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ASCORBIC ACID ELIMINATION
3Y COLLEGE WOLIEN

Introduction

Vitamin C has long been known to be eseential for
human nutrition and has been identified as l-ascorbic
acid. Recently much work has besen done to develop
methods of determining the state of vitamin C nutrition
of an individual and to apply those methods in clinical
studies. ©Scattered results have been obtained indicating
the normsl excretion of ascorbic acid and the relation of
this to the state of vitamin C nutrition. EHowever, these
normal vslueg have been obtained on only comparatively
few persons and under few variations of conditione so
that adequate information is not as yet available to set
up absolute etandards. Further studies must be made in
order that there can be general clinical application of
the knowledge. College women, representing age and in-
come levels which have been little observed, form a de-
sirable group for study because of the general uniformity
of their living conditions and sge. The present study of
the urinary excretion of vitamin C by college women wase
planned to compare the values obtained for them with
those obtained for other persons and to indicate factors

which might influence the results.



Literature

Recent develovments in the chemicsl tests for
vitarin C date from its identification as l-ascorbic
acid by Waugh and King (48) and by Svirbley and Szent-
Gyorgyl (38). PFurther work confirmed the identity of
the vitamin as a derivative of a six-carbon sugar which
is easily oxidized to dehydroascorbic acid which is also
biologically active. The following configurations have

been accepted:

0 = C— 0=(’3
* 1
HO = C (H202) 0=C¢C
I o -2y | 9
HO — C p— 0 =C¢C
| +24 |
H — C- (H,S) 3—?
l -~
HO - C-H HO — ?-H
|
C H OH C H OH
2 2
l-ascorbic acid dehydroascorbic acid
{(vitamin C) (reversibly oxidized form)

Chemical tests for it were soon developed. Tillmans and
his associates (41) (42) (43) pointed out the close cor-
relation between vifwnin C biological assays on guinea

pigs and the titration values with dichlorophenolindophenol,
and develoned & test involvirng guantitative reduction of
this dye. Other methods of identification, all involving
oxidation-reduction reactione, have been developred and are

ueed with varying degrees of accuracy. Bezssonoff (36)



hae used M003P205(N03)1g3202)4 ae a reagent although
apparently it ie less specific for ascorbic acii than

the indophenol dyes. Tauber and Kleiner (39) use &
ferricysnide titration method. The test used by Martini
and Bonsignore (32) applies the reduction of methylene
blue. Medes (23) advocates phospho-18-tungstic acid.
Oxidation of iodine has been used by some workers although
it reacts with many other reducing substances. ZIrror is
introduced into &l11 of these methods because of the non-
specificity of the testing reagent but the methods have
been modified to decrease the error. Tauber and Kleiner
(40) have prepared an enzyme from hubbard sguash known

as ascorbic oxidase, which ie specific for saescorbic sacid
and they have dsveloped & quantitative method for using
it.

All of these methods ere based upon an oxidation-
reduction reaction and the most comnonly used reagent is
2-6 dichlorophenolindophenol. This dye is blue in neutral
or alkeline solution, red in ecid solution, and the
leucobase to which i1t ie reduced by ascorbic acid is
colorless. Therefore, when added to an acid medium
containing ascorbic acid the solution will rewain color-
leses until the acscorbic acid is used un. It will then

turn red because of the excess dye in the acid medium.



The reaction is shown by the following equation:
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The titration of ascorbic acid with 2-6 dichloro-
phenolindoohenol as developed by Tillmans and his co-
workers (41) (43) has been further modified by others to
make i1t practical for routine use and to make it more
epecific for ascorbic acid. B2irch, Harris, ard Ray (9)
were among the first to recognize the importance of
maintaining an acid mediumr while titrating. Acidity aids
in restricting the reaction with the dye of other sub-
stances such as glutathione and phenolic compounds.

Ahmed (5) and =Zmmerie and Van Eekelen (14) found that

trichloroacetic acid which had often been used does not



stablize the ascorbic acid well and in iteself reduces
the indicator more than acetic acid. In many substances
ascorbic acid is found as dehydroasecorbic acid or 1is
changed into thet form when prepared for determination.
For teesting these substances & method of reforming

ascorbic acid by trectment with H_S has teen developed by

2

Tillmans end coworkers (4Z2). Thie fact was substantiated

by Johnson (£6) and further developed by Zmmerie and Van

Zekelen (14). The disadvantage of thie method is that

it is rigorous, undoubtedly producing other chemicel

changes, and requires a long period of treatment.

Mercuric acetate may be used to precipitate interfering

substances such as cysteine, ergothionine, and thio-

sulphate, in a method developed by Van Eekelen and

Emmeri e and coworkers (13) (44) (46) (47). MNercuric

acetate treatment must be followed by st as it reversibly

oxidizes ascorbic acid to dehydroascorbic acid (14) (46).
Using dichlcrophenolindophenol dye to determine

ascorbic acid, experimenters have developed further modi-

fications which may be applied in etudying urinary excretion

of ascorbic acid and the possible physiological significsance

of this excretion. Harris, Ray, and Ward (20) reported

that the urine must be titrated immediately or within a

short while after voiding to avoid destruction of the

vitamin upon standing. If immediate titration is impoesible

preservation methods have been developed. The addition of



10% acetic acid is advocated by Harris and Ray (19);
Bullowa, Rothstein, Ratisch, and Harde (11); Hawley,
Stephens, and Anderson (23); C'Hara and Hauck (35); and
Hees and 3enjamin (25). Johnson and Zilva (27) and
Everson and Daniels (15) used sulphuric acid and toluene
as preservatives. The effectivenees of preservation is
sti11 debatable, since Burckhardt and Weister (12) re-
ported 27 to 30 percent loes in four hours when the
samples were prepared according to Harris's method. Harris
himself (3) (19) does not advocate allowing the sample to
stand for more than 12 hours. Preservation in dark bottles
amd &t cold temperatures does much to prevent oxidation
(3) (11) (44). Hawley and coworkers (22), collecting
complete 24 hour specimens, reported less than 5% loss
when the urine was stored with the addition of acetic acid
and in dark brown bottles in an icebox. Musulin snd King
(34) reported that 2% metaphosphoric acid in addition to
the acetic acid exerts a protective effect againet
atmospheric oxidation, even in the presence of copper.
Kellie and Zilve (28) advocate the use of water redietill-
ed from glaes, since the preeence of any metals during
the procedure tends to catalyze the oxidation of ascorbic
aciad.

Van Eekelen, ®"mmerie, Joseohy, and Wolff (46)
stated that the ascorbic acid in urine is present only

in the reduced form eo that we may assume that treatment
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with st is not necessary unless the sample has stood
or has been treated with mercuric acetate. Cince
interfering substances, namely cysteine, glutathione,
ergothionine, and thiosulphate are present in urine,
precautions must be taken either by removing them or by
inhibiting their reaction with the dye. Ven Zekelen (45)
removed them with mercuric acetate. Abbasy, Harris, Lay,
and Marrack (3) fourd thet this nonspecific reduction
titre is not ordinarily more than 3 to 6 mgm. datly out

of a total of 20 mgm. reducing subetance exprecsed &s
ascorbic acid. Nost workers concidered that thie value
would not vary considersbly from day to day and therefore
disregarded it. Everson and Daniels (1£), working with
children, reported thet from their preliminary experi-
ments approximately 3 rgm. ascorbic acid could be
accounted for by these interfering substances. As
mentioned above, titration in e&n acid solution will
rectrict the reaction of glutathione, which reduces the
indicator in neutrsl eolutions. Harris, Ray, and cowork-
ers (3) (19) etated tret these interfering substances are
glower of reaction with ascorbic acid and do not interfere
greatly if the titration is performed within 2 minutes.
Emnmerie (13) and Xohmen (30) titrated to a pink coloration
which persisted for 30 seconds, as & furthter means of
gtandardizing the titration technique.

Ae chemical methods for detemining the presence of
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ascorbic acid have developed, meny stnudies have been
carried on with human beings. Urinary studies have been
condncted in an attewmpt to learn about human nietabolism
anrd requirements of vitamin C. Van Zekelen (45), O'Hsra
and Hauck (35), and Johncon and Zilva (27) all have
ectahlished the fsct that ascorbic acid continues to be
excreted ever when the subject is on a vitamin C free
diet, although both Van Zekelen (45) and QO'Esara anrd
Hauck (25) renort that as the vitamin C free diet is
continved the excretion gredually decreases. Vsalues as
low as 7 mgm. daily have been reported by Van Fekelen
(45). "his orobably would indiéate an endogenous source
of the acid. Moreover, with the addition of vitamin C
to the dilet excretion continues at a low level, with
poeeibly a slight increase, until suddenly a roint is
reached gt which the ticssues sapoarently become satureted
end greatly ineressed excretion occure. Johneon and
zilva (27) reported a study of one person, eating a
winter diet in England, who reached this saturation
point after ingesting 14856 mgm. aecorbic acid. O'Hara
and Hauck (325) noted that after £9 to 30 daye on a diet
#ith 5 mgm. asecorbic acid dully, the irgestion of 2200
to £800 mgm. teken over a reriod of 15 to 17 days produced
this chanze. This point wee chearacterized by a sudden
excretion of §3 to 724 of the 200 mgm. intake adminieter-

ed on that day. They found that 1710 to 2181 mgm. hed



not been accounted for in the urine and co must have been
retaired. Saturation studies of & similar nature have
been reported by ircher and Graham (7); Johreon ard Zilva
(27); vun Eekelen (45); Hess ard %enjamin (£5); Earris
end coworkers (19) (£C); and Hawley and coworkers (£2)
(23). It was &lso fourd thet when no furtrer ascorbic
acld was fed the excretiorn level dropped back to «p-
proxirstely the original level ard ross cgzin itmediately
wi th the ingestion of an incressed doee of ascorbic acid.
The anount of ascorbic acid needed to reach saturation
geemg to vary with the previous diet of the subject.

The ge résults all point to the probability of a storage
of vitamin C by the tieseues until they become saturated
and &n excretion of a large amount of the excese when thie
point is reached &ard indicate that a true plcture of the
state of saturation of a nerson could not be obtained by
studying only urinary excretion results.

To apply a saturation method to clinicsl studies,
Archer and Greham (7) advocate, &s & test for vitamin C
gsubnutrition, obegervation of the emount of ascorbic acia
which must be administered in order to obtain a 75 percent
out put; Abbasy, Farris, end Hill (2) and Abbasy and Harris
(1) and Abbasy, Hill, ernd Harris (4) in their studies on
the effect of infection on vitamin C nutrition determired
the state of saturation by finding the number of days of

feeding a test doese before a definite, positive responsce
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was observed. Ahmed (6), Hawley snd coworkers (23) snd
Johnson and Zilva (£7) 2ll report that at saturation
rapid excretion begine within 2 houre amd continues for
3 to 7 houre after administretion of the precipitating
dose, and ie followed by a slow return to rormal at the
end of 24 to 40 hours. Mcreover, when a subject is de-
pleted of vitamin C only & very elight response is
observed in the few hours following & test dose of 100 to
200 mgm., irrespective of the method of sdministration.
The various investigators do not agree on
excretion values which might be considered normal. This
may possibly be due to variations in the nutritional state
of the so-celled "normal"™ persons being observed. Abbasy,
Harris, Ray, amd coworkers (1) (2) (4) (19) considered
13 mgm. excretion daily per 10 store weight & minimum
standard and obtained, in these studies, 20 to 40 mgm.
per 10 etone weight for their normsl controls. fhe
minimum standard woes determined as the level of ascorbie
acid excretion assumed when £5 mgm., which they assumed
to be the minimum adequate intake, was fed dally. This
level was cheracterized by a gocd responee to & teest docse
of 700 mgm. ascorbic acid on the first or second dsy of
administration. Johnson &nd Zilva (27) reported normsl
values for sub jects on a nomal diet to be 10 to 15 mgm.
daily for one subject but 80 to 150 mgm. daily for one
gubject who had been on & diet rather high in fruits ard
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vegetables. Hawley, Stephens, and Anderson (23) report-
ed the excretion on a normal diet to be 15 to £8 msu.
daily; Ahmed (6) 23 to 325 mem.; Van Eekelen (45) 9 to
27 mgm., O'Hara and Hauck (325) found that normmsl edult
woren on their usual diet had an average urinary
excretion of 65 to 77 mgm. duily and thaet the excretion
dropred to 6 to 14 mgm. after a 29 to 30 day period on
a basgl diet containing only 6 mem. ascorbic acid. Herris
and Ray (19) reported the average concentretion of ascorbic
acid in the urine, for adulte, to be 0.02 to 0.03 wmgm. per
ml. but emphasized that the total dsily output ie wore
important than the ccncentration. Johnson and Zilva (27)
found that diuresis did not affect the total excretion of
ascorbic sacid.

A variety of factore have been reported to affect
the norral excretion values. Hawley, Frazen, Button, and
Stephens (22) found, by using a constant diet varied only

by the addition of I'i,Cl or NaHCOS, that the excretion

4
of ascorbic acid was lower when the urine was alkaline.
They attributed this result either to greater storage and
utilization of the acid or to its destruction in the
urinaery tract. Recently, working with guinea pigs,
Hawley, Dagge, and Stephens (21) fourd an increased
concentration of ascorbic acid in the adrenals and in the
liver on a very alkaline diet., This might explain the

decreased urinary output as being due to stcrage in the
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tissues.

Bullowa, Rothetein, Ratisch, and Heorde (11)
found low excretions for pneumonia patients and observed
that abnormally long periods were regquired to obtain
indications of saturation after admiristering test doses.
Abbasy, Harris, and Hill (Z) reported excretions of orly
9 to 15 mgm. daily by subjects with active osteomyelitis,
as compared with 20 to 40 mgm. for normsl controls. They
found that the degree of subnormslity of the vitawin C
titre was roughly parallel to the geverity of the irnfection.
These cases did not reespond well to a test dose of 700 mgm.
ascorbic acid, even on the third or fourth day of ad-
rinistration, while the normal controls and healed cases
of osteomyelitis recsponded on the first day. Abbasy and
Harris (1) found that active cases of tuberculosis excreted
5 to 13 mgm. with an average of 7.6 mgm. and responded
poorly to teet doses. Similar results (1) (4) were
obtained with both adult and Juvenile rheumatism. There-
fore, apparently low excretion may be caused by &an
infective condition which increases the body needs and
depletes the tissue stores.

Ahmed (6) first reported, and it has been
substantiated by Heinemsann (24), that there wes an
increased reducing capacity of the urine when & diet rich
in protein was fed. Heinemann showed in his experiments

that this increased reducing cepacity was due to the
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presence of increased thiosulphate.

Certainly, as so wmany of these studies have
indicated, the previous diet does influence the excretion
values obtained for any one day. A person who has been
on a diet liberal with vitamin C, which should mean a
gradusal sporoach to the saturation point, might be expected
to excrete a large share of & tect dose, whereas a person
prinarily on a meager diet would give more constant and
lower level of excretion and would show 1little reflection
of hies intske. Abbasy, Herris, Ray, and Marrack (3) report
that healthy adults, with a habitusl level of 33 mgm.
excretion, when given 600 mgm. escorbic acid, excreted
161 mem. or 27% of the doee; those with a habitusl level
of ¥4 mgm. excreted 36 mgm. or 6% of the doese; those with
a2 habitual level of 8 mgm. excreted only 17 mgm. or 3% of
the dose., They revorted (4) thet children with subnormel
"regting levels” give correspondingly dizinished responses
to test doses. Yavoreky, Almaden, and King (49), in
analyzing humsn tissue for ascorbic acid, reported an
apparent correlation between the diet and the tissue
content. CSeasonsl variations in vitamin excretion has been
exvlained on the basis of diet differencee, as Harris and
key (19) and Johnson and Zilva (Z7) both report higher
velues on the same subjects in sumrer than in winter.

Lower excretions have been observed for both



-14-

adults and children among the poorer clesses of soclety
subeisting at lower economic levels., Harris, Abbasy,
Yudkin, and Kelly (18) repcrted an average dally excretion
of 10 mgm. deily by adults subsisting on & low economic
level as compsred with & minimum starndard of 13 mgme When
11 adult subjects whose home diet wae not rich in fruit or
vegetablee were given daily supplements of 40 mgme a&scorbic
acid as orange Juice the excretion at equilibrium, after
35 days, was 26 to 29 mgm., In this economic factor, we can
gsee the background of the influence c¢f diet on the degres
of saturation and the excretion.

Age seems to be a factor influencing the excretion
of ascorbic acid. Harris snd Ray (19) found the norual
output for a young child to be 1 to 2 mgm. daily, per stone
weight, &8 compared with 15 to 30 mgme per 10 stone for an
adult. They stated thet the requirement per unit weight,
as indicated by the retention ard by the larger doses
needed to produce saturation, were higher than that for
adulte, presuming young organism to have & greater call
on nutritive material for growth. Hess and Benjamin (Z5)
considered the excretion of escorbic acid by the children
tested to be so small as to be negligible, regardlass of
whether the children were fed a diet in which the vitamin
was etrongly excluded or one in which the vitamin was
present in adequate emounts. They obtsined appreciable

excretion only after 4 days of feeding 1 pint of orange



-165~

juice daily. On the other hand, Evereon snd Dsnieles (15),
working with 3 norumsl boye 39 to 59 rionths of age reported
10.6 mgm. excretion &as their lowest value. Cince they
obteined their highest retention with the youngest child
they concluded that possibly young tissues need more
vitamin C than mature tissues. Yavorsky, Almzden, and
King (49) reported that the aescorbicz acid content of =ll
tiesues for pereone under 10 years of age was higher than
for thoee over 10 years of age.

The requirements for vitamin C still have not
been satisfactorily defined. King (29) states that the
minimum for adults is 40 mgm. daily and for irfente 26 mgm.,
Ven Zekelen (45) states that it varies with the degree of
saturation of the subject and advocates 60 mgm. daily for
& 70 kxg. person, basing this figure on the reguirements
to obtain esaturation. Using similer methods, Heinemann
(24) found 34 mgm. duily to be required. Harris and Ray
(20) reported 25 mgm. ascorbic acid for an sdult of 10
stone weight as the wminimum adequate dose.

Gothlin (17), on the basis of capillary resistance
tests etated that the smallest daily dose of ascorbic acid
which, given orally, protects & person weighing 60 kg.
againgt the slightest objectively ascertainable pre-
scorbutic slterations, those in the capillaries, is 19 to
27 mgm. However, the reliability of the capillary

resistance test has been queetioned by O'Hara and Eauck
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(25); Hawley, ctephens, end Anderson (£3) and by Van
Eekelen (45). Each of trhese workers found that, in their
raturation etudies, the cepillary resistamce tests did
not give results corresponding to the state cf saturation
of the subject.

In none of the literature reports have large
numbere of college students been the sub jects for study
of ascorbic acid excretion. This thesis problem, therefore,

wae planned to desl with that group.
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Method

In setting up this study, two groups of home
econorics students were chosen, £0 freshmen s=nd 18 seniors.
The frechmen lived at one dormitory on the campue and there-
fore under fairly uniform living cornditione. A similar
group of seniors was not available. They were foods and
nutrition or vocational majore who lived under & variety of
conditions., Of theee seniors, eight lived in sorority
houses, four in apartmentes which permitted then to do their
osn cooking; three ste their meale in restaurants, two at
home, and one at a boarding house. Eight of these senicr
women lived iIn the howme munagemeut practice house for one
or two days of the study. Information concerning &ge,
height, weight, diet, and number of colds during the preced-
ing winter was noted for each individusl. 7The women celected
all appeared to bs in good hesalth.

The collections of urire saumples were a2ll made within
& period of egeven weeks between May first anmd June
twentieth so that seasonsl variastion should not influence
the velues obtained. Samples were not collected on days
when the subject had & cold or minor infection or during
menstruation. 70 prevent any one variable factor from
affecting results too greatly the test days were chosen
once a week for three weeke rather than for three succeseive

days. Ccmplete 24 hour specimens of urine were collected
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from each subject for three individusal days. In several
instancee, for personal reascons, this time interval was
extanded cr decreased so that more or less than a week
elapsed between collection periods. A record was kept

of the time irterval between voiding and titration in
order to determine whether the difference in time affected
the values obtsined. No sttempt was made to precserve the
urine.

The students kept a gualitetive record of their food
intask e for each day on which they were tested. The diet
for thie day was then evaluated roughly,. using tke tables
for vitamin C in foods compiled by Sherman (37). For
instance, he indicated orange Juice as being 3 ¢ value and
potatoes 2 ¢ . One rerving of orange Jjuice was then reted
3, a large glacsful as £; one serving of potatoes was rated
ag 2, hash as 1. In only a very few instences does he
distinguieh in hie rating between cooked and raw foods.
Other errors as well were presented in this method of
scoring the diets but since they were consistently applied
to both groups probably comparable values of vitamin C
intskes were obtaired.

The urine, after collection, was titrated as soon as
poesible. The dye, Feetman organic chemicals P3463,
sodium 2-6 dichlorobenzenoneindophencl, had previously

been purified by treatment with ether in a soxnlett
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extraction apparatus until practically no coclor wce
extracted. 0.1 gm. dye was dissolved in several suc-
ceseive portions of boiling witer ard filtered, a totel
of 200 ml. water being used. It was then cooled, stored
in a browm bottle, &nd ueed over a period of no more
than three daye, ususlly made up fresh daily. 7The dye
was standardized by titrating it againet samples of
lemon Jjuice whoee aecorbic sacid content had been de-
ternmined by an iodine titration. Lemon Jjuice hae been
shown to contain ascorbic acid as the only reducing
substarce so that the iodine value gives a true messure
of the aecorbic acid (8). In the dye titrastion the same
endpoint was ueed for the lemon as wae ucsed for the
urine. Since, according to the League of Natione vitamin
standards (31) 11.4 ml. N/100 iocine is egquivalent to
10.0 mpm. &scorbic acid, the ascorbic acid equivalent of
the dye could bes determined. For instance, 2 ml. lemon
Juice required in titraetion 3.25 ml. dye and 0.90 ml.
N§/100 iodire. Therefore, 0.90 X 10 eguale the number
of mgm. ascorbic acid in 2 ul. iémon Juice. This value
divided by 3.25 equals the ascorbic'acid equivalent of
1l ml. dye. The dye wae stendardized daily, using a red
coloration lastirg 30 seconds as the endpoint in each

titration.

The urine to be tested, 20 ml. saccurately pipetted,
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was placed in & 125 ml. erlermeyer flagk with 20 ml.
water and 20 ml. acid solution which contaired 2%
metaphosphoric and 8% acetic acid. If the cuuntity of
urire available was too smell for this size sample or if
preliminary titration indicated that the 20 mrl. €umple
would require too much dye, less urine was uced ahd the
acid wae decreased accordingly. 4n artificial 1light witn
2 blue bulb afforded & light of conetaent intensity day or
night. Titratione were made in triplicete by adding the
dye to the acid urire sample.

Tests were run to determine the probable extent
of the error resulting from the time intervsl between
voiding and titration. It was found that approximately
6% lose occurred after the sample stocd in the laboratory
in a beaker for 20 minutes; 127 in 40 minutes; and 24% in
60 minutes. This loes was reduced by the addition of a
24 metsphosphoric and 8% ace?ic acid solution.immediately
after voiding. Only 18% loss was noted in the acidified

samples which etood for one hour,.
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Fesm1lte and Discueeion

In the sppendix are the protocols for each of the
women on which are summeri zed the data obtained, includ-
ing class; living srrungement; age; helight; weight;
percent variastion from i1desl weight; nucber of colds she
hkad during the preceding winter; daily menus with vitamin
scores; and summary of urinary results which includes the
total volume for the day, the totsl rem. ascorbic acid
excreted, the aversge umgm. acscorbic acid per ml. urine,
and the averuge minutee hefore titreting. Included also
ir the egppendix &re sample direction esteets snd diet
record and date chceets,

The excretion of ascorbic acid for the freshmen
women on each of the three daye ie graphicslly presented
in Chart 1. There seemnf to be reletively Iittle
variation for sny individual from day to day, CF beirg
trte only one with 2 large varistion vhile seversl were
very concistent for the three days. The red linre
represerts the mininum standard vzlue of 13 cpgm. 25 set
up by Harris ard Lay (19). Fourteean of the sixty
individusl velues for trese students full below this
line; twelve were more then 20 mgm. per dey. The reuncin-
ing thirty-four were within the level of 13 to £0 mgm.

On the vhole this group presents a picture of rather
uniform ard low acecorbic ecid excretion.

Chart 2 ie a grsphic repreeentation of the daily
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excretions of the senior women. In general, much greater
variation is observable between the velues for individual
deys for any one student than were noted for the freshwmen.
Higher naximum values were showmm, such as those obtained
by RS ard GS. These extraordinarily high values seem to
be observed only in those studentes whoee minimur excretion
is greater than 20 mgm. Only two of the results for
individual daye fall below the minimuw standard of 13 mgm.,
a8 compared with fourteen for the freshmen. On the whole,
the figures for the eeniors are higher than those for the
freshmen, more than half of them being above 20 mgm.

Chart 3 preegents a picture of the mesn values
obtained from averaging the three day results for each of
the women of the freshmun and the senior groups. Interect-
ingly, nine freshmen average less thsn the lowest genior
and five seniors average more than the highest frechman.

The data for the frechmen women are summerized
on Table 1. ~The figure for each subject represents an
average of the deteminctions made for three test days.
The average volume, 972 ml. is slightly below the nomal
figure as given by 3odansky (10) who considers 1200 to
1500 m1., with still greater individual variations, to
be a normal volume for adults. The averege daily
excretion of ascorbic acid 17.2 mg. is well above the
Dinimum standard of 13 mg. but is below 20 mgm. which

was obtained by Harris and Rey and coworkers (2) (19)
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Table 1

Summary of Data of Ascorbic Acid in the Urine
of Freshman Women with Corresponding

e ;.i«_

Diet Scores

Weight  Average Aversge Averasge Daily Range of Ascorbic Extent of Average mgm. Average mgm. Average
of Time Urine Excretion Acid Excretion Range ascorbic acid ascorbic acid Vitamin C {
Subjeect Sub ject Before Volume Ascorbic Acid per ml. urine per kg. diet
; Titrating body weight score
Kg . Min. M. Mgm. Mgm « Mgt

AT 50 z7 856 11.684 8.912 - 14.376 5.464 0.0140 0.234 5.6

BY 59 33 949 24.645 22.172 - 29.360 7.187 0.0270 0.418 10,2
IR S - diet average

CF An 35 769 35.629 15.738 - 51.435 35.698 0.048"7 0,755 1343 2 days

DF 57 42 736 15,729 14 .575 = 17.720 3.1565 0.0218 0.275 9.3

EF 57 48 943 15 .540 14.510 = 16.923 2.413 0.0173 0.274 10.3

PR 61 83 1278 14 .416 11.743 = 15.833 4,089 0.0123 0.23%7 10.2

o A 64 904 14 .623 13,143 - 15.516 2.374 0.0162 0.225 11.7

HF AR s 817 8,895 8.668 - 9.072 0404 0.0109 0.196 6.8

IF 59 48 600 15,547 11.617 - e (4L 10.125 0.03156 0.264 8.8

JF R7 71 1087 15.161 12.078 = 19.575 7.497 000142 Oo267 1305

:;F ég 824 269556 1804?7 - 550383 17.907 000457 00542 9.8

LF "0 51 919 14 .658 12,025 « 17.778 5.753 0.0159 0.209 6.3
_NF 4/} 851 14.519 -}2.128 t 16'95(‘1‘““ 45822 000170 00525 6e5

o 18% 4 15‘?07 - 16,964 10757 000179 00269 1102
01 59 56 889 16,847  19.cOF = 2Becd2 | diet average

E 57 1280 n 6.924 15 3829 o 18.552 2:705 0.0140 00299 1005 2 days
B On ! « 82 - 23.707 11.882 0.0186 0,294 10.2
__jg__w_‘ 64 47 y 986 18.645 11.825

. - 23.507 3. 0.0 0.28 ”

R 57 1424 16 . 505 9.803 13.704 116 9 9.8 :
L2} 47 20 875 14.598 12,394 - 164958 4,565 0.01%8 0.313 10.7

7 51 55 1841 21 «626 19,779 - 23.860 4,081 0.0118 0,422 11.8
x s b 5

Mean 56 48 978 17 .249 1%.5616 = 26.103 7587 0.0202 0,317 9.8

Averages are for the three tests on one individual in all caseS.
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enge of Ascorbic Bxtent of Average mgm. Average Average
id Excretion Range ascorbic acid mgm. ascorbic Vitamin C
| - per ml. urine acid per kge. diet score
- S ' body weight
aem . mgm .
017 - 37.166 19.139 0.0312 0.450 10.3

3S 52 80 1227 22.604 19.758 - 26.968 7230 0.0207 0.366 7.8
% - 5 = A LR AN diet ave rage

CS 61 31 75¢ 44,283 32,443 -~ 66.398 3%.955 0.0761 0.723 6.5 __2 days

DS 53 42 1237 28,921 20.467 - 34.120 13 .654 0.,0231 0.462 9.0

S 69 54 ] 20 4608 17,178 - 22.640 5.462 0.0167 0.299 8.0

PS B4 B2 1039 36,299 24.729 -~ 56 31.905 0.0351 0.678 9.2 E
g% g . : |

GS 54 1296 N 22,262 - 97.265 75.003 0.0338 0.894 8.3

HS 73 40 17.745 11.058 - 22,387 11.329 0.0295 0.245 10.%

IS 63 47 1514 37.744 22,032 = 67,608 ! 45 B 0.,0333 0,599 10.5

L N ROE 0o 0oR 17 .41 0 . 04" “

7‘,7‘( (:93 "2‘, 3‘,;‘.: Lioed\U == r(:l .Cf)l }?_ .5,v}_ 000164'0 00316 10‘5
o : e o o1 .949 8 .00f

59 A 2486 24 .859 21.949 - 28.008 T 6,059 0.0102 0.421 9.8
: e - . "2 NRO 5]

58 856 26 0412 34059 = 34.722 21,663 0.0357 0.465 9.7

48 29 ___ 835 19,575 14.285 - 25.096 10.812 0.0232 0.407 8.8
8

54 31 747 28,178 18,498 - 37.318 18.821 0.0385 0.526 9.0
64 51 3114 28.102 26.961 ~ 28,985 2.024 0.0268 0.436 10.0
53 28 1076 17469 15.399 « 19,166 2,167 0.,0165 0.329 13.7
"3 63 600 15,404 8.371 - 21.993 12,622 0.0263 0.212 11.8
57 38 926 74.126 33.918 -105.120 714203 0.0775 1.307 12.3
61 46 2 e 29 « 922 19.8773- 43.3079 22430 0.0317 0.507 9,8

o7

are for the three teste on one in




for their normsel controls. A4s observed on Chart 1, the
extent of the range for any one person is reletively
small, averaging 7.6 mgme The average mgm. ascorbic
acid per ml., urine ie 0.02, within the usuel limits set
up by Harris and Rey (19) but some of the individual
values are very low. The dlets range, in scoring, from
5.6 to 13.3 units, averaging 9.8. Moreover, there seeus
to be no correlation betweern the diets recorded and the
ascorbic ecid excretion. The time which elapeed before
titration, averaging 47.9 minutes ie slightly higher than
would be desirable, This table of the individual average
records givee the secme picture as that of Chart 1, namely
rather uniform but low vitamin C excretion, not correlat-
ed with the diet scores.

The data for the senior women are summarized in
Table 2. Here we find an average volume of 1102 ml. which
is more nearly within the normal range. The average daily
excretion c¢f ascorbic acid, 29.9 mgm. is well above both
the minimum standard and the average normal level of 13 mgm.
and 20 mgm. respecti vely. lNone of the women averaged less
than 13 mgme and only four of then less than 20 mgm. which
would desigmate than a8 being within the normmal limits,
The extent of the range, average 22.4 mgm.,is much higher
than 7.6 mgm. observed for the freshmen. In two instances,
GS and RS, the extent was over 70 mgm. and in six cases

it was over 20 mgm; Although no criteria have been set
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up according to the extent of the range, it is not un-
likely that those pereous reflecting such large variations
would be considered to be in a good state of saturation
with high excretione from sn exogenous scurce. No
correlation, for the eeniore, could be obeerved between
the diet and the excretion values obtained, nor between
the diet and the extent of the range. This might have
been due to a carry-over excretion in the urine from the
previous day's diet, or it might have been due to other
conditions such as the state of health. The mgm. agcorbic
ecid per mle. urine, average 0.03 mgm.,is at the upper
limits of the normal 0.02 to 0.03 recorded by Harris and
Ray (19). Since figures as high as 0.07 mgm. per ml. are
recorded in this study this normal value is exceeded
considerably. These high figures were associated with
the women excreting the largest total amount of ascorbdiec
acid, correspondingly high volumes did not seem to
accompany low average values per ml. The average time
before titrating, 46 minutes, is only 2 minutes less than
that for the freshman women. The average diet score of
9.8 units is the eame as that of the freckmen and covers
approximately the same range, 6.5 to 13.7 unitse. The
average excretion of 0.51 mgm. ascorbic acid per kg.

body weight is considerably more than the 0.32 repcrted
for the freshmen.

Much of this data, for freshmen and seniors, is
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grouped side by 8ide in Table 3 to s8id in making comparison
easier. The moet outstanding.feature, ae chown by these
reeulte, is the marked di fference in the average mgm.
escorbic acid exocreted daily by the freshmen and by the
geniors. The frechkmen averaged 17.2 mgm. while the seniors
average 29.9 mgme.

Various factore were examined in an effort to see how
they might have influenced the values for each group and so
explain the differences obtained. A difference in age wsas
probably the most absolute and noteworthy di fference between
the two groups and might offer an explamation for the
excretion di fferencees. However, since the two groups were
not comparable in age it was impossible to determine whether
or not this was an influencing feature in the excretions.
There was a discernable increase in the excretions as the
age advanced but this might have been due to other factors
which influenced the two groups differently.

The state of heulth of the t#d gro-ire was guauged
roughly by the percent each woman varled from hexr idec
Welght und by the nuzher of colds which she had durirg *re
Previous winter, ss recorded in Table 3. The frechmen
&veraged 1.2 percert urderweight ss compured with 3.4 percent
Overweil ght for the seniorss, The freshmen averaged 1.8 colds
for the winter and the eenlors 1.2, This differsnce was
felt to be of no izportance beczuse it was determired from

8ub jective Juégnente which would be orly rouwhly eccurates
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Table 3

Comparison of Date

for Freshman snd Senior Women

____Subjects Urinary Results
Freshmen CSeuiors Freshmen Senlors

luzber of '

cubjecte 20 18 Volume ml. 972 1102
Average time before

ige yT. 18.5 2l .7 titrating-minutes 48 46
Average daily
excretion ascorbic

Zeight in. 64 64,9 acid - mgme 17.E8 £9.92
Average ascorbic
acid per ml.

neight Rg . 56 61 urine - mgm. 0.02 0.03

average Average ascorbic

bercent of acid per kg. body

{deel weight =1.15 +3.37 weight - mgm, 0,32 0.51

iverage

Lunber of

folds 1.8 1.2

average

Vitenin ¢

8core of

et 9.8 9.8




u




-32~

Too little varistion in height between the group wes
reported to influence the resultes.

There wae poesibility that dietary habits rmight
influence the results. Interestingly enough, the averzge
dfiet csccres for the two groupe were the same, 9.8 units.
Moreover, there seemed to bBe no rezuler correlatior ei ther
within the eepurate groups or in the entire group between
the diet velues ond the urinary excretion of ascorbic acid.

The average volume of the senicr women ie greater
then that for the freshmen, 1102 ml. €9 comvared with 972 nl.
This cshould not influmcse the results, since Johnson and
Zilva (27) wnd Vur Zekelen (45) report no effect of diuresis
or of urine voluine on the total d2i1ly excretion of ascorbic
acide

Sirce Harris end kay determined thelr excretion
values on the basis of a common unit of weight, the gtone
(10 stone for edults) it wae thouxht that possidly more
uniformity could be obtained in this study by converting
the values obteined to wmrm. ascorbic acid per kg, body
weight, When this wes dore the results seemed to rnuzgnify
rather then to dimirnieh the difference between the two
groups. 4An averege of 0.5 mgme. per kge was observed for
the eeniors end 0.3 for the frechmen.

The average intervel of the tinme between volding
and titration for each of the groups is not eignificently

different, 4<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>