after: during:after: Remarks.
: : rent : of : : ¥
No. : No. No. : Cent. : Scluticn: on : before:during:after 115 - 116 e 8 7.8 100 75

23 .0023 3 13 15 151 103 100

©
o

)
w
0
®
©

4
24 a 5 23 .002 12.9 13.3 1377 100 106 s 7 6 cc om
5

3
) .002 3 15 16 16’/?/7101 T 11 11 11 100 100
5

24 a 5 23 .002 15 15 127 | 101 o 7 7 7 100 100
‘(” ‘

24 b 6 23 L0028 5 14.¢ 15 14;3/)%00 100 11 11 10 100 91

24 a ? 33 L0023 7 2.2 12.2 12.2] _g2 5 7 7 7 100 100

24 b 7 23 . 002 7 14.2 5 12 C3 100 1 1 1.5 100 180

25 a 1 20 .002 5 10 10 10.5 o4 105 16 18 17 112 1086

Q a 1 : |

35 b 1 20 . 002 5 9 8.5 > o5 100 .3 2 4 687 133
-~ 5 - LT

29 a 2 20 ,0° o J f F. ?

35 b e 20 002 5 7.5 7.8 7.d>g104 101 18 18 16 100 a0

TAE™® VII
Same descrintion as TABLE IV except 0.0001 per cent
Atrorin was used on Heart Sirips. ’
Tortie TSITIV  TRIATE Temo. : Strengtn: Time : Rate per ninuie | Per cert T AmpIitele oF cons. [ Persent oF moml T T
: : ment: : cf 3 : 1 of normral g ; o _

Yo. :  Uo. Ve. : Cent. : Solution: on before:during:after] during:after: hefore:duvring:after: during:after: Nemarks.
8 a 1 21 .0001 35 ¢ 2 5 o 31 52 34 25 10¢ 1153
8 b 1 21 .00C1 35 Q 6 & | e7 67" 14 11 11 79 7%
9 a 1l 54 .00C1 30 16 10 11 .03 72 o 65 g 23 87
e b 1 22 .CO0n1 30 S 11 o 32 100 5 4 8 €0 60
11 a 1 16.4 0001 10 € 12 11 1€8 137 2T 20 =8 100 ST
11 b 1 10.4 L0001 10 £ 12 13 50 162 38 35 33 93 87
11 a 2 20 . 0001 N 12 11 11 ca c2 25 26 2 104 111
11 b 2 20 .00C1 20 9 9 10 ilele 111 51 23 &5 103 &l
11 a 3 20 L0001 =0 7 7 & I! 100 114 25 28 i 112 100




TABLET VIT —-CCﬂt in").ed .

Turtle : Striv T ®Bxperi Temp. : Strength: Time : R‘ate per- minute 1| Per cent T Anplitude of cont. @ Per cent
i ment : 2 of : » | of normal ; . : of normal ; :

No. : No. : No.:Cent.:3olution: on : before:during:aftey during:after : befers:during:after ﬁuring:aftler%‘: Remarks
11 a 4 20 .0001 25 5 5 6 | 100 120 35 28 233 6 100 |
11 b 4 20 .0001 26 9 5 5 |~ 66 56° 22 20 20 91 o1 |
12 a 1 21 . 0001 15 15 14 14 4 . 94.-' 94 21 22 21 109 100
12 b 1 21 . 0001 17 15 14 13 | o4 8% 20 21 20 104 100
12 a 2 23 L0001 5 15 16 16| 106 106 19 16 17 85 90
12 b 2 23 .0001 5 14 15 15 107 107 19 18 18 95 95
13 a 5 23  .o001 12 14 15 1| 107 93 16 15 14 94 88
12 b 3 23 .0001 12 13 16 15 | 123 115 11 11 11 100 100
13 a 1 21 .0001 10 18 17 17 | 95 95 22 18 11 82 50
13 b 1 21 .0001 10 18 - 16 1s'§‘~89 8g - 23 21 1S 96 83
26 a 2 23 .0001 24 9.2 - 10 10 | lo8 108" 43 39 40 93 o6
26 b 3 23 .0001 24 11.8 12 10 4 101 85 26 26 25 100 97
26 a 3 24 Con1 7 11 11.2° 11 | 101 100 37 35 35 95 o5
26 b 3 24 00C1 7 10.5 11.9 11.8 113 112 _7 24 25 8¢9 93 -
26 a 4 24 0001 2 11.6 11.8 11'i' 101 95 34 56 33 105 °8
26 b 4 24 .0N01 B 11.1 10 10", 2 21 28 26 26 e3 - 93
26 a 3 2%.5  .0on01 4 12 12 11 | 100 ez 37 36 35 98 95
2s b 5 33.5 0001 4 10.9  11.2 11 | 102 100.2 27 25 28 93 103
26 a 6 23.5 0001 4 11 10 11 | 91 100 32 30 33 °6 103
3C b 6 R3.5 0001 4 10.5 11 11 104 104 24 23.5 22 26 02
85 a 7 24 .0001 3 11 1.2 11.2] 110 101 30 29.4 31 o8 103
Z b 7 24 0001 3 10 10.6 9 | 106 90 =5 2¢ B4 o€ =6
26 a 8 24 .0001 2 10,9  11.2 10.2} 102 o5 32 32 31 100 97
36 b 8 24 .0C01 2 0.1 10.3 10 101 992.¢ 24 23.5 24 28 100
26 a 9 24 co01 3 12 12.2 11.5| 101 ©6 zé 27.2 27 o8 o7
26 b 9 24 .0001 3 9 9.9 e.7 | 109 67 24 23 3.5 96 o8

22,



Showing the effect of 0.00008 per cent Atropine on
dtrips of Cardliac Muscle taken Ifrem the Apex of the Ven-
tricle. Weaker “inzer's Sclution is used as the Yor-

mal and the Atrornine is dissolved i this Scluticn. The
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Rate and Amplitude are taken Refore the Ba

and Turing and After the Eath. The Rate represents

the Number of Coentractions of the Heart Strips

rn

Th¢ per cent o

b

the YNermal is calculated
fer toth the Rate and Amplitude During and After the

Fath of Atropine.

Tirtle SLrip : BXperi : Terp. : otfrengtn : Time : Rate per minute ’Per cent : Ampiitude of cont. : Per cent :
3 : ment : of : : of normal : ) tof pormal §
No. : No. : Ho. : Cent. : Solution: on : before:during:aftcrduring:qiter: before:aurang:after: during:after: Remarks
28 a 2 24 .0N008 3 14 17.6 16 | 171 107 29 28 27 97 o4
38 b ) 24 .00008 3 - 13 15 12.58 115 e 17 17 1¢ 100 111
26 a 3 24 .00006 2 15 17.56  14.5 116 o7 37 <5 256.5 98 ©5
28 b 24 . 00006 2 12.6 14,5 13 | 11 26 19 19 19 1060 100

V]
co
o

e
24 . 00006 2 12.5 13 15.5} 1Cc4 108 28 26 a7 93 or

.000C8 2 13 8.5 8.5

_Q
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28 a 24 .00006" 10 13.5 3.2 3.0
28 b 24 .00006 10 °.5 17 16.5 17¢ 174 37 24 21 89 78
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Same description as TABRLE VIII except that C.C00C4

&

ser cent Atropine was used.

Turtle : Strip : Nxreri: Temp, : strangth i Time : Hate per mitute Ter cent : Amplitude of cont. : Per cent

: ment H of : : ¢f normal : : of necrmal
No. : No.: Nco. :Cent.: Sclutiecn: on : before:during:afterjduring:after: before:during:;after : during:after: Remarks
a7 a 1 25 .00004 3 13 12 10.5] 100 88 31 31 31 100 100
27 b 1 25 00004 23 6.9 9 13 150 188 34 33 37 98 108
&7 a 3 5B .000C4 3 6.0 e 12 | 150 119 28 20 27 73
37 b 3 25 .00004 3 2.5. , ¢ 8 les 85 37 36 36 o8 °8
37 a 3 35 .00004 4 12.56 13 11 104 es 19 16 19 85 100
27 b 3 25 .00004 4 10 °.5 8.5 ©5 85 34 34 34 100 100

TABLE X

Same description as TABLE VIII except that .000C2 per cent

tropine was used.

Tortle : SLrip : Bxperl : Temp : ofrengoh ¢ Time : Rate per minute Per cent T Amplitude of cont. : Per cent
: ment @ : of : : |of rorral : : of normal '
Yo. : No. : No. :GCent: Solution: on : before:during:after:|dvring:after: before:during:after : during:after; Remarks
26 a 10 24 .00003 4 11.3 12 11 106 28 20 30 30 103 103
26 b 10 24 .00C0R 4 8.5 e.8 9.3 | 103 o8 24 24 24 100 100
26 a 11 24 . 00002 5 o 10.4 10 U5 1 -~ 3¢ 3C 29 100 97
<€ b 11 24 . 00002 5 c.8 .2 8.8 | ¢4 o0 25 - R4 234 o€ °6

2.



TABLE XI
Showing the effects of Atropine when applied tc
same Strip consecutively. Weaker Ringer's Soluticn is

used as the Nermal and the Atropine is dissolved in this

Solution. The FPatec and Amplitude are taken Eefore the
Bath of the Drug and During and After the Bath. The

Rate represents the Mumber of OSontractions of the Heart
Strips per minute. The per cent of the Ncormal is cal-

ate and ampiitude During and After

Turtle : Strip : Experi Temp. : Strengfh: Time : Rate per minute “Per cent T Amplitude of cont. : rer cent of
: : ment : : of - - f normal : normal i
_ Ne. : No.: Yo.:Cent.: Solution: on : before:during:after| during:after: before:during:after : during:after : Remarks
26 a 2 23 .0001 37 02 10 17 | 108 108 42 39 40 93 96
26 a 5 24 .0001 7 11 11.2 11 01 10 37 3 3% % B
26 a 4 24 .0001 2 11.6 11.8 11 | 101 g5 34 36 33 105 98
26 a 5 33.5 L0001 4 18 12 110 100 92 37 36 36 8 95
28 a e 23.5 L0001 4 1l 1C 11 ¢l 100 32 30 3% 86 103
26 a 7 34 L0001 3 11 12.23 ll.é 110 101 30 294 31 98 103
26 a g 24 .0001 2 109 118 :mi 102 o5 32 33 31 100 97
26 a g 24 . 0001 3 ‘ c6 28 2.2 27 o8 97

12 12.2 11.5 101
!

29,



Tracing taken from TABLE l.

19,2, a.

26



Tracing taken from TARLE 3.

Turtle #1, Experiment #5.

a7



Tracing from TARLE 3.

Turtle # 19,

Tracing from TABLE l1l4.

Turtle # 1, EXp. 2.




Tracing taken from TABLE 6

Turtle # 24, Experiment # 2.

Tracing taken from TABLE 9.

Experiment 1,.Turtle 27.

29



Tracing taken from TABLE 8.
28, Experiment # 3.

Turtle #

Tracing taken from TARBRLE 8

Turtle # 28, Experiment # 2.
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OBSFRVATIONS ON THE EFFECT OF ATROPINE
ON CARDIAC MUSCLE.

The following discussion is based on the tables of

experimental results. The tables are presented in the

order of the toncentration of the drug used, and not in the
order_ in whieh the éxperiments were performed. The ex-
reriments with the stronger solutions are presented first,
and those with the weaker soiutions follow in order. The
heading of each table gives a full description of the
experiments presented in it.

In table 1, shoving the effect of 0.1 per cent
- atropine, there is shown a slight increase in the rate of
the contractions. This amounts to a 3 yer cent increase
when the average of the elght trials is taken. There is
however a decrcase in the rate in four instances and in four
an increase. When the atropihe is applied to the same
strip successive times, there is at one time an increase
and at amother a decrease. In one,the depression amounted
to 92 per cent of the normal rate while the increase was as
muich as 113 per cent. Followling the removal of the drug,
ther e was always a grcat decrease in the rate, except when the
drug was applied for the first time, this time the rate
remainal the same. The amplitude with the 0.1l per cent
was decreased in every experiment except the first, in
which there was a slight increase in the amplitude of the
contract ions. After atropine of different strengths

had been applied to the same strip ten times, then when
31



in the eleventh time 0.1 per cent is used, there was a
marked decrease in rate and amplitude. This tends to show
that such strong strengths of atropine depress the rmuscle.

Table 2 glves the action of C.02 per cent atropine.
This strength of sclution is not as injurious to the muscle
as the 0.1 per cunt. With this concentration I got an
increase averaging 13 per ccont in rate. There was also an
increase in amplitude of 3 per cent while the drug was o.ﬁ, and
2 per cent increase after the removal of the drug. This
concentration of atropine was aiso tried after several
different strengths had been used. When the rate fell to
60 per cent of the normal in the table, the strip was

becoming very irregular, the amplitude of the contractions
rem Ining the same. It later returned to normal.
Table 3 shows the observations with the 0.0l per

cent concentration. In eight instances, [ got a decrease

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

was an inecrease in rate averaging 10 per cent. Avcraging

all of the trials, there was a decrease in rate of 2 per

cent and in two instances therec was a fall in rate of 33 per
gent . After the drug was raroved, there was an after decrease
in rate in eleven trials and an increase in seven. In the
first experiment with 0.01 per cecnt while the atropine was

on, the heart ceased, but soon returned to normal again

when the Weaker Ringer's solution was pbplied. In another
instance in the same experiment, the heart strip ceased

beating aft @ thedrug had been removed. The amplitude of
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the contractions under the influence of 0.0l per cent atropine
increased in every instance, the average being 16 per cent
incresase. However after the drug was removed, there was an
increase of 7 per cent, there being just one instance of

a decrease in the eighteen trials.

In Table 4 ;s shown the effect of 0.001 per cent
concentration of atropine. As a whole this strength of
atrapine stimilated the hewrt muscle, for in sixteen tpials,
there was an increase of 15 per cent in rate. In two ex-
periment:s the rate remained practically normal. In one
case the rate almost doubled, this being the largest increase
in rate that was obtained in all of my experiments. After
the drug was ranoved, there was still an after increase of
5 per cent. When there was a decrease in rate, it was very
smll, and there were no instances of an increase rate of more

than 20 per e¢ent. With this increase in rate of 15 per
cent with the 0.001 per cent concentration, there was a
decrease ih the.anplitude of 13 per cent. In the instance
where the rate alrost doubled, there was only a decrease in
:ziiig%dil per cent. The amplitude fell in one experiment
43 per ent, when there was an‘increase in rate of only
19 per ccnt. The amplitude and rate later returned to
normal . The amplitude after the drug was removed, showed
still a decrease of 9 per oent. But this would not be 80
large were it not for the large decrease mentioned above.
with the 0.005 per ccnt strength of the drug, as

average
is shown in table 5, there is g deccrease in rate of 6 per cent.

After the rate decreased the first time 27 per cent, the

33



second time the diug was applied,‘it increasgg’e}gglés per
cent and the third time to 2 per cent. With this,decrease

in rate, there whould be expected an increase in the
amplitude, but there is a very slight decrease of 1 per cent.
After the drug is removed, the rate is till 4 percent below
notmal, while the amplitude is decreased 6 per ccnt. '

In table 6, there arc shown the results with the
0.002 per cent strength. There is an average increase of
1 per cent in rate in the 25 trials with this concentration.
The highest increase with ‘.his strength was 19 per cent and
the lowest 16 per ccent. | Most of the experiments show very
little inocrease or decrease, hut remain very near normal.
The amplitude going with this heart rate shows a decrease of

2 per cent. Looking through the experiments with 0.002
per cent from the standpoint of applying atropine success-

ively to the strips, there seems to be a slight stimulation
followed by depression. After the drug :Ls removed, there

still remained an increase in rate of 1 per cent, but a decrease
. of 4 per cent in ami)litude over the normal. In one case
there was a decrea. e of 54 per ccnt, going with an increase
in rate of 22 per cent.
Table 7 shows the effect of 0.0001 per cent
atropine. There is an average decréase of .9 per cent
in rate in 36 experiments. In one trial the rate fell 77
per cent, but there was an increase of 9 per cent in am-
plitude going with it. The highest increase in rate was

23 per cat, the amplitude remaining normal during this incress.

plitude during the whole series of experiments averages

After the drug was removed, therc was
34
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a decrease 1in rate of 1¢ per cent, together with a decrease
in amplitude of 5 per cent.

In table 8, the experiments with 0.00006 rer cent
concentration are given. With this strength of atropine
the average percentage increase in rate in eight experiments
was 2C per cent. There was an accomeanying decrease in
amplitude of 11 per cent, which ecan not be considered as
compensatory. The rate in the last experiment of this
series almst doubled, the pecrcentage increase being 79

and the decrease in armplitude only 11 per ccnt. Again in
another experiment, there was a decrease in amplitude of
only 4 per cent with an increase in rate of 40 per ccnte.
After the drug was rocmoved, the rate fell back to an increase

of 9 per cent, wvhile the amplitude fell to 14 per cent.
In the case where the amplitude fell to 74 per cent, it later
fell to 6 per cent.

In table 9 is shown ihe effect of 0.00004 per
cent atropine. There is an average increase in rate of
7 per ccnt, while the amplitude is dccreased 8 per cent.
After the drug is removed, there is an average increase in
rate of 6 par cent. In one experiment, the percentage
inercase in rate was 88 per cent, and at the same time there
was an increase in amplitude of 8 per cent.

Table 10 shows the effect of 0.00002 per cent
atropine on cardiac muscle. The results werc only obtained
on one turtle. In averaging four experiments with this
conc entration of the drug, there was no change in rate and

amplitude. The greatest increase in rate in any experiment
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with this drug was only 6 per cent. There was an increase
in the amplitude accompaning this increase in rate of 3
pcr cent . The grcatest changtiin the aﬁplitude was a decrease.
of 4 per cent. Aft er the ranoval of the drug the average |
rate of the four ecxperiments fell 6 per cent below normal
amd. the amplitude fell 1 per cent. |

The influence of 0.00002 per cent atropine on the
rythm and the am.litude of the ventricle ruscle was very slight
in this series. It was therefore taken as the minimal

strength of atropine that influences the reactions of ventric-

ular muscle.
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Strips of the sinus ruscle were experimented
upon in the same way as with the muscle of the apex of the
ventricle. With two exceptions, the rythmic contractions,
when demonstrated, were unchanged. The percentage change
in elthar case was not over 8 per cent, this large increase

occuring after the removal of the drug.

Turtle:Experi:sirength: mime.Temp..Rate rer minute .Percent
. ment of : « of normal

No. : VNo. 1Solutd on on :Cent. before during:afteriduring:afi
3 .1 .003 4 2l 40 L4 a4 Qm'; t102
4 -2 .0001 3 - 21 :1a 12.5: 1% 5104 -108
6 : 1 . 001 : 5 - 20 - 99 .22 23 ;‘ln(L :104

The greatest increase in rate was obtained with
0.0001 per ® nt atropine. The other strength of the drugs
did not produce & very great effect. Averaging the experi-
ments, there is an increase in rate of 3 per e nt while the
drug is on and 7 per cent after the removal of the drug.
Along with the slight increase, there was noticed a verwy slight
decrease in tone. The length of the tone waves remai ned
almost constant, therc being very little difference in the

waves while the atropine 1s on and. when it is off the nuscle.
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DISCUSSION OF THE EXPERIMENTS ON THE PHARMACOLOGICAL

ACTION OF ATROPINE ON HEART MUSCLE.

There seems to be very little difference in the
strength of the atropine used, because the weaker solutions
have an aversge effect upon the cardiac muscle not strikingly-
different from that of the stronger solutions. In the
0.1 per cent, there was an average increase in yate 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 average decrease in rate of 2 per cent, and in two cases
with this concentration of the drug, the percentag: change
in normal wa:s 33 per cent. There secemed to be almost paraly-
sis in one experiment with the 0.01 per cent, but finally
the heart strip regained its normal rythm. With the 0.001
" per cent, there was an average increase in rate}of 15 per cent
and a decrease in amplitude of 13 per cent. The rate almost
doubled in one exper iment, while there was a decrease in
amplitude of only 1l per ccnt. wWith the 0.005 per cent
there is an average decrecase in rate of 6 per cent, accompan-
ijed by a decrease in amplitude of 1 per cent. The 0.002
per cent does not seem to have very much effect upon the
cardiac muscle, there being an average inecrease of only
1 per cent in 25 experiments. Looking through the expe¥i-
ments with 0.002 per cent from the qtandpoint of applying

atropine successively to the strips, there seems to be a slight
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Increase in amplitude and rate followed by a decrease in
rate and amplitude. This fact seems to be true throughout
with from .0001t0 005 per cent concentration
the eXper tb 15, that the activity of the muscle is first
increased above t at of the normai, and then to depr:ss
the muscle in successive experiments below normal. This 1is
shown in t@le 1$.  But averaging all of the experiments
where atropine is applied the first time to the strip, there
is slown an inerease of only 2 per cent in rate. When the
w@aker solutions have been applied to thebtrip a number of
times, the stronger solutions seem to be more active and cause
a marked depression of the rate and amplitude, of the cardiac
strip. The ;0001 per cent atropine does not have very
effect upon the muscle. The rate remaining the same,
but there ‘was an increase of amplitude of 9 per cent. There
was never a great increase in rate in anyv of the experiments
with thi s concentration, the greatest being 23 per cent.
The largest average increase in all of my exieriments with
the different concentrations of atropine, was obtained with
the 0,00006 per cent atropine. The increase being n this
case 20 per cent. There was an accompanying decrease in
amplitude of 11 per cent, but this cannot be con-ldered as
compensatory. with the 0.00004 per cent and 0.00002 per
cent, there is very little effect. With the former however,
there is an average imcrease in rate of 7 per cent, and also
there was obtained sn increase in rate of 88 per cent
accompanied by an increase in amplitude of & per cent, in
one experiment with this concentration.

Two curves are plotted in attempt to represent
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’ TABLE XII

Showing the effect cf Atropine on Heart Strips when app-

lied the first time on each Strip. Weaker Ringer's

Solution is used as the Normal and the Atropine is dissolved in
this Solution. The Rate and Amplitude are taken Before the Bat
of the Drug and During and After the Eath. The Rate |
"represents the Ngmber of Contractions of the Heart Strips

per minute. The per cent of the Normal is calculated

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

of Atropine.

TUTtIe : Strip : EXperi : Temp : Strength : Time : Fate PET Wifute Per cent  : Amplitude of cont. it Per cent
: ¢ ment - : : of 3 : of normal : : of normal !

No. : No.: WNo. :Cent: Solution: on : before:during:after:|during:after : before:during:after: during:after: Remarks
8 a 21 .0001 35 9 2 3 23 34 53 24 25 109 113
8 b 21 .0001 | 35 9 6 é‘ 67 67 14 11 11 79 .79

9 a 22 .0001 30 16 10 11 63 25 9 65 6 73 67

9 b 22 .0001 30 9 11 o | 122 100 5 4 3 g0 60
11 a ©19.4  .0001 10 s 13 11 | 183 37 29 29 28 100 97
11 b 19.4  .00C1 10 8 12 13 ﬁ 150 62 38 35 33 23 87
12 . a 21 .0001 17 15 14 14 04 o4 21 22 21 109 1C0
12 b 2l .0001 17 15 14 13 | ©4 87 20 21 20 104 100
13 a 10 . 0001 10 18 17 17 [ 95 2B 22 18 11 823 50
13 b 10 .0001 10 10 16 16 89 89 23 21 19 96 83
17 a 24 .002 & 16 16.2  17.4f ©¢ 108 30 29 26 o 87
17 [+ 24 .002 5 14.9 14.4 1e o7 107 33 37 27 113 82
25 a 20 .002 5 10 10 10.5| 100 105 1 1 15 100 150
25 b 20 .002 5 9.5 8.9 10 94 105 16 18 17 112 106
15 a- 18 .01 14 18 15 stop| 84 ~ © 24 26 100 icg- 100
15 b 18 .01 14 1B 10 latel 67 0 18 19 19 105 105
18 a 22 .01 3 17.3 18 17.¢) 128 o7 12 13 14 108 116
N 22 .01 628 Yo 18.2 18.8 1 132 99 23 25 26 108 113:




graphically, the variations in the effect of atropine on the

heart muscle of the turtle. One of these curves reprcsents

the effect on the rate of contraction and the other represents

the effect on the amplitude of contraction. The figures

represent the change while the drug is on the strip. The

horizontal in each case represents the percentage change in

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

represents the number of times that in all of my experiments

I was able to get that particular change in amplitude or

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

falls on ceach side of the normal to very near the base line,

then becomecs very 1fregular. This is true for bhoth curvese.
The work ori the sinus muscle shows that there is

only a very slight increase in rate, the maximum being 8

per cent after the removal of the drug. Along with this there

was a slight decrease in tone. with stronger solutions

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

Sinmse therc is very little difference in the results with

the ventricular strips and the sinus strips, so far as

the rate and ampditude are concerned, shows evidently that

the presence of nerve cells in the sinus strip exert no

appreciable influence on the response of this tissue to

atropine.
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TABLF "SHOWING THE E“FECT OF ATROPINE ON THE AMPLITUDE

OF THE CONTRACTIONS OF HEART MUSCLE.

q
|
? A
' The number of times a
l\
that in all ny experi-
ments, I got the same per- o
centage.
f +
i ‘
R

&9 é(r’ €Y a0 9v| 97 9¢ 9L | Jee | jor /ey 196 ARG 4 ’/7

The percentage change in amplitude, while

the drug is on.
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SUMMARY OF THE- WORK ON THE“AGTION OF ATROPINE ON HEART MUSCLE.
1. Atropvine is a stimulant to cardiac muscle, when weaker

solutions are used. 0.00006 per cent atropine produces the

greatest stimulation.

2. Atropine of from the 0.0001 per cent to the 0.005 per
cent concentration produce very wide variations. Such
variations as occur seem partly to be stimulated above the

normal and others arc depressed below the normal.

3. Stronger solutions of atropine, 0.1 and 0.0l per cent

cause a depression of the rythmicity and the amplitude of the

heart muscle. This is especially true after the rmuscle has

been experimented upon with weaker solutions before the bath

of the stronger solutions.

4. When atrorine 1s applied to the same strip successively

in concentrations whiech produce véry little change in the heart

muscle, 0.0001 to 0.005 per cent, such variations as occur,
seem at first to increase the activity above that of the normal

muscle, and then in. successive applications to depress the

normal .

5. In most of the experiments where there 1s an increase 1in

_rate, there is usually a decrease in amplitude and vica versa,

but this cannot be considered as compensatory.

Ge The effect of atropine on the sinus strip is almost negat-
ive. There is however a very slipght depression of rythmicity

and amplitude with very strong solutions, and with the weaker
solutions as is the case with the ventricular strips, there 1is

produced a slight stimulation of the rate. Accompanving this

there is a slight decrcase in tone.
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TABLE XIII

b3

Showing the effect of the perfusicn of different
strengths of Atropin through the Frogs!' Hears.

Teaker Ringer's Sclution is used as the Yormal and

the Atrcpine is dissclved in this Solution. The Rate and
Amplitude arc taken Before the Bath of the Drug and During

and After the Bath. The Rate represents the Mumber of
Cc:traculolé of the Heart Strips per mi”ute{;» The per cent of

the Yormal is calculated for both the Pate and A”“ll‘ude Turing

ani After +he EFath of Atropine.

Frog T Otrip : EXperi : Temp. : strength: Time : Rate per mirute Per cent ! Amplitude cf cont. :: Per cent i T
: ment o cf : : {cf normal 3 : of normal t
No. . No.: VNo. :Cent.: Solution: on : before:during:aftelduring:after : before:during:after: during;aftert Remarks
3 A .001 4 32 22 32 1100 100 10 . 8 10 50 100 , asreat decrease in amplitude
3 2 .001 2 30.5  30.5 31| 10 101 1.1 9 ¢ g2 83 |
3 3 .001 2 31 31. 34| 100 109 9 e s 100 100 |
. i
4 1 .01 4 100 *15 16 | 100 100 10 13 15 130 180 * st sed hear to beat after
scdium and R. refused.
4 ] .01 2 36 38.3%3 36.| 100.8 10C.5 16 14 13 24 _7
4 1 1 1 36 36 25 | '1CC g8 13 7 1 15 54 89
4 1 1 2 38 35 34 | 102 100 11 8 11 73 100
4 4 1 2 36 3 35 |.l02 102 11 5 g 46 75 | heart did not contract
i normally again.
5 1 .001 1 33 34 35 103 106 11 10 10 100 100
5 1 .001 4 3G 40 36 | 10C 03 1C.5 10.5 11 100 104 E
5 1 .001 3 30 %9 37 | 100 eb 11.5 10 12 67 40 % =
c N 001 5 58 =9 30| 108 102 10 0 11 °0 100 |
5 3 .001 2 30 0. 3c | 12 100 12 128 128 100 100 |
5 3 .01 2 50 30.1 32| 100.3 108 128 128 128 100 100 g
5 3 .01 1 33 32 35 | 100 100 128 128 128 100 100 |
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Tracing taken_ from TABLF 13.
Frog # 4, Experiment # 1.

Tracing taken from table 13.
Frog # 5, Experiment # 3.
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TRACING FROM TABLE 13.
FROG # 4, EXP. #1.
Showing the atropine produce
the normal rythm of the heart.

Heart beginning to contract.

Heart regained the normal rythm.
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PERFUSION OF THE FROG'S HEART WITH ATROPINE.

Two aspira:or pressure bottles, with tubulated
foot for attaching rubber tubing, contained the solutions to
bc periused. Thése were clamped to a stand. One of these
bottles contained the physiological normal solution and the -
other containecd the drug, dissolved in the same normal solution
as used in the other bottle. Each bottle was provided with
a rubbher stopper and. constant level tube, about 2 mm. 1in
diameter, extending through it and down below the surface
of the solutions. The two tubes werc set at the same level.
The rubber tubing from the aspirator bottles connected the two
branches of a glass perfusion canula. The canula was so o
shaped that it could readily be inscrted into the inferior
vena cava. The special feature of this canula is that at
the junction of the branches of the canula, therec is a vertical
open limb, sbout 4 centimeters in height, out of which the
solut lon overflows when the pressurc becomes too great
for the heart perfused, this insuring a constant pressure
on the heart itself. A pinch cock was placcd on each
length of the rubber tubing near the bottle, so that
the solutions ean be poured into both bottles and thc air
expelled from the apparatus each time before the canula is
inserted. A recording lever was supported on a secparate
stand. This lever was like the one previously described as
used for the heart strip, except that a vertical arm, 4
centimeters long, was sealed on to the fulcrum with wax.

This permitt ed the heart of the frog to lie in a normal

48



position in the body. The frég's used for this perfusion
were carcfully pithed, the thorax opened and the pericardium
recmoved. The apex of the heart was turned anteriorly, a
ligature placed under the inferior vena cava, an incision
made into this vein and the canula inserted and ligatured.

One of the aortae was cut to allow the outflow of the perfused
solution. A small "S" shaped wire hook, which is attached
to a thread, 1s hooked into the apex of the ventricle. The
other end of the thread is attached to the upright arm of the
recording lever. The tension of the lever was regulated

by a light movable weight placed on the long arm of the lever.
The writing-point was then adjusted to the smoked kymograph

and a time marker used to record seconds.
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OBSERVATIONS ON:THE PERFUSION OF ATROPINE
THROUGH THE FRCGS HEART.

In table 13 is seen the records of a scries of
experiments ofl the perfusion of .troxine. The effect
seems to be very slight on the frogs heart, there possibly
being an inerease 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 detect it 2t the time. Accompanying this slight increase
in rate, there was a decrease in amplitude. The average
perccntage change in amplitude was a decrease of 5 per cont,
while after the drug was removed, therc was a decrease of 3 per
cent. The rate after the drug was removed increased .7
per cent, while therc was an inerease of .7 per cent while
the drug was on. With the 0.1 per cent solution which was
tried, the heart was paralyzed and would not contract normally
again. The weaker solutions which werc tried on the heart
strips, such as the 0.000C4 per cent and 0.00006 per cent,
had no effect, the heart rcmai:ning normal. The best sol-
ution was found to be 0.001 per cent, for it ocould be tried
any number of times and the heart would always return to
normal, and would never show any after efifects.

inother point which was brought out by the perfus-
ion of the frogs heart was the fact that atropine increases
the irritability of the heqart. After 0.7 per cent saline
and both the Ringer and the Weaker Ringer's Solutions had

failed to start the heart to contracting, atropine when
50



per fused starteci the heart to contracting and soon had a
normal rythm.

The well established fact that the vagus nerve of
the frog when stimulated produces inhibition of the heart and

after the perfusion of atropine, the effects of the nerve wagsr

removed was again established.
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SUMMARY OF THE ACTION OF ATROPINE

WHEN PERFUSED THROUGH THE FROGS HEART.

1l. Atropine when perfused through the frogs heart causes

an increase in rate accompanied by a decrease in amplitude.

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

application of atropine will produce the normal rythm.

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

to the heart muscle.

4. Strong solutions (0.1 per cent) depress the rythmi-eity

and amplitude and almost paralyzes the muscle.

Se Atropine destroyes the influence of the vagus over the

heart.
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TABLE X1V

Showing the effect of Perfusion of different strength

of Atropinre through Turtle's Heart.

Solution is used as the Normal and the Atropine is dissolvd

in this Solution.

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

Teaker Ringer's

The Rate and Amplitude are taken Before

The

Rate represents *he Number of contractions of the Heart

Strips per minute. The per cent of the Yormal is calculated

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

Atropine.

Tartle: Strfpi*EkpeiiiTTémp.E'Strengfﬁ:’Time: Rate per minute
No. : __No.g m;gf : Cent.; Solggionz on ; before:during:after.
1 1 001 4 29 22 29
1 2 001 5 30 p%O.l 30. 1
1 3 .001 2 301 30.1 301 |
1 4 .001 2 31 30 30.0
1 5 .001 12 30.5 32 31
1 6 .01 2 32 32 33
2 1 .01 3 30.8 32 31.2
2 2 .01 2 31.2 31 31
2 3 .01 3 32 32.5 '52
3 4 .01 3 31.5 31.5 32
3 5 .01 12 30 28 28.5
S 6 .01 5 30 27.8 27
47 1 .1 15 30 24 8

J 3.

————%

ot Mo
:. »
1 ~
‘ ’)43""0
"Ter cent " Ampillitude of cont. : Per cent S
i of normal ‘ : of normal d .
during:after : before:during:after : during:after : Remarks
; 100 100 28 29 31 103 110
[ 100.1 100.1 36 36 36 100 100
I 100 100 36 35 35 o8 og
Q7 90 43 47 47 109 109
104 101 471 471 471 100 100
. 100 100 471 46 46 o8 o8
4 :
} 103 101 47 456 470 <8 100
99.4  99.4 475 471 471 99.2 99.2
L 101 100 46 451 46 99 100
100 101 46 45 46 99 100
94 05 39 29 39 98 100
03 20 40 27 37 68 93
80 30 39 44 39 113 100



TABRLE XV

Effect of perfusion of .00l per cent Atropine}through the
Turtle's Heart. Normal blood qiluted with Weaker Ringer's.
Solution is used as normal and the atropine is diluted with this
Solution. The Rate and Amplitude are taken Before the Ba%b of
the Drug and During and After the Bath. The Rate represents
the Number ol Contractions of the Heart Strips per minute.
The per cent of the Normai is calculated for bocth the Rate and

Amplitude During and After the Bath of Atropine.

: Amplitude of cont.

: : of normal
: before:during:after:

Remarks

Turtlei trip::Eigizi: Temp.; Strgggth; Timef W36 Ter TInute ! b;rngggzl
No. : No. : No. :Cent.: Solution: on : before:during;aftcr during:after
‘ . ', -001 7 32 35,5 3z 106 100
* E .001 3 32.3 ‘34 sz 106 102
4 5 .001 5 30 31 0. 03 101
% 4 .001 2 30 20 5o 100 100
* ® .001 4 29 30 s0 108 103
4 6 .001 10 30.5 31 s0 01 99
6 1 .001 3 30 20 o !100 100
6 3 .001 3 30 50.4 0.3 101 101
¢ 8 001 9 30.2 81 0.5 102 101
° * 001 12 50.4 30 30 | 9° 99

77

10
11
15
13
11
g

10
90
14
12
80

[¥o}

10
90
13
12

T Per cent 3
H
!

during;afte:
100 100
823 €2
94 87
g3 93
73 100
10¢C 100
4 90
o8 c8
04 a7
94 94



Tracing from
Turtle #15.

Table 3, a, 1.




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
frogs heart. The heart 1s exposed and the canula inserted in
the inferior vena cava. A heavier weight 1s required to
equalize the tension than in the frog. To prevent the move-
ments of the oesophagus and muscles in the region of the
heart, a eclamp was put on the aorda to hold it steadlly and
prevent getting an effect on the rccord except that of the
heart beat.

In table 14 is shown the effects of the perfusion
of different concentrations of atropiné through the turtles
heart. The rate in this tabie was decreased 2 per cent with
a decrease in amplitude of 2 per cent. After the drug was
removed therec was a decreasein rate of 7 per cecnt. This
large decrease was due to a great fall of 70 per ccent with
0.1l per cent concentration. Otherwise it would only be a
decrcace of 2 per cent. The amplitude increased after the
removal of the drug to .5 per cent. The amplitude remained
normal during the large fall in rate with the 0.1l per cent
concentration. The turtles heart seemed very much more
res lstant to atropine than the frogs heart. However the
change in the rate and ampritude may be due to a change in
prcssure as I stated in the case of the frog, it being

such a smll per c¢c:nt change. After very large concentrat-

ions, the heart never returns to normal. The weaker sol-
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utions had very little effect upon the heart, but as in the
case of the frog with the 0.001 per cent, the heart was
always uninjured after the perfusion. Several times when
the heart refused to contract with Ringer's solution and with
physiological saline solution it began to contract after the
perfusion of atropine.

The vagus nerve was procured and stimulated.

There was slight inhibition produced, but not wmplete.

Aft er the perfusion of atropine, there was not the least trace
of inhibition and the rate before stirmuation was the same as
it was after stimulation.

In table 15 there i1s shown the results when
atrdpine diluted with the blood of the same animal, is
perfused through the heart of the turtle. I obtained an
increase in rate of 2 per cent with a decrease in amplitude
of 10 per ent, vhen mainly the .00l per cent was used.

After the drug was removed therc was still an increase 1in
rate of .8 per cent with a decrease in amplitude of 7 per ent.

Therc werc no marked changes elther in amplitude or in rate.

57



SUMMARY OF THE ACTION OF ATROPINE CN THE TURTLES HEART.

1. The effect of atropine on the turtles heart is almost
negative,:thée increase in rate never being over 2 per cent

in averaging the tables and the largest decrease in amplitude
being only 10 per ccnt.

2. In large doses the heart seems to be paralyzed.

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

produces normal rythm.

4. The heart does not show inhibition after the perfusion
of atropine, vhen the vagus 1s stimulated.
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TABLE XVI
Effect of the perfusicn of atropine through the is-
clated mamralian Heart. Normal blood diluted with Weaker Ringeri
Solution is used as normal and the Atropirne is diluted with this
Soluticn; The Rate and Amplitude are taken Refore the Bafh 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 Wormal is calculated for both the Rate and the

‘.‘
; i 3
Amplitude During and After the Bath of Atropine. \ :
e ”9 ant
Cat i STrip : EXperi ¢ Temr . Strengih : Time : Rate per mimute —|[F cent : Ampllinds OF Colik. 1 Fer Gours
. ment : . of . - pf normal : ~ v : of Normal
No. : Yo. : No. : Cent.: Solution: on : before:during:after luring:after : before:during:after : during:after; Remarks
1 b 1 36 .001 3¢ 93 1los. 99 16 106 .43 44 33 ° 10477
1 a 1 26 .01 65 e 81 114 95 118 3 8 30 100 9l
1 b 2 36 001 16 117 13z 44 1S 188 16 IsF 16 137 1N
1 a 2 36 .01 35 g7 79 7g 83 S0 11 12 8 109 73
1 b 3 36 01 10 81 " 81 81 100 100 1565 165 165 108 100
i b 4 36 .01 33 81 78 73 97 8¢ 16 13 1 87 67



TAELE XVII
Effect of the perfusion of Atropine through the isolated
wammalian Heart. Yormal bloed diluted with Weaker Ringer's
Solution is used as normal and the Atropine is diluted with thisb
Solution. The Rate and Amplitude are taken Before the Bath of
the Drug and During and After the TDath. The rate rerresents th
Number of Contractions cf the Heart Strips per minute. The per
cent of the Normal is calculated for both the Rate and the Am-

plitude During and After the Bath of Atropine.

Cat : S%rip: Experi: Temp. : otrength: Time : Rate per minute  |Per cent T Amplitude of cont. : Per cent
: ment : of i : iof normal - : of pormal _ 1
No. : Wo. : No. :Cent.: Solution: on : before:during:afterduring:after: before:during:after : during:after: —cmarks
atropine .
2 ¢ 3 57.5 .001 23 - 8C.4 102 174 | 114 1¢4 g 7 1l 88 111
. L .
2 a 4 38 . 001 14 69 78 132 ¢ 113 191 8 6 8 75 - 100
2 a 5 38 001 11 66 87 138 2'131 209 6 3 1 50 166
3 b 6 33 .001 12 78 90 132 (~115 162 6 3 7 50 116
F i
2 o 7 38 .001 12 60.6 70.8 13.8f 116 287 5 4 7 eo 140
nicotine _ \ }
2 b 8 40 . 001 26 180 180 188 | 100 154 12 @ 31 423 290
2 a 2 40 . 001 10 192 122 210 | 100 10¢ 13 13 57 108 475
2 a 10 36 .001 15 180 150 168 100 112 14 26 44 185 314
3 a 11 36 .001 27 144 144 162 ; 100 112 6 28 33 866 550
2 a 12 55 .001 56 132 132 120 | 100 91 a 5 3 73 43 |
2 a 13 35.5 .col 60 132 132 120 | 100 o1 6 5 4 g4 67

o



TABLE XVIII

Effect of the nerfusion of Atropine through the isolated
mammralian Heart. Normal blood diluted with Weaker Ringer's
Soluticn is used as normal and the Atropine is diluted with this
Solution. The Rate and Amnlitude are tzken Before the Bath of
the Drug and During and After the Bath. The rate represents the
Number of Contractions of the Heart Strirs per minute. The pef
cent of the Normal is calculated for both the Rate and the

Arplitude During and After the Bath of Atropine.

Tat : Strip : Experi : Temp : otrength : Time : Rate per minute |[Per cent T Amplitude 6T Gont. T Per cent o
: ment : - of : : of normal = : : of normal :
No No. : No. :Cent: Solution: on : before:during:after:|during:after : before.during:after : during:after: F-ruarks.
K} a 1 36 .001 38 %6 102 114 106 118 108 14 10 175 1235
3 a o 55 . 001 20 108 114 108 104 100 14 17 13 121 23
3 © 3 55 .001 30 102 20 9 89 8¢ 16 16 13 106 87
3 ¢ 4 35 001 21 78 78 78 |I" 100 100 11 16 10 145 21
3 5 5 35 .001 - 39 8 78 73 100 93 10 17 g 170 80
3 a 6 35 001 48 77.5 63 €69 82 c0 8 14 6 175 75 F.ralysie of auricle
3 a 7 35 .001 38 69 66 63 06 92 6 1 5 166 84 r “iced particularly
3 b 8 35 .001 42 54 48 48 - | g9 89 4 8 3 200 75 % +h large increase
‘ | :

¢ amplitude whilse

dwe is on.
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ACTION OF ATROPINE ON THF [SOLATED MAMMALIAN HFART.

For the perfusion of the cats heart, the canula is
made in one piece together with two spiral tubes. The latter
are 1n an ordinary condenser one foot in length, and‘the
canula projects from one end which is below and clamped in
vlace for perfusion. A side branch from the canula, near
the condenser, 1is supvlied with a short rubber tube and a
pinch cocke. The condenser acts as a water Jacket by means of
which heated water can be kept by circulating around the
spiral tubes which contain the perflusing fluid and atropine
solution. The upper ends of the spiral tubes conncet with
the reservoirs containing the normal ard the drug solutions.
The perfusing fluids arc forced into the aorta and coronaries
by oxygen under pressure (110 cm. of watsr) which 1s run into
the perfusion solut ions. The solutions are thus well
oxygenated before entering the heurt. The metal e points of
the Gutherie Cardiograph connect with the auriculo-ventricular
ring on the one side and with the apex of the ventricle on
the other. These arc conn-cted with a writing lever, which
with a time mark er beating scconds, record sirmultaneously on
the smoked drum r-volving at a uniform speed. There was no
means of keeping the heart warm and occasionally it was necess—

ary to warm some normal blood and put the heart in it for

a few minutese.
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The cat is prepared in the foliowin~> way for the mammalian
heart experiment: The cat is etherized and a canula, which
has been previously washed in magnesium sulphate solution is
inserted into the carotid artery of one side, and as much
blood as possible is drawn. While this 1is being drawn, it is
being defibrinated. This blood is then diluted with Weaker
Ringer's solution.: The thorax after bleeding the animal
is opened and the heart excised with sufficient amount of
the aorta to be ligated to the canula, and so that the
valves of the aorta are not interfered with. The heart
after excislon is placed in warmed Ringer's solution (5700.)
and massaged to wash out the uncoagulated blood. The aorta
is then tied on to the canula and the perfusion solutions,
which have previously been run through the ganula, started.
The temperature was kept as near 3700. as possible through-
out the experiment. The normal and the drugged blood was
caught in separate receptacles and used the second time.

The drug: was -~ atropine sulphate that was
used through this experiment on the isolated heart. As a
rule the 0.001 per cent atropine was used, it being
apparéntly less injurious to the hcart than the other
concentrations.

The effect of atropine on the whole heart can
probably be best studied by this method. However only

rather lagge hearts can be used on account of the large size
of the camula.
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Tables 16. 17, 18, give the recsults of the perfus-
ion of thrce isolated cat hearts. 16 and 17 agrec in near-
ly every detail, showing that therc 1s stirmulation, but in
18 there is a decrease in rate of 5 per cent and an increcase
in amplitude of 57 per cent, whilec thc drug is on and when

removed, a decrease in rate of 4 per cent and a decrease in
amplitude of 12 per cent. Averaging tables 1€ and 17 there
is an increase in rate of 51 per cent with an increase in
amplitude of 2 per cent. The first and second times the
drug was applied to the heart, therc was an incrcasc in rate
of 5 per cent. The average of the first trials in 16 and 17
show that there was an increase in rate of 15 per ccnt.
After about the second time that the drug was applied,
therc cane deprcssion of rythmicity and amplitude, the rate
faliing greatly below normal and the amplitude falliing a
very dmall anount. I was unable to get the heart back to
normal after the perfusion with this concentration. In table
18, I noticed after the'perfusion of 0.001 pecr cent atropine
that the auricles, which nearly always beat twice to the
ventricles once before the perfusion, became paralyzed after
a whilc. After leaving the normal perfuse for a while
the auriecular rythm returned to normal. Through the heart

of the second cat there was perfused a 0.001 per cent sol-
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ution of Nicotine, which caused first stimilation and later
depression. After this, 0.001 per cent atropine when per-

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

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

MAM:ALIAN HWART.
1l. 0.001 per cent atropine causes first a stimulation and
later depression of the heart in its rythmicity and amplitude.
2e The heart is paralyzcd by grcat concentrations.

3 0.00004 per cent atropine has very little effect upon

the isolated mamralian heart.

4. With the 0.001 per cent concentrations of the drug, there
1s paralysis of the auricles, which soon rccover after

perfusing with the normal solution.

I wish 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 stimulant to cardiac muscle, when weaker
solutions are used. 0.00006 pee cent atropine produces

the greatest stimilation.

2. Atropine of from the 0.0001 per cent to the 0.005
per eent concentration produce very wide variations. Such
vatriations as occur scem partly to be stimulated above the

normal and others are depresscd below the normal.

3. Stronger solutions of atropine, 0.1 and 0.0l per cent

causc a dcpression of the rythmicity and the amplitude of the
heart muscle. This is especially true after the ruscle has
been experimented upon with weaker solutions before the bath

of the stronger solutions.

4. When atropine is applied successively to the same strip

ih eoneentrations which produce very little change in the

heart muscle, 0.0001 to .005 per ccnfc, such variations as occur,
seem at first to incrcase the activity above that of thc normal
musele, and then in successive applications to depress the normal.
5. In most of the cxperiments where there is an increase in
rate, there is usually a decrease in amplitude and vica versa,
but this camot be consindercd as compensatorye.

6. The effecect of aropine on the sinus strip 1s almost negat-
ive. There is however a very slight depression of rythmicity
and amplitude with very strong solutions, and with the weaker
solutions as 18 the case with the ventricular strips, there

of the rate.
is produccd a slight stimulation’\. Accompanying this there

is a slight decrease in tone.



7. Atrpine when perfused through the fregs heart, causes
an increase in rate and a decrease in amplitude of the

contractions, if weaker solutions be used.

8. Strong solutions depress the rythmicity and amplitude.

At times almost paralyzing the heart.

9. Atropine destroyes the influence of the vagus over the

frog's heart and the turtles heart.

10. If a frog's heart or a turtle's heart at rest is per-
fused with atropine for tle first time, rythmic contract-

ions will be produccde.

1l. The eff ot of atropine on the turtle's heart is practical-

ly negative, except in very large concentrations, when the

heart is depremsed 1if not paralyzed.

13. Weaker solutions of atropine (0.001 per cent ) produce a
stimu¥ation and later depression of the isolated marrialian

heart in its rythmicity and amplitude of contractions.

13. The isolated mammalian heart is paralyzed aftcr the use

of strong solutions of atropine.

14. With the 0.001 per cent of atropine there is produced a
paralysis of the auricles, which soon recover after rerfusing

“with the normal solut ion.
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