History of vitamin E in infant nutrition'?
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ABSTRACT  Vitamin E was discovered by Evans and Bishop in 1922. Work in the 1930s
revealed the chemical structure and the biological function of a-tocopherol. In the 1940s Filer
and others demonstrated that vitamin E protects tissue unsaturated fatty acids against oxidation.
The 1940s and the 1950s marked the beginning of interest in the role of vitamin E in infant
nutrition. During this period, investigators examined the intestinal absorption of vitamin E in
infants and its use for the prevention of hemolysis, retrolental fibroplasia, intracranial hemorrhage,
and pulmonary oxygen toxicity. These studies were the forerunners of more recent studies
examining possible benefits of vitamin E therapy in premature infants. Recent studies confirmed
earlier reports indicating that enteral administration of vitamin E is the safest and most effective
route in infants. Although preventing vitamin E deficiency is clearly necessary, neither earlier
nor more recent work has shown any benefit from high-dose vitamin E therapy (> 20
IU-kg™!-d™!") for premature infants. Am J Clin Nutr 1987;46:183-6.
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Discovery, structure, and function of vitamin E

Although Evans and Bishop (1) are rightly credited with
the discovery of vitamin E in 1922, other investigators (2,
3) had recognized a few years earlier that semipurified
diets containing vitamins A, B, C, and D supported growth
but not reproduction in rats (4). Evans and Bishop (1, 5,
6) produced sterility in rats by feeding them a diet com-
posed of casein, cornstarch, lard, butterfat, salt, and yeast.
They found that fertility could be restored by the feeding
of lettuce or wheat germ oil, but not cod liver oil or the
flour or chaff of wheat. They concluded that a factor X
present in certain plant oils was an essential dietary in-
gredient. Sure (7) was the first to suggest the name vitamin
E, which was soon adopted by Evans and Bishop and
others.

Olcott and Mattill (8) in 1931 were the first to describe
the antioxidant function of vitamin E, a property subse-
quently recognized as its most important biological func-
tion. Also in 1931 Pappenheimer and Goetsch reported
the occurrence of encephalomalacia in chicks fed diets
deficient in vitamin E (9) and nutritional muscular dys-
trophy in young guinea pigs and rabbits fed similar
diets (10).

In 1936 a-tocopherol was first isolated (11), and the
name tocopherol was suggested to Evans by George M
Calhoun, Professor of Greek at the University of Califor-
nia (5, 12), where Evans and his colleagues also worked.
The word was constructed from the Greek words tokos,
meaning offspring, and phero, meaning to bear. In 1938

Fernholz (13) described the chemical structure of a-
tocopherol and Karrer et al (14) were the first to synthesize
a-tocopherol.

Filer and Mason (15, 16) were among the first to dem-
onstrate the important role of vitamin E in protecting
unsaturated fatty acids from oxidation in vivo. These in-
vestigators (17, 18) also studied the manifestations of vi-
tamin E deficiency in rhesus monkeys. These were the
first such studies in any primate species, including man.

Early studies of vitamin E in infant nutrition

The first therapeutic trial of vitamin E administration
to infants was conducted by Widenbauer (19) in 1938.
He administered wheat germ oil to 17 premature infants
with growth failure; 11 of the infants resumed weight gain
after treatment. Widenbauer proposed that vitamin E may
have promoted growth in these infants and called for fur-
ther investigation.

In the late 1940s and 1950s a number of studies of
vitamin E treatment of infants were published that were
forerunners of more recent work. Gyoérgy and Rose (20)
demonstrated that vitamin E-deficient rats developed
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hemolysis and that this hemolysis could be corrected by
giving the rats tocopherol. A few years later, Gyorgy et al
(21) showed that the erythrocytes of term newborn infants
were susceptible to hemolysis in the presence of hydrogen
peroxide and that vitamin E supplements prevented this
hemolysis. Gordon and de Metry (22) demonstrated that
the same was true for premature infants. This suscepti-
bility to hemolysis was the basis for the hemolytic anemia
that was described in the 1960s (23-25) in premature in-
fants who were fed formulas that contained little vitamin
E but abundant polyunsaturated fatty acids and iron (26,
27). Improvements in the composition of infant formulas
have eliminated the hemolytic anemia of vitamin E de-
ficiency except in rare cases of prolonged total parenteral
nutrition with lipid emulsion or in cases of fat malab-
sorption resulting from cholestatic liver disease or cystic
fibrosis of the pancreas.

Gerloczy (28) administered dl-a-tocopheryl acetate to
premature infants for the prevention and cure of edema
(scleroedema). He noted that tocopheryl acetate was ef-
fective in oral doses of 5 mg, whereas intramuscular doses
of 30 mg were not effective in preventing or mobilizing
the edema. This unusual property of tocopheryl acetate
was subsequently confirmed by others (29, 30). Toco-
pheryl acetate remains relatively inactive until deesterified
by hydrolytic enzymes that are present mainly in the gut;
this form of vitamin E may thus be ineffective if given
parenterally. Filer et al (31) showed that vitamin E is well
absorbed from the gastrointestinal tract, even in small
premature infants. Although some data (32) do not sup-
port this observation, more recent studies (33, 34) con-
firmed that most small premature infants rapidly achieve
adequate blood levels of vitamin E with enteral dosing.

In 1949 Owens and Owens (35) published their results
of a trial of vitamin E supplementation to premature in-
fants for the prevention of retrolental fibroplasia (RLF).
Alternate infants weighing < 1.36 kg (3 Ib) were given
150 mg of dl-a-tocopheryl acetate daily. None of the 11
infants receiving vitamin E developed RLF, but 5 of 15
control infants did. The mean serum tocopherol levels in
the treated and control groups were 4.12 mg/dL and 0.25
mg/dL, respectively. Soon thereafter oxygen was identified
as the major cause of RLF, and these observations of Ow-
ens and Owens were set aside for 25 years. When RLF
persisted despite more careful use of oxygen therapy for
premature infants, Johnson et al (36) initiated further
studies of vitamin E for the prevention of RLF. Investi-
gation and discussion of the relation between vitamin E
therapy and RLF continues to the present (37-40).

The same year that Owens and Owens published their
landmark study of vitamin E for prevention of RLF,
Minkowski (41) reported the first trial of vitamin E for
the prevention of intracranial hemorrhage (ICH) in pre-
mature infants. He found that a-tocopherol (300-600 mg)
given to mothers in premature labor reduced the incidence
of ICH in their infants from 13% (6 of 45) to 2% (1 of
45). This result is somewhat surprising, as tocopherol is
poorly transported across the placenta; blood plasma levels
of vitamin E are lower in newborn infants than in their
mothers (42, 43). Tissue concentrations and whole body

stores of tocopherol are also low in newborn infants (44).
Interest in a possible role for vitamin E in the prevention
of ICH has been renewed in recent years. Several trials of
tocopherol given directly to premature infants showed a
decrease in the incidence (45) or severity (46) of ICH with
vitamin E, but other investigations found an increase in
intraventricular (40) and retinal hemorrhage (47) among
infants given tocopherol intravenously. This latter obser-
vation may be explained by the known effects of vitamin
E on coagulation. Tocopherol decreases platelet aggre-
gation (48) and interferes with the vitamin K-dependent
coagulation factors (49).

In 1958 Taylor (50) reported that vitamin E-deficient
rats were more susceptible to pulmonary oxygen toxicity
than rats receiving a regular dietary source of tocopherol.
This and subsequent animal experiments prompted trials
of vitamin E supplements for the prevention of broncho-
pulmonary dysplasia (BPD), a disease of chronic lung in-
jury in premature infants who required oxygen therapy
or positive-pressure ventilation. The first study (51) of
vitamin E for the prevention of BPD in infants showed a
benefit; the control infants were probably vitamin E de-
ficient because of the low vitamin E intakes and high in-
takes of polyunsaturated fatty acids that were common
then (52). Subsequent studies (52, 53), conducted with
better vitamin E nutritional practices, showed no addi-
tional protection against BPD by larger, supplemental
doses of vitamin E.

Conclusion

Recent interest in vitamin E therapy to prevent various
complications of prematurity originated with landmark
experiments conducted in the 1940s and 1950s. This is
true for hemolytic anemia (1948) (20), retrolental fibro-
plasia (1949) (35), intracranial hemorrhage (1949) (41),
and bronchopulmonary dysplasia (1958) (50). In addition,
the neurologic syndrome reported (54-56) in children with
vitamin E deficiency resulting from chronic malabsorp-
tion due to hepatic cholestasis or other causes bears con-
siderable resemblance to the brain degeneration and my-
opathy described many years earlier in animals (5, 9, 10).

Finally, appreciation of two early discoveries—that vi-
tamin E is well absorbed from the gastrointestinal tract
in premature infants (31) and that tocopheryl acetate has
relatively little biological activity when given parenterally
(28)—would have indicated that intravenous administra-
tion of high doses of tocopheryl acetate to premature in-
fants was not advisable, particularly in the absence of ad-
equate pharmacokinetic and toxicologic studies. Animal
studies had shown that parenteral vitamin E can be toxic
to the liver (57). One example of the possible consequences
of forgetting these lessons from the past is well docu-
mented (58-60) in the case of the E-Ferol tragedy. E-
Ferol was a preparation of a-tocopheryl acetate that was
marketed for intravenous administration to premature
infants. A syndrome of ascites, liver failure, and kidney
failure led to the deaths of 38 infants and the serious illness
of many others (60).
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Vitamin E deficiency is quite unlikely to occur in en-
terally nourished infants except those with cholestatic liver
disease or chronic malabsorption from other causes (27).
Infants receiving total parenteral nutrition that includes
lipid emulsion may also be at increased risk for vitamin
E deficiency. Except for preventing or correcting these
rare cases of vitamin E deficiency, there is no clearly es-
tablished indication for high-dose vitamin E therapy (> 20
IU - kg™!'-d™!) for premature infants. While some studies
suggest a protective effect of vitamin E against retrolental
fibroplasia or intracranial hemorrhage, further examina-
tion of the efficacy and safety of vitamin E treatment for
these indications is required before any routine supple-
mentation practice is instituted.
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