I, INTRCLUCTIOR

I'espite the extenslive studies reported in the literature
on vitamin C little is lnown of factors that affect reguire-
ment for it. There have been indicationa recently that
activity, i.e., more than moderate physicasl exercise, may be an
influencing factor. Hamel (1937) stated that strenuous activ-
1ty incressed the adult requirement for vitamin C by at least
20 mg. dally. Latslmesmanga (1837) reported greater concen-
trations of blood lactic acic after exercise in guines pigs
recelving a ascorbutie diet than in normsl controls. Smith
(1838) suggests that various conditions of incressed metebolic
' activity may affect reguirement for vitamin C as, for example,
manual labor and violent exercise. Belser et sl. (1833) in
an experliment desligned to study tissue saturation of ascorble
acld made incidentsl observations on the effect of exercise
on the urlnary excretion of ascorbic aclid. O{ne of their sub-
jects played baseball frequently cduring an experimental
period, and there was & significant drop in vitamin excretion
ag compared with other periode of the experiment., These
authors su;pested & possible relationship between the loss or
increased use of ascorbic acid and the physicel energy ex-
pended. Unpublished experimental work from the Futrition
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during the summer of 1942 indicated that controlled rope
Jumping each day markedly affected plasma concentrations of
vitamin C in two subjects.

4 practicael, 1f unwarranted, sapplicetion of these obser-
vations is belng made today in industriel organigzations.
Employers, after pglving workers added crystalliine ascorbic
acid, bave believed that there wes significant improvement in
efficiency, cGecreased fatijue and lessened absenteelam
{(Zolmes, 1942). Beneficial resulte of C therapy have been
reported in cases of heat shoock, industrial polsoning, sllergy
and insomnia. lowever, similar effects heve been noted when
supplementary food wae given to employees during rest perlods
and when nutrients other tlan vitanmin C were made avallable
(harzard et al., 1939). Yence, 1t 1s debatable whether the
improvement in work production wes speciflic for vitamin C.

The reputed influence of vitamin preparstions in pre-
venting or modifying fatipue and In promoting general well-
being hes crsated & tremendous market for them. 7o allow for
the incoreased demand for vitemin C glone, the United States
in 18940 manufactured 17 tons of synthetic vitamin ¢ and
expected to reach an output of 100 tons (Holmes, 1842).

#utritionists have felt that promiscuous vitamin therspy
is 111 advised until more information 1s secured sz to the
extent that dietary supplesmentation can improve the nutri-
tional status of an individusl under conditions of physlesl

and nervous stress {(liowe, 1843). The war has further



enphasized the need for such informetion because of the un-
naual physicel demends of military campaigns andéd the stepped-
up eivilian progrem. Sclédiers and war workers alike require
an sllowance of nutrients that will not only supply normal
body needs but will overcome the effects of extremes of tem-
poarature, fatigue, infectlon, and nervous tension.

it woﬁlﬂ seem therefore that a more critical research
into the factors that affect requirement for sscorbic acid 1is
indicated, It alsoc would seem necesssry to sstablish the
relationship, if any, between an incressed program of activity
and sn individuel's requirement for vitamin C. If longer
working hours and a more strenuous schedule demand & higher
allowance of vitamin C to maintain rhysiclogic integrity,
then present standarde need to be quaelified.

A revision of standards for vitamin C reguirement would
be aprlicable not only to the wer worker and to individusla
serving in the armed forces but to men and women on our col-
lege campuses. These students are gttending clas=zes today
znder conditions which impose & grestly accelersted program,
geared to & full-time, year-round schedule. (ne wonders 1f
the sllowance cof 70 mg. of mscorbie acld per day &z recom-
mended for them by the Ketlional Fesearch Council (1941) is
adeguate under the present circumstances which Involve sus-
tained as well as increased activity. Hight thelr efficlency

be improved Ly increasiug the dalily sllowance of vitamlin C to



provide for a possible cumulative deficlit due to increased
energy expenditure?

Certainly the guestion scems worthy of investigatlon,
and the present study was undertaksen to determine the effect
of controlled exercise on urinary and plasma concentrations

of vitemin C in college women.



1T, HEVIEWR OF LITERATURE

A. Chemistry of Vitemin C

King in 1932 {(King, 1638) demonetrated that the hexuronic
acid obteined from the adrenal glands by Svirbely and Szent-
Cyorgyi and the hexuronic acid isolated Irom lemons by %augh
and King were identical. The compound with the penersl
formula CgigOs was not named according to ite relationship to
compounds a2 C-glucose and l-sorbose but was designated as
ascorbic acid by Haworth and Zzent-Gyorgyl to denote 1ts anti-
scorbutic propertles. Although sscorbic acid has become the
cfficiasl chenical name, the compound Is known both as sscorbic
acid end as vitemin C, which 1t wes orlginally named.

“he synthetlic form of vitemin C was [irst produced from
l-xylose; today synthesis ls accomplizhed commercislly from
the reduction of de-glucose to sorbiteol with & subsequont
selective fernentaticn to l-sorbose.

The antiscorbutic properties of ascorble aclid are depon-
dent on the d- and l-confliguretionsa of carbons four and five

(figure 1).
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Flge 1+ ALscorbiec Acid

The chamin#l charscteristics of ascorbic ecid most per-
tinent to this paper are those of oxidatione-reduction. King
(1638) states thet the vitanin is reverslibly oxidized by or-
ganie compounds as methylene blue, quinones, Iindophenol dyes
and by inorganic substsnces as cutt, rettt, npgt+t, Agt, mmtte,
Fe(CX)g™ ™, NO0z~, EHplp, and Ioe He quotes Emrron et al. ms
saying that, in aqueous sclutions below pH 7.6, ascorbic acid
will not be oxidlized in the pressnce of ailr unless & catalyst
such &8s copper is present. The dehydro form of sscorblec aclad

is compavatively etable in aqgueous zclutions bolow pHE 4.

Bs Occurrence and Funetlions of Vitemin ¢

Vitamin ¢ is found in body Tlulde as plssme, sweat and
gastric Julces (ALY and Yarmer, 1538). Hessey and King (1833)
have stated that the concentration in the adrenals is high,

led to Z2.9 mge per gm. of tissue, with lesser amounts in



braln, liver, and the reproductive orzans, muscle tissue and
blood having the least amount. Younger animals have & higher
concentration in body tissue than do older animals acecording
to these same workers. They belleve that lts plentliful
occurrence in green leaves and ln sssoclation with carotenold
plgments indicstes & role in the oxidation~reduction processes
of photosynthesis in plent tissue and in respiratory processss
in snimal tlssue.

Abt and Farmer (1938) have defined the chisf funotion of
vitemin C to be the formation of intercelluler celloids with
& possible reole as respiratory catalyst through transportation
of hydrogen. The relation of vitamin C to the formation of
intercellular substances was first shown in experimental
animals by Golback ané Howe (152€8). Crandon and iLund (1940)
have spid that it probebly is due to lack of intercellulsar
congtituents in C avitaminosis that the capillarles are
singulerly fragile and subject to hemorrhage. 7“ne of the
earlieat criteria for detecticn of subecllnical vitamin defie
clency was a iowered cepillary strength (Smith, 1938).

pDalldorf (1338) proposes that, since hydrogen ion con-
centration 18 of eriticael imsortasnce to & collqiéal system,
it might follow that vitaxin C, ascting as & hydrogsen carrier,
directly affects the physicsal character of intercellular
fluids.

According to Beswzey and Ring (1933) it is probable

that ascorbic scid functlions identicelly Iin vericus body



tissues and that its function 18 related to respiretory and
metabollic processes in general. There is some indication
that vitamlin C mey be & regulatory substance in the cellular
oxidation of carbohydrates and in total carbohydrate retabo-

ism (Cwens et sl., 1841).

Cs Nechanism of Absorption of Vitamin C

Vitemin C 1s selectively absorbed from the sastrointes-
tinsl tract and particulerly from the small intezstine {abt
ené rFarmer, 1938). Since the vitamin le soluble in water,
sbsorption 1s almost quantitative and little is lost through
tiie stool. Chinn and Farmer (1G32) stete that the quantity
of vitamin { exereted intc the feces 1s small, being about
4.92 mg. in 24 hours on & normel mixed dlet. This average
fecal excretion of vitamin C 1s but elightly affected by
intake.

After absorption vitarmin C eppears Iin incressed amounts
in blood piaama by whick 1t 1is tranésnrtad to body tissues.

(Abt and Farmer, 1538)

Le Hochanism of ixeration of vVitamin C

lalll et al. (13538) cerried out simulteneous vitswmin C
and inulin clearances snd demonstrated that the amount of
vitamin whichk apprears Iin urine is the composite result of fil-

tration end sctive tubuler resbsorrtion. The mechanise of



