the vitamin is high. A very larpe oral dose can be similar
in effect to an Intravenous injection of vitamin C, both
elevating the blood concentration so suddenly that an over=
fiow into the urine cccurs even when saturation has not
actually been sttained (van Hekelen and Helnemann, 1938).
Intramuscular injectlions of vitamin C have been reported by
Lilienfeld ot al. (1836) to be &s satisfactory ss orel dos-
are and probably superior to the intravenous route in that
absorption is slower to take place and the heipht of increase
of' blood plesma vitamin C 1s susteined longer.

van Feokelen and Helnemann (1658) state that many inves-
tigators prefer to use 8 300-mg. dose of vitsmin C or less &t
one time. Iven unsaturated tissues have a limited absorptive
cepacity for the vitemin. Daumann is reported by Smith (1838)
as coneldering the best method of determining vitemin ¢ nutri-
tion to consist of crally edministering amali doses of ascor-
bic acid over a period of several days. #n excreticn of 60
to 80 per cent of & teast Jose on the third or fourth day s
indlicative of saturation.

Differences in individusl response to a test dose have
‘been reported by Storvick and Hauck (1942) who noticed that
the smallest amount of ascorbic 20id necessary to maintain
tissue saturation ranged in five subjects from 7% to 160 mg.
when an excretion of 50 per cent of & test dose in 24 hours
was used as the criterion of saturation. Todhunter and

kobbine (1540) &né Todrunter end Featzer (1540) found =



veriation in response to & test dose of sacorble &cid in the
same Incdividual even when intake remesined constant.

The excretion of ascorbic acid in urine after s test dose
c¢epends on the degree of saturstion of tissues and the imme-
¢iste intake of the viterin (Fessey, 1%38a)., It appears that
tre amount of vitemin reguired tc induce saturstion in &
given subject 18 & meszsure of the vitamin { storage of that
individusl. ven Eekelen and lieinemann (1938) state that aflter
depletion of ascorbic acid many and ropested doses can be
given before an incresse in urinery excretion occurs and that
the test dose required for tissue saturstion is inversely pro-
portionel to timsue storage of vitamin €. Kellie and 2ilve
(1238) report that urinary excretion in their subjects was
lower after a test dose of ascorbic ecld when the subject was
ascending from an unsaturated conditicon or from & state of
seturation induced by small doses of ascorbic acid than when
the test cdose was inpested after the subject had reached
saturation with a higher dose.

Saturation tests by Zilve, Adbbasy, Harris and Hay (Kajdl
et al., 1639) measure urinary clearance after a test dose of
srcorblec acid. The time required for more than 50 per cent
of the dose to be excreted ls consldered an index of body
stores of ascorbic acld. Urinary tolerance tests are similar
to saturation tests in that they consist in administering a
massive dose of vitamin, In this case parenterally, and observ-

ing trhe excoretion which oceurs in the three to five hours that
follow.



Coldsmith and Flienger (1938} stste thet in normal sub-
Jects ascorbic aclid excretion begine to Increase within one
hour after the administration of & teet dose, reaches & peak
between the flirst and sixth hours and gradually levels off to
the original concentration within 24 hours. This phenomenon
ie not observed in the individual with deliclent vitemin C
stores, In the latter case only & slight rise or none &t all
occurs 1in urine after & test dose. These same authorsa found
thet excretlion during & 24-hour period parslleled the excre-
tion in e slx~hour period for the same individual. They re-
port & €l-per cent averare e:cretion within six hours after
& test dose for normel persong and s 44-per cent excretion
for vitemin C deficient persons, & 100-per cent excretion of
the test dosze being considered by them as indicative of
partial or actual ssturationm.

That ascorblce acid mipht have a diuretic effect was first
sugiested In Inglish literature by Abbaesy whe observed that
urinary volumes significantly incressed after large doses of
the vitamin (Shaffer, 1944). The diuretlic action obeerved
corrarponded to the extent of tlssue rescrve of vitamin C In
subjects studied, No diuretic action of the vitamin wae pro-
duced by giving doses parenterally because excretion of 1t
was too rapid. Shaffer reports a dluretic action of vitanin
C in patients in cardisc decompensation. Ue gave vitemin C
orally to ten patients who were recelving & 50 mg. dally

intake of the viteamin end observed z small dluresis.



intravencus injections of the vitamin d16 not cause s similer
effect. ihen Chaffer administersc vitamin C to his patients
in combination with a recopnizec ciuretic as mercupurin, a
comparatively large ciuresie occurred which wus eignificantly
greater than tke diuresis possible with mercupurin alone.
Shaffor cites studies with experimentel animals which heve
indicated that the diluresis caused by sscorbic acid is due to
an alteration In osmotic pressure. Tvens (1938) compared the
diuretic effect of vitemin C to that produced by established
diuretics as digitalis, ammeonium chloride and theobromine.

He noted an increased urinery output of vitamin C 1in @
patients. Creater diurcsis was induced by the vitamin than
by digltalls but less than by the other diuretics studied.

€. Sisnificance of saturstion. Vitamin C saturation

probadbly represents the maximum amount of vitamin that can be
absorbed and retalned by the body, any excess veing volded in
urine. fince vitamin C is non-toxic even In large doses (Abt
and Farmer, 1938) numeroue investigators have recommended
malntalining tissues 1n constant ssturation with it. The ce-~
s8irablility of such & high allowance of vitamin C hes at
present no adequate justification (Belscr et sl., 1939) and
is econoxically not within the reach of many people.

Hathaway and %eyer, Ralll, iriedman &nd Sherry are re-
ported by lewis (19432) as finding hipher utilization values
in individusls whose tissues were 1in & state of ssturstion.

lewis found utilizetion varied for the four individuals that



he studied, one utilizing the same a;ount on & 74-mg. dally
intake as on & 200-mg. intake. According to lLewlse' eriterion,
three out of six subjects glven 74 mg. ascorbleaclid dally were
able to maintain tissue saturation at that intake while there
was evidence of some derletion of vitamin € reserves in the
other three subjects. Levcowich end letchelder (1942) ob-
served that excretion tended tc parellel & rise in intake,

but that the increments were not constant snough to assume
better utilizetion at higher levele, Their three subjects
showed & sharp drop in urinary excretion velues cn the first
day during a vitamin C deficient diet, but e comparatively
constant rate of excretien was reached on the second deay. It
may be possible that there ia a lower concentration of vita-
min C in body tissues than is entirely compatible with good

health (lowe, 1943).

3. Plasma valuesg

Proposed values for normal ascorbic acld content of
bleood plesma very so widely that 1t is dirficult to Cetermine
an optimal range of concentration. Table 2 tabulates some of
the reported estimates for plasma content of vitamin C in
relation to intske.

Tt would appear from Table 2 that it should be possible
to maintsin plesma concentrations of ascorblc aclid sround
0.8 mg. per cent or higher at ¢ vitemin intake of above S0 mg.

This plesma firure hes been more or less accepted as a value



Table 2

Plasma Concentrations of Ascorbie ZAcid as Reported in the Current Litersture

Inteke of Plasma
Citation Ascorbic Aeid  Ascorbiec Acid Hotes
mge/24 hrs. mg./S4 hrs.

Crendon and Iune (1040) "¢ deflcient” 0.19

Goldamith and Ellenger (1939) C deficient Q.17

tiinehart and Greenberg (1942) gslf~closen 0.30

Goldemith and Fllinger (19038) self-chosen 0.65=2,0

Holmea et al. prﬁum sslf-chosen 0.25-0.75

Farmer et sl. (1936) "low" inteke 0.75-0,80

Abt and Farmer (1938) "adequate” 0.70

Fajdl et al. (1039) "adequate” 0,70-0,80

torwitt (Xybos et al., 1944) 25 0.40

Fincke and Landguist (1942) 2061 0.80 Viomen

ralll et MW. (1938) D075 0.50

Kyhos et al. (1944) 5O 0.80

GoldemIth et al. (1941) 50 ¥aintained saturation
as determined by
urinary exeretion

Todhunter and Fobbins (1940) €0 1.0

Hoberts and Hoberts (1642) BH=T75 0.70 Saturation as deter-
mined by 50% execre-
tion of a test dose

Fincke and Landquist {1942) 68«89 0.80 ¥en

Kyhos et al. (1944) 75 0.80

felser et al. (1939) 70=-100 Saturation as deter-

{Continued)

mined by 507 excre-
tion of a test dose
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compativle with ro00od funecticnal heslth. Plesma values end
intake of vitemin C seem to be correlated up to the point
where the rensl threghold of sscorbic acid 18 reached slince
festing plasma concentrations rise with intake up to & level
of about l.4 mg. per cent but higher plesma concentrations
are not maintained. 4 larger nproportion of the studies would
suggest that ssturation can be maintained on 50-to 100-mg.
Iintakes of vitamin C; that, conversely, intekes below 50 mo.
yield plasma vitamin C concentrations which are lower than
paturation values. Lowever, at these lower intakes no slgna
of a L svitaninosis were observed so posslbly 8 reviasion of
the low limit of normal for plasme vitanmin € is indicated.

in connection with low plasme concentrations of ascorble
acid and trelir significance in human nutrition, the controlled
study conducted by Crandon and Iund (1240) is particularly
interesting. During a period of four months on & vitamin C
deficient diet their normal cdult demonstrated a decrease to
zero in the sescorbic meid content of blood plasma, white
cells anc rplstelets. Yo clinlcal symptoms of scurvy developed,
incressed fatigue due to muscular exertion was absent, and
the orsl condition rﬁméin&d goode A wound experimentally
made when zero plesme readings had been observed for more
than forty deys showed good hemlling. Crandon and Lund sugpest
from thelr study thet & plasme concentration below (.5 mg.

per cent 13 not necessarily a danpger signal since they bellieve

that the plasma ascorbic acid determination indlcates the



extent of tlesue saturstion only.

4. SClmultaneous plesme and urinary determinations for

vitamin C

Simultaneous plasma and urinary deterzinations have been
recommended for the most relisble information as to the state
of vitsmin C nutrition in 8n ind!vidunl (Smith, 1938). How-
ever, tables 1 and 2 would seem to indicste that = st;aight
line relationship exlists between plasms vitamin ¢ and urinary
excretion of vitamin C and that an snslysis of either might
be a measure of vitamin C nutrition. In either case, the mean
of & series of determinations is probably the most welid ine
dex of vitamin C stores since urinary and plesma concentra-
tions of the vitamin vary markedly in the same individual

from day to day (Storvick and Heuck, 1W42).

F. Adult fequlrement for vitamin €

The cuantity of ascorbic acld that protects sgalnst
scurvy is not sufficient to prevent a partisl C avitaminosis
or subclinliesl sourvy. According to Pessey and Fing (1933)
the time regquired for a depletion of tissue reserves of
ascorbic acidé is much shtorter than the time required for the
symptoms of scurvy to &ppear. They indlicate that further
investigation is needecd in thls zone between & low vitamin C

inteke &nd the sppearance of scorbutic symptoms. Dslldorf



(1938) states that devietion from health may be slight in sub-
clinical scurvy but it is definltely & pathologlc state, e
concludes from his investigation that even in the mildest
degree of a vitamin C deficiency the anatomic effects peculler
te C sviteminosis are prompt to eppear. OSmith {(1336) reports
that 1t waes early found that children recelving sufficlent
ascorbic scidé to protect s minst scurvy might still develop a
form of ceficlency characterized by severs tooth injury. Ehe
states that wmuch larger sllowances of vitamin C are necessary
for pood nutrition than for the prevention of scurvy.

On the other hand, there 1&g no direct evidence that main-
tenance of tissues in & stete of saturation withk vitumin C 1is
acdvisable. According to Felser gnd sseociates {1939) 1t 1=
self-evident that requirement cannot be rrester than the
axmount necessary to maintaln tisesue ssturstion. They deter-
rined thls emount to be 70 to E5 me. for two sublecta, B to
100 mg. for three subjects, and more than 100 mg. for two
subjects. On & basis of body weight, therefore, Helser and
csenciates would place the normal gdult vitamin ¢ requlrement
6t 1 to 1.6 mg. por Zg. per day.

Cther estimstes for normel edult vitemin € requirenent
define & wide range of Intaske. hLalll and essociates {(1939)
feel that an scdult reguirement should be the winimum amount
that would naintalin plesma &t normal concentrations or, i.e.,
0.8 mg. per cent or sbove, &n amount which would result in a

small and comparatively constant excretion of ascorbic acid,.



These investigators repocrt that they found that 100 mg. daily
1s required by normal sdults for gecod nutrition. Thirg intake
was accompanied by maxirmum retention and & low, constant excre-
tion of from 8 to 13 mg. dally. The delly smount of ascorble
aecid necessary to maintein tissuss of flve subjects in ade-
quate vitamin C nutrition was found by Fincke gnd Landguist
{1842) to range from 38 to 89 mg. per day or C.8 to 1.2 mg.
per Kg. of body weight. The criterion used by these authors
fer a stete of sdequate vitamin C nutrition was 8 nlasma con-
centration of 0.8 mr. per cent. Heinemsnn (1938) states that
healthy individusls require at least 0.2 mg. per K. of body
weizht to maintelin satureticon and O.4 mg. per Eg. of body
weight to protect ageinst scurvy.

The minimel daily intaire of ascorblic acld regquired by
healthy male sdults for satisfactory plasme response, 0.8 mg.
per cent, and heslth of yum tissue 1s s8sid to be about 75 mg.
(KXyhos et ml., 1944). This requirement was estimated from
plasma ascorble acid deterninetions on 71 subjlects over & per-~
lod of 17 months, A few cases were found to require 1C0 mg.
dalily. levcowich and Batchelder (1842) studied the urinary
ascorblic scid of eight women on self-chosen dieta, on & basal
diet conteinings larpge guantities of vitamin C-hirh fruite and
vegetables, on low-vitamin C dlets, after the administration
of massive doses of crystalline ascorble acid, and at other’
various controlled inteke: of vitamin C. On the basis of

their observatlions they estimete that 50 mg. of vitamin C



daily plus 50 per cent for & safety factor or, 1.s8., &
requirement of 75 mg. is satisfactory for & falirly active col-
lege woman. Hinehart and Greenberg (1942) state that it has
not been determined whether plesma concentrations less than

1 mg. per cent or, 1.8., saturation, are sufficient for opti-
mum metabolisme. They propose & 56-to 7H-mg. delly intske as

a8 range wherein tissue depletion is negligiblé.

These variations in esleuleted reguirement for ascorbic
acld are due to & lack of agreement on criteria, use of experi-
mental diets that have not been carsfully controlled, and the
lack of long-time studles on plasma and urinary content of
ascorbiec acld where subjlects are kept on & vitamin C-free diet
end fed quantitative amounts of vitamin C (Ralli et al., 193%9).
Certainly more evidence ls needed concerning the prolonged
effects of ingesting quantities of the vitawmin which will not

maintain tissue saturation.

Ge Effect of Exercise on Legulirement

There is no experinmental proof in the literature that
would support an effect of exerclse on vitamin C requirement.
Seversl investigators have, however, suprested from chance
observations that high energy expenditure increases body need
for the vitemin and some heve proposed & loss of vitamin C in
aweat'aa & possible explanation.

Belser, Hauch and Storvick (1939) were unable to



duplicete previous results Iin saturstlion experiments during
certain summer monihs when environmental temperatures were
high. For exmmple, the same subject excreted 182 mg. in
response to & test dose when the meen temperature was 77° F
and 231 mg. when the temperature was 55° ¥, Delser and asso-
ciates belleved therefore that urinary excretion br ascorulc
acic¢ is affected by high temperatures., BRernatein (1937)
investigated the loss of vitamin £ in laborers on ¥itwaters-
rand gold mines. Incidence of scurvy and subclinical defi-
clencies of vitamin C were high among these men even at an
average inteke of 20 to 30 mg. daily. Since & mlner may lose
tvo andé & helf to five pounds of weight, mostly sweat, durling
an elght-hour shift, Fernstein pointed out thet loss of vita-
min C in sweat may be an important factor in the vitamin
nutrition of these winers partlcularly since thelr intake Iis
not liberal.

Later work by Wright and Yeclenathen (Belser ot al., 1939
demonstrated thet losa of ascorblic meid in swest is minimal.
This econclusion was conflirmed by Tennent and Silber (1943)
who found no ascorblec acid in sweat samples during & well-
contreolled experiment on lhealthy young males. Some loss 1n
dehydroascorblic was found in &ll subjects but the averare
ahaunt was not great, 0.25 mg. per hour. These authors
deemed 1t unlikely that even excessive sweating could precipi-
tate & vitamin ¢ deficiency. They belleved that the high

values reported in previous experiments for vitamin C In



sweat were based on faulty enaeliyticel procedures.

Lince sweat hes been eliminated ue & route of signifi-
cant vitemin C loms, there remsins to be found another ex-
planation for reduced vitamin stores during exercise &s noted
in the investipations revliewed in the introduction to this
puper. HLowever, ti.e data reported were not based on conclu-
slve experimental evidence and sc do not have much practical
velue. It is very possible that exercise by heightening
metabolic sctivity and increasing exchange of nutrients in
the bLody does create o greater need for vitamin £, but the
hypothesis needs proof. 1t 1s hoped thst this study will con-
tribvute information concerning vitamin gquirement during

exercise,



