Figure 36.7 Neurotransmitters and Stretch Alter the Membrane Potential of Smooth Muscle Cells 
Contraction of smooth muscle can be induced by both stretch and parasympathetic stimulation. This effect was demonstrated using a strip of smooth muscle incubated in a saline bath and measurement of action potentials and the force of contraction in response to both types of stimuli. Two electrodes, one attached to the muscle tissue and one as reference in the saline bath, were used to measure muscle membrane action potentials; the force of contraction was measured with a force transducer. In the first experiment, the muscle was attached to a device that applied force in order to stretch the muscle. Muscle membrane potentials and action potentials were recorded and analyzed. The results showed that stretching depolarizes the smooth muscle membrane, increasing the probability of propagation of an action potential and, as a result, an increase in muscle contraction. In the second set of experiments, the response of the muscle to the neurotransmitters acetylcholine and norepinephrine was assayed. The results showed that the muscle cell membrane depolarized in response to acetylcholine, leading to an increased firing rate of action potentials and, therefore, an increase in the force of muscle contraction. By comparison, the application of norepinephrine resulted in the hyperpolarization of the muscle cell membrane, leading to decreased firing rate of action potentials and, thus, a decrease in the force of muscle contraction. These findings indicated that both of the neurotransmitters can alter the resting potential of smooth muscle cell membrane, thereby influencing the rate at which smooth muscle cells fire action potentials. Together, the results of these experiments indicate that contraction of smooth muscle can be induced by both stretch and acetylcholine. The relationship between the electrical event of membrane depolarization and the mechanical event of muscle contraction is referred to as electromechanical coupling. These events are linked via the influx of Ca2+ from the extracellular space into the sarcoplasm, where it binds to calmodulin and stimulates contraction. Importantly, smooth muscle contraction can also be induced through a mechanism independent of a change in membrane potential. This mechanism, termed pharmacomechanical coupling, occurs through the activation of receptors by hormones or drugs that induce muscle contraction. Ca2+ also links these two events, but in this instance Ca2+ is released from the sarcoplasmic reticulum. 
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