26.13  Bile Acids

Rickets was once more widespread than it is now. It was thought to be a dietary
deficiency disease because it could be prevented in children by feeding them fish liver
oil. Actually, rickets is an environmental disease brought about by a deficiency of sun-
light. Where the winter sun is weak, children may not be exposed to enough of its light
to convert the 7-dehydrocholesterol in their skin to vitamin D5 at levels sufficient to pro-
mote the growth of strong bones. Fish have adapted to an environment that screens them
from sunlight, and so they are not directly dependent on photochemistry for their vita-
min D5 and accumulate it by a different process. Although fish liver oil is a good source
of vitamin Dj, it is not very palatable. Synthetic vitamin D5 , prepared from choles-
terol, is often added to milk and other foods to ensure that children receive enough of
the vitamin for their bones to develop properly. Irradiated ergosterol is another dietary
supplement added to milk and other foods for the same purpose. Ergosterol, a steroid
obtained from yeast, is structurally similar to 7-dehydrocholesterol and, on irradiation
with sunlight or artificial light, is converted to vitamin D,, a substance analogous to
vitamin D3 and comparable with it in antirachitic activity.
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[PROBLEM 26.14 Suggest a reasonable structure for vitamin D,. ]

26.13 BILE ACIDS

A significant fraction of the body’s cholesterol is used to form bile acids. Oxidation in
the liver removes a portion of the CgH;5 side chain, and additional hydroxyl groups are
introduced at various positions on the steroid nucleus. Cholic acid is the most abundant
of the bile acids. In the form of certain amide derivatives called bile salts, of which
sodium taurocholate is one example, bile acids act as emulsifying agents to aid the diges-
tion of fats. Bile salts have detergent properties similar to those of salts of long-chain
fatty acids and promote the transport of lipids through aqueous media.

X = OH: cholic acid
X = NHCH,CH,SO;Na:
sodium taurocholate
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Many antiitch remedies con-
tain dihydrocortisone.

CHAPTER TWENTY-SIX  Lipids

26.14 CORTICOSTEROIDS

The outer layer, or cortex, of the adrenal gland is the source of a large group of sub-
stances known as corticosteroids. Like the bile acids, they are derived from cholesterol
by oxidation, with cleavage of a portion of the alkyl substituent on the D ring. Cortisol
is the most abundant of the corticosteroids, but cortisone is probably the best known.
Cortisone is commonly prescribed as an antiinflammatory drug, especially in the treat-
ment of rheumatoid arthritis.

Cortisol Cortisone

Corticosteroids exhibit a wide range of physiological effects. One important func-
tion is to assist in maintaining the proper electrolyte balance in body fluids. They also
play a vital regulatory role in the metabolism of carbohydrates and in mediating the aller-
gic response.

26.15 SEX HORMONES

Hormones are the chemical messengers of the body; they are secreted by the endocrine
glands and regulate biological processes. Corticosteroids, described in the preceding sec-
tion, are hormones produced by the adrenal glands. The sex glands—testes in males,
ovaries in females—secrete a number of hormones that are involved in sexual develop-
ment and reproduction. Testosterone is the principal male sex hormone; it is an andro-
gen. Testosterone promotes muscle growth, deepening of the voice, the growth of body
hair, and other male secondary sex characteristics. Testosterone is formed from choles-
terol and is the biosynthetic precursor of estradiol, the principal female sex hormone, or
estrogen. Estradiol is a key substance in the regulation of the menstrual cycle and the
reproductive process. It is the hormone most responsible for the development of female
secondary sex characteristics.
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Testosterone and estradiol are present in the body in only minute amounts, and
their isolation and identification required heroic efforts. In order to obtain 0.012 g of
estradiol for study, for example, 4 tons of sow ovaries had to be extracted!

A separate biosynthetic pathway leads from cholesterol to progesterone, a female
sex hormone. One function of progesterone is to suppress ovulation at certain stages of



