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I ntroduction:

The heart is one of three components that makbeupirculatory system, a system that is
made up of two distinctive loops: systemic and mrary; the other two components are blood
vessels and blood. The heart is located at thiecehthe chest cavity and acts as the mediator
between the pulmonary circulation (mainly made tifhe lungs) and the systemic circulation
(the body but excluding the lungs). The humanthear dual pump that is made up of four main
components: left and right atrium and left and riggntricle. The atria make up the upper
portion of the heart while the ventricles make lup lbwer portion. When people speak of the
right side of the heart, they are referring to¢b#ection of the right atrium and the right
ventricle. Both are involved in returning bloodrin the systemic circulation to the pulmonary
circulation. When people speak of the left sidéhefheart, they are referring to the collection of
the left atrium and left ventricle. The left amuand left ventricle are engaged in pumping blood
from the pulmonary circulation into the systemicalation. A more detailed description of the
mechanism of blood flow will be discussed in thetraragraph.

The heart, made up of striated cardiac muscl&egsgump” that governs the flow of
blood, being an important player in maintaining pbdmeostasis. The main purpose of the
heart pumping blood throughout the body is to sypplygen to and at the same time, get rid of
carbon dioxide (waste) from body tissues. Deoxwtethand CO2-rich blood from the systemic
circulation returns back to the right atrium via trenae cavae: inferior vena cava and superior
vena cava. This blood then flows to the right vielg and ultimately enters the lungs. At the
lungs, the deoxygenated blood replenished with eryand the CO2 is rid. The now
oxygenated and CO2-free blood returns back to ¢aeththrough the left atrium. The blood

flows from the left atrium and into the left vesta where it is pumped into the systemic



circulation and distributed to different parts loé tbody through the aorta. The above described
process is how oxygen is transported to all aré#sedbody.

The heart is able to do the above mentioned angpalood because of the contractions
it undergoes when pacemaker cells are depolarizbd.pacemaker cells in humans are located
at the sinoatrial node (SA node), atrioventriculade (AV node), bundle of His (atrioventricular
bundle), and Purkinje fibers. The main, or fasteatemaker cell is at the SA node and it is
these fast pacemaker cells that initiate actioem@ls to stimulate muscle contractions.

In this exercise, we are studying the frog heatthwie goal of better understanding the
human heart. The frog heart is actually very simib the human heart but they do have some
major differences. Unlike the human heart, a fnegrt has 2 atria and only 1 ventricle. The
frog heart does not have a vena cava nor doesét dmaaorta. Instead, it has a sinus venosus
and a conus arteriosus, analogous to the venaaravaorta, respectively. Hence, blood returns
from the systemic circulation returns to the rigtrium via the sinus venosus instead and the
blood leaves from the frog heart and enters theesys circulation via the conus arteriosus.
Since there is only one ventricle, one would beceomed that the oxygenated and the
deoxygenated blood would mix together but in rgathe frog heart has trabecuale, something
the human heart does not have. Trabeculae arggpalds inside the ventricular wall and they
along with the spiral valve, located inside theuarteriosus, help to ensure that the 2 types of
blood do not mix.

One of the two general goals of this exercise waxamine the basic properties of the
heart. We examined the electrical and mechanatalites of the heart as well as the heart’s
responses to agonists associated with sympathetiparasympathetic input. For observing the

electrical activity of the heart, we expected te 8wt the electrical trace to look like an ECG



where the sharp peak corresponds to the QRS. ditiempof the trace prior to the peak is
expected to correspond to the P wave while thegyodf the trace following the peak
corresponds to the T wave. For observing the nrecktrace, we expected to see that there are
two kinds of peaks (or humps) that alternate frama to the other. The high peaks correspond to
ventricular contractions while the low peaks copm®l to atrial contractions. As for the
responses to parasympathetic and sympathetic iweutxpect to see, respectively, a decrease in
contractile force and an increase in contractila essult of the type of input. High voltage is
used to stimulate the vagus nerve, a nerve thrisof the parasympathetic nervous system, and
S0 a decrease in contractile force and rate isa@&ge That is because the stimulation of the
vagus nerve activates the parasympathetic systemncrease in contractile and heart rate is
expected after adding a dose of epinephrine beaqisephrine binds to the B-1 adrenergic
receptors, which are part of the sympathethic nes\gystem. That is because the binding
epinephrine with B-1 adrenergic receptors causesaeaase in adenylyl cyclase. That in turn
causes an increase in CAMP. CAMP activates PKAzatide PKA leads to an increase in
intracellular Ca2+ concentration. The more inthat@ Ca2+ there is, the stronger the
contraction. Therefore, the addition of epinepliimassociated with an increase in contractile
force.

The other goal was to observe the responses ta dieatricular stimulationIn the
instance of an extrasystolic contraction, we exgektd see that an extra high peak contraction is
seen right after the ventricular contraction, fargha sort of “M” shape on the mechanical trace.
We expect to see that the extra peak to be loveer tiie ventricular contraction because of less
filling time and hence, less filling;he Frank-Starling Law states that the more fillitig

stronger the contraction and vice versa. A comgemg pause, the time between the



extrasystolic contraction and the normal contractalows for more filling time for the next
normal ventricular contraction. As a result, weect that contractile force for the next normal
muscle contraction to be stronger than the conliedcirce before and during extrasystole
because of the Frank-Starling Law, which statesriwe filling equals stronger contraction.

Materials and M ethods:

The subject of this lab is the study and undedstanof the heart. We are to examine the
electrical, mechanical and different responsivepprties of heart. Details about the
materials/methods for this particular exerciselwafiound in Exercise 5 (pages 43-53) in the
NPB101L Physiology Lab Manual1edition) by Erwin Bautista and Julia Korber. Vifstf
opened up the frog so to expose the heart and dagkeall the appropriate connections so that
the recording machine is able to record heart iigtiAfter the setup, the first part we did was
recording the heart activity so to examine theteled and mechanical traces of the heart. Then,
we moved onto examining the properties of extradigstontractions. We stimulated the heart
during late diastole and early diastole and reable observations. Following the part about
extrasystolic contractions was vagal stimulatidve first increased the voltage and caused
bradycardia, slowing of the heart, and we incredledoltage even more to get cardiac arrest,
stoppage of the heart. The heart beat returnedafhort period of time and that demonstrated
the concept of vagal escape where the next fagséesimaker cell takes over after the one at the
SA node is affected and does not function propeflye last part of the exercise we did was
adding epinephrine to the heart and observingffieets it had on the heart’s activity. We
recorded data for 6 minutes in total for this pmrtof the exercise. Of the above mentioned
protocols, my group and | really only exposed tiog heart. We had problems with the

connections as well as the frog heart itself stheewiring of the frog heart ventricle was too



close and was about to rip the heart at any mom&sita result, we joined another group to
complete the rest of the lab, following the instrogs as listed in the lab manual.
Results:
Part 3: Electrical & Mechanical Activity of the Heart

After opening up the frog and exposing the hemetset up our apparatus so to record
normal frog heart activity. From the mechanical afectrical trace of heart activity, the
information in table 1 was obtained. As expecteshtricular contraction is much greater than
atrial contraction. The latency is determinededlBOmsec, meaning that it takes 120msec after
stimulation before a contraction is seen. In thman reflex lab, the latency for the H wave was
30-45 msec and so a latency of 120msec for heattamdion is very reasonable and expected.
Also, the average heart rate of the heart was decoas 37.260 BPM.

Table 1: General Data on Heart Activity

Heart Data (aver ages)
Atrial Contraction Force 0.591 grams
Ventricular Contraction Force 2.522 grams
Heart Rate 37.260 BPM
L atency 120 msec

Part 4. Extrasystolic Contractions

We determined the point of late diastole on thetreszivity mechanical trace and
stimulated the heart at that point in hope to e#ini extrasystole. We did this multiple times
while slowly increasing the stimulus voltage uatil extrasystole contraction was observed.

This threshold stimulus voltage, 2.8V in this cas¢he minimum voltage that can elicit an



extrasystolic contraction during late diastole. then increased the stimulus voltage to 2x the
threshold, 5.6V in this case, and elicited an eystolic contraction during late diastole as well.
Lastly, we increased the voltage to determine tiheshold voltage that would elicit an
extrasystole at early diastole. The thresholdHat turned out to be 8.0V. The observed trend is
that a much lower threshold is needed to eliciednasystole at late diastole than at early
diastole. A threshold that is almost 3x that @ threshold during late diastole was needed to
elicit an extrasystole. The observed resultsfareéhe most part, consistent with the expected.
The slight difference would be regarding to tha@&systole elicited during early diastole.

During early diastole, a much greater thresholdage is needed before a contraction is seen.
The threshold voltage during early diastole is nthem 5.2 V greater than the threshold voltage
during late diastole. Such an elevated threshotthd early diastole is due to the refractory
period that directly follows ventricular contragtio Without the high voltage, there would not be
an extrasystole contraction.

Table 2: Extrasystole Data: Stimulus voltages for différdgmesholds

threshold during | 2x threshold during | threshold during

late diastole late diastole early diastole

Stimulus Voltage 28V 56V 8.0V

Table 3: Contractile Force before, during, and after esytstole (late diastole)

Contractile Force

Beforeextrasystole | 2.47 grams

During extrasystole | 2.20 grams

After extrasystole | 2.506 grams




Table 4: Contractile Force before, during, and after esytstole (early diastole)

Contractile Force

Before extrasystole 2.451 grams

During extrasystole 0.948 grams

After extrasystole 2.257 grams

Figure 1. Comparison of Contractile Force Regarding Different
Phases of Extrasystolic Contraction (stimulated at late diastole)
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Figurel A plot comparing the contraction force 1) befexérasystole 2) during extrasystole
and 3) after extrasystole when extrasystole wasusdited at late diastole. Contraction force of
the heart is measured at different instances. observed trend is that the contraction forces
before and after extrasystole is notably greatn tturing extrasystole. Contraction force after

extrasystole is the greatest of the three, sligitater than before extrasystole.



Figure 2. Comparison of Contractile Force Regarding Different
Phases of Extrasystolic Contraction (stimulated at early
diastole)
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Figure2 A plot comparing the contraction force 1) befexérasystole 2) during extrasystole
and 3) after extrasystole when extrasystole wasutited at early diastole. Contraction force of
the heart is measured at different instances. observed trend is that the contraction forces
before and after extrasystole is notably greatan turing extrasystole. However, contraction

force after extrasystole is the less than thaedbie extrasystole.

The compensatory pause is the time period betweextaasystolic contraction and the
next normal ventricular contraction. From the daibected, we determined the compensatory
pause for late diastole, 2x late diastole, and/ehdstole. We simply looked at the mechanical
trace of the heart, located the extrasystole artinmemal ventricular contraction and
determined the difference in time between the toints. We expected to see that the
compensatory pauses be the same for the two irestafdate diastole. However, the observed
is that the compensatory pause for 2x late diastdtnger than that of late diastole. That could
be due to the fact that the contraction was stitedlaarlier for the 2x late diastole, resultingin
longer waiting time. The compensatory pause fdyehastole is expected to be higher or rather,

highest because the contraction is stimulateddhleest during early diastole. That means that



there is a longer wait time before the next normegitricular contraction. The observed trend,

does comply with that there is an increase in corsgi®ry pause.

Table 5. Comparison of Compensatory Pauses

Compensatory Pause (msec)
Late Diastole 131 msec
2x Late Diastole 144.2 msec
Early Diastole 174.8 msec

Figure 3. Comparison of Compensatory Pauses
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Figure3 A plot comparing compensatory pauses at 1) la@&tale, 2) 2x late diastole, and 3)
early diastole. Compensatory pauses determinedcht of the three types of extrasystolic
stimulation. The observed is that there is andase in compensatory pause with an increase in
voltage. The compensatory pause at early diastmald be the longest one because

extrasystolic contraction stimulated at late dilestas the longest filling time due to early

stimulation.



Part 5: Vagal Stimulation- BRADYCARDIA

As part of the vagal stimulation portion of thieecise, we performed bradycardia on the
heart. We stimulated the vagus nerve and the w@Mleags raised up until the first sign of the
heart slowing down. The voltage at which the faigin of a slow heart is displayed is the
threshold stimulus voltage for bradycardia. Atteadycardia, the recording machine continued
to record for 30secs more. We then used our redotldta and compared the heart rate and
contractile force before and after bradycardiae ®hserved trends for heart rate and contractile
force are opposite of one another. It is seentbatt rate prior to bradycardia is 1.265BPM
greater than that of after bradycardia. Howewes, seen that the contractile force after

bradycardia is 0.042grams greater than that ofrbdiadycardia.

Table 6: Bradycardia HR and Contractile Force before dtet dradycardia

Heart Rate | Contractile Force

Before Bradycardia | 39.268 BPM| 2.569 grams

After Bradycardia | 38.003 BPM| 2.611 grams




Figure 4. Heart Rate Comparison before and after
bradycardia
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Figure4 A plot comparing the heart rate 1)before andt@jdfradycardia. Frog heart
stimulated at 1.0V and that resulted in bradycardiae heart rate before and after bradycardia
were recorded. The observed trend is that the haterfor before bradycardia is greater than

after bradycardia, slowing of the heart.

Figure 5. Contractile Force Comparison before and
after bradycardia
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Figure5 A plot comparing the contraction force 1)befonel 2)after bradycardia. Frog heart

stimulated at 1.0V and that resulted in bradycardiantraction force before and after



bradycardia were recorded. The observed trendatsctintraction force is greater after

bradycardia as compared to before.

Part 5: Vagal Stimulation- VAGAL ESCAPE

Vagal Escape was part of the later portion ofvilagal stimulation section. Vagal escape
is where the heart stops beating but after some, tiesumes to essentially normal beating. We
first stimulated the vagus nerve and graduallyegased the voltage until the heart stopped
beating; 2.4V was the stimulus voltage that cowesled to cardiac arrest. Heart activity was
recorded throughout this process. Heart activiig wecorded for 60 seconds after a heart beat
returned. One of the two observed trends is thatthrate prior to vagal escape is significantly
greater than the heart rate recorded after vagapes There is a 2.769 BPM difference between
the two heart rates. This relationship is consisie the expected. The other observed trend is

that heart contractile force is greater after vagalpe. This is also consistent with the expected

Table7: HR and Contraction Force before and after vagedhpe

Heart Rate | Contraction Amplitude

Before Vagal Escape | 37.22 BPM | 3.014 grams

After Vagal Escape | 34.451 BPM, 3.396 grams




Figure 6. Heart Rate Comparison before and after
vagal escape
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Figure6 A plot comparing heart rate 1) before and 2)raftgyal escape, the return of the heart
beating after cardiac arrest. Frog’s vagus nerae stimulated at a high voltage of 2.4V and that
resulted in cardiac arrest. Heart rate was recbfolebefore and after vagal escape. The

observed trend is that the heart rate before \esyaipe is greater than the heart rate after vagal

escape.

Figure 7. Comparison of Contractile Force before and
after vagal escape
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Figure7 A plot comparing contractile force 1) before &)dafter vagal escape. The observed

trend is that contraction force before vagal es¢ajen the heart was in bradycardia and about



to enter cardiac arrest) is less than the contmadtrce after vagal escape (when the heart began

beating again).

Figure 8. Cardiac Arrest/Vagal Escape Progression
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Figure8 A plot showing the change in contraction forceimy which the heart was in cardiac
arrest. X-axis represents the time that passed thi¢ heart stopped. Y-axis represents muscle
tension. Time = O represents the beginning ofiaararrest. Contraction force was measured at
30 second intervals. The observed is that combraébrce decreases during cardiac arrest, as
shown with a dramatic dip on the curve, and cotivadorce gradually increases after the heart

beat returned.

Part 6: The Effects of Epinephrine

Contractile force was recorded throughout vagehps. We allowed the heart to beat
normally and then we stimulated the vagus nervetladed to bradycardia. When we
increased the voltage, the heart arrested, reguttia complete stoppage. In figure 6 below,

time Osec corresponds with the heart being in *latadycardia and time 12sec corresponds to



when the heart came to a complete stop. At botbettimes, the tension was recorded to be
around 1gram. The dip after 12sec illustratesiirease in tension to essentially zero. Starting
at around 60sec, the curve begins to rise agalicdting that a heart beat is returning. At
120sec, the contractile force drastically incredsms the 1.018 grams at 90sec to 3.336 grams.
By 150sec, the contractile force reaches 3.591 girdfnom the point when the heart arrested at
12sec to at 150sec, there is a 2.4grams diffenencentractile force. Overall, the observed

trend is that contractile force, over time, incesaand heart activity resumes to normality after
the heart has been arrested. The contractile Bwep exceeds the contractile force prior to
cardiac arrest.

We added a few drops of epinephrine to the veetotlthe frog heart so to observe the
response the heart has to sympathetic input. Aftdmg epinephrine, we collected data fro 6
min. With the data collected, we compared thethade and contractile force before and after
epinephrine application. As shown in the two fegibelow, it is observed that both heart rate
and contractile force are greater after epinephapmication. This observation agrees with what
is expected. An increase in heart rate and carlgdorce are supposed to result with the

sympathetic input.

Table 8: HR and Contraction Force before and after epirieph

Heart Rate | Contraction Amplitude

Before Epinephrine | 37.736 BPM| 2.009 grams

After Epinephrine | 41.836 BPM| 2.287 grams




Figure 9. Heart Rate Comparison before and after
epineprhrine addition
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Figure9 A plot comparing heart rate 1) before and 2)rdfte addition of epinephrine to the
heart. Between 4 and 6 drops of epinephrine wededto the frog’s ventricle. Data was
collected for a total of 6 minutes. The heart fateboth cases were recorded and compared.
The observed trend is that a higher heart rateds after the addition of epinephrine. In confrast

a relatively low heart rate is seen before thetaafdof epinephrine.

Figure 10. Contraction Force comparison before and
after epinephrine addition
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Figure 10 A plot comparing contraction force 1) before &)dfter the addition of epinephrine.
Between 4 and 6 drops of epinephrine were add#tetérog’s ventricle. Data was collected for
a total of 6 minutes. The observed trend is tbatraction force is greater after the addition of
epinephrine.

Discussion:

In the heart, there are autorhythmic or pacemagdts that regulate the beating of the
heart. Pacemaker cells only make up a very mindign of cardiac cells because they are only
responsible for initiating and conducting actionguials needed for heart contraction.
Pacemaker cells don’t have resting potentialstelits they have what is known as pacemaker
potential. According to Sherwood, a pacemakermi@kis an autorhythmic cell membrane’s
slow drift to threshold. Three different ion movemts, together, are responsible for pacemaker
potential: an increase in Na+ influx, decrease teffflux, and increase in Ca2+ influx. Nat+
first enter through special voltage gated channélen, K+ channels start to close, resulting in a
decrease in K+ efflux. Lastly, there is an incesesCa2+ influx due to the opening of T-type
Ca2+ channels. All three ion movements ultimabelgtribute to the membrane reaching
threshold for an action potential (Sherwood p. 3Q9).

There are four locations in which pacemaker celfs lee found and these locations are 1)
SA node, 2) AV node, 3) Bundle of His (atrioventter bundle), and 4) Purkinje fibers. The SA
node is located near the superior vena cava ingheatrial wall. The AV node is located at the
bottom of the right atrium. The bundle of His,higand left, extends from the AV node to the
interventricular septum. The Purkinge fibers gorfrthe bundle of His and extend all over the
ventricular myocardium. All these pacemakers hdifferent rates of depolarization to threshold

and the fastest pacemaker cells are located iBAheode. The pacemaker cells at the other



locations have to be activated by the SA actiorepidls before they are able to reach threshold,
at a slower rate, on their own. With that sai@, pacemaker cells at the SA node are the primary
regulators of the autorhythmic activity of the hg&herwood p310-311)

The excitation-contraction coupling process forrhéaardiac muscle) contraction is very
similar to that of skeletal muscle contractionsthinulus causes a ventricular action potential in
cardiac contractile cell. That action potentiavils down T tubules and opens up L-type Ca2+
channels, leading to an influx of Ca2+. This irftaf Ca2+, in turn, causes the release of a great
amount of Ca2+ from the sarcoplasmic reticulume €hd result of the multiple influx of Ca2+
is high cytosolic Ca2+. With sufficient cytosolia2+, there is Ca2+ to bind to Troponin C so
that it can no longer bind to Tropomyosin. Withdubponin C attached to it, Tropomyosin can
no longer attach to and block the myosin binding. sThe myosin binding site is now vacant for
myosin to attach and when myosin attaches, cradgécycling occurs. The resulting power
strokes of cross-bridge cycling causes slidindhakt and thin filaments. Cardiac muscle
contraction is then the end result (Sherwood p.315)

The main difference between skeletal muscle comtraand cardiac muscle contraction
is that Ca2+ influx during phase 2 of ventriculatien potential is required for cardiac
contraction. As mentioned earlier, there is natagls enough cytosolic Ca2+ in cardiac muscle
and so in instances when there is a lack of cyiw&d2+, Troponin C will still be bound to
Tropomyosin, allowing Tropomyosin to continue blogkthe myosin binding site. Myosin
needs to bind to the myosin binding site to indiatoss-bridge cycling and so with the site
blocked, cross-bridge cycling is not possible drat means that there won’t be cardiac muscle

contraction (Sherwood p.315).



The ventricular action potential is the mechanighibd the excitation of the heart.
There are multiple phases to this mechanism and @aase is symbolic of different ion activity.
In phase 0, there is a steep increase in membpatf@l and that is due to the influx of mainly
Na+ and Ca2+ because Na+ and Ca2+ channels oppnéessia result, depolarization occurs in
phase 0. Phase 1 is where a quick repolarizaammdicated by the curve sloping down, takes
place and that is due to the inactivation of Naarctels. Phase 2 is where the curve plateaus as
a result of more Ca2+ influx. The Ca2+ in phase€2coming through L type Ca2+ channels.
In phase 3, there is more repolarization but this wh Ca2+ channel inactivation and K+ efflux
as a result of K+ channel activation. Phase Haddst phase and that is where resting
membrane potential is resumed (Sherwood p. 314-315)

The heart acts as the organ pump that is resperfsibpumping blood to all over the
body. In doing so, the heart is supplying oxyged eliminating waste, like CO2, from body
tissues. Blood from the body flows back to therhaad by then, the blood is deoxygenated
(since oxygen has been delivered to tissues) arth@@d (since CO2 has been picked up, as
waste, from the tissues). The blood enters the atgfium through the venae cavae. So to
oxygenate the blood again, the blood must enteptifraonary system and get oxygenated in the
lungs. The blood leaves the right atrium and eriteg right ventricle where it then enters the
lungs to get rid of the CO2 and be supplied with ORe oxygenated blood enters the left atria
and then left ventricle and ultimately goes inte flystem circulation by exiting through the
aorta.

Our ultimate goal for this exercise is to bettedenstand the properties of the human
heart although we are using the heart of a frogghalbians that are able to supply oxygen and

nutrients to the cardiac muscle from blood duéeanatomy of the heart: 2 atria and 1 ventricle,



for the experiment. The heart is a complicatedeticemely essential part of the body. Itis
made up of cardiac muscle. Cardiac muscle, lilkdesétl muscle, is striated, meaning that the
muscle is made up of alternating thick and thianfients. Cardiac muscles are made up of
cardiac muscle fibers and these cardiac musclesféne connected to each other by intercalated
discs. The two types of membrane junctions thaireide an intercalated disc are desmosomes,
those responsible for mechanical connections, apdunctions, those responsible for electrical

connections (Sherwood p. 308).

Part 3: Electrical & Mechanical Activity of the Heart

In this exercise, we studied the properties offtbg heart, which is fairly similar to the
human heart and the first thing we did after disegahe frog and exposing its heart is exploring
the normal activity of the heart. It is expectedée that ventricular contraction be greater than
atrial contraction. As shown in Table 1, atriahtractile force is significantly less than that of
ventricular contractile force. That is becauseldfieventricle is actually the part of the heduatt
pumps blood to the rest of the body. A larger @mtion is needed to achieve that, hence the
1.931 gram difference between atrial and ventricobmtraction force. Also, the ventricles are
larger than the atria and so the ventricles aralaapof larger contractions. The latency for heart
contraction is expected to be greater than thatuofan reflexes as explored in lab 3. The
latency for heart contraction is recorded as 12@msele the latency for a H wave is 30-45
msec. The latency for heart contraction was oleskte be longer and that’'s because there are
more processes that the body has to go througlgrapared to a reflex, before a contraction can

occur.



Part 4. Extrasystolic Contractions

Extrasystolic contractions are premature ventricatatractions. They appear right after
a ventricular contraction when stimulated at eilagg or early diastole. In Table 2, note the
threshold stimulus voltage for extrasystolic coctiien at late and early diastole. The threshold
for early diastole is significantly greater thae threshold during late diastole. That is because
of the difference in the refractory period thatlea@s stimulated in. During early diastole, the
muscle is in the effective/absolute refractory peri That is the time period where no action
potential can occur. In the case of late diastbiemuscle is in the relative refractory period.
Unlike with effective refractory period, an actipotential can occur. As seen in Table 4, the
contractile force for extrasystole in early diastid less than that of late diastole. Technically
speaking, there should not even be a contractien seeffective refractory period. The values
for late diastole are greater than those at tlgeneare filling time for late diastole and lessifig
time for early diastole. As expected, a strongerti@ction corresponds to a greater filling of the
ventricle. This is known as the Frank-Starling Lafwhe Heart (Sherwood p. 328). Often times,
the extrasystolic contraction is of lesser contiaébrce because there is less filling time. The
ventricular contraction after the extrasystolic ttagtion and the compensatory pause should be
greater than that of before and during extrasystoleat is because there is more filling time and
more filling time equals increased end diastolituwte which ultimately leads to stronger
contractions. The data collected during late dlasts seen in figure 1, complies with the
expected. The data collected during early diastsdeseen in figure 2, show that contraction
after extrasystolic contraction is of lesser intgnhan before extrasystolic. That is probably

due to the continual twitching of the frog heateakxtrasystole and before the next normal



contraction. The multiple twitches interrupted giengated filling time and so no only did we
not see an increase in contractile force in posasystole, we saw a decrease instead.

Like mentioned earlier, the heart goes into 2 sypkerefractory period after ventricular
contraction. Effective refractory period is theeafirectly after ventricular contraction while
relative refractory period is the one after effeetiefractory period. During the effective
refractory period, no action potentials can ocout the purpose of that is to prevent the heart
from going into tetany (Sherwood p. 316). The @aranuscle, in this sense, is really different
from that of skeletal muscle, because tetany iscteus promoted and seen as the ultimate
contraction goal. There are no protective factidts,the effective refractory period, that
protects the muscle from reaching tetany. Thecttife refractory period is what causes the
compensatory pause when extrasystole is indugedddition to effective refractory period,
cardiac muscles also have relative refractory peaind the purpose of a relative refractory
period is simply to have a longer filling time aadtronger contraction.

In table 5 and figure 3, a comparison betweerctmpensatory pauses from late diastole,
2x late diastole, and early diastole was conducter. expected to see that the compensatory
pauses at late diastole be about the same bedsusriscle is stimulated at the time period and
so the filling time between the extrasystolic cantron and next ventricular contraction should
be the same. As evidently seen in figure 3, tepmnsatory pauses for the two late diastole
instances are not the same. That 13.2 msec differeould be that the extrasystolic contractions
were not stimulated at the same exact time antigit difference in compensatory pause
resulted. The compensatory pause for early dessabbserved to be longer than the other two
and that is consistent with the expected becaursealsted an extrasystolic contraction earlier on

allows for a longer filling time, hence, a longengpensatory period.



Part 5: Vagal Stimulation- BRADYCARDIA

During bradycardia, the heart is slowed as a téisalincreased voltage that stimulated
the vagus nerve, a nerve that’s part of the parpagimetic system. It is defined as heart rate <
60bpm. Some of the symptoms that point towardywadiia are fatigue, lethargy, nausea,
dizziness, confusion, pre/syncope, and shortnebeeath. (Ahsley et. al, ch 8 Bradycardia).
Our heart rates are ~40bpm, well below 60bpm, ancha be classified as bradycardia. Itis
expected that the heart rate before bradycardgadsder than after bradycardia because
bradycardia is the concept of slowing of the headtie heart rate after bradycardia should be
lower because bradycardia is part of the parasymegiatnervous system and the mechanism
governing it is the chain of reaction that starithvwhe release of Ach. The parasympathetic
system releases Ach and Ach binds to muscarinicr@céptors. Pacemaker cell activity in the
SA node is slowed as a result of Ach binding tordeeptor. That leads to a decrease in HR.
The observed HR data, as seen in figure 4, agrilkshe expected. The same expected results
go with contractile force. Contractile force afbeadycardia should be lower because of
parasympathetic activity. As described above SAenode pacemaker activity is affected but in
addition, the AV node pacemaker activity is alseetkd in the way that Ach makes it hard to
spread action potential. In other words, that reakeontraction harder to elicit. The observed
data actually goes against the expected; figuteo®s that contractile force after bradycardia is
greater than before. The difference between tloectmtractile forces is only 0.042 grams, not
very much at all and so a simple yet plausible @&xaiion would be that human errors while

analyzing the data caused for such disagreeindtsesu



Since bradycardia is part of parasympathetic ggtiliat affects heart activity, any sort of
sympathetic activity would have a counteract eféaw inhibit bradycardia. A study shows that
galanin, a cardiac sympathetic co-transmitter Imaslaibiting effect on bradycardia. Galanin
reduces acetylcholine release and as describadre&th binds to muscarinic Ach receptors so
to slow the pacemaker cell activity at the SA noWéhen galanin is present, there will be a
decrease in Ach due to decrease Ach release amthaire of parasympathetic reactions that
follow is made impossible. The end result of tatuld be no effect on SA node pacemaker cell

activity and so no bradycardia (Herring et. al p.1)

Part 5: Vagal Simulation- VAGAL ESCAPE

Vagal Escape is where the heart stops beatingfeda period of time, the [less intense]
heart beat returns. It is the result of prolongagdal stimulation in which bradycardia and then
cardiac arrest is the end result. In the prodbssSA node pacemaker activity is affected and so
that's why we see the stopping of the heart. Htern of the heart beat is when the next fastest
pacemaker cells take over. This concept of takiey the role of the SA node is supported
Wallace and Daggett. They say that the pacemalisrat different areas other than the SA
node usually take over the pacemaker role. ThenatrAV node, or ventricles have been
suggested as sites of pacemaker activity whenAheo8e is no longer available for rhythmic
regulation (Wallace et. al p.93). In our prepanatil do think that there is tonic vagal inhibition
of the heart because in the beginning, the heamed to beat at a more normal pace. As more
activities were done because after stimulatingheat for a while, our frog heart seemed to beat

slower, showing signs of bradycardia and perhapgrpssing to cardiac arrest.



When regarding heart rate and contractile foras, expected that both will be lower for
after vagal escape and that is because of sloveenmeker cells taking over the SA node. From
figure 6, we can see that HR after vagal escajmisr. That agrees with the expected result,
meaning that parasympathetic activity affected thaetivity. In figure 7, opposing results are
shown for contractile force before and after vaggalape. Contractile force is supposed to be
less after vagal escape but the observed showsdhtafactile force after vagal escape is greater
than before vagal escape. This odd result is jglmhue to the fact that the data for the vagal
escape section is not very consistent or accutateny case, the contractile force before vagal
escape actually corresponds more to that of bradigchecause normal heart activity was not
recorded. If normal heart activity was recordée, ¢contractile force after vagal escape would
indeed be lower because normal activity is regdlatethe SA node pacemakers (fastest) while
after-vagal-escape activity is regulated by oth@wver pacemakers, hence, weaker contraction.
Figure 8 is an illustration of how the vagal escaprks. At the far left side of the curve,
the tension is relatively high and as time pasgeshe tension begins to drop, signifying
bradycardia. At time= 0 was when the heart stoppeshsion drastically dropped as indicated
by the sharp dip in the curve. The duration oflzar arrest was calculated to be 62.76 seconds.
At ~60sec, or 1min, after the heart stopped, athesat returns and that's when the next fastest

pacemaker cells take over. Tension continuesaduglly increase.

Part 6. The Effects of Epinephrine
Epinephrine is released by the sympathetic nerggstem. Epi binds to B-1 adrenergic
receptors and that increases the heart rate. tétrsaid, it is expected that an increase in heart

rate be seen after applying epi. In figure 9, @@, s1s expected, that an increase in HR did result



after epi addition due to increase in sympatheatiividly. The application of epi also increases
Ca2+ influx. As discussed in the cardiac muscldtation-contraction coupling section, Ca2+
influx is responsible for generating heart coniatt. The more cytosolic Ca2+ there is, the
greater the heart contractions because of mors-tmagging. With that in mind, it is expected
that after the application of epi, there will inase the contractile intensity. Like with HR,
contractile intensity also agrees with the expectsdilt.

Norepinephrine, like epinephrine, is part of thmpathetic nervous system and so the
application of it will also lead to increase HR asmhtractile force. According to a study, the
stimulation of adenosine Al receptors has effé@sprotect the heart. These receptors are able
to protect the heart through the inhibition of rmnpehrine (Schutte et. al, p. 1). As said before,
norepinephrine increases sympathetic activity anadenosine Al receptors act like buffers for

the heart.

Conclusion:

In conclusion, through this exercise, we expldteziproperties of the heart and found
that there are many factors that can affect hemtraction. Factors like degree of ventricular
filling, compensatory pause, parasympathetic agtigympathetic activity, cytosolic Ca2+
concentration, types of pacemaker cells, etc.aatribute in determining whether there will be a
contraction and if so, how strong it might be. 8ese the heart is a complicated organ, the
mechanisms associated with it are too. We fouatidhigher voltage is needed to stimulate an
extrasystolic contraction during early diastoledese of the effective refractory period. We also
found that the compensatory pause is the longestlien during early diastole because the early

extrasystole stimulation allowed for more fillinge. Very importantly, we got a better



understanding of how parasympathetic and sympathetivities affect heart rate and contractile
force. Parasympathetic activity includes stimalatof the vagus nerve and release of Ach,
neurotransmitter that will bind to muscarinic retwep to decrease HR and contractile force.
Sympathetic activity includes the release of epmigy@, or norepinephrine, by sympathetic
nerves and the binding of the either neurotranemitt B1-adrenergic receptors so to increase
HR and contractile force. The findings from trabdratory exercise are beneficial in
researching for cures or preventions for heartagiss and other illnesses relating to the heart.
With heart disease accounting for the most deatlisel U.S., better understanding of the heart

and is always amongst the goals researchers &brive
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