
A DEFECTIN THE METABOLISMOF TYROSINEANDPHENYLAL.--
ANINE IN PREMATUREINFANTS. II. SPONTANEOUS
OCCURRENCEANDERADICATION BY VITAMIN C 1, 2

By S. Z. LEVINE, HARRYH. GORDONAND ELEANORMARPLES
(From the New York Hospital and the Department of Pediatrics, Cornell University

Medical College, New York City)

(Received for publication October 24, 1940)

In the preceding paper (1) an account was
given of an aberration in the metabolism of tyro-
sine and phenylalanine in premature infants char-
acterized by the urinary excretion of 1-p-hydroxy-
phenyllactic and p-hydroxyphenylpyruvic acids.
Data on the isolation, identification and properties
of these intermediary metabolites and the chemical
methods employed for their quantitative assay
were presented. Earlier studies (2) had shown
an irregular exhibition of the defect in premature
infants fed high protein diets and this finding, to-
gether with observed variations in the magnitude
and duration of excretion of abnormal metabolites
in infants receiving equivalent protein intakes,
pointed to the importance of other dietary factors
besides the level of ingested protein. Later stud-
ies (3) demonstrated the curative properties of
vitamin C.

This paper presents data which establish the
following facts: (1) the prevalence and persist-
ence of the defect in premature infants fed high
protein diets (5 grams or more per kgm.) devoid
of vitamin C; (2) its absence in full term infants
receiving similar diets; (3) its production in the
latter infants by feeding the pure amino acids,
1-tyrosine or d,1-phenylalanine; (4) the speci-
ficity of vitamin C in preventing and eradicating
the defect.

METHODS

Subjects. Thirteen healthy male premature infants
ranging in age from 6 to 31 days, and weighing from
1.49 to 2.22 kgm. at the start of observations, were
studied on diets of vitamin C-free cow's milk throughout
periods of from 4 to 69 days for a total of 378 days.
The infants resided in a constant temperature and hu-
midity room and were under the supervision of 4 spe-

1 Presented in part at the meeting of the American
Pediatric Society at Skytop, Pa., on May 3, 1940.

2 Assistance in this work was given by the Children's
Bureau, United States Department of Labor.

cially trained nurses whose sole duties consisted of the
preparation of the diets, collection of the urine and
general care of the infants. Only one or occasionally 2
infants were observed at one time.

Twelve male full term infants ranging in age from 9
to 195 days, and weighing from 2.78 to 6.88 kgm. at the
start of observations, were studied on similar diets in
periods of from 1 to 28 days for a total of 83 days. The
infants had completely recovered from the conditions for
which they had been admitted to the hospital (respira-
tory infection, bronchopneumonia, hemorrhagic disease of
the newborn, malnutrition, hypertrophic pyloric stenosis),
and they were thriving during the periods of observation.
Two of the full term infants who were studied on the
basal diets of cow's milk were also studied following the
ingestion of phenylalanine or tyrosine.

Diets. The basal diets consisted of dilutions of cow's
milk supplemented with dextrimaltose or cane sugar.
The total fluid and caloric intakes averaged 150 cc. and
120 calories per kgm. per 24 hours and were adequate
to permit satisfactory weight gains. Protein supplied
from 15 to 20 per cent,3 butter fat or olive oil (olac)
from 20 to 40 per cent, and carbohydrate the remaining
40 to 60 per cent of the calories. Twenty drops of a
vitamin A and D concentrate (percomorph oil) were
given daily. No vitamin C was added to the diets and
analyses of the milk preparations showed the absence
of ascorbic acid (4). Foreperiods of constant diet of at
least 3, and usually many more days, preceded the onset
of observations.

Supplements. The effect of vitamin C on the excre-
tion of hydroxyphenyl compounds was determined in 10
premature and 2 full term infants, none of whom had
previously received vitamin C in their diets. After the
abnormal metabolites had appeared in the urine and
were present in large amounts, vitamin C was given by
mouth or parenterally in daily amounts ranging from 10
to 500 mgm. 1-ascorbic acid to the point of eradication
of these substances from the urine. Besides these studies

3 Aliquot samples of the pooled milks were analyzed
for nitrogen (Kjeldahl). The protein intake (nitrogen
X 625) approximated 5 to 6 grams per kgm. per 24
hours and the calculated content of phenylalanine plus
tyrosine (expressed as tyrosine) (1) averaged 500 mgm.
per kgm. The following preparations of cow's milk
were used: powdered whole milk, powdered half-skimmed
milk (alacta), olac and half-skimmed olac.

209



S. Z. LEVINE, HARRYH. GORDON, AND ELEANORMARPLES

of the therapeutic action of vitamin C, its prophylactic
effect was also noted in an additional 11 premature and
4 full term infants by the inclusion in their basal diets
of supplements of vitamin C (10 or 20 mgm. 1-ascorbic
acid daily) for a varying number of days prior to
observations.

In order to demonstrate the specificity of the curative
properties of vitamin C, a number of infants who were
excreting large amounts of hydroxyphenyl compounds
during foreperiods of basal diets of cow's milk were
given the following supplements, either singly or in
combination and in high dosage: d-isoascorbic acid,
thiamine, nicotinic acid, riboflavin, pyridoxine (vitamin
B.), vitamin H (biotin), pantothenic acid, choline chlo-
ride, liver extract, yeast powder, rice polishings, a-
tocopherol and adrenal cortical extract (cortate).4

Urine. A detailed description of the method for col-
lecting urine separately from feces in premature infants
was given in previous papers (5). Urine was collected
quantitatively from all of the infants throughout obser-
vations and analyzed at the end of each 24-hour period
for the normal urinary constituents listed in the preced-
ing paper (1), for total hydroxyphenyl compounds (tyro-
sine, p-hydroxyphenyllactic and p-hydroxyphenylpyruvic
acids, expressed as tyrosine) (6, 7), and for the keto
acid alone (p-hydroxyphenylpyruvic acid) (7) by the
methods there outlined. The difference between the total
tyrosine equivalent and the keto acid afforded a quanti-
tative estimate of p-hydroxyphenyllactic acid (1).

Blood. Determinations of plasma ascorbic acid were
made in a number of the infants5 by the method of
Mindlin and Butler (8). Roentgenograms of the long
bones were taken at frequent intervals on 10 premature
infants receiving the basal diets devoid of vitamin C.

RESULTS

Spontaneous excretion of hydroxyphenyl com-
pounds by premature infants fed vitamin C-free
cow's milk and the effect of vitamin C. In Table
I, the urinary excretion of total hydroxyphenyl
compounds (expressed as tyrosine) and of p-
hydroxyphenylpyruvic acid is presented for 13
premature infants receiving basal diets of vitamin
C-free cow's milk, containing, with one exception
(F. J. L.), from 700 to 900 mgm. of nitrogen
per kgm. per day (4.4 to 5.6 grams of protein).
All of the infants had been observed since birth
and at no time prior to the onset of observations

4The authors wish to thank Drs. R. R. Sealock, P.
Gyorgy, V. du Vigneaud, C. P. Rhoads, Mead Johnson
Co., the Merck Chemical Co. and Eli Lilly and Co. for
supplying generous amounts of one or more of these
products.

5 The authors are indebted to Drs. M. Dann and W. R.
C. Golden for these determinations.

had they received vitamin C either as supplements
or in their previous diets of heated human or
cow's milk (4). The periods of study on the
basal diets extended from 2 to 61 days in indi-
vidual infants, but to conserve space the table is
arranged to show only the results obtained on the
initial and final days of urinary collections. Fol-
lowing these basal periods, 1-ascorbic acid was
administered to 9 of the infants and the results
are also shown in Table I.

The initial specimens of urine collected at ages
ranging from 6 to 31 days contained total hy-
droxyphenyl derivatives equivalent to from 223 to
698 mgm. of tyrosine per day in all except 3 in-
fants (H. A., F. J. L. and F. L.). The level of
excretion in 2 of these infants was insignificant
on the first day of observation (aged 19 and 22
days) but after 5 and 8 days, respectively, their
excretion rate had attained notable proportions.
In the remaining infant (F. L.) the output re-
mained insignificant during a 5-day period of ob-
servation (10 to 14 days of age). It is possible
that intermediary metabolites might have appeared
had the observation been prolonged.

In all 12 infants who excreted hydroxyphenyl
compounds, the excretion persisted at high levels
for as long as observations were continued on the
vitamin C-free diets of cow's milk. In one infant
(J. S.) it extended to 78 days of age; on this day
he excreted 929 mgm. of tyrosine. The range
of output in the remaining 11 infants varied from
291 to 1327 mgm. in the final specimens of urine
collected on the 12th to the 53rd day of life. The
body weight of 6 of the 12 infants at the termina-
tion of these basal observations had reached levels
well in excess of 2.5 kgm., the birth weight cus-
tomarily used to differentiate full term from pre-
mature infants.

The output of p-hydroxyphenylpyruvic acid
ranged from 36 to 175 mgm. per day in the initial
specimens of urine in 10 of the infants and
reached levels as high as 444 mgm. in the final
specimens (J. S.). The excretion of keto acids
for individual infants comprised from 15 to 34
per cent of the total hydroxyphenyl compounds,
the remaining 66 to 85 per cent being almost en-
tirely p-hydroxyphenyllactic acid (1).

Effect of vitamin C. The parenteral or oral
administration to 9 infants of vitamin C in single
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TABLE I

Spontaneous excretion of hydroxyphenyl derivatives by premature infants fed vitamin C-free milk. Effect of vitamin C

Diet Urine Diet Urine

Total PlsaTotal Pam

AgSegtubso-hdrx-pH- ascor- Sub- AeWihhYdroxy- p-Hy- ascor-
ject* Age Weight I-As,llor- i5phenyl droxy- bic ject* NieWeight roge -An cohew droy bicNitrogen bic corn- Phenyl1- acidNirgn bc omphenyldry- bcic

intake lcd ponsprv intake bcd pheyl-aciacd xpounsds yui acidtexpressed Pyruvic
as as acid

tyrosine tyrosine
mgm. per mgm. mgm. per mgm.

days kgm. kgm. per mgm. mgm. per 24 hours per days kgm. kgm. per mgm. mgm. per 24 hours per
24 hours 100 cc. 24 hours 100 cc.

P. J. A. 6 2.00 752 223 36 J. S. 17 2.08 738 434 89 0
38 3.02 903 953 145 78 3.96 787 929 444

39-41 500 79-80 100
40 3.18 857 67 33 81 4.00 779 68 25 0
41 3.23 844 33 15

J. C. 8 2.20 839 562 112
H. C. A. 6 1.80 809 244 39 47 3.48 806 1327 377

46 3.09 827 1067 142 0 48-53 95
47-49 500 54 3.76 837 1258 160 0.3

48 3.20 798 38 6 54-55 50
49 3.24 788 32 6 0.3 56 3.78 832 294 120 0.3

56 25
M. P. 11 1.98 898 525 94 57 3.88 811 38 14 0.3

.12 1.99 893 627 80
13-14 150 T. R. 21 2.16 918 698 175

15 2.05 868 * 30 3 46 2.96 901 1159 351
16 2.10 845 24 Trace 0.1 47 50011

47 3.00 889 907 152
R. M. G. 18 1.78 925 319 85 48 3.01 886 920 152 0

21 1.88 875 477 132 0 49 3.04 878 1126 157
22-25 150 50 3.03 880 1120 143

26 2.10 784 36 5 0.1 51 500
38 2.54 814 714 114 51 3.04 878 9371 146138-39 400 123 1001
39 2.62 791 38 6 52 3.04 878 47 9 0.1

R. A. G. 18 1.97 876 606 146 0 W. B. 19 1.92 700 425 131
20 2.04 846 534 136 24¶ 2.00 672 368 132
21 100
22 2.11 818 48 8 H. A. 19 1.49 642 54 8
30 2.44 779 612 185 0 24 1.60 855 462 81
31 200 29 1.76 887 413 87
32 2.52 753 340 120 0.3
33 200 F. J. L. 22 1.69 486 21 3
34 2.64 719 40 8 30 2.00 616 149 32

33 2.11 584 291 61
L. K. 31 1.82 932 437 103

53 2.70 801 744 101 F. L. 10 2.22 693 16 4
54 275t 14 2.49 742 32 6 0
55 2.84 880 28 Trace 0.1

* Data on the first 5 subjects were presented in a previous communication (3).
t I-Ascorbic acid was given hypodermically in all infants except T. R. and J. C. in whom it was given orally.
t Two hundred mgm. I-ascorbic acid were given hypodermically; 75 mgm. orally.
g Twelve-hour periods.

d-Isoascorbic acid.
¶ Vitamin C given at a later date caused the disappearance of hydroxyphenyl compounds.

or divided doses totaling 100 to 500 mgm. 1-
ascorbic acid resulted without exception in the
prompt eradication of abnormal metabolites from
the urine. In 2 infants (R. M. G. and R. A. G.)
the cycle of appearance of urinary hydroxyphenyl
derivatives with omission of vitamin C, and dis-
appearance with its resumption, was demonstrated
on two occasions. In another infaht (J. C.), the
oral administration of 95 mgm. of 1-ascorbic acid
in the course of 6 days was without demonstrable
effect but continued administration of an addi-
tional 75 mgm. on the 3 succeeding days resulted

in the customary suppression of abnormal urinary
metabolites."

The oral administration of 500 mgm. of iso-
meric d-isoascorbic acid to one infant (T. R.)
was accompanied by a transient decrease of ap-
proximately 20 per cent in the excretion of hy-

6 The prophylactic action of vitamin C was also dem-
onstrated in a group of 11 premature infants whose basal
diets of heated cow's milk had been supplemented by a
total of at least 70 mgm. 1-ascorbic acid prior to ob-
servations. In 7, the spontaneous excretion of hydroxy-
phenyl compounds was entirely prevented by the prior
administration of 70 to 100 mgm.
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TABLE II

Excretion of hydroxyphenyl derivatives by full term infants fed vitamin C-free cow's milk

Urine

Total
Subject Age Weight Nitrogen hydroxy- PlasmaSubjectAe Weight intake phenyl p-Hydroxy- ascorbic Remarks

corn- phenyl- acid
pounds pyruvicexpressed acid

as
tyrosine

mgm. per mgm.
days kgm. kgm. per mgm. per 24 hours per

24 hours 100 cc.
W. Br. 9 3.59 819 15 Trace 0.1 Hemorrhagic disease of the newborn.
M. S. 13 4.94 865 39 19 Hemorrhagic disease of the newborn.
B. B. 16 3.70 869 12 13 Hemorrhagic disease of the newborn.
B. L. 21 3.16 812 72 20 0.1 Birth injury.
G. T. 27 4.30 851 17 6 Cleft palate.
R. J. 30 2.78 1066 24 Trace Feeding problem.*
J. R. 36 3.71 876 24 7 Staphylococcus sepsis; bronchopneumonia.
P. K. 42 3.86 868 14 4 0.1 Pyloric stenosis, postoperative.
B. C. 58 4.30 955 19 2 Conjunctivitis.
V. P. 143 6.88 820 24 5 0.1 Bronchopneumonia.
V. D. 195 5.38 826 48 9 0.1 Malnutrition; respiratory infection.
J. 0. 36 3.42 900 1171 350 0 Feeding problem; convulsions.

51 3.90 903 1450 449
500 mgm. I-asc rbic acid 'orally

53 4.00 881 45 1 7 0.3

* On this day the infant received I-ascorbic acid (20 mgm.) for the first time.

droxyphenyl compounds, with a return to the
foreperiod level on the 3rd day following treat-
ment (over 1100 mgm. in 24 hours). Five days
later, an equal oral dose of 1-ascorbic acid abol-
ished the excretion of these substances within 48
hours. The minimal effect of d-isoascorbic acid
on the metabolism of aromatic amino acids (9) is
commensurate with its recognized lesser antiscor-
butic potency (10).

Ascorbic acid was not detectable in the blood
plasma of 6 infants in the vitamin C-deficient pe-
riods, and in 5, correction of the metabolic error
by the vitamin was not accompanied by appreci-
able elevations of the plasma levels which re-
mained at 0 to 0.1 mgm. per 100 cc. even after
100 mgm. or more of 1-ascorbic acid had been
given. The rise in the ascorbic acid content of
the plasma of 3 other infants following adminis-
tration of the vitamin did not exceed 0.3 mgm. per
100 cc. The complete absence or slight elevation
of the ascorbic acid content of the blood plasma
in the face of repair of the defect in cellular
metabolism is in accord with published data (11)
stating that replenishment of intracellular stores
precedes and is not necessarily reflected in the
plasma levels.

Roentgenograms of the long bones of 10 in-
fants were, as might have been expected from
their ages (12), essentially negative. It is well
known, however, that a prolonged period may
intervene between histological manifestations of
scurvy and perceptible roentgenographic changes
(13).

Absence of spontaneous excretion of hydroxy-
phenyl compounds by full term infants. In Ta-
ble II are presented the results obtained in a
group of 12 full term infants ranging from 9 to
195 days of age who were fed cow's milk mix-
tures devoid of vitamin C, and with a protein in-
take (5.1 to 6.6 grams per kgm. per day) com-
parable to that of the premature infants. None
of these infants had previously received vitamin C
in their diets or as supplements, with one excep-
tion (V. P.) who had been breast-fed until his
admission to the hospital for bronchopneumonia
3 weeks prior to observation. In contrast to the
results obtained in premature infants, 11 of the
12 subjects excreted insignificant amounts of hy-
droxyphenyl derivatives.7

7 The single infant (J. 0.) who excreted large amounts
of aromatic metabolites was classified as a full term in-
f ant because his birth weight of 2530 grams exceeded
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The ability of full term infants and the failure
of premature infants to metabolize aromatic amino
acids completely under similar conditions of diet
cannot be fully explained at present, but two possi-
bilities may be mentioned. One presupposes a
more complete development with full fetal matura-
tion of the enzyme systems involved in the break-
down of these amino acids analogous to the dif-
ferential rate of fetal development of the chain
of enzymes concerned with the metabolism of
purines ( 14) and other substances. The per-
sistent failure of hydroxyphenyl compounds to
appear in significant amounts in the urine of one
full term infant of 6% months (V. D.) who, ac-
cording to his history, had been on a vitamin C-
deficient diet from birth and who presumably was
in an extreme state of vitamin C desaturation
(1lb), and the prompt eradication of these sub-
stances from the urine of another full term infant
(G. T., Table V) by the administration of a
vitamin C-free liver extract, suggest that full
fetal maturity may bring with it a factor or fac-
tors, not solely dependent on vitamin C, capable
of completing the degradation of aromatic amino
acids. The failure of vitamin C to suppress the
urinary excretion of the aromatic amino acid
metabolites, homogentisic acid and phenylpyruvic
acid in the inborn anomalies, alkaptonuria (15)
and phenylpyruvic oligophrenia (16), has already
been established.

The second, and perhaps more likely possibility,
presupposes quantitative differences in the body
stores of vitamin C in premature and full term
infants. This concept is supported both by anal-
ogy to the known differences in body storage of
calcium and other substances in fetuses of differ-
ent ages (17) and by direct evidence. Tissue
analyses (18) have shown that the ascorbic acid
content of the livers of premature infants at or
shortly after birth is lower than that of full term
infants under similar conditions of maternal diet.
Tolerance tests indicate that young premature in-
fants excrete only 10 to 15 per cent of a test dose

the standard of 2500 grams (5% lbs.) statistically used
to divide premature from full term infants. His history
stated, however, that " he was born 2 to 3 weeks before
term and required incubator care." The oral adminis-
tration of 500 mgm. 1-ascorbic acid to this infant on
the 52nd day of life promptly abolished the urinary ex-
cretion of intermediary metabolites (Table II).

of vitamin C in 24 hours (19) in contrast to 28
per cent excreted by full term infants following
an equivalent dosage (20). The absence of hy-
droxyphenyl derivatives in the initial urine speci-
mens of some premature infants (Table I), and
their subsequent appearance with no change in
diet, may be explained on the basis of progressive
depletion of the vitamin C stores of the body.
Furthermore, the excretion of these metabolites
persisted in all of the premature infants for as
long as they were observed; in one infant up to
78 days of age and 4.0 kgm. in weight. If one
makes the reasonable assumption that, at this late
age the enzyme systems of this premature infant
had attained a stage of development commensurate
with that of an infant born at term, the persistence
of the defect indicates the fundamental position
of vitamin C in completing the oxidation of aro-
matic amino acids in these infants.

Effect of ingestion of tyrosine and phenylalanine
by full term infants. Since the ingestion of single
doses of phenylalanine and tyrosine always in-
creased the excretion of hydroxyphenyl com-
pounds in premature infants on vitamin C-free
diets of cow's milk (1), the effect of these amino
acids was determined in 2 of the full term infants
previously studied (Table II) under similar diet-
ary conditions.

Both infants responded to ingestion of the
amino acids (1.0 gram per kgm.) by a prompt
and persistent rise in excretion of hydroxyphenyl
compounds. Maximum levels of 1050 and 1750
mgm. were attained on the 7th and 12th days fol-
lowing ingestion, the maximal levels for p-
hydroxyphenylpyruvic acid being 460 and 528
mgm. on the 4th and 6th days, respectively. In
infant J. R., these substances were still present
in large amounts (1343 and 353 mgm.) 18 days
after the feeding. The ingestion by these 2 in-
fants of a single dose of 1.0 gram of tyrosine or
phenylalanine per kgm. was apparently sufficient
to disrupt the enzymatic mechanisms responsible
for complete oxidation of aromatic amino acids
and to initiate a persistent change in their cellular
metabolism, whereas the daily ingestion of slowly
absorbed, divided doses of one-half this amount
(0.5 gram per kgm. as components of the protein
of the basal diet of cow's milk (1)) did not flood
the cells to the point of precipitating the defect in
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TABLE III

Effect of ingestion of tyrosine and phenykilanine on excretion
of hydroxyphenyl derivatives in ful term infants

Urine

Subject Age Weight Nitrogen TotalSubjecAge eight intake hydroxy- p-Hydroxy-
compounds pyruvic

expressed as acid
tyrosine.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

mgm. per
days kgm. kgm. per mgm. per 24 hours

24 hours
G. T. 27 4.30 851 17 6

28 4.42 828 18 7
4.3 grams l-tyrosine

29 4.4f 907 309 198
30 4.48 817 742 407
31 4.50 806 932 432
32 4.54 806 1022 460
35 4.60 796 1050 290

J. R. 36 3.71 876 24 7
39 3.70 878 22 9

3.4 grams d,l-phenylalanine
40 3.76 940 762 406
41 3.82 851 1636 593
42 3.80 855 1512 472
45 4.02 926 1741 528
51 4.10 918 1750 419
57 4.21 894 1343 353

500 mgm. I-ascorbic acid orally
60 4.30 875 361 68
61 4.30 875 16 3

these subjects. As previously mentioned (Table
I), the latter dosage as components of cow's milk
protein consistently provoked the defect in pre-

mature infants.
The oral administration of 500 mgm. of 1-

ascorbic acid to one of the full term infants (J.
R.) was as effective in eradicating the artificially
produced defect as in abolishing the spontaneous
excretion by premature infants. In addition to
this therapeutic effect, the prophylactic action of
vitamin C on the artificially induced defect was

demonstrated in 4 other full term infants. The
prior inclusion of from 70 to 450 mgm. 1-ascorbic
acid in their basal diet prevented the rise in excre-

tion of abnormal metabolites following ingestion
of phenylalanine or tyrosine in dosages of from
0.5 to 1.0 gram per kgm. in 5 of 6 observations.
In the one infant in whom70 mgm. ascorbic acid
failed to prevent the rise in excretion resulting
from the ingestion of the aromatic amino acid, the
administration of an additional 80 mgm. proved
an effective preventive in a second feeding obser-
vation with the amino acid.

Specificity of vitamin C. In order to establish
the specific role of vitamin C in completing the
oxidation of aromatic amino acids, a large num-
ber of other substances were administered to a
number of premature infants receiving vitamin
C-free diets of cow's milk. Such studies seemed
particularly indicated since Closs and Falling (21)
had demonstrated an increased excretion of
phenylpyruvic acid in thiamine-deficient rats fol-
lowing injection of phenylalanine.

No diminution in the urinary excretion of hy-
droxyphenyl derivatives followed administration
of the substances as listed: thiamine chloride, 20
mgm. hypodermically on each of 4 days to 2 in-
fants, and 10 mgm. daily by moutht for 3 days
to one infant; riboflavin, 1 mgm. hypodermically
for 3 days to one infant; nicotinic acid, 60, 40 and
20 mgm. hypodermically on each of 3 days to one
infant; pyridoxine (vitamin B6), 20 mgm. by
mouth daily for 3 days followed by 10 mgm. daily
in combination with 2 cc. of vitamin H parenter-
ally for 4 more days to one infant; adrenal cortex
(cortate), 5 mgm. daily for 3 days to one infant,
and a-tocopherol, 25, 50, and 25 mgm. hypoder-
mically on each of 3 days to one infant. One in-
fant was fed vitamin B-complex in the form of
rice polishings, a yeast preparation and a crude
liver extract in 3 successive periods of 4 days each
without effect.8

In Table IV the lack of effect in one infant of
various fractions of the vitamin B complex when
given serially is demonstrated. This infant was
studied throughout a prolonged period of 66 days
(from 17 to 83 days of age), for the first 61 days
of which he received the customary diet of vita-
min C-free cow's milk supplemented with ade-
quate amounts of vitamins A and D.

Thiamine chloride, riboflavin, nicotinic acid,
pyridoxine (B.), choline chloride, vitamin H and
pantothenic acid administered in large amounts
in summation from the 19th to the 58th day of
age produced no consistent change in excretion
of aromatic metabolites, their output showing a
progressively higher trend with increasing age.

8 The daily dosage of these preparations-S grams of
ryzamin (Burroughs-Wellcome), 3 grams of powdered
yeast (International Vitamin Corporation) and 6 cc. of
liver extract (Lederle B-complex)--each supplied ap-
proximately 2 mgm. of thiamine chloride as well as vary-
ing amounts of other fractions of the B complex.
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The subsequent feeding, between the 63rd and
74th day, of a concentrated crude liver extract
(a total of 8 cc. in 5 days) and the injection of
such an extract fortified with thiamine and ribo-
flavin (7 cc. in 4 days) also yielded equivocal re-

sults. Daily fluctuations in excretion notably ex-

ceeded those observed in other infants but they
could not be definitely related to the administra-
tion of the various supplements.9 The injection

9 Attention is called to the somewhat lower rate of
excretion between the 49th and 58th days (following the
addition of pantothenic acid-Merck-to the other com-

ponents of the B complex) and also between the 64th
and 67th days (during the administration of crude liver
extract-Lederle B-complex) and to the higher excretion
rate on the last (62nd) day of the intervening 4-day
control period of basal diet without extra supplements.
The significance of these variations is not clear because
of the large day-to-day fluctuations.

of relatively small amounts of 1-ascorbic acid (50
mgm. on the 79th day and 25 mgm. on the 80th
and 81st day) caused the customary but unex-

pectedly prompt decrease in the excretion of hy-
droxyphenyl derivatives in view of the degree of
vitamin C deficiency which must have been present
in an infant of this age who had never received
the vitamin.

Effect of liver extract. In addition to the
aforementioned observations with the different
components of the vitamin B-complex given singly
and in combination, the effect of parenteral ad-
ministration of a concentrated crude liver extract
fortified with thiamine and riboflavin 10 was stud-
ied in one full term and 3 additional premature
infants.

10 Liver extract E-795 (Eli Lilly and Co.).

TABLE IV

Effect of administration of vitamin B on the excretion of hydroxyphenyl derivatives*

Medicationt

Crude Total P-Hydroxy-
Age | Tlgiaz S t; | ; S >\liver hydroxyphenyl phenyl-Age Nico- ~~~~~~~~~~Panto- Crude extract exmpressdas pyfliviCThia- Ribo- tii s

Choline H thenic liver plus typrodsine
mine flavin acdCl acid extract thiamine acidin

and
riboflavin

days mgm. mgm. mgm. mgm. mgm. per mgn. C cc. mgm. per mgm. per
kgm. CC g. C. C. 24 hours 24 hours

17 434 89
18 393 86
19 7.5 462 99
20 17.5
21 5.0 572 122
22 5.0 657 147
23 5.0 2.0
24 5.0 2.0 586 115
25 5.0 2.0 625 123
26 5.0 2.0 10
27 5.0 2.0 10
28 5.0 2.0 10 679 127
29 5.0 2.0 10 695 135
30 5.0 2.0 10 10
31 5.0 2.0 10 10
32 5.0 2.0 10 10 798 153
33 5.0 2.0 10 10 786 163
34 5.0 2.0 10 10 0.5
35 5.0 2.0 10 10 0.5
36 5.0 2.0 10 10 0.5 818 155
37 5.0 2.0 10 10 0.5 840 166
38 5.0 2.0 10 10 0.5
39 5.0 2.0 10 10 0.5
40 5.0 2.0 10 10 0.5 975 187
41 5.0 2.0 10 10 0.5 2.0 10 901 163
42 5.0 2.0 10 10 0.5 741 126

* Infant J. S. Weight 2.06 kgm. at onset of observations and 4.00 kgm. at end. The basal diet consisted of a
cow's milk mixture containing an average nitrogen intake of 739 mgm. per kgm. per day with added supplements of
vitamins A (28,000 international units) and.D (4000 international units).

t All substances were given by mouth except factor H, pantothenic acid and crude liver extract fortified with thiamine
and riboflavin which were administered hypodermically.
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TABLE iv-Continued

Medicationt

Age ~~~~~~~~~~~~~~~~~~~~~~~CrudeTotal pHdoy

liver cydomypounds pyruvlc
Thi-eRbO Nico- Panto- Crude extract exmpressdas acidviAgeThia- Ribo- N¢tinic B6 Choline H thenic liver Plus expressedas ac

mineflavinacid ci ~~~~acid extract thiamine trsn

and
riboflavin

days mgm. mgm. mgm. mgm. mgm. per mgm. per mgm. per
days55 gm. mgm. mgm. mgm. kgm. cc. mgm. CC.10 24 hours 24 hours
43 5.0 2.0 10 10 0.5 880 175
44 868 169
47 842 188
48 875 189
49 10 822 204
50 10 850 241
51 10 748 197
52 10
53 10 773 222
54 10 789 255
55 5.0 2.0 10 10 0.5 10 770 248
56 5.0 2.0 10 10 0.5 10 816 288
57 5.0 2.0 10 10 0.5 4.0 10 774 262
58 5.0 2.0 10 10 4.0 10 666 228
62 1132 322

*63 2
64 2 654 165
65 2 932 233
66 1 930 236
67 1 866 226
68 1040 284
69 992 273
70 962 311
71 2
72 2 1206 398
73 2 864 310
74 1 1022 380
75
76 909 337
77
78 I.929 444

81 ~~~~~~~I-Ascorbic acid-100 migm. by hypodermic682
83 51 23

In 2 of the premature infants, J. S. (Table IV)
and L. K., treatment with 7 and 8 cc. of the liver
extract (1 or 2 cc. daily) was entirely without
effect on the excretion of aromatic metabolites; in
another infant (W. B.) treatment with the same
extract (2 cc. daily for 3 days) produced a mod-
erate decrease in the daily output of these sub-
stances from 368 to 270 mgm., a decline of ap-
proximately 26 per cent." The fourth premature

11 On the day following the last injection of liver this
infant received 1 gram d-isoascorbic acid orally. The
abnormal metabolites completely disappeared from his
urine and their excretion remained negligible for as long
as 13 days thereafter when the observation was dis-
continued. Further studies on additional premature in-
fants are being undertaken to determine whether these
two agents are capable of exerting a synergistic effect

infant (T. R.) responded to the parenteral ad-
ministration of the extract (2 cc. daily for 3
days) with a transient but definite drop of ap-
proximately 40 per cent from the daily foreperiod
level of 764 mgm. to 456 mgm.

In contrast to the absent or moderate and
transient responses of premature infants to in-
jections of liver extract, one full term infant
(G. T.), in whom the defect had been provoked
by tyrosine ingestion, responded to comparable
treatment (a total of 6 cc. in 4 days) with a
prompt and persistent eradication of excretion of
hydroxyphenyl compounds. Further observations

on the metabolic defect in these subjects, since the action
of 0.5 gram d-isoascorbic acid alone (Table I) was only
transient and slight.
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TABLE V

Effect of the administration of liver extract on the
excretion of hydroxyphenyl derivatives

Urine UriDe

MO~~~~~A

Idavsla I "".'*'4hor I"dayl cc. I us.perlA4kowa
1iuTu33 ncAn PUTURNnVANT

L. L 46 888 188 T. R. 32 764 246
47 869 203 33 2 762 264
48 2 34 2 694 207
49 2 35 2 578 157
50 1 765 154 36 458 127
51 2 837 159 37 456 146
52 1 38 473 162
5 744 101 39 614 200

W.B. 22 39 131- _ _
23 409 129 LL INFANT
24 368 132
25 2 -_

27 2 37 120 G. T.t35 1050 29028 27067 36 2 974 26028 270 77 ~~37 2 646 173
38 1 356 90
39 1 50 9
40 26 5
41 25 5
48 41 12

* Crude liver extract fortified with thiamine and ribo-
flavin, given intramuscularly.

t Metabolic defect produced by ingestion of tyrosine on
29th day of life.

are at present being made on other full term in-
fants. If the potency of liver extract 12 in the lat-
ter is substantiated, it will illustrate another point
of difference between premature and full term
infants.

COMMENT

An aberration in the metabolism of aromatic
amino acids has been demonstrated in premature
infants who are fed relatively high protein diets
(5 grams or more per kgm. per day) in the form
of cow's milk without supplements of vitamin C.
This aberration is, as a rule, not spontaneously
demonstrable in full term infants on similar diets
but it may be artificially provoked in them by

12The liver extract which was used in these observa-
tions was tested and found to contain- no vitamin C.
Although reducing substances were present, the rate of
color development differed from that of the vitamin.
Furthermore, the manufacturer reported that the method
of processing the liver extract undoubtedly destroyed any
vitamin C originally present.

the feeding of d,l-phenylalanine or 1-tyrosine.
It consists in the inability of these subjects to oxi-
dize these aromatic amino acids beyond the or-
ganic acid stage and is manifested by the appear-
ance in their urine of the intermediary products,
p-hydroxyphenylpyruvic and 1-p-hydroxyphenyl-
lactic acids. The absence of other intermediary
metabolites (except phenylpyruvic acid following
the ingestion of phenylalanine) has been estab-
lished by appropriate tests. This metabolic defect
may be prevented or, when present, may be
promptly abolished by the administration of vita-
min C in adequate dosage. Its reversibility dif-
ferentiates it from the hereditary anomalies, al-
kaptonuria and phenylpyruvic oligophrenia, both
of which have been shown not to be remediable
by the administration of vitamin C (17, 18). The
spontaneous occurrence of the defect in the pre-
mature infant provides a good medium for the
study of the intermediary metabolism of aromatic
amino acids in the growing human organism.

The reported data indicate that the metabolic
error observed in infants is dependent on at least
three factors: (1) the level of protein (aromatic
amino acid) intake, (2) the degree of vitamin C
saturation of the tissues, and (3) the maturity of
the infant. The last factor may be solely a func-
tion of the second or it may be related in part to
a more complete development in the full term
infant of the enzyme systems involved in aro-
matic amino acid metabolism. The evidence fa-
voring these alternate concepts has already been
considered.

The reported observations do establish beyond
any doubt the key position of vitamin C in the
metabolism of aromatic amino acids in the grow-
ing human organism. If the metabolism of these
amino acids increases the vitamin C requirement
(9), their higher content in cow's milk may con-
tribute to the observed lower plasma levels of vita-
min C in infants on this feeding than in those fed
human milk (22) and to the increased incidence
of scurvy in infants fed cow's milk. This possi-
bility is at present being investigated. If substan-
tiated, it will supplement the explanation usually
offered for the above differences in the plasma
ascorbic acid of infants fed human and cow's
milk, namely, the difference in content of vitamin
C of the two diets.
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Demonstration of the fundamental importance
of vitamin C in aromatic amrino acid metabolism
suggests the possibility of employing the exhibi-
tion of the metabolic defect, either spontaneous
or induced, for the early detection of vitamin C
deficiency in premature and young infants. Al-
though the defect appeared in several infants as
early as the first week of life, the fact that a rela-
tively high intake of aromatic amino acids was
required for exhibition of the defect sharply limits
its usefulness as a test for vitamin C deficiency.
The evidence does indicate, on the other hand, that
exhibition of the defect represents an extreme
degree of vitamin C desaturation of the tissues
and that disappearance of abnormal urinary me-
tabolites, when previously present, may constitute
an early and sensitive sign of repair of intra-
cellular vitamin C deficiency. The prompt cor-
rection of the metabolic error following vitamin C
administration, in the absence of any appreciable
rise in the ascorbic acid level of the plasma, indi-
cates that the former effect is a much more deli-
cate indicator of such repair than changes in
blood plasma ascorbic acid levels.

The observations reported in this paper give
rise to a number of intriguing but as yet highly
conjectural questions. What is the relation, if
any, between the demonstrated defect in the me-
tabolism of tyrosine and phenylalanine and the
morphologic changes characteristic of vitamin C
deficiency, namely, improper formation of inter-
cellular substance and collagen (23) ? Since tyro-
sine is a precursor of both thyroxine and adren-
alin, may the presence of the defect in premature
infants contribute, under certain conditions, to
their instability of body temperature regulation?
Is the delicate transparency of the skin of pre-
mature infants related to improper utilization of
melanin, another product of tyrosine? Does the
observed increased excretion of aromatic organic
acids in premature infants fed cow's milk play a
r6le in their known tendency to develop severe
rickets? If so, this observation may explain, in
part at least, the frequently postulated importance
of vitamin C in the development of rickets. Many
more questions arise but they are all matters of
surmise at present and they must await further
study before meriting consideration.

SUMMARY

Premature infants. Premature infants fed
diets of vitamin C-free cow's milk containing 5
grams or more of protein per kgm. exhibited a
spontaneous defect in metabolism of aromatic
amino acids manifested by the excretion in their
urine of 1-p-hydroxyphenyllactic and p-hydroxy-
phenylpyruvic acids. This defect was noted as
early as the 6th day of life and persisted for as
long as vitamin C was withheld. The adminis-
tration of 1-ascorbic acid completely eradicated
the defect without necessarily raising the plasma
ascorbic acid levels. The administration of d-
isoascorbic acid had a transient and partial effect,
and the administration in large dosage, either sin-
gly or in combination, of thiamine, riboflavin, ni-
cotinic acid, vitamin B6, vitamin H, pantothenic
acid, choline chloride, a-tocopherol, adrenal corti-
cal extract, rice polishings, yeast powder and liver
extract (orally) was without effect. In one of 4
infants, a crude liver extract by injection resulted
in a transient but definite decrease in excretion of
hydroxyphenyl compounds.

Full term infants. Full term infants fed simi-
lar diets showed no spontaneous defect in their
metabolism of aromatic amino acids. The defect
was precipitated by the ingestion of a single dose
of 1.0 gram per kgm. of phenylalanine in one in-
fant and of tyrosine in another. The artificially
induced defect in these subjects was readily abol-
ished by the administration of 1-ascorbic acid and,
in one infant, by the parenteral administration of
whole liver extract.
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