MILESTONES IN BIOLOGICAL RESEARCH

A History of Vitamin A and Retinoids
George Wolf

This is a historical account of the recognition of human
vitamin A deficiency from ancient Egypt to the present
century, as well as a history of the discovery of vitamin
A and the functions of vitamin A and the retinoids.

VITAMIN A DEFICIENCY

Vitamin A has probably been known for at least 3500
years as a factor that can cure a deficiency disease. An-
cient Egyptians appear to have recognized night blind-
ness, which we now know to be caused by vitamin A
deficiency, and found a cure for it (1). However, this view
has been disputed by modern scholars (2): the papyrus
Ebers (ca. 1500 B.C.) (1) mentions an unspecified eye
disease, sharew, but not night blindness; the word "night"
does not appear. The recommended cure was "roasted ox
liver, pressed, applied [to the eye], really effective."

Vitamin A deficiency can affect two parts of the eye:
the epithelial covering (cornea and conjunctiva) and the
retina (rhodopsin and iodopsin). Normally, the vitamin is
delivered to the cornea via the tears and by diffusion
through eye tissue. Vitamin A deficiency leads to de-
struction of the cornea, a major cause of blindness in
children. It can be treated topically with vitamin A or ret-
inoic acid. On the other hand, vitamin A is delivered to
the retina via the bloodstream; hence night blindness,
caused by loss of rhodopsin from the retina, would not
yield to topical treatment. Therefore, topically applied
juice of ox-liver, though rich in vitamin A, would not be
effective as a cure for night blindness. Egyptian medical
practice was partly empirical, partly magical. The ox sup-
plied many medicaments with the idea of "transfer" of the
strength of the animal to the afflicted part. Thus, juice of
ox liver applied to the night-blind eyes would be a typical
example of Egyptian medical ritual. An amusing sidelight
onto this "magic" treatment of night blindness was thrown
by Hussaini et al. (3): these authors observed several
treatment sessions in rural Java in our own days (1978).
The juice of lamb liver was applied topically to the eyes
of night-blind children. The procedure was exactly as de-
scribed by the ancient Egyptians, "except for one small
addition: rather than discarding the remaining organ, the
[practitioners] fed it to the affected child...This was never
considered part of the therapy itself." Similarly, in 1928
Aykroyd (4) wrote: "I have been told of a custom of
steaming the eyes over cooking liver, which is then
eaten," as a remedy for night blindness in Newfoundland.
Perhaps the ancient Egyptian ritual treatment also ended
with the patient eating the liver.

Another ancient Egyptian papyrus, Kahun 1 (ca. 1825
B.C.) (2), a gynecological treatise, mentions "instructions
for a woman [with] sickness [so that] she cannot see:
then you shall cause her to eat raw liver of an ass" (2).
The sickness may have been night blindness, and the
cure more rational. The case for the ancient Egyptians
thus is not proved, but it is strong; the connection be-
tween liver, the richest source of vitamin A in food, with
blindness is highly suggestive.

The first indisputable recognition of night blindness
was made by the ancient Greeks, who called it nyktalopia
(nyx, nyktos, night;
alaos, blind; ops,
opteos, eye). Hip-
pocrates (460-327
B.C.) described
"nyktalopia" in the
second book of
"Prognostics" (5).
This description has
given rise to some
{ controversy: the
collection of writ-
ings that has come
down to us states
"those who do see at
night, whom we call
nyktalopes, experi-
ence the disease when young, as children or youths"; this
clearly means patients who can see at night (italics
added). It was interpreted as "day blindness" by 19th
century scientists (6). However, a handwritten text by
Hippocrates in the 14th century, discovered by the Greek
philologist A. Korais (1748-1833), shows a gap in the
text between "do" and "see," and in the margin is written
the word "not," resulting in "those who do not see at night"
(7). This interpretation seems by far the most sensible,
because later Greeks, like Galen (129-199 A.D.), a fol-
lower of Hippocrates, very clearly described nyktalopia
as night blindness (7). Oribasius, a follower of Galen,
born ca. 325 A.D., defines night blindness as: "vision is
good during the day and declines at sundown; one cannot
distinguish anything any longer at night" (8). Also con-
vincing for this interpretation is the cure for nyktalopia,
mentioned in the collection from the school of Hippocrates
(ca. 300 B.C.), entitled Concerning Vision (5). There,
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nyktalopia is reported to afflict children with infectious
diseases like otitis, sore throat, or fever. To cure nykta-
lopia, the work recommends "raw beef liver, as large as
possible, soaked in honey [presumably to make it more
palatable], to be taken once or twice by mouth." Galen
recommends: "continuous eating of...liver of goats." This
is exactly what modern medical practice would prescribe
were it not possible to obtain fish-liver extract or vitamin
A pills. Today, it is well known that vitamin A deficiency
occurs principally in malnourished children. The vitamin
deficiency predisposes them to infections because of an
impaired immune system. One marvels at the acuity of
observation and the knowledge of effective therapy by the
Hippocratic school of medicine.

Assyrian medical texts (ca. 700 B.C.) describe night
blindness, thought to be caused by rays of the moon and
cured by application of ass's liver to the eyes. Chinese
medicine recognized night blindness, and Sun-szu-mo
(7th century A.D.) in his 1000 Golden Remedies de-
scribes a cure by administration of pig's liver (9). Arabic
medicine, often derived from translation of ancient Greek
medical texts, returned to topical application of liver ex-
tract (Hunain Ibn Ishaq, 9th century A.D.). A Hebrew
treatise from Muslim Spain (Abraham lbn Ezra, 12th cen-
tury A.D.) again recommends topical treatment with goat
liver, but followed by eating of the liver (8).

In the later Middle Ages, the Dutch physician Jacob
van Maerlandt (1235-1299) wrote the following poem
(10):

Who does not at night see right

Eats the liver of goat.

He will then see better at night.

During the time of the colonial expansion of European
nations, two physicians of the Netherlands drew attention
to night blindness and its cure (10). Jacobus Bontius
(1592-1631), the first medical doctor working in the
Dutch East Indies, describes in De Medicina Indorum a
condition of disturbed vision leading to blindness that
can be cured by a specific medicament used by the na-
tives of Java: liver of shark. The other, Willem Piso
(1611-1678), working in Brazil, mentions the occurrence
of night blindness, especially among the poor, and its
cure by shark liver. In support he cites the Hippocratic
collection "Concerning Vision," mentioned above, in con-
nection with the liver therapy. In the 18th century, a Ger-
man physician, C. A. von Bergen (1754), described
epidemics of night blindness in rural Russia, postulated a
nutritional cause, and mentioned liver as a cure, known
from its use in China (11).

An early experiment in human nutrition was carried
out by a young ship's doctor, Eduard Schwarz
(1831-1862). When Austria still had a navy (based in
Trieste), the naval frigate Novara, a sailing ship, was sent
around the world on a scientific exploration (1857-1859).
The ship, with 352 men on board including Schwarz,
counted also a geologist, two botanists, two zoologists, a
geographer/anthropologist, and even an orchestra of seven
men (jolly tunes were played every morning from 9 to 11

to keep up morale). Schwarz accurately described the 75
cases of night blindness (then termed "hemeralopia")
(12), of which 60 occurred during the long haul from
Cape Horn to Gibraltar, often in conjunction with scurvy.
Curiously, most of the members of the musical band were
afflicted; perhaps they received less nourishment than
the regular sailors. Every evening at dusk, they lost their
vision and had to be led about like the blind. Schwarz
states (12) that before his departure from Vienna, several
physicians asked him to test the administration of boiled
ox liver against night blindness, and thus to confirm or
refute the effectiveness of this old folk medicine. He re-
ports that its action as a cure was "a true miracle" (12).
Pork liver was equally effective. The cure was permanent,
and he diagnosed night blindness correctly and emphati-
cally as a nutritional disease. It is interesting that he kept
a number of the afflicted sailors below deck in darkness
for 3-5 days and observed that they regained normal vi-
sion, but became night-blind again when brought into
daylight. We can conclude, from contemporary knowl-
edge, that during dark adaptation, small amounts of vita-
min A reserves remaining in the body reached the retina
to re-form the depleted visual pigment, only to be
bleached again during light exposure.

Curiously, Schwarz was attacked viciously upon publi-
cation of his report; his view of night blindness as a nu-
tritional disease was called a "frivolity" and its
description as such a case of "self-aggrandizement" (13).
No scientific reason for this critique was given. Three
years after his return from the exceedingly strenuous 3-
year expedition, Eduard Schwarz died of tuberculosis at
age 31.

Epithelial defects caused by vitamin A deficiency were
first reported by the English physician George Budd
(1808-1882) (14). He based his conclusions on the experi-
ments of F. Magendie (1817), in which dogs were fed a diet
composed entirely of sugar and water. After only 3 weeks, the
dogs became sick and emaciated, and developed ulceration
of the cornea. These ulcers increased in size and depth until
the corneas were perforated and the aqueous humor and lens
escaped (keratomalacia). Magendie ascribed this event to
the lack of nitrogen in the diet, but Budd wrote (14): "...this is
far too exclusive. It does not recognize the importance of
other principles which are wanting...but which, although
less in amount yet...enter constantly into the composition of
the body and are therefore required for its support." He then
described similar corneal ulcerations developed by East In-
dians on their sea voyage to England on diets we can now
recognize as very low in vitamin A.

The earliest association between night blindness and a
corneal defect was made by V. von Hubbenet, who in 1860
observed that night blindness was associated with "silver
scales at the cornea” caused by a faulty diet and treatable
with beef liver (8). Similar observations were made by Bitot
in 1862 who described the famous "Bitot's spots,” foamy
white spots on the corneas of night-blind children (8), now
regarded as a strong indicator of vitamin A deficiency. The
explorer of Africa, David Livingstone, in 1857 also noted the
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corneal lesions in African natives who subsisted on a diet of
coffee, manioc, and meal, and wrote: "The eye became af-
fected as in the case of animals fed pure gluten or starch"
(15). Guggenheim (8) mentioned the prevalence of xero-
phthalmia (dry eye) associated with night blindness and
ending in keratomalacia in infants in Russia in the late 19th
century, during the great Lenten fast of 7 weeks, when no
animal food was allowed. This condition, recognized as a
nutritional disease, could be easily cured by eating liver
(curiously not forbidden during Lent).

An important contribution was that of M. Mori (16), who in
1904 described widespread xerophthalmia in Japanese chil-
dren, including large numbers showing keratomalacia (sof-
tening of the cornea, ending in corneal ulceration and
generalized liquefactive necrosis, characteristic as we now
know of severe vitamin A deficiency). Mori reported that
their diet consisted of rice, barley, cereals, "and other vege-
tables," and found that liver and especially cod-liver oil were
curative, thus connecting the disease to a nutritional cause.
In asimilar vein, S. Ishihara, in 1913 writes (17): "Xerosis of
the conjunctiva combined with night blindness...seems to
occur mostly in childhood and to be associated with overall
malnutrition....It often deprives juvenile patients of their
eyesight by supervention of keratomalacia. Fortunately, we
have in cod-liver oil an excellent, almost specific medica-
tion....Indeed, in most cases, the effect is so rapid that by
evening the children with night blindness are already danc-
ing around briskly, to the joy of their mothers."

Coming close to the actual discovery of vitamin A, as
described in the next section, were the observations of C.
E. Bloch (18), who studied children in Denmark afflicted
with night blindness and keratomalacia during World
War 1. As a result of the war, the children had subsisted
on a diet of fat-free milk, oatmeal, and barley soup. In an
important early experiment, Bloch divided a group of 32
institutionalized children (14 years old) into two groups;
one received whole milk, the other only vegetable fat
(margarine). The latter showed eight cases of corneal
xerosis, the former remained healthy. All the xerosis
cases were cured rapidly with cod-liver oil. Bloch cor-
rectly surmised that whole milk, creamery butter, eggs,
and cod-liver oil contained lipid substances that pro-
tected against corneal and conjunctival xerosis.

THE DISCOVERY OF VITAMIN A

The effects of vitamin A deficiency on growth were first
described by G. Lunin (19) in 1881. He found that mice
could not survive on a diet of pure casein, fat, sucrose,
minerals, and water, but lived and grew normally with
whole dried milk. The outcome of similar experiments led
F. G. Hopkins (20) to postulate "minimal qualitative fac-
tors" in the diet necessary for growth and survival.

An interesting and exciting account of the beginnings
of experimental nutrition that ultimately led to the dis-
covery of vitamin A is given by E. V. McCollum (21).
When McCollum began his research (1907), chemical
analysis of foods and animal feed was well advanced. He

fed cows rations of hay with wheat or oats or yellow
maize, of identical composition as far as protein, carbohy-
drate, fat and minerals were concerned. The wheat-fed
cows did not thrive, became blind and gave birth to dead
calves prematurely. The oat-fed cows fared somewhat bet-
ter, but the yellow maize-fed cows were in excellent con-
dition, produced vigorous calves, and had no
miscarriages. That was a big puzzle at the time; McCol-
lum spent 4 years trying to determine the cause for these
remarkable results: did the wheat contain a toxic sub-
stance? What was lacking in wheat that was present in
yellow maize? At about that time, McCollum conceived
the important idea that such nutrition experiments could
be done much faster and better with small animals, such
as mice or rats: they eat much less, they can be given pu-
rified diets, reproduce rapidly, and many more can be
housed at one time. His idea met with much opposition,
mainly because he worked in the Wisconsin College of
Agriculture, and was told by the dean "to experiment with
economically valuable animals—the rat was a pest to
farmers!" (21).

Surreptitiously, McCollum started a rat colony in a
basement of the Agricultural Hall. He found that whereas
young rats on a diet of pure protein, pure milk sugar,
minerals, and lard (or olive oil) failed to grow, addition to
their diet of butter fat or an ether extract of egg yolk re-
stored their health. He soon determined that an ether ex-
tract of alfalfa leaves or, even better, of liver or kidney,
when added to the rat diet greatly improved its growth-
promoting quality. Clearly, he had found a fat-soluble
factor that promoted growth in rats. He saponified butter
fat, extracted the unsaponifiable mixture into ether, and
added the extract to olive oil: now the olive oil, with pure
protein, sugar, and minerals, supported growth. This and
subsequent experiments proved that there was a fat-sol-
uble growth factor (other than fat itself) in butter fat that
could be transferred from one fat to another. McCollum
ultimately showed that this factor was essential for growth
and survival: this was the discovery of vitamin A, then
named "fat-soluble factor A," as opposed to other acces-
sory dietary factors, called "water-soluble B" (22).

Osborne and Mendel (23), at exactly the same time,
performed similar experiments. They found that young
rats fed a diet consisting of purified protein, sugar, starch
and lard would not grow, though mature rats on the same
diet remained healthy. When the diet was supplemented
with evaporated whole-milk powder, growth was excel-
lent. It was concluded that milk contained something
other than protein that was necessary for the growth of
young animals. When protein-free milk powder was given
over prolonged periods, growth also declined, but re-
sumed with whole-milk powder. Detailed analysis of the
difference between whole-milk powder and protein-free
milk powder showed a lack of milk fat in the latter. Addi-
tion of butter to a casein, starch, and protein-free milk
powder diet again resulted in normal growth. "It would
seem, therefore, as if a substance exerting a marked in-
fluence upon growth were present in butter..." (23). This
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paper, published just 5 months after McCollum and
Davis's study (22), came to the same conclusion. Later,
Osborne and Mendel (24) found that cod-liver oil could
substitute for butter; in its absence the rats developed
xerophthalmia. Thus, the early work of Mori (16), in
which children were cured of keratomalacia by cod-liver
oil, was reproduced precisely in experimental animals.
McCollum's "fat-soluble factor A" (later, factor A; then vi-
tamin A) could maintain growth and prevent kera-
tomalacia. In attempts to isolate and identify the factor,
Osborne and Mendel (24) obtained an active yellow oil
from butter fat, egg yolk fat, and cod-liver oil, but not
from lard or olive oil. It was noted by H. Steenbock (25)
that active extracts such as those made from butter, egg
yolk, or certain plants (carrots) were yellow, whereas ex-
tracts from lard, inactive in growth promotion, were white.
He realized, however, that active fat-soluble factors ex-
isted in white extracts from liver or kidney. H. Steenbock
and P. W. Boutwell (26) thereupon proposed the hypothe-
sis, not fully confirmed for another 10 years, that fat-sol-
uble factor A was associated with a yellow pigment (now
known to be P-carotene) and proposed that it was con-
verted to an active colorless form (vitamin A or retinol).
In the meantime, L. S. Palmer and H. L. Kempster (27)
threw the subject into confusion. They fed chickens a diet
free of yellow pigments: white maize, skim milk, and
bone meal. When the birds stopped growing and began to
fail, they supplemented the diet with a small amount of
pork liver (containing no yellow pigment) and found that,
though the birds had received no yellow pigment, they
grew normally and laid eggs. The resulting egg yolks
were colorless, but when hatched, the eggs produced nor-
mal chicks.

It was not until 1930 that T. Moore (28) resolved the
conflict by proving that the yellow pigment extracted from
plant sources, butter fat, or egg yolk and purified as caro-
tene, was converted to the active factor in the animal
body. He fed pure, crystalline carotene (yellow) to young
rats and observed the accumulation of retinol (colorless)
in their livers. He correctly concluded that yellow caro-
tene is the provitamin or precursor of colorless vitamin A
(retinol).

DISCOVERY OF THE FUNCTIONS
OF VITAMIN A

In the 1930s, the isolation and chemical structure of B-
carotene and retinol were determined by Karrer et al.
(29). The enzymatic conversion of P-carotene to retinol
was later shown to take place in the intestinal mucosa of
animals and humans. The requirements and recom-
mended daily allowances of B-carotene and retinol for
animals and humans were determined. Isler et al. (30)
succeeded in the total synthesis of retinol in 1947.

Early research on a function of retinol was based on
physiological and biochemical responses of experimental
animals to a diet lacking in B-carotene or retinol. When

weanling rats are fed a vitamin A-deficient diet, their
liver stores of retinyl esters become exhausted after about
4 weeks and their growth begins to decline after 5 weeks.
They then become night-blind and their corneas begin to
show lesions. After about 6 weeks they lose weight pre-
cipitously, their corneas ulcerate, and they die. This sim-
ple feeding experiment highlights three of the most
important physiological functions of vitamin A: vision,
normal differentiation of epithelia (such as the cornea),
and growth.

The visual function of vitamin A was elucidated in
great detail and with exceptional brilliance (culminating
in the Nobel Prize) by G. Wald (31). Night blindness (de-
fective vision at low illumination) is one of the earliest le-
sions to appear in vitamin A-deficient animals and
humans. It was therefore fitting that the function of vita-
min A in vision was the first to be defined with a precise
mechanism at the molecular level. Moore (32) comments:
"It may be an inspiring thought...that Man's knowledge of
the existence of the stars and the vast universe which ap-
pears in the heavens each night, comes in the first place
from the stimulation by the light rays of delicately poised
molecules of vitamin A."

As long ago as 1877, W. Kiihne (33) discovered that
retinas from dark-adapted frogs, purple in color, changed
to yellow when exposed to light. In a little-known work,
M. Parinaud (34), only a few years later (1881), related
"visual purple” (now known as rhodopsin) to night blind-
ness. He surmised correctly that rhodopsin "serves as an
intermediate in visual excitation." Rhodopsin, he sug-
gested, is secreted by the pigment epithelium of the ret-
ina. In night blindness, sensitivity to light is altered
because of a modification of rhodopsin. "Too strong an il-
lumination develops night blindness...because it destroys
rhodopsin." He clearly distinguished between rod vision
in the periphery of the retina (after Kiihne, 33), based on
rhodopsin and thus susceptible to night blindness, and
cone vision in the macula of the retina, serving color vi-
sion, independent of rhodopsin and thus not involved in
night blindness.

Ishihara in 1913 (14) was the first to connect kera-
tomalacia to night blindness and "visual purple" (rhodop-
sin). He proposed that a "fatty substance" in blood
needed for the synthesis of rhodopsin and "keratohyalin"
(the surface layer of the cornea), when lacking in mal-
nourished children leads to night blindness and kera-
tomalacia.

The connection between night blindness and vitamin A
was made in 1925 by L. S. Fridericia and E. Holm (35),
who recognized that vitamin A-deficient rats, when light-
adapted, formed visual purple at a slower rate than did
normal rats, when put into the dark. Holm (36) observed
the presence of vitamin A in the retina. However, it was
Wald who, starting in 1935 and continuing into sub-
sequent years, found that the visual purple of the retina,
called rhodopsin, consists of a protein, opsin, combined
with "retinene" (later shown by R. A. Morton to be reti-
naldehyde). G. Wald and co-workers (31) described the
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‘visual cycle thus: the 11-cis-isomer of retinaldehyde,
while attached to opsin in rhodopsin, is isomerized to the
all-trans form by light, the event that triggers the nerve
impulse to the brain as perception of light. The all-trans-
retinaldehyde is released from the opsin and reduced to
all-trans-retinol. In the dark, this is isomerized to 11-cis-
retinol and oxidized to 11-cis-retinaldehyde, which re-
combines with opsin to re-form rhodopsin (dark
adaptation), completing the cycle.

Elucidation of the function of vitamin A in cell differ-
entiation lagged behind the recognition of its role in vi-
sion. The observations by Wolbach and Howe (37)
defined the epithelial lesions resulting from vitamin A
deficiency, particularly the keratinization of epithelial
cells, especially of the cornea, but also of the respiratory,
intestinal, and genitourinary tracts. It seemed that vita-
min A influenced the differentiation of epithelial cells,
from the normal, simple, and pseudostratified phenotype
to squamous, metaplastic lesions that start focally and ul-
timately spread throughout the epithelium.

Apart from the function of maintaining normal epi-
thelial differentiation, the pathology of vitamin A defi-
ciency revealed a function of vitamin A in bone growth,
shown by the thickened bones in deficient growing ani-
mals; in male reproduction, by cessation of spermato-
genesis and atrophy of the testes; in the female by a
defective uterus, placental necrosis, and ultimately re-
sorption of the fetus in vitamin A deficiency. Indeed, as
long ago as 1933, the teratogenic effect of marginal (as
opposed to complete) vitamin A deficiency, resulting in
ocular and genitourinary defects in pig embryos, under-
lined the necessity of vitamin A to support normal fetal
development.

In the 1950s and 1960s, the metabolism of vitamin A
was delineated by J. A. Olson (38) and many others, fol-
lowed by recognition of the importance of its transport
proteins: by D. S. Goodman (39) in regard to the plasma
retinol-binding protein, and by F. Chytil and D. E. Ong
(40) with respect to the intracellular-binding proteins. K.
R. Norum and R. Blomhoff (41) and others established
the basic facts of absorption and liver storage mecha-
nisms for retinol.

In the 1970s and 1980s, the discovery by U. Saffiotti
(42) of an anticarcinogenic action of vitamin A led to an
outburst of research effort, though its anticancer action in
the human is still somewhat controversial. In animal ex-
periments, retinol and particularly its metabolite, retinoic
acid, could be demonstrated indisputably to have anticar-
cinogenic properties. As applied to human cancer pa-
tients, however, a search for similar activity was
disappointing. A number of isomeric forms and synthetic
chemical derivatives of retinoic acid were found to be ac-
tive against some forms of cancer: for instance, acute
promyelocytic leukemia has been successfully treated
with all-trans-retinoic acid; certain skin and head-and-
neck cancers have yielded to 13-cis-retinoic acid; and
retinoic acid and some of its synthetic chemical deriva-

tives have exhibited spectacular cures in a number of
skin diseases.

A new era of vitamin A research dawned in 1987,
when P. Chambon in Strasbourg (France) (43) and R. M.
Evans in San Diego (U.S.) (44), and their respective co-
workers, simultaneously discovered the retinoic acid re-
ceptors in cell nuclei. These receptor proteins can bind
retinoic acid, and when thus liganded, can activate spe-
cific genes to stimulate the cells to produce specific pro-
teins (enzymes) or to inhibit the expression of other
genes. In this way, one can arrive at an explanation at the
molecular level of the many metabolic functions of vita-
min A with regard to embryonic development, differentia-
tion, and growth. As Sporn and Roberts (45) had already
stated in 1983: "Ultimately, it would appear that the
problem of the molecular mechanism of action of reti-
noids in control of differentiation and carcinogenesis is
converging on one of the central problems of all biology,
the control of gene expression." This type of action—gene
activation—establishes vitamin A (in the form of its me-
tabolite, retinoic acid) as a hormone, similar to the ster-
oid hormones and the thyroid hormone." As predicted in
1970: "There is no a priori reason why a hormone should
have to be made by the animal itself. It is quite conceiv-
able that a hormone can be taken in the diet [as vitamin
A], stored in the liver, and secreted into the bloodstream
when needed. The liver then acts as the endocrine organ"

(46).

The author is grateful to Dr. John F. Nunn, Northwood, Middlesex,
England, for permission to quote from his forthcoming book Ancient
Egyptian Medicine. The author also thanks Dr. K. J. Carpenter for help
with historical references. [

REFERENCES

1. Ebell, B. (1937) The Papyrus Ebers. The Greatest Egyptian Medical Docu-

ment, Munksgaard and Oxford University Press, Copenhagen

Nunn, J. F. (1996) Ancient Egyptian Medicine, British Museum Press,

London In press

Hussaini, G., Tarwotjo, ., and Sommer, A. (1978) Cure for night blindness.

Am.J. Clin. Nur. 31, 1489

Aykroyd, W. R. (1928) Vitamin A deficiency in Newfoundland. Irish J. Med.

28, 161-165

Littré, E. (1861) Oeuvres Completes de Hippocrate, Vol. IX, pp. 156-160, J.

B. Balliere, Paris

Hirschberg, J. (1899) Geschichte der Augenheilkunde. In Graefe-Saemisch

Handbuch der gesamten Augenheilkunde, 2nd Ed (Saemisch, T., ed) Vol. 12,

pp- 98-106, Engelmann, Leipzig

Mani, N. (1953) Die Nachtblindheit und ihre Behandl

romischen Medizin. Gesnerus 10, 53-58

8. Guggenheim, K. Y. (1981) Nutrition and Nutritional Diseases, pp. 265-276,
Collamore Press, Lexington, Massachusetts
9. Lee, T. (1967) Historical notes on some vitamin-deficiency di

China. In Diseases in Antiquity (Fothwell, D. B., and Sandison, A. T., eds)
pp- 417419, C. C. Thomas, Springfield, Mlinois

10. Lindeboom, G. A. (1984) Geschichtliche Meil
der Nachtblindheit. Clio Medica 19, 40-49

11. Hirschberg, J. (1915) Ceschichte der Augenheilkunde. In Graefe-Saemisch
Handbuch der gesamien Augenheilkunde, 2nd Ed (Axenfeld, T., and
Elschnigg, A., eds) Vol. 14, pp. 232-236, Engelmann, Leipzig

12. Schwarz, E. (1861) Medizinischer Theil. In Reise der Oesterreichischen
Fregatte Novara (Scherzer, K. ed) Vol. 1, pp. 108; 158-159, Hof- und
Staatsdruckerei, Vienna

13. Anonymous (1862) Kritik—Reise der oesterreichischen Fregatie Novara.
Wochenblat der Zeitschrift der k.k. Gesellschaft der Aerzte in Wien. 18, 82-87

14. Budd, G. (1842) Disorders resulting from defective nutriment. London Med.
Gazette 2, 632-749

o o oA w N

N

g in der griechisch

in der Behandlung




15. Moore, T.(1957) Vitamin A, p. 4, Elsevier, Amsterdam

16. Mori, M. (1904) Ueber den sog. Hikan (xerosis conjunctivae infantum, ev.
keratomalazie) II. Mitteil. Jahrb. Kinderheilk. 51, 175-195

17. Ishihara S. (1913) Zur Aectiologie der idiopathischen Hemeralopie bezw.
Xerosis conjunctivae. Monatsh. f. Augenheilk. 51, 596-603

18. Bloch, C. E. (1919) Klinische Untersuchungen uber Dystrophie und Xerop-
thalmie bei jungen Kindem. Jahrb. Kinderheilk. 89, 405-441

19. Lunin, G. (1881) Ueber die Bedeutung der anorganischen Salze bei der
Emiihrung des Thieres. Hoppe-Seyler's Z. physiol. Chem. 5, 31-51

20. Hopkins, F. G. (1906) The analyst and the medical man. Analyst 31, 385-404

21. McCollum, E. V. (1964) From Kansas Farm Boy to Scientist, pp. 114-133,
University of Kansas Press, Lawrence

22. McCollum, E. V., and Davis, M. (1913) The necessity of certain lipids during
growth. J. Biol. Chem. 15, 167-175

23. Osbome, T. B., and Mendel, L. B. (1913) The relation of growth to the
chemical constituents of the diet. J. Biol. Chem. 15, 311-326

24. Osbome and Mendel (1914) The influence of cod liver oil and some other
fats on growth. J. Biol. Chem. 17, 401-408

25. Steenbock, H. (1919) White com vs. yellow com and a probable relation between
the fat-soluble vitamine and yellow plant pigments. Science 50, 352-353

26. Steenbock, H., and Gross, E. G. (1920) Fat-soluble vitamine. J. Biol. Chem.
41, 149-162

27. Palmer, L. S., and Kempster, H. L. (1919) Relation of plant carotenoids to
growth, fecundity and reproduction of fowl. J. Biol. Chem. 39, 299-337

28. Moore, T. (1930) Vitamin A and carotene. Biochem. J. 24, 692-702

29. Karrer, P., Mord, R., and Schoepp, K. (1931) Zur Kenntnis des Vitamins A
in Fischtranen. Helv. Chim. Acta 14, 1431-1436

30. Isler, O., Huber, W., Ronco, A., and Kofler, M. (1947) Synthese des Vitamin
A. Helv. Chim. Acta 30, 1911-1927

31. Wald, G. (1968) Molecular basis of visual excitation. Science 162, 230-239

32. Moore, T. (1957) Vitamin A, p. 263, Elsevier, Amsterdam

33. Ewald, A., and Kiihne, W. (1877) Ueber kunstliche Bildung des Sehpurpurs.
Centralbl. Med. Wissensch. 15, 753-754

35.

37.

39.

41.

42.

Parinaud, M. (1881) L'hemeralopie et les fonctions du pourpur visuel. Compt.
rend. acad. sci. Paris 93, 286287

Friderica, L. S., and Holm, E. (1925) Experimental contribution to the study of the
relation between night blindness and malnutrition. Am. J. Physiol. 73,63-77
Holm, E. (1929) Demonstration of vitamin A in retinal tissue and a compari-
son of vitamin A content of brain tissue. Acta Ophthalmol. 7, 146-161
Wolbach, S. B., and Howe, P. R. (1925) Tissue changes following deprivation
of fat-soluble vitamin A. J. Exp. Med. 47, 753-177

Blaner, W. S., and Olson, J. A. (1994) Retinol and retinoic acid metaboli

In The Retinoids, 2nd Ed (Spomn, M. B., Roberts, A. B., and Goodman, D. S.,
eds) pp.229-256, Raven Press, New York

Goodman, D. S. (1984) Plasma retinol-binding protein. In The Retinoids, 1st
Ed (Spom, M. B., Roberts, A. B., and Goodman, D. S., eds) pp. 42-88,
Academic Press, New York

Ong, D. E., Newcomer, M. E., and Chytil, F. (1994) Cellular retinoid-binding
proteins. In 77|e Retinoids, 2nd Ed (Spom, M. B., Roberts, A. B., and
Goodman, D. S., eds) pp. 283-318, Raven Press, New York

Blomhoff, R (1994) Introduction: overview of vitamin A metabolism and
function. In Vitamin A in Health and Disease (Blomhofl, R., ed.) pp. 1-36,
Marcel Dekker, New York

Saffiotti, U., Montesano, R., Sellakuma, A. R., Bork, S. A. (1967) Experi-
mental cancer of the lung. Cancer 20, 857-864

Kastner, P., Chambon, P., and Leid M. (1994) Role of nuclear retinoic acid
receptors in the regulation of gene expression. In Vitamin A in Health and
Disease (BlomhofT, R., ed) pp. 189-238, Marcel Dekker, New York
Mangelsdorf, D. J., Umesono K., and Evans, R. M. (1994) The retinoid
receptors. In The Retinoids, 2nd Ed (Spom, M. B., Roberts, A. B., and
Goodman, D. S., eds) pp. 319-350, Raven Press, New York

Sporn, M. B., and Roberts, A. B. (1983) Role of ids in diffe

and carcinogenesis. Cancer Res. 43, 3034-3040

Wolf, G., and De Luca, L. M. (1970) Reccnl studies on some metabolic
funcnons of vitamin A. In Fat-soluble Vi Sy ium (DeLuca, H F.,
and Suttie, J. W., eds) pp.257-265, University of Wi in Press, Mad

Erratum

Neuronal nitric oxide synthase, a modular enzyme
formed by convergent evolution: structure studies
of a cysteine thiolate-liganded heme protein that
hydroxylates L-arginine to produce NO: as a cellular
signal. B. S. S. Masters, K. McMillan, E. A. Sheta, J. S.
Nishimura, L. J. Roman, and P. Martasek [FASEB J. (1996)
10, 552-558]

The editors regret that several words were inadvertently
dropped from the bottom of the second column on page
552. The correct sentence appears below with the omitted
line in boldface.

It has been suggested that NO' produced in central nervous
system neurons upon activation of glutamate receptors
(6), as well as a non-NMDA glutamate receptors [0i-amino-
3-hydroxy-5-methyl-4-isoxazolepropionate (AMPA) and
kainate (7, 8), can regulate cerebral blood flow.
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