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V,, =-90 mV

A, During phase 4, the chemical
(60 mV) and electrostatic (90 mV)
forces favor influx of Na* from the
extracellular space. Influx is
negligible, however, because the
activation {mj gates are ciosed.

Vi =-65mV

B, If V,, is brought to about
-65V, the m gates begin to swing
open, and Na* begins to enter the
cell. This reduces the negative charge
in?lide the cell, qnd fhe|reb): opens
still more Na* channels, which
accelerates the influx of Na*. The
change in V,,, also inifiates the closure
of inactivation (h) gates, which
operate more slowly than the m
gates.

V,, = +20 mV

D, When V,, is positive by about 20 mV, Na* continues

)

L
Na* 68- Na*

Vi =0mV

C, The rapid influx of Na* sharply
decreases the negativity of V,,. As
V,, approaches O, the electrostatic
force attracting Na* into the cell is
neutralized. Na* continues to enter
the cell, however, because of the
substantial concentration gradient,
and V,, begins to become positive.

V,, = +30 mV

E, When V,, reaches about 30 mV, the h gates have

10 enter the cell, because the diffusional forces (60 mV)
exceed the opposing electrostatic forces (20 mV). The
influx of Na* is slow, however, because the net driving
force is small, and many of the inactivation gates have
diready closed.

now all closed, and Na* influx ceases. The h gates
remain closed until the first half of repolarization, and
thus the cell is absolutely refractory during this entire
period. During the second half of repolarization, the m
and h gates approach the state represented by panel
A, and thus the cell is relatively refractory.
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instantaneous view at t =0

propagation
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membrane repolarized depolarized resting

instantaneous view at t = 1 millisecond

propagation

Na* channels closed inactivated open closed

membrane repolarized depolarized resting
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Hormone Target Tissue Major Response
Adrenocorticotropic hormone (ACTH) Adrenal cortex Cortisol secretion
Epinephrine Muscle, Liver Glycogen breakdown
Epinephrine Heart [ncrease in heart rate
Epinephrine, ACTH, glucagon, Adipose Triacylglycerol breakdown

thyroid-stimulating hormone

Follicle-stimulating hormone (FSH) Ovarian follicle Secretion of 178-estradiol
Luteinizing hormone (LH) Ovarian follicle Ovulation, progesterone

secretion, formation

of the corpus luteum

Parathormone Bone Bone resorption
Thyrocalcitonin Bone [nhibits bone resorption
Thyroid-stimulating hormone Thyroid Thyroxin secretion
Vasopressin Kidney Water resorption
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Target Tissue Effector Major Response
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Table 9-3

Key protein regulated Process

Glycogen phosphorylase Glycogen degradation

kinase
Troponin C Muscle contraction
Tyrosine hydroxylase Production of DOPA
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