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The first year (1937-38) the group undertook study of the state of
ascorbic acid nutrition of college women students. The procedure
adopted was (a) determinaticn of resting level of urinary ascorbic
acid on three succeeding days; (b) the reaction to a single dose of 600
mgs. ascorbic acid. Dietary records were requested of subjects for
one week prior to the test, also during the three days of urine collec-
tion. At the end of each 24-hour period ascorbic acid was determined
by titration with 2, 6-dichlorophenolindophenol. After the third day a
600-mg. test dose was given, the urine was collected during the fol-
lowing 24-hour period and titrated.

In the four cooperating institutions (Idaho did not participate this
first year) 170 three-day tests were made. Of this number only 16
showed an average output of less than 13 mgs. ascorbic acid per day,
the lowest level of excretion considered to indicate the minimum of
satsfactory intake. Slightly more than one-half of the subjects showed
a daily average output of less than 30 mgs. These were below the
normal standard of Harris, et al. By the Youman standard of tissue
saturation the majority of this group became saturated following the
600 mg. test dose, since only 7 percent of the group failed to return
more than the minimum 30 percent of the dose within 24 hours. If we
recognize the probability of three levels of recquirement (a) that which
is physiologically indispensible, (b) that which is adequate, and (c)
that which is optimal, the majority of the subjects were probably in-
gesting more than the physiological minimum but were not quite
reaching the adequate level.

This assumption is strengthened by the nature of the dietary
information collected the week prior to, and during the three-day col-
lection period. The main vitamin-C rich foods available locally at the
time, namely, citrus fruits, tomatoes, raw cabbage, and canned straw-
berries, were served an average of only seven times in the 10 days.
Use of other fruits and vegetables, both raw and cooked, averaged
about one each meal.

Average daily ascorbic acid output of the Utah subjects was more
variable than was true of subjects in the other cooperating states. The
explanation probably lies in the fact that the Utah group was less
homogeneous than the others in two respects, (a) distribution on the
basis of academic rating, and (b) type of residence. While Utah
students were somewhat unevenly distributed among the four classes,
with graduates forming the second largest group in point of number,
all Montana subjects and 88 percent of those from Washington were
freshmen; distribution of Oregon students was more like that of Utah.
Among Utah students ascorbic acid output increased with academic
class, freshmen averaged 22, sophcmores 48, juniors 51, seniors 97,
and graduates 113 mgs. daily.

On the basis of residence Utah students were distributed among
boarding houses, bachelor quarters, and homes in groups of three or
four at most, while group-living in dormitories or student cooperatives
was usual in the other states. Since the amount of vitamin excreted
in the urine is a direct reflection of the dietary intake (Nutr. Rev. 1:193
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Feb. 1943), the varied intake of students of different academic classes
and in different types of residences could well account for the wide
variation in resting levels of the Utah subjects.

Ascorbic Acid Determination by the Blood Plasma Method. With
development of micro methods for determining ascorbic acid in blood
plasma, many research laboratories adopted the blood plasma pro-
cedure largely to the exclusion of the more tedious urinary titration
method. It had also the advantage of fewer substances which reacted
with indophenol, thus complicating results. McLester (15) states a
widely accepted opinion to the effect that figures obtained from fast-
ing plasma are more dependable as an index of vitamin C nutrition
than an examination of 24-hour urine. In view of this opinion and be-
cause of the many difficulties encountered in the urinary analysis
procedure, the Northwest Nutrition Research Group adopted the
blood plasma method for its second cooperative study of ascorbic
acid metabolism. Both men and women students served as subjects.

Because ascorbic acid is not “stored” in the ordinary sense of the
word samples were at first taken before breakfast. Since student sub-
jects often traveled a mile or more in order to reach the laboratory
it was necessary to learn whether satisfactory samples could be taken
at times other than before breakfast. Todhunter, Robbins, and Mc-
Intosh (22) of the Washington Experiment Station, made tests of blood
plasma ascorbic acid concentration at intervals of one half hour fol-
lowing a breakfast containing no ascorbic acid and concluded that
such a breakfast did not affect concentration of ascorbic acid in the
blood. Nutrition workers at the Utah Station ran parallel tests on the
same subjects, one on fasting blood and one on blood taken within
one half hour after a breakfast of scrambled eggs and toast. The
correlation was 0.98. Thereafter samples were taken at the Utah lab-
oratory either before breakfast or within ohe-half hour after a break-
fast containing no ascorbic acid.

At the five cooperating institutions a total of 471 women students
and 342 men were given blood plasma tests. All four college years
were represented and a few graduates were included. Five types of
living quarters were recognized: (1) bachelor apartment, (2) dorm-
itory, (3) fraternity or sorority house, (4) home or boarding house,
and (5) student cooperative houses; the latter in all states except Utah.

Most authorities agree that a plasma concentration of 0.6 mg./100
ml. marks the lowest level of "safe” ascorbic acid matabolism. A
little less than one-fourth of the women subjects (24.4 percent) and
more than one-half of the men in this study (55.5 percent) were below
this level. The mean value for all women was 0.797+0.0123, precti-
cally 0.8, generally accepted as the lowest index of “satisfactory"
ascorbic acid nutrition. The average value for all men was 0.59%
0;014, just under the "safe’ average 0.6. One milligram per 100 mil-
liliters of blood plasma is accepted as the lowest figure indicating tis-
Sue saturation. Almost one-fourth (24 percent) of the women subjects
but only 7 percent of the men reached this figure. Conversely, only
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8 percent of the women and more than one-fourth of the men (27 per-
cent) were in a seriously low state of ascorbic acid nutrition, having
plasma concentrations less than 0.4 mgs./100 ml.

Wortis et al (25) reported six cases of clinical scurvy with blood
plasma ascorbic acid concentrations of 0.22 to 0.30 mgs. While a
considerable number of men in this study showed as low ascorbic
acid concentrations as did these scurvy cases no symptoms of frank
scurvy were in evidence. One young woman with a plasma ascorbic
acid level of 0.4]1 mgs. had badly inflamed gums, which began to heal
after two weeks' daily intake of 200 mgs. ascorbic acid.

Analysis of data on the basis of residence showed that women
living in student cooperative houses, in those states where they
existed, had a mean plasma ascorbic acid value significantly higher
than that of any other residence group. In Utah, women living at
home showed the best state of ascorbic acid nutrition. Other resi-
dence groups (considering all five institutions) were, in the order of
quality in ascorbic acid nutrition, homes, boarding houses, dormi-
tories, and sororities.

Men living in homes or boarding houses constituted the only
group of men having mean plasma ascorbic acid values significantly
higher than the mean for all men. The 104 Utah men were distributed
fairly evenly as to numbers in four residence groups. On the basis
of blood plasma ascorbic acid below the 0.6 mg./100 ml. level, men
living in fraternity houses showed the poorest state of nutrition, those
in boarding houses the best.

Grouped on the basis of academic class, freshmen and junior
women in all cooperating institutions had mean ascorbic acid values
lower than the mean for all women, though the mean for juniors was
only slightly lower. Sophomores and seniors had relatively high
values. More than one-half (58 percent) of the 151 Utah women were
freshmen and an additional 11 percent were juniors, which doubtless
accounts for their having an average level lower than was found for
the women of the other states. Senior men had higher mean ascorbic
acid values than did the other academic classes.

While in all cooperating institutions ascorbic acid levels of men
students were generally lower than those of women, the difference
was less marked in Utah than in the other states. Even here, how-
ever, the difference was significant. In one group of Utah students
consisting of 104 men and 102 women, distribution of blood plasma
levels showed one-tenth (10.5 percent) of the men and more than one-
fourth (28.4 percent) of the women at saturation level (1.0 or more
mg./100 ml); at the “satisfactory” level (between 0.8 and 1.0 mg.)
were 17.0 percent of the men and 21 percent of the women; at the
”safe” level (between 0.6 and 0.8 mq.) were grouped one-fifth of each:;
below the lower limit of “safe nutrition” (0:6 mg.) were one-half
(52.0 percent) of the men and slightly less than one-third(30.4 percent)
of the women.

Other factors which might be considered to cause differences in
plasma levels, such as season of the year and age, were submitted
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to analysis of variance but no difference other than that of sex was sig-
nificant. Other investigators have reported marked ascorbic acid
deficiencies in groups of young men. Borsook (4) reported 1,140
male aircraft workers in southern California, between 18 and 39 years
of age, more than one-half (52.4 percent) of whom showed plasma
ascorbic acid levels below 0.6 mg., and nearly three-fourths below
0.8 m. Manning (16) reported that 84.9 percent of 782 young men at
a National Youth Administration Work Center had plasma ascorbic
acid levels below 0.6 mg. If these young men are representative of their
population group the situation with respect to their ascorbic acid
nutrition may be serious from the standpoint of public health.

It was evident in each phase of these studies that marked dif-
ferences existed in individual metabolism of ascorbic acid, hence a
number of experiments on small groups was made in an attempt to
tind some of the factors responsible for this variation.

Gothlin (8) based his estimate of the human daily requirement
on intake per kilogram body weight. Goldsmith (10) mentioned
weight, exercise, and even obesity as possible factors. Belser et al
(8) found rough correspondence between basal metabolism and
amount of vitamin C required to maintain saturation.

At the Utah laboratory practically all students tested by either
of the chemical procedures were measured for height, weight, basal
metabolic rate, and blood pressure. Plotted against urinary output or
blood plasma ascorbic acid none of these factors showed significant
correlation. In one group of 85 men whose weight ranged from 115
to 230 pounds, a man weighing 120 pounds had the highest blood
plasma concentration and one weighing 200 pounds had the lowest.
In this group the highest average blood plasma ascorbic acid values
were found among men weighing 120 to 143 pounds. Men weighing
more had generally lower averages.

Since weight per se was not found to be associated with plasma
concentration of ascorbic acid, an index of body build involving both
weight and height was plotted against blood plasma ascorbic acid
values but no relationship appeared. Ascorbic acid is believed (15)
to act as an enzyme or coenzyme in the transport of hydrogen in the
body cells. It is possible, therefore, that if some figure representing
total amount of active tissue could be found such a value might be
correlated with ascorbic acid metabolism.

Finding the amount of ascorbic acid necessary to bring students
with low plasma concentrations to a state of tissue saturation was the
objective of several experiments. One such study at this station in-
cluded a group of 10 students, 5 of whom had blood plasma levels
below 0.4 mg./100 ml., the other 5 had values between 0.4 and 0.5;
all were given 200 mgs. ascorbic acid daily for 8 days. No change
Wwas made in their usual diet. At the end of the 8-day period all those
V}’ho began with a plasma level above 0.4 had reached tissue satura-
tion, (100 or more mqg./100 ml) none of the others had reached that
Point but concentrations had increased by 70 to more than 100 percent.

One young woman who showed marked vitamin C subnutrition
Was given ascorbic acid up to 300 mgs. daily and tested at two week
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intervals from January to June without satisfactory improvement. She
was sent to the college physician for examination and learned that
her tonsils were badly infected. A test made one month after removal
of tonsils showed a satisfactory vitamin C standard. Two other sim-
ilarly refractory subjects reacted normally after discontinuing use of
drugs, thyroxine in one instance, and aspirin in the other.

If we assume that tissue saturation is the desirable state of as-
corbic acid nutrition, then we must revise the usual recommendations
as to required intake. Ralli et gl (19) found that 100 mg. intake was
necessary to maintain saturation in adult subjects. In our own lab-
oratory we found two women students who, when brought to satura-
tion, required a daily intake of between one and two mgs. ascorbic
acid per pound of body weight to maintain that status. Belzer et al (3)
found that 70 to more than 100 mgs. ascorbic acid daily were required
by normal adults to maintain tissue saturation. The recommendation
of the National Research Council for maintaining normal nutrition is
75 mg. for men and 70 mg. for women. In view of the studies just
reported it may be questioned whether these amounts could be relied
upon to maintain saturation.

SUMMARY AND OUTLOOK

ATA have been presented to show that a year’s dietary re-

ported by farm families scattered widely over the state was
deficient in iron, in phosphorus, and in animal protein, owing to inade-
quate use of foods that could be readily supplied by the farm. The
same deficiencies existed in the dietaries of 891 elementary and 81
high school pupils; the vitamin content of the diet reported by a large
group of children was inadequate to prevent scurvy in guinea pigs and
to sustain normal growth of laboratory animals. Data presented ap-
pear also to warrant the assumption that the diet was inadequate to
promote maximal growth in children. Data obtained by two approved
chemical procedures have also been presented to show that large
numbers of college students were in a state of subnormal vitamin C
nutrition. Doubtless many students would recognize the symptoms
of subacute scurvy described by McLester (15) viz. listlessness, lack
of energy, both mental and physical, failure of appetite, irritability,
and pallor. “Fortunately for man,” he continues, “clinical experience
indicates clearly that between optimal health and frank scurvy there
is a wide borderline of deficiency.” Fortunately also, it is possible
to exist on low ascorbic acid metabolism for a long time before frank
scurvy appears. Crandon et al (5) report one case in which a man
showed a blood plasma concentration of zero for 93 days before the
appearance of clinical symptoms.

For the future, nuirition workers at this institution think that the
study of nutritional status of human beings should be extended
to groups other than those already studied, and to factors other
than vitamin C. Rapid progress has been made in connection
with determination of the other vitamins; according to Nutrition Re-
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views (Feb., 1943) the amount of vitamins, with the exception of vita-
min A, excreted in the urine is now a fairly direct reflection of the
serum content and of the dietary intake. A second line of investiga-
tion should include study, with human subjects, of the ascorbic acid
value of Utah fruits and vegetables. Looking into the future with the
faith inspired by the progress man has already made toward under-
standing his nutritional needs and their relation to his maximum well-
being and power to accomplish, one sees the falling of one after
another of the barriers that have retarded progress as new methods
of work and unheard-of equipment emerge. Significant trends are
seen. Supplementing dietary studies on human subjects, analysis
of urine and blood values, and recognition by clinicians of gross
lesions caused by nufritional deficiencies, we now have the biomicro-
scope by means of which the clinician can detect minor lesions in
living tissue, even as the pathologist is able to detect slight lesions
in postmortem tissue.
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