Role of ion channels in controlling anterior pituitary hormone secr...
The Anterior pituitary is the glandular, anterior lobe of the pituitary gland. A small pea-sized gland located at the base of the brain, it is one of the major organs that makes up the endocrine system. It is able to receive signals from the hypothalamus and secrete different hormones in response. Ion channels found across the anterior pituitary cells plasma membrane have an important role in causing the release of these hormones (Wheater, et al., 1987). The wide spectrum of hormones that are able to be secreted by the anterior pituitary makes it responsible for many of the human’s bodily development and biological responses, including growth, reproduction and fertility, thyroid hormone output and maternal behaviour (Mason, et al.,1988). This extensive range of bodily function that the anterior pituitary mediates makes it cause for study. When the anterior pituitary becomes damaged or does not function properly, it can lead to growth retardation (MedicineNet, 1999) and Hypopituitarism (TheFreeDictionary, 2008). Research into the anterior is relatively in its youth. Much about its release mechanisms are still unknown and a lot is still ideas with little evidence. The anterior pituitary secretes hormones differently depending on what species it is from. Also not all the cells found within the anterior pituitary have similar mechanisms for release.

An ion channel is a transmembrane pore which allows specific ions to diffuse across the membrane down the electrochemical gradient. Many cellular processes rely on the ion channels ability to allow passage of certain ions from one side of the cell to the other (IonChannelResearch, 2005). An ion channel can be consider open (allows passage of ions) or closed (prevents passage of ions).

In the case of the anterior pituitary cells, many different types of ion channels are present to perform its function.

The anterior pituitary cells contain different voltage-activated ion channels, some act similar to the ones found in neurones. As the name suggests these ion changes become activated (open) when there is a change in electrical potential difference near the cell. Kidokoro (1975) demonstrated that GH3 cells (normally synthesize and secrete two pituitary hormones, prolactin and growth hormone) undergoes spontaneous action potentials, triggered by the influx of calcium ions though voltage-activated channels. When the frequency of the action potentials is increased to a specific level it permits the release of Thyrotrophin-releasing hormone (TRH), which in turn stimulates prolactin release. Therefore controlling the calcium ion channel, by turning them ‘off’ or ‘on’, can control the spontaneous action potentials and therefore when prolactin is released (Mason, et al.,1988).

Calcium ion channels play a further role in the anterior pituitary, by regulating the extracellular calcium concentration. Studies have shown that the action of TRH on thyroid-stimulating hormone (TSH) release from the anterior pituitary is reliant on the concentration of the extracellular calcium concentration (Vale et al. 1967). By controlling when calcium ion channels are open makes it relatively easy to control the release of TSH. In the presence of calcium, the increase of extracellular potassium concentration due to potassium ion channels, enhances the release of TSH (Sheppard et al. 1980)

Kraicer et al. (1969) showed that the potassium channels have other roles that are involved in hormone release. The activated (open) or inactivated (closed), potassium ion channels can create a concentration of potassium which is at a level that can cause the cell to depolarise. This change in membrane potential causes the stimulation of the release of hormones from the anterior pituitary cells. For example when looking at the secretion of LH, cyclic AMP ‘closes’ calcium ion dependent potassium channels, which causes the membrane potential to change from a hyperpolarized state to a more depolarized state. This change in membrane potential would cause a further influx of calcium ions through calcium ion channels concluding in a greater concentration of hormone being release (Sikdar et al. 1987).

Bates & Comm (1984), showed that the intracellular and extracellular calcium ion concentrations mediation is essential for hormone secretion in the anterior pituitary. By depriving (incubating cells in a media of high calcium concentration) or elevating (by various calcium channel blockers like cobalt and verapamil) the extracellular calcium ion concentration hormone release can be inhibited. It is therefore vital for calcium ion channels to be present to mediate the ion concentration difference.

Calcium ions can activate calcium ion binding proteins such as calmodulin (Cheung, 1980). Conn, Rogers & Sheffield (1981), suggest that certain types of hormone release from the anterior pituitary might be dependant on molecules like calmodulin. They showed that the reduction in calmodulin concentration causes a reduction in the concentration of hormone release. Therefore the control of calcium ions is one mechanism in controlling hormone release. By ‘opening’ or ‘closing’ calcium ion channels the concentration of calcium ions can be alter changing the concentration of activated calmodulin. In this way hormone release is mediated by ion channels.

Two voltage calcium ion channels are present in he anterior pituitary cells. They can differ in their kinetic properties and voltage sensitivities (DeRiemer & Sakmann, 1986). One of them has a low voltage threshold (-30mV) and activates and inactivates rapidly. More positive ( -10mV) voltage pulses seems to activated the second calcium ion channel. During action potentials the channels carrying these currents could open and allow an influx of calcium ions which is needed to support ion secretion. This suggests that action potentials may play an important role in hormone secretion. Spontaneous action potentials produced by sodium ion channels are thought to contribute to the release of hormones in the anterior pituitary. Voltage-activated sodium channel blocker tetrodotoxin (TTX) prevents sodium ion channels from working. Interestingly, the presence of TTX in normal anterior pituitary cells does not affected the release of GH, LH and PRL, suggesting that action potential firings produced by sodium ion channels may not be needed for hormone release. The evidence for action potential’s involvement in hormone secretion varies, depending on the type of anterior pituitary cells and which hormone release mechanism is being studied.

The anterior pituitary gland has many primary ligand-acivated channels. These are ion channels that are directly coupled to a receptor. Kehl et al. (1987) showed that γ-aminobutyric acid (GABA) activates chloride ion channels in certain types of anterior pituitary cells. Work from Enjalbert et al., (1979) showed that GABA also has the ability to inhibit prolactin (PRL) release from lactotrophs in vitro. Taking these tow findings into it is interesting to look at how this could control prolactin release. So indirectly the action of GABA (opening in chloride ion channels) can change the chloride ion concentration. This change in concentration may be responsible and one mechanism in which the anterior pituitary controls the release of PRL, with the keg component being chloride ion channels.

The anterior pituitary is an important hormone releasing gland. Its wide variety of hormones that it is capable of secreting makes it important in regulation and development of the human body. The mechanisms in which hormones are secreted are dependant on the type of cells which are being studied. Whether it is from changing the intra or extracellular concentrations to coupling with receptors or ion binding proteins, it is clear that ion channels play a vital role in mediating the release and secretion of hormones from all of the cells found in the anterior pituitary.
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