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Abstract: 

 An experiment was performed to test the effects of exogenously added verapamil 

on the embryonic heart rate of a 5-day chick embryo in vitro. The unique structural and 

chemical properties of verapamil were taken into consideration and it was hypothesized 

that verapamil will slow cardiac cycle or heart rate in beats per minute (bpm). The 

induced effects were hypothesized to be dose dependent and increasing drug 

concentration would reduce heart rate (bpm) and cause arrhythmias. A 1.25% verapamil 

stock was serially diluted with chicken saline to yield solutes at various concentrations of 

1.25 X 10-5, 1.25 X 10-4, 1.25 X 10-3, and 1.25 X 10-2mg/ml. Chicken eggs were 

“windowed” and the embryo was explanted according to the methods of Cruz, 1993. The 

chicken heart was then isolated according to the methods of McLaughlin and McCain, 

1998, and verapamil was applied to the “isolated” embryonic hearts in vitro. The heart 

rates were recorded (bpm). The proposed hypothesis that verapamil would slow the 

cardiac cycle or heart rate in the embryonic “isolated” chicken heart model in a dose 

dependent manner was not supported. Five out of the seven tested “isolated” 5-day 

chicken hearts experienced an increase in heart rates (bpm) at the lowest drug 

concentration. One out of the seven embryos experienced atrial fibrillation and cardiac 

arrest at the lowest concentration. One out of the seven experienced a decrease in heart 

rate in the lowest concentration of verapamil. Significantly, all embryos experienced 



arrhythmias like tachycardia, fibrillation and atrial flutter. Overall, these data suggest that 

verapamil is a potent cardiovascular drug and that its effects on the embryonic vertebrate 

heart rate are adverse even at the lowest concentration.

Introduction:

 Verapamil also known as Cronovera is a well known calcium antagonist. It 

belongs to the phenylalkyamine group and is a member of class IV of calcium channel 

blockers (CCB). Clinically verapamil is used as a vasodilator and as a drug to decrease 

heart rate. Verapamil decreases the heart rate by reducing the required calcium content in 

the cardiac myocyte. Calcium maintains the contraction frequency of myocardial cells 

(McCall, 1976). According to Lee and Tsien, 1983, verapamil acts as a potent inhibitor of 

the calcium influx through voltage gated L-type Ca+2 channels. verapamil binds 

specifically to the subunit alpha 1 intracellular domain IV in a voltage gated L-type Ca+2  

channel. As an organic cation it gains access to this site when the channel is open. 

verapamil also promotes “inactivated” channel conformation. This increases the 

refractory period of the drug bound channel. As a consequence, the number of channels 

available for Ca+2  influx decreases when the time between depolarization shortens. 

 Verapamil is also lipophilic. Hence it can penetrate through the plasma membrane 

and accumulate inside the cell and block the intracellular Ca+2  releasing sources. The 

ryanodine receptors on the sarcoplasmic reticulum release calcium into the cell (Segal et 

al. 2002). Verapamil binds to the low affinity sites on these ryanodine receptors (Valdivia 

et al. 1990). This results in a reduced Ca+2  content in the cell and a decreased heart rate. 



The question addressed was this one: What are the effects of exogenously added 

verapamil on the isolated 5- day chicken heart? 

 The chicken embryo is a classic organism used to illustrate the principles of basic 

vertebrae embryology primarily because is easy to obtain and direct observation of a 

living embryo is possible even at the earliest stages of embryogenesis (McLaughlin and 

McCain, 1998). The cardiac cycle of the 5-day chicken embryonic heart in vitro was 

investigated after the exogenous addition of specific concentrations of verapamil 1.25 X 

10-5 mg/ml, 1.25 X 10-4 mg/ml, 1.25 X 10-3 mg/ml, and 1.25 X 10-2 mg/ml.  It was 

hypothesized that verapamil will decrease the embryonic heart rate (bpm) as seen in the 

adult human heart, in a dose dependent manner. It was further reasoned that this drug 

would become toxic at a certain level and induce arrhythmias.  

Materials and Methods:

 I) Serial Dilution.

A 1.25% stock solution of verapamil was diluted 100 fold using chicken saline 

(phosphate buffered saline) to obtain a 1.25 X 10-2 mg/ml verapamil solution. This was 

further serially diluted to obtain concentrations of 1.25 X 10-3 mg/ml, 1.25 X 10-4 mg/ml 

and 1.25 X 10-5 mg/ml verapamil. These solutions were then incubated at 37° C until 

needed for the experiment.

 II) “Windowing” the eggs. 

The eggs were “windowed” according to the methods of Cruz, 1993. Three or four pieces 



of Scotch Magic tape were first placed along the horizontal axis of the egg. Using micro-

dissecting scissors a hole was then punctured at the tapering end of the egg. A 20 G 

syringe was used to extract about 4ml of albumen. Carefully, an oval opening was cut 

within the tape to expose the embryo using the micro-dissecting scissors. Cautiously, the 

shell cap was removed using forceps. The in vivo heart rate of the embryo in its shell in 

was then taken three times at fifteen second intervals each, using a stopwatch. These 

numbers were multiplied by four then averaged to get the beats per minute (bpm). 

 III) “Explanting” the embryo.

The embryo was “explanted” according to the methods of Cruz, 1993. A filter paper 

“doughnut” was placed around the blastoderm to facilitate the explanting process. Using 

fine scissors the vitelline layer along the doughnut was cut. Using a spoon the embryo 

was quickly explanted from the shell into a warm Syracuse dish with CMRL media under 

a dissecting microscope. The in vitro heart rate of the “explanted” embryo was then 

determined at 3X’s, at fifteen second intervals each, using a stopwatch. These numbers 

were multiplied by four then averaged to get the beats per minute (bpm). 

 IV) “Isolating” the heart.

The chicken heart was then “isolated” from the explanted embryo according to the 

methods of McLaughlin and McCain, 1998. Under a stereomicroscope, using surgical 

scissors, the heart was carefully separated from the embryo by cutting above the bulbus 

cordis and below the sinus venosus. The “isolated” heart was quickly transferred to 

another Syracuse dish containing warm CMRL. The in vitro heart rate of the “isolated“ 



heart was then determined at 3X’s, at fifteen second intervals each, using a stopwatch. 

These numbers were multiplied by four then averaged to get the beats per minute (bpm). 

 V) Application of Verapamil.

The CMRL media was extracted from the Syracuse dish without dehydrating the heart 

using a pipette before the exogenous application of verapamil. Enough of the lowest drug 

concentration, 1.25 X 10 -5 was poured into the dish to submerge the heart. The heart rate 

of the “isolated” heart when submerged in drug was determined at 3X’s, at fifteen minute 

intervals each, using a stop watch. These numbers were multiplied by four then averaged 

to get the beats per minute (bpm).  These steps were repeated on all seven embryos for 

each of the remaining drug concentrations. 

Results:

 After verapamil was exogenously added to 5-day “isolated” chicken hearts in 

vitro, the heart rates (bpm) were graphed as linear regressions. The slope of the linear 

regression showed consistent heart rates of all embryos when exposed to different 

concentrations of the drug. The linear regression showed an overall trend of increased 

heart rates as the dosage of verapamil increased. One of the tested seven embryos 

attained cardiac arrest in the lowest concentration. Figure 1 displays the heart rate of the 

“isolated” chicken heart #1. A decrease in heart rate in the lowest concentration of 

verapamil was observed; this heart rate decreased in a dose dependent manner with 

increasing verapamil dosage. Figure 2 displays the heart rate of “isolated” chicken heart 

#2. An increase in heart rate (bpm) at the lowest concentration of verapamil, 1.25 X 10-6 



mg/ml, was observed. The heart rate increased with increasing verapamil dosage.  Figure 

3 displays the heart rate of “isolated” chicken heart #3. An increase in heart rate (bpm) at 

the lowest concentration, 1.25 X 10-6 mg/ml, was observed. The heart rate increased with 

increasing verapamil dosage. Figure 4 displays the heart rate of “isolated” chicken heart 

#4. An increase in heart rate (bpm) at the lowest concentration was observed. The heart 

rate (bpm) increased with increasing verapamil dosage. Figure 5 displays the heart rate of 

all the “isolated” chicken hearts plotted on a single graph to emphasize the data 

Five of the seven “isolated” 5-day chicken hearts experienced increased heart 

rates(bpm) at the lowest concentration of verapamil, 1.25 X 10 -5  mg/ml. The two 

embryos that did not show an increased heart rate experienced atria fibrillation or cardiac 

arrest. Significantly, all of the five embryos that experienced an increased heart rate at the 

lowest concentration of verapamil, 1.25 X 10 -5  mg/ml, also experienced atrial flutter. 

These embryos went into cardiac arrest at the next higher concentrations, 1.25 X 10 -4 

mg/ml or 1.25 X 10 -3 mg/ml. One out of the seven embryos experienced atria fibrillation 

and cardiac arrest at the lowest concentration of verapamil. One out of the seven embryos 

experienced a decrease in heart rate at the lowest concentration of verapamil, with the 

embryo the heart rate decreased with increasing drug concentration.  

Discussion:

 The purpose of this experiment was to study the effects induced by different 

concentrations of exogenously added verapamil on the in vitro “isolated” 5- day chicken 

embryonic heart.  It was hypothesized that verapamil would slow cardiac cycle or heart 



rate in beats per minute (bpm). The induced effects would be dose dependent and 

increasing drug concentrations will reduce heart rate and cause arrhythmias. Data 

analysis negated the hypothesis. Although the first embryo displayed a decrease in heart 

rate on addition of the lowest verapamil concentration, all the remaining embryos 

displayed an increase in heart rate on addition of increasing drug concentrations. Cardiac 

arrest was observed in all embryos at 1.25 X 10 -4  mg/ml verapamil. Research suggests 

that verapamil slows ventricular heart rate by prolonging repolarization at the 

atrioventricular node (AV node).  This causes the atria to contract twice for each 

ventricular contraction. This explains the atrial flutter observed in all the tested embryos 

(Klabunde, n.d.) 

 If the experiment were to be repeated the CMRL media temperatures would be 

maintained more accurately by using a more advanced tissue culture temperature 

controlled apparatus. Also the following questions would be addressed: 1) Do Sodium 

channels maintain the contraction frequency in myocardial cells?; 2) Does verapamil 

inhibit these sodium channels?; and, 3) If, yes, by what mechanism? Previous research 

shows that verapamil turns on the interleukin-6 gene via the transcription factors Nf- IL6 

and NF-k B in primary human vascular smooth muscle cells ( Eickelberg et al., 1999). 

This specific gene from the human genome database shall be studied extensively. The 

stimulatory signals that turn the gene on or off and the molecular mechanisms by which 

verapamil influences gene expression shall be investigated.  



Results:

Figure.1 Heart rate of “isolated” chicken heart #1, a decrease in heart rate in the lowest 
concentration of Verapamil was observed, this heart rate decreased in a dose dependent 
manner with increasing verapamil dosage.



Figure 2 Heart rate of “isolated” chicken heart #2, an increase in heart rate (bpm) at the 
lowest concentration of verapamil, 1.25 X 10-6 mg/ml was observed. Atrial flutter was 
also observed. The heart rate increased in a dose dependent manner with increasing 
verapamil dosage.

Figure 3 Heart rate of “isolated” chicken heart# 3, an increase in heart rate (bpm) at the 
lowest concentration, 1.25 X 10-6 mg/ml was observed. Atrial flutter was observed. The 
heart increased in a dose dependent manner with increasing verapamil dosage.



Figure 4 Heart rate of “isolated” chicken heart # 4, an increase in heart rate (bpm) at the 
lowest concentration, 1.25 X 10-6 mg/ml was observed. Atrial Flutter was also observed. 
This heart rate increased in a dose dependent manner with increasing verapamil dosage.

Figure 5 displays the heart rates of all of the “isolated” chicken hearts on a single graph 
to emphasize the data. All embryos cardiac experienced cardiac arrest at the next higher 
concentrations, 1.25 X 10-4 and 1.25 X 10-3. The heart rate increased in a dose dependent 
manner with increasing verapamil dosage. 
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