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tocopherol deficiency rather than of general
malnutrition. We chose as a basis for our
first studies the finding that rabbits on E-
deficient diets showed creatinuria before
clinical signs of weakness developed, and
that this could be abolished by administra-
tion of tocopherol.?®

We have to date studied the creatine
excretion of 17 children with cystic fibrosis
of the pancreas while receiving creatine-
poor diets before and after tocopherol ad-
ministration. In 13, data for 6 of whom have
been published, there was an appreciable
initial creatinuria, and this diminished
markedly in 10 of 11 subjects when tocoph-
erol was given in doses which raised the
concentration of tocopherol in the plasma
to levels which prevented hemolysis of
erythrocytes in hydrogen peroxide. In four
subjects, for reasons not clear, there was
virtually no initial creatinuria even though
plasma tocopherol was low and hemolysis
in hydrogen peroxide significant.

We have as yet no objective evidence of
clinical improvement after administration
of tocopherol to these patients. Mothers as
well as personal physicians have reported
general improvement in some instances, but
the parents’ quiet desperation which leads
them to an unusual degree of cooperative-
ness, the variability of a disease with a
course which depends so much on the asso-
ciated pulmonary infection, and the diffi-
culty in quantitating muscle power make
critical clinical evaluation hazardous.

In four infants with biliary atresia, sig-
nificant creatinuria has also been present.
The response of the plasma tocopherol of
patients with biliary atresia to oral adminis-
tration of tocopherol esters, even in water
soluble form, has been irregular; when
given intravenously in doses sufficient to
raise plasma tocopherol and reverse hydro-
gen peroxide hemolysis, it has been without
effect on the creatinuria. It may be that
the route of administration of tocopherol is
important.?* Woodruff** reported an adult
with biliary cirrhosis, low plasma tocoph-
erol and pentosuria; raising the plasma to-
copherol produced a decrease in creatinuria
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in two, and of pentosuria in one of two
trials.

In an attempt to find a pathologic corre-
late of this biochemical evidence of to-
copherol deficiency in patients with steator-
rhea, Oppenheimer*® reviewed the necropsy
findings in 48 patients with cystic fibrosis of
the pancreas at Johns Hopkins Hospital.
Since there are differences in the extent to
which the dystrophic process affects differ-
ent muscles or even different regions of any
one muscle,*® it was unfortunate that only
small portions of muscle were available for
study and these in only 10 patients. Six of
these patients were less than 6 months of
age but one of the four remaining subjects,
an infant of 24 months, showed, in addition
to rickets and metaplasia of bronchial epi-
thelium (presumably due to deficiencies of
vitamins D and A), focal areas of muscle
necrosis, hyalinization and infiltration of
leukocytes—lesions similar to those of nu-
tritional muscular dystrophy caused by vita-
min E deficiency in other species.

Since that report, Weinberg made an ex-
tensive port-mortem examination of the
muscles of an infant with congenital biliary
atresia who died in Sinai Hospital at 15
months of age. The patient while alive had
a low plasma tocopherol and increased
hemolysis of erythrocytes in hydrogen per-
oxide. The muscles showed, in addition to
marked atrophy, numerous foci of degener-
ation with loss of striation, hyalinization,
necrosis, proliferation of sarcolemma mus-
cle cells and round cell infiltration—lesions
similar to those described in Oppenheimer’s
patient and in animals with vitamin E de-
ficiency. In another 15-month-old infant
with congenital biliary atresia, examined
extensively by Oppenheimer at Johns Hop-
kins Hospital, no lesions have been found.*

In a patient with sprue reported in
1908,** suggestive lesions of the muscle are
described and it has been suggested® that
the areas of hyalinization described by
Blackfan and Wolbach in the muscles of
vitamin A-deficient infants may have been
due to an associated vitamin E deficiency.

Stowens** has been unable to find lesions
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suggesting vitamin E deficiency in speci-
mens of muscle submitted to the Pediatric
Registry at the Armed Forces Institute of
Pathology. An average of two specimens of
muscle were submitted from 170 cases, and
an average of six specimens were available
from 50 additional cases of congenital bil-
iary atresia in the Institute’s files. Since
the muscle lesion is spotty and possibly in-
frequent, extensive examination of muscle
from additional patients with steatorrhea is
indicated.

The failure of intravenously administered
tocopherol to affect creatinuria in patients
with biliary atresia, the absence of lesions
in the cited case studied extensively, as
well as in the 220 cases studied less so,
call attention to the report by MacKenzie®
that in the rat the extent of the lesions in
the muscle is increased when tocopherol de-
ficiency is combined with deficiency of pyri-
doxine, vitamin A or protein. Young, Din-
ning and Day* have also reported an
interrelationship between pyridoxine and
tocopherol.

SHOULD INFANTS AND CHILDREN
RECEIVE SUPPLEMENTS OF
TOCOPHEROL?

An attempt to answer this difficult ques-
tion leads to consideration of the criteria
used for other vitamins.** The answer is
obviously an affirmative when one considers
therapy for overt, specific-deficiency syn-
dromes; examples in infancy and childhood
are: Scurvy, rickets, beriberi, pellagra,
megaloblastic anemia, ariboflavinosis, and
convulsions due to pyridoxine deficiency.
A deficiency may develop as a result of: a)
inadequate intake, e.g., scurvy; b) excessive
loss, e.g., xerophthalmia and night blind-
ness associated with steattorhea; or c) a
defect in utilization, e.g., vitamin D-resis-
tant rickets. In some syndromes, biochem-
ical evidence of deficiency occurring before
overt symptoms is accepted as indication
for general preventive supplementation. For
example, the hydroxyphenyluria of prema-
ture infants, and decreased serum phos-
phate and citrate, are taken as indications
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for early general use of vitamin supple-
ments of C and D, respectively.

Controversy arises, however, when one
enters the field of supplementation de-
signed to offer widespread prevention in
the general population. Judgment is made
difficult by economic factors, such as the
cost to manufacturers of enrichment of
foods or replacement of losses due to proc-
essing. The Council on Food and Nutrition
of the American Medical Association and
the Food and Nutrition Board of the Na-
tional Research Council have adopted a
policy recommending enrichment of certain
processed foods with supplements to levels
sufficient to prevent deficiencies, or in the
case of some foods to restore the initial or
natural levels. An example of benefit is the
addition of vitamin D to evaporated milk
so that one quart of the reconstituted milk
supplies 400 1.U. of vitamin D. The com-
petition between manufacturers of vitamin
products, and “cultural” factors which de-
cide not only the length of our automobiles
but also the supplements for our infants’
diets, are added hurdles for the physician.

In the case of tocopherol, the investiga-
tions cited justify Goldsmith’s recent state-
ment that vitamin E may be coming of age
in human nutrition. Our current thinking
about supplementation may be summarized
as follows:

1) Patients with cystic fibrosis of the
pancreas should be given supplements of
tocopherol. They have low concentrations
of tocopherol in the plasma, increased he-
molysis of erythrocytes by hydrogen per-
oxide, and an excessive creatinuria which
has responded to administration of tocoph-
erol in a manner like that of animals with
nutritional muscular dystrophy. Lesions
similar to those produced in animals on E-
deficient diets have been found in one
case of cystic fibrosis of the pancreas, and
“ceroid” pigment (a manifestation of E
deficiency occurring particularly when un-
saturated fats are in the diet) has been re-
ported in the intestinal walls of patients
with cystic fibrosis of the pancreas.** Clin-
ically, many of the patients have flabby
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muscles, but there is as yet no objective
evidence for the impression of clinical im-
provement following therapy with tocoph-
erol. The daily administration of 200 to 300
mg of water-miscible tocopheryl esters has
regularly led to an elevation of plasma to-
copherol to concentrations above 0.5 mg/
100 ml, and a reversal of the tendency to
hemolysis, but we have had no opportunity
as yet to determine the minimal effective
dose, a matter of economic import.

2) Patients with congenital biliary atresia
also have a prolonged steatorrhea and bio-
chemical manifestations of tocopherol de-
ﬁciency, i.e., excessive creatinuria, low plas-
ma tocopherol, increased hemolysis in hy-
drogen peroxide. Oral administration of
water-miscible tocopheryl esters is only
irregularly effective in raising plasma to-
copherol, and the intravenous administra-
tion does not decrease creatinuria although
it does raise plasma tocopherol. Whether
the route of administration or the advanced
cirrhosis affect utilization is not clear. Le-
sions resembling those of nutritional muscu-
lar dystrophy have been found in one of
two cases studied extensively, but not in
220 cases where only small amounts of
muscle were available for examination. Be-
cause of the poor nutritional status and
prognosis of these patients, tocopherol sup-
plementation appears indicated. Studies are
needed to determine the conditions under
which effective absorption of oral supple-
ments can be obtained.

8) Normal full-term infants are born with
low tissue stores of tocopherol, low plasma
concentrations and a susceptibility of eryth-
rocytes to hemolysis in peroxide. Because
the plasma tocopherol rises with unsupple-
mented diets, and a concomitant fall of in-
vitro hemolysis occurs, and because there is
no evidence as yet of clinical or biochemical
aberrations referable to the low stores, there
appears to be no reason for supplementing
the diets of normal full-term infants with
tocopherol. This is certainly true for the
breast-fed baby.

4) Premature infants are born with low
tissue stores and low plasma concentrations
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of tocopherol, and the plasma concentra-
tions fall even lower and susceptibility of
erythrocytes to hemolysis persists, with par-
tially skimmed cows’ milk feedings. Be-
cause the tocopherol content of whole cows’
milk is low, because storage of human milk
leads to a loss of tocopherol, because many
premature infants have a defect in fat ab-
sorption, it is likely, although not yet
shown, that premature infants fed more
varied diets as they grow older will lag
behind full-term infants in adequacy of to-
copherol. In view of their rapid rate of
growth, and in the absence of known toxic
effects, small supplements of tocopherol are
perhaps indicated for premature infants.
Although we have hesitated to make this
recommendation, while we search for clini-
cal, physiologic or biochemical correlates of
deficiency, we believe the recommenda-
tion** may turn out to be correct. The oc-
currence of hemorrhagic manifestations in
E-deficient rat fetuses, chick embryos and
newborn puppies are sufficiently suggestive
of troublesome clinical problems in the
early newborn period to make this phase of
the subject particularly worthy of intensive
study.

REFERENCES

1. Evans, H. M., and Bishop, K. S.: The
production of sterility with nutritional
regimes adequate for growth and its
cure with other foodstuffs. J. Metabolic
Res., 3:233, 1923.

2. Sure, B.: Dietary requirements for repro-
duction. II. The existence of a specific
vitamin for reproduction. J. Biol. Chem.,
58:693, 1924.

3. Mattill, H. A., Carman, J. S., and Clayton,
M. M.: The nutritive properties of milk.
II1. The effectiveness of the X substance
in preventing sterility in rats on milk
rations high in fat. ]J. Biol. Chem.
61:729, 1924.

4. Mason, K. E.: Changing concepts of .the
antisterility vitamin (vitamin E). Yale
J. Biol. & Med., 14:605, 1942.

5. Mason, K. E.: A hemorrhagic state in the
vitamin E-deficient fetus of the rat, in
Evans, H. M.: Essays in Biology in
Honor of H. M. Evans. Written by His
Friends. Berkeley, Calif., Univ. Cali-
fornia Press, 1943, p. 401.

Downloaded from www.aappublications.org/news by guest on May 25, 2019



680
6.

10.

11.

12.

13.

14.

16.

17.

18.

19.

TOCOPHEROL DEFICIENCY

Wright, S. W., Filer, L. J., Jr., and Mason,
K. E.: Vitamin E blood levels in prema-
ture and full term infants. PEDIATRICS,
7:386, 1951.

. Filer, L. J., Wright, S. W., Manning,

M. P, and Mason, K. E.: Absorption
of a-tocopherol and tocopheryl esters by
premature and full term infants and
children in health and disease. PEepI-
ATRICS, 8:328, 1951.

. Dju, M. Y., Mason, K. E., and Filer, L. J.,

Jr.: Vitamin E (tocopherol) in human
fetuses and placentae. Etudes Neonatal,
1:49, 1952.

. Mason, K. E.: Vitamin E in early life, in

Symposium on Nutrition, edited by Her-
riott, R. M. Baltimore, Johns Hopkins
Press, 1953, p. 179.

Mason, K. E.: The tocopherols, in The
Vitamins, Vol. 8, edited by Sebrell,
W. H., and Harris, R. S. New York,
Acad. Press, 1954, p. 514.

Harris, P. L., Quaife, M. L., and Swanson,
W. J.: Vitamin E content of foods. J.
Nutrition, 40:367, 1950.

Harris, P. L., Quaife, M. L., and O’Grady,
P.: Tocopherol content of human milk
and of cows’ milk products used for
infant feeding. J]. Nutrition, 46:459,
1952.

Gordon, H. H., and de Metry, ]J. P.: He-
molysis in hydrogen peroxide of eryth-
rocytes of premature infants. Effect of
alpha-tocopherol. Proc. Soc. Exper. Biol.
& Med., 79:446, 1952.

Gordon, H. H., Nitowsky, H. M., and
Cornblath, M.: 1. Hemolysis of eryth-
rocvtes in hvdrogen peroxide. Am. J.
Dis. Child., 90:669, 1955.

. Nitowsky, H. M., Cornblath, M., and Gor-

don, H. H.: II. Plasma tocopherol and
erythrocyte hemolysis in hydrogen per-
oxide. Am. J]. Dis. Child,, 92:164,
1956.

Nitowsky, H. M., and Tildon, J. T.: IIL
Relation of blood catalase activity and
other factors to hemolysis of erythro-
cvtes in hvdrogen peroxide. Am. J. Clin.
Nutrition, 4:397, 1956.

Nitowsky, H. M., Gordon, H. H., and
Tildon, J. T.: IV. The effect of alpha
tocopherol on creatinuria in patients
with cystic fibrosis of the pancreas and
biliary atresia. Bull. Johns Hopkins
Hosp., 98:361, 1956.

Adamstone, F. B.: The effect of vitamin-E
deficiency on the development of the
chick. J. Morphol., 52:47, 1931.

Elvehjem, C. A., Gonce, J. E., Jr., and
Newell, G. W.: The effect of vitamin E

on reproduction in dogs on milk diets.
J. Pediat., 24:436, 1944.

20. Dam, H., and Glavind, J.: Alimentary

21.

o
(3]

23.

exudative diathesis and its relation to
vitamin E. Skandinav. Arch. Phvsiol.,
82:299, 1939.

Bird, H. R., and Culton, T. G.: General-
ized edema in chicks prevented by d,l-
alpha tocopherol. Proc. Soc. Exper. Biol.
& Med., 44:543, 1940.

2. Dinning, J. S., and Day, P. L.: Vitamin

E deficiency in the monkey. I. Muscular
dystrophy, hematologic changes, and the
excretion of urinary nitrogenous constit-
uents. J. Exper. Med., 105:395, 1957.

Allison, A. C., Moore, T., and Sharman,
I. M.: Haemolvsis and haemoglobinuria
in vitamin-E deficient rats after injec-
tions of vitamin-K substitutes. Brit. J.,
Haemat., 2:197, 1956.

. Goettsch, M., and Pappenheimer, A. M.:

Nutritional muscular dystrophy in the
guinea pig and rabbit. J. Exper. Med.,
54:145, 1931.

. MacKenzie, C. G.: Experimental muscular

dvstrophy, in Svmposium on Nutrition,
edited by Herriott, R. M. Baltimore,
Johns Hopkins Press, 1953, p. 136.

. Dam, H.: Influence of antioxidants and

redex substances on signs of vitamin E
deficiency. Pharmacol. Rev., 9:1, 1957.

27. Nason, A., and Lehman, I. R.: The role

30.

31.

33.

34.

of lipides in electron transport. II. Lip-
ide cofactor replaceable by tocopherol
for the enzymatic reduction of cyto-
chrome C. J. Biol. Chem., 222:511,
1956.

. Quaife, M. L., and Harris, P. L.: Chemical

assav of foods for vitamin E content.
Anal. Chem., 20:1221, 1948.

. Quaife, M. L., Scrimshaw, N. S., and

Lowry, O. H.: Micromethod for assav
of total tocopherols in blood serum. J.
Biol. Chem., 180:1229, 1949.

Gyvorgy, P., Cogan, G., and Rose, C. S.:
Availability of vitamin E in the new-
born infant. Proc Soc. Exper. Biol. &
Med., 81:536, 1952.

Rose, C. S., and Gvorgy, P.: Specificity of
hemolytic reaction in vitamin E-deficient
erythrocvtes. Am. J. Physiol., 168:414,
1952.

2. MacKenzie, J. B.: Relation between serum

tocopherol and hemolysis in hydrogen
peroxide of ervthrocvtes in premature
infants. PEpiaTrics, 13:346, 1954.
Darby, W. J., et al.: Plasma tocopherols in
health and disease. Ann. New York
Acad. Sc., 52:328, 1949.
Butler, A. M., and Cushman, M.: Distri-

Downloaded from www.aappublications.org/news by guest on May 25, 2019



35.

36.

38.

39.

AMERICAN ACADEMY OF PEDIATRICS — PROCEEDINGS

bution of ascorbic acid in the blood and
its nutritional significance. J. Clin. In-
vest., 19:459, 1940.

Schwartz, W. B., Levine, H. D., and Rel-
man, A. S.: The electrocardiogram in
potassium depletion; its relation to the
total potassium deficit and the serum
concentration. Am. J. Med., 16:395,
1954.

Horwitt, M. K., Harvey, C. C., Duncan,
G. D.,, and Wilson, W. C.: Effects of
limited tocopherol intake in man with
relationships to erythrocyte hemolysis
and lipid oxidations. Am. J. Clin. Nu-
trition, 4:408, 1956.

. Rafstedt, S.: Studies on serum lipids and

lipoproteins in infancy and childhood.
Acta paediat., 44:suppl. 2, 1955.
Woodruff, C. W.: Vitamin E deficiency in
man: Biochemical evidence in a patient
with xanthomatous biliary cirrhosis. Am.
J. Clin. Nutrition, 4:597, 1956.
Oppenheimer, E. H.: Focal necrosis of
striated muscle in an infant with cystic
fibrosis of the pancreas and evidence of
lack of absorption of fat-soluble vita-

40.

41.

42,

43.

44.

45.

681

mins. Bull. Johns
98:353, 1956.

Weinberg, T., Oppenheimer, E. H., Gor-
don, H. H., am}J Nitowsky, H. M.: Un-
published data.

Bramwell, B., and Muir, R.: A remark
able and hitherto undescribed muscular
lesion occurring in sprue, with notes of
a case of peculiar (? myopathic) muscu-
lar atrophy in which somewhat similar
changes were present. Quart. J. Med.,
1:1, 1907-08.

Stowens, D.: Personal communication.

Young, ]J. M., Dinning, J. S., and Day,
P. L.: Metabolic interrelationships of
vitamins E and B,. Proc. Soc. Exper.
Biol. & Med., 89:216, 1955.

Darby, W. J.: Some considerations per-
taining to the proper use of supplemen-
tary vitamins. J. Chronic Dis., 6:178,
1957.

Blanc, W. A.: Discussion: Studies of to-
copherol deficiency in patients with
cystic fibrosis of the pancreas and bili
atresia (abstract). Am. ]. Dis. Child.,
92:491, 1956.

Hopkins Hosp.,

LABORATORY D1aGNOsIs OF CONGENITAL GALACTOSAEMIA AT BIRTH, B. Schwarz et al.

(Lancet, 1:24, January 4, 1958.)

Although it is impractical to a}c)lply the test described in this report to all newborn
i

infants in order to detect spora

c cases of galactosaemia, it would be useful to

employ it with newborn infants born into families known to be afflicted with this
disorder. The test is based on determination of the enzymic activity which is respon-
sible for normal metabolism of galactose-1-phosphate. Individuals who develop
galactosaemia are deficient in this enzyme in the erythrocytes. Blood is obtained from

the umbilical cord of the newborn infant and the e

rythrocytes are incubated in a

system containing e(§alactose. In the erythrocytes of individuals who would develop

galactosaemia if f

the lactose in milk, incubation of the erythrocytes with galactose

leads to accumulation of galactose-1-phosphate in the cells. Details of the method
are provided and its application to diagnosis of galactosaemia in a newborn is de-
scribed. With this information in hand a galactose-free diet can be prescribed and
the damaging effect of extraneous galactose avoided.
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