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ABSTRACT 

Objective: To compare the chronotropic action of citalopram, fluoxetine and paroxetine on frog heart. 

Study Design: Experimental animal study 

Place and Duration of Study: This study was conducted at Yusra Medical and Dental College, Islamabad from 

October 2015 to February 2016. 

Materials and Methods: Stunning and pithing of the frog was done following which the heart was exposed. The 

apex was attached to a force transducer. Heart rate readings were recorded on Power lab. Three groups were 

designed. In every set of experiments basal readings (without drug) were initially recorded that served as the control 

and then the tissue was treated with one antidepressant. In Group I we documented the effects of citalopram. In 

Group II we observed the effects of fluoxetine and in Group III we noted the effect of paroxetine. Statistical analysis 

was done using SPSS version 22. A p value of less than or equal to 0.05 was considered statistically significant. 

Results: The isolated heart tissue sample was exposed to 0.5ml of drug. Citalopram at a concentration of 1.54mM 

reduced the heart rate from 30 to 19 beats/min. Fluoxetine at a concentration 1.6mM brought down the heart rate 

from 23 to 20 beats/min. Whereas, paroxetine at a concentration of 1.3mM increased the heart rate from 21 to 23 

beats/min. 

Conclusion: Citalopram out of the three chosen drugs caused the most marked reduction n in heart rate. Fluoxetine 

caused a subtle reduction in heart rate. Paroxetine on the other hand caused a mild increase in heart rate. 
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INTRODUCTION 

Depression contributes to a major global health burden; 

with over 150 million people being affected by it 

worldwide1. The mainstay of the treatment revolves 

around cognitive behavioral therapy and 

pharmacological intervention. For many years 

physicians relied on tricyclic antidepressants (TCAs) 

and Monoamine Oxidase Inhibitors (MAOIs). The 

TCAs presented with a myriad of adverse effects such 

as anticholinergic, cardio toxic and neurological 

effects2. Clinical data also revealed the large propensity 

with which the TCAs caused fatal outcomes in case of 

over dosage, owing to their low margin of safety3.The 

MAOIs have also become an obsolete choice due to 

their adverse effects and potentially life threatening 

food and drug interactions4.  
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The Selective Serotonin reuptake inhibitors (SSRIs) 

were introduced in the 1980’s, and since their advent 

the pharmacological choices for the treatment of 

depression have been revolutionized. 

The SSRIs increase the availability of monoamine 

neurotransmitters in the synaptic cleft by,selective 

inhibition of the serotonin transporter (SERT) present 

on the presynaptic membrane5. TheSSRIs were 

instantaneously preferred over TCAs and MAOIs due 

to their greater efficacy, tolerability, limited deleterious 

effects and a safer profile even with over dosage of the 

drug. The SSRIs were developed with the objective of 

having a class of drugs with minimal interactions with 

other receptors,as; the TCAs had considerable 

unwanted interactions withreceptors like muscarinic, 

histamine, α adrenergic etc. Therefore, the narrow 

spectrum of adverse effects with this new class of drugs 

was fundamentally attributed to the drugs lack of 

affinity for miscellaneous receptors and specificity for 

the SERT receptor2.  

A lot of work has been done to undermine the toxic 

profile of the SSRIs. The SSRIs have been documented 

to cause adverse effects such as weight gain, sexual 

dysfunction and sleep disturbances6. They may also 

produce an assortment of other side effects such as 

gastrointestinal disturbances and CNS related 
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symptoms7. The adverse effects associated with the 

SSRIs differed from those produced by conventionally 

used TCAs and MAOIs. Also the adverse effects were 

milder and resulted in less fatal outcomes as compared 

to older therapeutic choices. One of the salient features 

distinguishing the TCAs from the SSRIs was the latter 

group’s relative safe cardiac profile2. The TCAs were 

known to cause cardiac effects like tachycardia, 

intraventricular conduction delay and prolongation of 

the QT interval at therapeutic dosage and life 

threatening arrhythmias at over dosages8. 

Whereas the SSRI Citalopram, at therapeutic dosage 

has been shown to cause only a mild bradycardia with 

otherwise unappreciable effects on cardiac 

conductance9. With over dosage of greater then 400mg, 

the drug may result in a fatal outcome due to 

prolongation of the QTc interval10.  Fluoxetine when 

studied for its cardiac profile, showed subtle changes in 

the cardiovascular profile, such as a decrease in heart 

rate and an increase in supine systolic pressure and 

ejection fraction in patients with compromised ejection 

fraction. However no significant changes on cardiac 

conductance were noted11.  Paroxetine also causes a fall 

in heart rate and an increase in supine blood pressure12. 

Our study focuses on the comparison between the three 

SSRIs, Citalopram, Fluoxetine and Paroxetine with 

reference to their ability to cause bradycardia in the 

isolated frog heart. The aim of the present study was to 

compare the action of citalopram, fluoxetine and 

paroxetine on the heart rate of an intact frog heart 

preparation. 
 

MATERIALS AND METHODS 

The experimental work was carried out in the 

Laboratory of the Department of Pharmacology and 

therapeutics, at Yusra medical and dental college, 

Islamabad for a period of 5 months (October 2015- 

February 2015). Healthy frogsof both sexes weighing 

approximately 500gm were included. Animals with a 

resting heart rate of < 18 beats/min or > 35 beats / min 

were excluded from the study. Animals were kept in the 

animal house of the institution at room temperature and 

humidity of 60%.  All animal handling procedures were 

conducted in accordance with the Guide for the care 

and use of Laboratory animals of the National institute 

of health, as well as the guidelines of the Animal 

welfare Act.After stunning and pithing of the frog, the 

precordium was dissected to expose the heart. The 

tissue was kept aerated and was intermittently bathed 

with amphibian ringer’s solution. The frog was laid on 

a cardboard sheet. The heart was mounted on the force 

transducer (ML856). All observations were recorded on 

power lab machine.  

The animals were divided in to three groups: 

Group I. (n=6) Treated with Citalopram 

Group II. (n=6)Treated with Fluoxetine 

Group III. (n=6) Treated with Paroxetine 

Baseline heart rate readings were recorded for each 

tissue sample. Next, the effect of drug was observed on 

individual groups. Group I, II and III were incubated 

with a single application of 0.5ml of citalopram, 

fluoxetine and paroxetine respectively. After an 

incubation period of 5 minutes the heart rate was 

recorded. Each tissue sample was only used once. 

Citalopram, fluoxetine and paroxetine were purchased 

from Medizan laboratories (pvt) ltd Pakistan. Stock 

solutions for citalopram, fluoxetine and paroxetine were 

prepared at 1.5mM, 1.6mM and 1.3mM respectively. A 

single application of 0.5ml of the drug was used for 

each group. 

RESULTS 

The results were statistically analyzed by using SPSS 

version 22 and paired T test was used to evaluate the 

significance within a group. A p value of 0.05 or less 

was considered to be statistically significant.   

Group I: The resting heart rate was documented. The 

tissue was next Incubated with 0.5ml of 1.54mM of 

citalopram. The application of citalopram lead to an 

appreciable negative chronotropic effect. The heart rate 

decreased from a mean basal value of 29beats/min to 

19beats/min as shown in Table 1 and figure 1. 

Table No 1: The effect of citalopram on heart rate. 

Sr. No 
Basal heart rate Citalopram treated 

heart rate 

1 27.27 20.47 

2 25.64 18.51 

3 33.89 20.76 

4 33.33 19.60 

5 33.14 19.23 

6 24.79 17.80 

Group II: After recording the resting heart rate, the 

tissue samples were preincubated with 0.5ml of 1.6mM 

of fluoxetine. The presence of the drug decreased the 

pacemaker activity of the heart from a mean value of 

23beats/min to 20beats/min as shown in Table 2 and 

figure 1. 

Table No 2: The effect of fluoxetine on heart rate. 

Sr. No Basal heart rate Fluoxetine 

incubated heart rate 

1 19.16 16.94 

2 20.33 16.94 

3 24 22.9 

4 23.52 22.64 

5 26.31 22.9 

6 27.14 23.16 

Group III: Intrinsic heart rate was noted. Subsequently 

the pretreatment of group III with 0.5 ml of 1.3mM of 

paroxetine was performed. The presence of paroxetine 

induced a positive chronotropic effect. The heart rate 
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increased from a basal value of 21 beats/min to 

24beats/min as shown in Table 3 and figure 1. 

Table No 3: The effect of paroxetine on heart rate. 

Sr. No Basal heart rate Paroxetine incubated 

heart rate 

1 21.34 23.48 

2 20.40 22.74 

3 21.58 24.51 

4 22.13 23.38 

5 19.54 22.50 

6 23.87 25.63 

Henceforth it was observed that citalopram brought the 

greatest change in the resting heart rate of the intact 

frog heart. It decreased the basal heart rate by 35%. The 

drug fluoxetine caused an 11% decrease in heart rate 

whereas paroxetine resulted in an 11% increase in heart 

rate as shown in figure 1 and 2. 

 
Figure No 1: A graphical representation of the effects 

produced on heart rate by citalopram, fluoxetine and 

paroxetine. Each drug is compared with its control values 

(without drug). 

 
Figure No 2:  a comparison of the percentage change in 

heart rate caused by citalopram, fluoxetine and 

paroxetine. 

DISCUSSION 

SSRIs have been documented to have a benign cardio 

toxic profile compared to the TCAs7.Nevertheless they 

still exert a mild effect on the chronotropic action as 

seen in our experimental design. 

In our study we compared three commonly used SSRIs 

in terms of the changes in the cardiac pacemaker 

activity caused by them. It was seen that the resting 

heart rate of the frog was influenced by all the three 

antidepressants. Citalopram induced the greatest change 

by decreasing the resting heart rate (30±4 to 19±1 beats 

per minute; p=0.001). Fluoxetine also resulted in a 

similar effect but produced less pronounced bradycardia 

(23±3 to 20±3 beats per minute; p=0.05). Paroxetine on 

the other hand, exhibited a mildly positive chronotropic 

effect and increased the basal heart rate (21±1 to 23±1 

beats per minute; p<0.05) as shown in figure 1a. 

The Sino atrial node maintains the auto rhythmicity of 

the heart. The establishment of an action potential 

depends on ion conductance through the voltage 

dependent sodium, calcium and potassium channels.  

Any changes in ion conductance would result in a 

change that may be appreciated on an 

electrocardiogram. Citalopram has already been 

documented to produce electrophysiological effects on 

isolated heart tissue samples obtained from rabbit, 

canine, rat and guinea pig. It has shown to alter ion 

conductance through sodium and Calcium channels13,14. 

In our study 1.54mM of citalopram produced a 

significant decline in heart rate. Pacher etalhave 

similarly demonstrated that citalopram caused 

inhibition of the L-type calcium channels in guinea pig 

myocytes at a concentration of 100 μM15.The decrease 

in the heart rate observed in our study is also 

hypothesized to be attributable to the ability of the drug 

to inhibit the long lasting Calcium channels of the 

Sinoatrial node. 

Citalopram is generally considered a safer choice for 

depressed patients. On the other hand clinical studies 

conducted by Geoffrey etal demonstrated that over 

dosage of citalopram not only causes bradycardia but 

also leads to pronounced prolongation of the QT 

interval16. 

Amongst all the SSRIs, so far the most well studied is 

Fluoxetine. It has been observed to influence 

electrophysiological parameters on animal cardiac 

tissue samples. It has shown to havean inhibitory action 

on cardiac sodium and Calcium channels13,14.Our study 

validated the drugs negative chronotropic action on frog 

heart. The proposed mechanism of action of fluoxetine 

is suspected to be through inhibition of the cationic 

channels. Although in comparison with citalopram the 

amplitude of the depressor effect was relatively subtle.  

In the study conducted by Pacher etal it was 

corroborated that fluoxetine has no significant influence 

on the amplitude of potassium currents. The cardiac 

effects observed with Fluoxetine were also due to the 

inhibition of sodium and Calcium channels, as with the 

case of citalopram17. Studies have shown the drug’s 

enhanced ability at inhibiting the L-type of 

Calciumchannels as compared to the other ion channels 

involved in the generation of an action potential15.When 

compared with citalopram, Fluoxetine proved to be a 

more potent inhibitor of these channels18.  

Apart from the action on Calcium channels, fluoxetine 

was also shown to have an inhibitory action on hERG 

K+channels resulting in a prolongation of the QT 

interval in HEK cells19.Contrary to this, clinical studies 
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have proven that fluoxetine has a very feeble role in 

influencing heart rate or repolarization20.  

Relatively sparse data is available on the cardiac profile 

of paroxetine. Paroxetine has so far been documented to 

exert a mild bradycardia21. Our study conversely 

showed that paroxetine caused a mild tachycardia. 

Pollock etal demonstrated that the subtle change in 

heart rate could be attributed to the weak antimuscarinic 

action of the drug22. In this respect paroxetine may have 

a similar profile to that of the tricyclic agents that also 

cause profound tachycardia due to their anticholinergic 

activity. As we used a single concentration of the drug 

in our experiment, the dose related adverse effects in 

the case of over dosage cannot be quantified from our 

study. The toxic profile of conventionally used TCAs 

corroborate that over dosage results in sinus tachycardia 

and marked ECG changes, such as prolongation of the 

QRS complexes23. Such evidences have postulated 

grounds for us to speculate similar effects with 

paroxetine. 

CONCLUSION 

When comparing the three SSRIs we used in our 

experimental protocol it may be concluded that, 

citalopram results in profound bradycardia. This 

outcome may pose complications in patients with 

preexistingbradycardia occurring as a result of either 

metabolic disturbances like hypothyroidism or due to 

diseases directly affecting the heart’s rhythm like sick 

sinus syndrome and other arrhythmias. Also, the 

concurrent administration of SSRIs with other drugs 

producing bradycardia, like the Beta blockers and 

calcium channel blockers, may precipitate the 

complication. Thus, the use of citalopram should be 

rationalized in such cases, and monitoring of cardiac 

indexes should be undertaken.Over dosage of the drug 

as mentioned earlier may also result in a deleterious 

outcome16. 

Fluoxetine, also resulted in a slight decrease in heart 

rate. Although the change in this case was about one 

third to that observed with citalopram. Thus, it may be 

suitable to assume that fluoxetine would serve as a safer 

choice in depressed patients with concomitant 

bradycardia. 

Paroxetine shared congruency with the TCAs with 

respect to the influence on heart rate. Paroxetine 

brought a negligible increase in heart rate. It may be 

contemplated that the anticholinergic activity of the 

drug may give rise to complications in case of drug 

toxicity. However, the translation of our experiment in 

to clinical subjects may be quite different from what we 

have observed. 
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