
a long-term stress response, the hypothalamus triggers the release of ACTH from the anterior pituitary gland.
The adrenal cortex is stimulated by ACTH to release steroid hormones called corticosteroids. Corticosteroids
turn on transcription of certain genes in the nuclei of target cells. They change enzyme concentrations in the
cytoplasm and affect cellular metabolism. There are two main corticosteroids: glucocorticoids such as cortisol,
and mineralocorticoids such as aldosterone. These hormones target the breakdown of fat into fatty acids in the
adipose tissue. The fatty acids are released into the bloodstream for other tissues to use for ATP production.
The glucocorticoids primarily affect glucose metabolism by stimulating glucose synthesis. Glucocorticoids also
have anti-inflammatory properties through inhibition of the immune system. For example, cortisone is used as
an anti-inflammatory medication; however, it cannot be used long term as it increases susceptibility to disease
due to its immune-suppressing effects.

Mineralocorticoids function to regulate ion and water balance of the body. The hormone aldosterone stimulates
the reabsorption of water and sodium ions in the kidney, which results in increased blood pressure and volume.

Hypersecretion of glucocorticoids can cause a condition known as Cushing’s disease, characterized by a
shifting of fat storage areas of the body. This can cause the accumulation of adipose tissue in the face and neck,
and excessive glucose in the blood. Hyposecretion of the corticosteroids can cause Addison’s disease, which
may result in bronzing of the skin, hypoglycemia, and low electrolyte levels in the blood.

37.4 | Regulation of Hormone Production

By the end of this section, you will be able to do the following:

• Explain how hormone production is regulated

• Discuss the different stimuli that control hormone levels in the body

Hormone production and release are primarily controlled by negative feedback. In negative feedback systems,
a stimulus elicits the release of a substance; once the substance reaches a certain level, it sends a signal that
stops further release of the substance. In this way, the concentration of hormones in blood is maintained within
a narrow range. For example, the anterior pituitary signals the thyroid to release thyroid hormones. Increasing
levels of these hormones in the blood then give feedback to the hypothalamus and anterior pituitary to inhibit
further signaling to the thyroid gland, as illustrated in Figure 37.14. There are three mechanisms by which
endocrine glands are stimulated to synthesize and release hormones: humoral stimuli, hormonal stimuli, and
neural stimuli.
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Figure 37.14 The anterior pituitary stimulates the thyroid gland to release thyroid hormones T3 and T4. Increasing
levels of these hormones in the blood results in feedback to the hypothalamus and anterior pituitary to inhibit
further signaling to the thyroid gland. (credit: modification of work by Mikael Häggström)

Hyperthyroidism is a condition in which the thyroid gland is overactive. Hypothyroidism is a condition in
which the thyroid gland is underactive. Which of the conditions are the following two patients most likely to
have?

Patient A has symptoms including weight gain, cold sensitivity, low heart rate, and fatigue.

Patient B has symptoms including weight loss, profuse sweating, increased heart rate, and difficulty
sleeping.

Humoral Stimuli

The term “humoral” is derived from the term “humor,” which refers to bodily fluids such as blood. A humoral
stimulus refers to the control of hormone release in response to changes in extracellular fluids such as blood
or the ion concentration in the blood. For example, a rise in blood glucose levels triggers the pancreatic release
of insulin. Insulin causes blood glucose levels to drop, which signals the pancreas to stop producing insulin in a
negative feedback loop.

Hormonal Stimuli

Hormonal stimuli refers to the release of a hormone in response to another hormone. A number of endocrine
glands release hormones when stimulated by hormones released by other endocrine glands. For example, the
hypothalamus produces hormones that stimulate the anterior portion of the pituitary gland. The anterior pituitary
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in turn releases hormones that regulate hormone production by other endocrine glands. The anterior pituitary
releases the thyroid-stimulating hormone, which then stimulates the thyroid gland to produce the hormones T3
and T4. As blood concentrations of T3 and T4 rise, they inhibit both the pituitary and the hypothalamus in a
negative feedback loop.

Neural Stimuli

In some cases, the nervous system directly stimulates endocrine glands to release hormones, which is referred
to as neural stimuli. Recall that in a short-term stress response, the hormones epinephrine and norepinephrine
are important for providing the bursts of energy required for the body to respond. Here, neuronal signaling from
the sympathetic nervous system directly stimulates the adrenal medulla to release the hormones epinephrine
and norepinephrine in response to stress.

37.5 | Endocrine Glands

By the end of this section, you will be able to do the following:

• Describe the role of different glands in the endocrine system

• Explain how the different glands work together to maintain homeostasis

Both the endocrine and nervous systems use chemical signals to communicate and regulate the body's
physiology. The endocrine system releases hormones that act on target cells to regulate development, growth,
energy metabolism, reproduction, and many behaviors. The nervous system releases neurotransmitters or
neurohormones that regulate neurons, muscle cells, and endocrine cells. Because the neurons can regulate the
release of hormones, the nervous and endocrine systems work in a coordinated manner to regulate the body's
physiology.

Hypothalamic-Pituitary Axis

The hypothalamus in vertebrates integrates the endocrine and nervous systems. The hypothalamus is an
endocrine organ located in the diencephalon of the brain. It receives input from the body and other brain areas
and initiates endocrine responses to environmental changes. The hypothalamus acts as an endocrine organ,
synthesizing hormones and transporting them along axons to the posterior pituitary gland. It synthesizes and
secretes regulatory hormones that control the endocrine cells in the anterior pituitary gland. The hypothalamus
contains autonomic centers that control endocrine cells in the adrenal medulla via neuronal control.

The pituitary gland, sometimes called the hypophysis or “master gland” is located at the base of the brain in
the sella turcica, a groove of the sphenoid bone of the skull, illustrated in Figure 37.15. It is attached to the
hypothalamus via a stalk called the pituitary stalk (or infundibulum). The anterior portion of the pituitary gland is
regulated by releasing or release-inhibiting hormones produced by the hypothalamus, and the posterior pituitary
receives signals via neurosecretory cells to release hormones produced by the hypothalamus. The pituitary has
two distinct regions—the anterior pituitary and the posterior pituitary—which between them secrete nine different
peptide or protein hormones. The posterior lobe of the pituitary gland contains axons of the hypothalamic
neurons.
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