mentioned that this subject was not well adapted to the ex-
perimental routine, and the deta in her protocol possibly
were complicated by this factor. L. E. was the flrst subject
studied and it 1s concelvable that there was sowe lack of
smoothness in expericental technlique. 51x out of elght sude
jects slmo showed a decresse in plasms vitamin C in the second
exercise period, although the rate of drop was not as merked
in this period of higher vitarin intake.

Plasms ascorblc ecid values in zome cases continued to
fall in the post-exercise period. This feilure to return to
the pre-exercise concentration might be expleined as an effect
of lag of exercise., If the recovery pericd had been extended
for a longer time, the nlesme concentration of sscorblc acid
should have returned to pre-exerciege values.

The rate of chenge of plasma vitamin U concentration
with exerciee appeared to differ with Iindividusl sublects,
spome showing & more marked decrease than others. 4An attempt
wus made in table 20 to correlate tbe c¢ifference in derree of
chenge in plasma vitemin C during exerclse with progressively
inereasing intakes of vitamin Ce. The factor of individusl
veriation appears to overshadow the effect of sbsolute intake.
When 100 mge. of crystalline esceorbic acld were added to &
generous disetary allowance, the response was much more varled.
Subject f. P. showed a sli¢ht rise in plasma concentration of
vitemin, subjects A. E., Eo C., &nd i, F. practically no

change, and the rest of the group & change consistent wilth



Changes in Plasma Ascorble Acid Concentrations
During Exercise as Compared with ‘ncreasing intakes
of the Vitamin

iverare Intake Plasma Aaeé;bic
Subject of Ascorbie icld Acid Concentrations
During kxerclse at End of
Period ixercise Perind
M /24 hrs. mge per cent
¥Firet Fxercize Period
Ke P. 69.02% Ov41
de B €9.02% 0.52
B As 69.02% 0.46
Be KHe T1.63 C.44
s K. 8l.6C 0.72
Be Te 87.74 0.50
D He 80.24 0.54
K. F. 117.58 0.10
B Co 116.88 0.14
Avez‘ag;c Bh.064 Oe 45
Second Ixercise Pericd

5 Pe 155.992 0.53
As S 165.99* 0.46
1}- fia 15{}099 0.59
K. Te 176.26 (.80
De He 177.29 C.7T7
B. E. 180,.6€ 0.28
Be Co 221,00 Celb
Yo Fe 221,00 0.12
ﬂ?ﬁmgﬂ 184 « 27 0:41

“Intakes determined by chemicel analysis. Cther lnteakes
were calculated.

that observed during the first excrcise period.
Changes in plesme sscorbic acid concentrations during

exercise have been compared with average plasma concentratlions



of the vitamin during the pre-exercise period {table 21).

It will be ncticed thet there was a definite tendency towards
& greater decresse in plasma concentreticns of vitamin during
exercise in subjectes who meintained higher concentrestions of
ascorblc acid in plasma in the preliminary period. This
probably represents & greater inefficieney in vitamin ¢
utiligation &t higher plasma concentrations of the vitamin.
i has been pointed cut, plasma coneentrations of ascorbic
acid apparently are & function both of intske and of the

individual response.

Table 21

Changes in Plesme Ascorbic Acld Concentrations Luring

Zxercise as Compared with Aversge FPro-exercise Plasms
Concentrations of the Vitamin

Averaga Pre-axerciaa *lasma Aacorbic Acid
Subject Plasma Ascorbic Acid Conecentratione at Ind
Concentrations of Exercise Period
mg. per cent ms. per cent
First Exercise Period
K. 1. 0.87 0.50
Ds B U.54 0.54
Al S.-'. 0.80 0052
Le Ko 0.6 0,72
Be He. 0.56 O.44
Lo Ao 0.55 Cedb
He Fs 0.53 C.41
¥, Fe C.48 0.10
¥e Co 0e38 0.14
Gecond Lxercise Period
¥e Te 0.85 C.60
De Ee 0.86 0.77
Da 4e 0.51 (.39
Be lie U.46 O.28
K. Po 0.45 0.53
As Se C.44 0.46
¥. Pa 0.16 0.12

Ee Co 0.14 U.156




Table 22, which summarizes values for sll subjects,
shows again the pasttern of change of plasme escorblic acld

during exercise.

Table 22

Average 1ntaktl, Plasma Concentrations, and
Urinary Excretion of Ascorbic Acid for All Subjects
in Each Experimental Period

M

Intake of Plesma Urinery
Eng:i?zgtal Ascorbic Ascorbie Ascorbie
Acid heid Aeld
mg./24 hre. mg. per cent mg./24 hrs.
Hesoarch diet 60.14 0.64 29.3
research diet; 86,04 0.50 62.4
exercise
Hesearch diet; post- 97.34 0.39 47.7
exerclise
lesearch diet plus 100 T0e4d 0.78 132.9
mge. &scorbic acld delily
Fesearch dlet plus 100 84.49 C.486 141.8

mg. ascorbic acid
dally; exercise

Fesearch dlet plus 100 8l.24 0.57 13647
mi. &acorbic acid
dally; post-exerclse
1. Chemically determined Intexkes wien GVELileble were used to
obtain averzge.

2. Urinary sscorbic acid

Urinary excretion of ascorbic acid during exercise pre-
sents a rather puzzling contrast tc the decrease found in
plasma vitamin C concentrations. Unfortunately, urine col-

lections were not made during the lirst year of study.



Fowever, all subjects for whom urinary excretiones are re-
ported showed an increaped lose of ascorble acld during
exercise. The only exceptions to this cbservation wers
values obtained on B. H. Suring the first and on E. C. during
the second exercise period. B. L. showed a slightly higher
excretion of secorbic acld during the pre-exercise period,
but excretion during exercise was higher than the average
excretion for the post-exercise periecd. A hizher value for
excretion of vitamin ¢ was noted for E. C. in the recovery
period on high vitamin intake, but this figure was bssed on
only one 24¢~hour specimen. Table 22, which sumwarigzes values
for sll subjects 1n eack experimental period slzo demone
atrates the increased excretion of sscoerbic scid during exer-
cise in both exercise periocde., Since 1t is thoupht thet
vitamin ¢ is & threshold substance, & grester excretion of
vitemin in urine occurring simultaneously with & marked drop
in plaame cconcentration of ascorbie acid is 4ifficult to
explain,. If wag thourkt at first that exercise, by heighten-
ing metabolism, might have caused & temporary release of
vitemin € into the blood stream from body stores so that
plasma concentretions showed an incresse and high urinary
losses of the vitamin resulted. 1in two instances, a blood
sample was taken from one subject at 6:00 peme during the
preliminery pericd and at 6:00 p.m. after exercise, but the
plesma vitarmin C velue in the latter case was not startlingly

different. Howsver, the tiring of the collectlion of dlood



semples Iin relation to exercise was not entirely satisfactory,
and the urinary exeretion of vitsmin during exerclse was not
enalyzed separately. lore study is needed to determine the
mechanism of excretion of ascorbic acid during periods of
increased activity.

In table 23 are glven the peroenteze returns of a test
dose of crystalline ascorbic acld for four subjects at the
end of the initiel recovery pericd in which all showed a
plesme ascorbic ecid concentration less than thst of the pre-
liminary period. If excretion of 50 per cent of & test dose
in 24 houre 18 taken as the criterion for seturstion, all
four of these subjects apparently were somewhat Gesaturated
after exerclee if allowance is made for the average besal

excretion of ascorbic scid of the sublject.

Table 23

Excretion of a Test [lose of Crystalline Ascorbic Acid

of reduction excre- of tlion
Sub~ ascorbic in tion of test follow- Test
Ject acid plasme ascorble dose ing dose
during ascorbic acid of adminlis- 8X-
recovery acid during ascor- tration oreted
period during recovery bie of test
exercise period acid dose
WE./L24 LS. MEes mg./24 hre. mg. mg. /24 hrs. &
E.Ce  124.87 0.32 54.9 500 2143 Sle®
HeFe 124.87 Ce26 64.5 500 25%.2 38.5
RePa 7733 0.16 Sé.6 400 220.6 46.5

AeSe 80.20 C.18 38.4 400 153.4 28.8




o saturaticn test dose firures are svailable for other per-
iods or for other subjscts, but this evidence of partlal
desaturation efter exercise in four subjects iz very interest-
ing in view of plassme ascorbic acid decreases during exercisc.
it 1s recommended that further experimental werk include
saturation tests &t reguler intervals.

Since there were no apparent symptoms of & C avitamlinoails
in eny of the subjects even at the low plasma vitamin C con-
centrations reached during exercise in certaln subjects
(Ee Co and K. Fo), 1t might be concluded that exerclse per se
d41d not drasticslly deplete vitamin stores. FHowever, 1f
intake ressined constant ané strenuous exercisze became & long-

continued procedure, there might eventusliy result & clinical

vitamin C defliclency.

3. Food amscorbic acid

The comparatively few chemically determined dietary in-
takes of vitemin C are regrettable, but experimental conditions
were such that more food analyses wore not fessible., Where
chemlcally determined intakes were not done, the vitamin C
inpeeted wns estimated by esloulation (Thompson and Uhlson,
1642)., In certain cases, chemically determined Intakes have
been compared with caleulsted values for ascorblic acid con-
tent of the diet. The comparative fipures which may be aeen
in tables 11 to 12 inclusive, show a wide deviatlion 1in

gacorble acid content between calculated and found intakes.



Fqually striking is the marked variation occurring within

the found intekes. Certainly s 100 per cent dirference In
absolute sscorblic acid content between dietaries planned to
furnishk the same amount of vitamin would emphasize the diffi-
culty of providing & constant amount of vitamin C from natu-
ral food stuffs. Variations in sacorbic acid content of food
stuffs &8 influenced by such factors as variety, storage, and
methods of cooking and processing have been reviewed by
Clliver (1943).

Despite the wide cdevistion in vitamin ¢ intake from day
to day, which the dietary data would indicate, average
intakes for each period were not too far differsnt. The estl-
mated intekes averaged somewhat higher than intake as chemlie-
cally determined. It would appear that, on &n aver#ge,
subjects were getting the vitamin sllotment that had been
planned for them, even though day-by-day varlations in Iintake

undoubtedly were wide.

4. Lespiratory infections

$ince there are some studles in the literature that
would suggest a heightened vitamin C reguirement during the
course of an infectuous dlsease {Hausberger and leuenschwander-
Lemmer, 1938; ¥inkle, 1937), 1t is interesting to note in the
individual protccols that respiratory infeoctions which occa-

sionally were reported (s A, A. £., E. E.) did not eppear



to slter significantly the pattern of vitamin C metabolism

in any of the subjects studled,

Ce Diuretic Effect of increased Ascorbic Acid Intake

It has been reported in the litersturs that a diuresis
results with increased ingestion of vitamin C. 8Since it is
reasonable to suppese that increased plasma concentrations of
vitamin would be the precipltating factor in a diuresis and
it is not known what the immedizte offect of exercise on
plasma concentration would be, 1t was interesting to examine
the data for that effect.

Avorage urinary volumes in 24 hours for each sublect and
for all subjecte in each sxperimental period ere ziven in
tables 24 and 80. Average urinary volumes for all subjects
when on the basal diet &nd when on the basal diet supple-
mented with crystalline ascorbic acid are contained in
table 26,

There does not appear to be any noticesble dluretic
effaeﬁ of ascorblce acid elther when sublecte are studled
singly or when an average is taken for the group. Although
some rinsing of funnels with redistilled water wos done by
subjects during collection of urine samples and &ll specimens
were made up to the nearest convenlent volume, the volumes

for any one subject are comparative,
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Table 25

Average 24-Hour Urinary Volume for All Subjects
in Each Hxperimental Period

s —— = —
Experimental Period ml., por 24 hrs,
Diet self-chosen 1160
Diet self-chosen plus
100 mg. ascortic acld 1162
dally
Hesearch dlet 1440
Research diet; exercise 1417
liesearch diet;
post-exercise 1651
Research dlet plus
100 mg. ascorbic acid 1343
dally

Fesearch dlet plus
400~ to 500-mg. dose 1362
of ascorbic acid

fesearch diet plus 100 mg.
ascorblic acid daily; 1366
exercise

lesearch dlet plus 100 mg.
ascorbic acld daily; 1488
post-exercise




Average 24-four Urinary Volume for All Subjects
on Pasel Diet and on Basal Diet Supplemented
with Crystalline Ascorbic Aeld

Subject Pasal Diet Supplexented Basal Diet

Tie/ 24 RIS Wi./24 hrs.
Le Ko 1123 1168
Be Te 1220 1081
D+ He 1614 1400
Bs He 1583 1180
He Fo 1235 1194
Ee Co 1425 1430
Ds A 18885 1985
Re Pe 1834 1473
he Se 1588 1660

These data for urinery volumes after inecressed ingestion
of ascorbic acid do not substentiste the findings of Shaffer
(1944), Evans (1938), &nd others who report a diuretic effect

of vitamin C.



D. Discussion

This study gives some indication that the body is ex~
travagant in its use of vitamin C when intake 1s liberal and
when high plasma concentrations of vitamin are maintainec.
There 1s evidence that during the second exercise perlods on
high vitenmin intzkes, subjects were spproximately satursted
with vitamin C, since they exsreted over 50 per cent of thelir
daily intake of vitamlin even when plesms concentratione sel-
dom attained the accepted value of C.8B mg. per cent. It ia
gronted that tissue saturstlion of vitamin C probably repre-
sonts a luxury allowance of vitamin. Eowever, almost nothing
is known of the degree of desaturstion compatible with con-
tinued good health.

The relative small amount of exercise imposed by this
experiment sppeared to have & specific lowering effect on
plasma concentrations of the vitamin and perbsps on the
degree of saturation of the subject. Eince chemleal methods
dié not determine dehydroascorbic acld there are no datsm
avallable az to & possible shift in the form of ascorbic acid
in plasme during exercisc, Towever, there 1s nothing in the
litersture to indiczte that such a shift takes place.

ntll more study hes been made thercfore of the effect
of sctivity on vitamin C requirement, it would seem safer to
provide & generous intake of the vitamin to people engaging

in strenuous exercise. Somewhere between 100 snd 200 mg.



per day would seem to be & safe allowance since this study
Lhas suggested that at intakes over 100 mg., exercise has less
effect on plasms concentrations of the vitamin. This 18 a
generous recommendstion. FHowever, there is nc known disad-
vantage to intekes of this quantity except that of the
sconcmic Alfficulty of providing suck an allowance. Some
lessor amount of the vitamin might be sufficlent to malntaln
optimal nutrition in unususl physical conditions, but that
quantity hes yet to be defined.



Ve SUKMARY

The purpose of this study was to cetermine the effect
of controlled exercise on plasma concentrations and urinary
excretions of ascorbic scid in nine normal subjects.

A wide range of ascorbic acid values was found among
subjects in the preliminary pericd. These 61fferenoeﬂ‘1n
plasma concentration of vitemin et comparable intakea of
ascorbic acld apparently measured individual varistions.

Eight subjects showed & decresse in plasma asgorbdic
acldé Suring exercise when on the tasel diet. Six subjects
showed & cdecresse in plssma ascorbic acld during exercise
when receiving the basal dlet plus 100 mg. erystalline
sscorbic acld delily. The effect of exerclise on plazema values
wos not aeg merked at the higher intakes of vitamin.

The effect of exercise on plesma concentrations of
ascorbic acid veried with individual subjects and subjects
with higher concentrations of ascorbic scid in plasms showed
a greater decrease in plasma vitamin during exercise,

411 subjects for whom urinary excretions are reported
showed an inereased loss of asscorbic scid in urine during
exercise. Four subjects appeared to be somowhat desaturated
after exercise as ceterrmined by excretion of less than 50 per

cent of & tent dose of sscorbic acid in 24 hours.



It would appear from the results of this inveastigation
that in subjects with smple vitamin U stores there is some
cost of exercise. At hizher plasma concentrations of the vita-
min the wastage during exercise seems {o increase, which is an
obasrvation that would emphasize the need for determining the
lowest plesme concentration of vitamin compatible with optimal

body functioning.



