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Mammalian Atria – Background information

The atria from the heart of small lab animals survive well in vitro, and continue to beat spontaneously for hours provided that the sinoatrial (SA) node is not damaged during dissection. These preparations can be used to examine how drugs affect the frequency and strength of muscle contraction.
[bookmark: _b4sdapexpz0z]Heart anatomy
The atria are the two small chambers superior to the ventricles. Blood enters the heart through the atria and is ejected from the ventricles when they contract. The contraction and relaxation of the heart chambers are initiated by the electrical conduction system of the heart. The pathway begins at the SA node in the right atrium and spreads, first to the left atrium and the atrioventricular (AV) node, and from there to the rest of the heart. The pacemaker cells of the SA node generate spontaneous heartbeats. However the heart rate and the force of contraction are under autonomic control.
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[bookmark: _6dycsvlrtz9o]Pharmacology of the heart
The SA node is innervated primarily (but not exclusively) by parasympathetic fibers from the vagus nerve. Tonic activity in these fibers depresses the heart rate below its intrinsic value (100–120 beats per minute in humans). This "negative chronotropic" action is mediated by muscarinic acetylcholine receptors. Cholinergic drugs decrease the rate and force of atrial contraction, though they have no effect on the force of ventricular contraction.
Sympathetic adrenergic fibers innervate most parts of the heart. Activity in these fibers increases the rate and force of contraction in both atria and ventricles, mediated by beta1-adrenergic receptors (β1 adrenoceptors). These β1 effects may also be produced by epinephrine released from the adrenal medulla as part of the "fight or flight response".

[bookmark: _92pruhf8pj5d]Drugs that affect mammalian atria
Isoprenaline (isoproterenol): a nonselective β agonist. It has both positive chronotropic (increased heart rate) and positive inotropic (increased strength of contraction) effects as well as widespread arteriolar vasodilation.
Propranolol: a nonselective β antagonist. It has little affect on its own, but inhibits effects of other β agonists.
Acetylcholine: the parasympathetic postganglionic transmitter. When injected intravenously, it is rapidly hydrolyzed by circulating cholinesterase. Pharmacological doses will slow the heart and mean blood pressure will fall.
Atropine: a nonselective muscarinic antagonist. It will reverse the effects of acetylcholine on heart rate.
[bookmark: _ireb14bdj0b4]Drug-receptor interactions
Receptors have a binding site for their physiological ligand. A drug may act at the same binding site or a different (allosteric) binding site to the physiological or endogenous ligand. In pharmacology, we measure the effect of drugs on a tissue to analyze these drug-receptor interactions. Useful information for a pharmacologist studying the interaction of a new drug with its receptor include the following:
· Affinity of the drug for the receptor is described by Bmax and the affinity constant (KD).  
· Bmax: the maximum number of molecules of drug bound to the tissue.
· KD: the concentration of drug at which half the receptors are occupied by drug.
· Efficacy of the drug at the receptor is described by Emax and the EC50.
· Emax: the concentration of drug at which a maximum response can be seen at the tissue.
· EC50: the concentration of drug required to produce 50% of the maximum response at that tissue.
The affinity of a drug for its receptor can only be measured directly. For example, affinity can be measured by the amount of radiolabeled drug that becomes bound at various concentrations. However, we are generally more interested in the efficacy of a drug at its receptor. In the case of an antihypertensive drug, efficacy can be measured by determining the half-maximal concentration (EC50) at which the drug exerts its effect in decreasing blood pressure, or in reducing the tone of a smooth muscle preparation.
Determining the efficacy of a drug (or of a number of drugs that you wish to compare) is easy to achieve by performing a dose-response or concentration-effect study. In this procedure, a series of increasing drug doses are administered to the preparation and the responses are measured.
When drug concentration is plotted on a linear scale on the x-axis against the observed responses on the y-axis, the curve quickly reaches a maximum. It is easy to determine the maximum response of the tissue, but the concentration at which this is achieved is difficult to determine. 
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When the drug concentration is plotted on a log scale on the x-axis against the observed responses (a log dose-response curve), a characteristic sigmoidal (S-shaped) curve is seen. This semi-log plot allows the EC50 concentration to be easily read off the graph (recall this is the concentration of drug required to produce 50% of the maximum response at that tissue).�
Dose-response assays allow comparison of different agonists. Agonist A has a lower EC50 than agonist B. Therefore agonist A will achieve a greater response at a lower concentration, hence it has a greater efficacy than agonist B. Agonist B can also achieve 100% of the maximum response, so both A and B are full agonists. However, even at a very high concentration, agonist C cannot achieve the maximum response; it is said to be a partial agonist. 
[image: ]
[bookmark: _ff69lj7918rs]How can we investigate antagonists using dose-response assays?
This is easy to achieve for a reversible competitive antagonist (that is, one that competes for the same binding site as the agonist and readily unbinds from the receptor). A dose-response assay can be performed with an agonist with the competitive antagonist present in the bath solution. As the competitive antagonist occupies a certain number of receptors, a higher dose of the agonist is required to achieve the same effect. Hence the dose-response curve is shifted characteristically to the right. This shift can be quantified as a dose ratio (the ratio that the agonist concentration needs to be increased by to achieve the same effect in the presence of the antagonist). Dose-response curves in the presence of irreversible competitive antagonists have different features.
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[bookmark: _5y3r6vyiv30d]Dose-response assays
There are various ways to carry out dose-response studies or assays. The choice of method often depends on the tissue that is being examined (for example, whether the tissue fatigues or the receptor shows desensitization or tachyphylaxis at high drug concentrations), the effect to be measured, and the desired time frame to complete the assay.
[bookmark: _550atdg77l2s]Cumulative dose-response assay
If the tissue does not undergo tachyphylaxis in response to the drug, you can perform a cumulative dose-response assay, in which subsequent doses are added to the current concentration of drug in the organ bath.
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[bookmark: _icr5r7a2ibog]Discrete dose-response assay
If the tissue demonstrates tachyphylaxis in response to the drug, you should perform a discrete dose-response assay. This is where each dose administered must be washed out and the preparation be allowed to recover before addition of the next dose.
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[bookmark: _tzpebh81lany]Log dosing
This term describes increasing the concentration between doses by a factor of 10. These points will be equally spaced along the x-axis when expressed as log10 values of concentration (M). An example of increasing by half-log doses is:
1 × 10-5 M, 3 × 10-5 M, 1 × 10-4 M, 3 × 10-4 M, 1 × 10-3 M, where multiples of three conveniently lie almost half way between the lower and higher doses on a log10 axis.

[bookmark: _oz1caky70pju]Pre-Lab Prep Quiz
1. In the mammalian heart, which of the following is normally the pacemaker?
a. Atrioventricular (AV) node
b. Purkinje network
c. Sinoatrial (SA) node
2. In the mammalian heart, which of the following statements regarding the electrical conduction pathway is true?
a. Conduction is relatively slow in the ventricles.
b. The electrical conduction pathway is found only in the atria.
c. The slowest section of the electrical conduction pathway is through the AV node.
3. Which of the following statements regarding the heart is true?
a. The heart is unaffected by any circulating hormones.
b. The heart rate is increased by stimulation of the vagus nerve.
c. The heart will beat regularly in the absence of any external nervous innervation.
4. Which of the following statements regarding the SA node is true?
a. The SA node is innervated by both parasympathetic and sympathetic fibers.
b. The SA node is innervated only by parasympathetic fibers.
c. The SA node is innervated only by sympathetic fibers.
5. Which of the following statements regarding isoprenaline is true?
a. Isoprenaline is a β-adrenoceptor agonist.
b. Isoprenaline is a β-adrenoceptor antagonist.
c. Isoprenaline is an α-adrenoceptor agonist.
6. Which of the following statements regarding propranolol is true?
a. Propranolol is a β-adrenoceptor agonist.
b. Propranolol is a β-adrenoceptor antagonist.
c. Propranolol is an α-adrenoceptor agonist.
7. Which of the following statements regarding acetylcholine is true?
a. Acetylcholine decreases the rate at which isolated atria contract.
b. Acetylcholine has no effect on the force with which isolated atria contract.
c. Acetylcholine increases the force with which isolated atria contract.
8. Which of the following statements regarding atropine is true?
a. Atropine is a β-adrenoceptor agonist.
b. Atropine is a β-adrenoceptor antagonist.
c. Atropine is a muscarinic agonist.
d. Atropine is a muscarinic antagonist.
9. What does it mean if a drug has a "negative chronotropic action"?
a. The drug decreases heart rate.
b. The drug increases heart rate.
c. The drug decreases the strength of muscle contraction.
d. The drug increases the strength of muscle contraction.
10. What does it mean if a drug has a "positive inotropic action"?
a. The drug decreases heart rate.
b. The drug increases heart rate.
c. The drug decreases the strength of muscle contraction.
d. The drug increases the strength of muscle contraction.
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