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REQUIREMENTS FOR VITAMIN C
AS AFFBCTED BY EXERCISE

CHAPTER I
INTRODUCTION

Historical Background
Seurvy, & vitamin C deficiency disesspe, hes been

known in history as & plsgue, infesting ermies, navies,
and besieged towns. It wes particulerly common among
the crusaderas, on the voyages of sxploration of the aix-
tecnth century, smong the colonists of the northern part
of Americe, and throughout all history in the northern
parts of Europe end Asia. The Greek, Romsn, snd Arebien
vriters do not seem to have been aequeinted with the
atsease (53). :

It has been known for over 300 years that fresh
vegetables are & potent remedy for scurvy, but it was
not known until the esrly part of the twentieth century
that scurvy is an aviteminosis (86). In that same period,
it wvas discovered by Bartenstein and, later, by Holst
and Frolich, that the guines pig could acauire securvy.
That discovery opencd the way for some valusble experi-
mentation relative to the nature of vitemin € deficiency.

Between 1918 and 1925, Zilva wes sble to obtein
almost pure antiscorbutic vitamin from lemon juice. He
ves able also to determine the basic properties, such as

moleculer composition (empirical formuls CgHgOc), 1ts



resemblance to the hexoses, and its inotability to
oxygen, especielly in alkeline aolutieaf

In 1928 Sgent Gyorgyl isolated from sdrensl glands,
from orabges, snd from cabbege, & strongly reducing sub-
gtance which he called "hesmuronic acid.”™ In 1932, the
ldentity of vitomin C with 3zent Gyorgyi'ac "hezuronic
a0id" and with Zilva's “reducing factor" wes diseovered
by various groups of workers, namely Waugh and K&ng?
Svirbely and Szont Gyorgyi, and Tilimens (86). The first
papers by VYough ond King vwere besed meialy on the ivola-
tion of tholr first entiscorbutic erystels im 1931.
Aesording to King (61),

Those c¢pystals, obtaimed from lomoas,
corresponded in typo, melting point, sSolu~

bility, titration velueo agelnst oxldizing

and reducing agents, rotation, electrica

transference, and € «- H combusticn, with

the "hexuronic acid” which Szent Gyorgyl

had isoloted os & tissue rosplratory factor

from cebbages, oranges, and adrenal glends,

at Oembridge University in 1928,

There scomed to be no reasonsdle basis for guestion-
ing the idontity of the vitomin efter it was demonsirated
thet Kendnllts indopendent extract from adrensl glonde
and by ¢n entirely diffevent proceduve had the somo
antiscorbutic velue 28 the product of Waugh ond King.

Reichstein and Heworth announced the first successful
synthesis of ascorbic ac¢id in 1933.



Chemicel Properties of Ascorbic Acid

Vitamin € hag an acid reaction, this property being
due to am enolic hydrogemn (59). The most significent
resctions ere those which involve oxidetion and reduction.
The oxidstion of ascorbic acid is greatly affected by
variations in pH end by the presence of catalysts, such
ag cupric, ferric, mercuric, silver, and mongonose ioms.
The vitamin is reversibly oxidiged by & greet meny
rosgents such as methyleme blue, quinones, the indophenol
dyes, hydrogen peroxide, and 106@&9. In equeous aolntioné,
the rate of serobie oxidation is lncreased by exposure teo
light and by the pregence of the hemochromogens. The |
oxidized form of the vitemin, dehydrosscordbic acid, is
fairly atable in solution belou PHy,, but in more azkeline
solution, anéﬁher strong reducing substance forms, which
on further oxidation gives rise to oxalic scid end
l-threonic acid. Reduction of dehydrosscorbic acid can
be brought about by hydrogen sulbhiﬁe, eysteinc, and the
"fixed - SH" groups of proteims. It hes boen found that
glutathione im the tiosues mey é@t a5 a protective mechsne
ism egainst oxmidetion of ascorbie acid by coppor. Aecorde
ing to Becker, ascorbic acid i3 considered the coenzyme
for glutathione oxidetion (6). Two of the enzymes ﬁhich
oxidize and reduce ascorbic acid respectively, can be

separated from cgbbage julce; the reductase hos been found



to be much more labile than the oxidase (22).
Physiology of Aseorbic Aeid

When ascorbic scid is withheld from the orgenism,
the mein ¢hanges that occur are in the intercellular sub-
stances surroundisg the cells which start from'the
mesenchymal or middle layer of the embryo (24). Normelly
the fibroblast, or the basic cell of fibrous tissue,
forms smell £ibrils in an amorphous ground substence, the
£ibrils being gathered together into wevy bands of ¢ollagen
or connective tissue. In mnormael grovwth, the £ibrils
appear to be cemented together by a translucent ground
substance; it is this formation of intercellular meterisls
vhich is probably controlled by'vicamin €. In pcorbutic
guines pigs, the fibroblasts end the ground substence are
present, but the £ibrils amd bands of collagen do not
appesr; vhen the animals are treated with suffiecient vitamin
C, the collagenous materisl appears in eighteen hours.
The formation of the intercellular substence of teeth
{dentin) snd of bope (osteoid tissue) ean be controlled
in the seme vay, by supplying or withholding the vitemin.

The bony lesions in vitamin € deficiency are most
common &t the costochondrsl junotions, the distal sad
proximal ends of the long bone of the thigh, end the proxi-
mel end of the tibie end the wriat (26). It appesrs thet,
when vitamin C i8 not preseat, the osteoblasts return to
thoir primitive form (fibroblasts) and try to form a



fibrous, rathor then & bony, c¢onrection, between the
cpiphysie and dlaphysis. This abnormal zone is called
the "gerustmork® op "fmémew@r& marrow,” vhich i tho
eharactoristic lesion of infantile scurvy.

A doficicney of vitamin € results 1n ch@ages in the
tooth and gumd (15,85). There aro chenges im the pulp
end dentin of tho teoth, and an-inflammstion of tho gume
rosulta. Other parts of the body vhich may be affocted
by sscorbie acld doficiency arc the eyes (13), the bone
marrow {23), and glanduler (23) and musele tisouve (10).
Host lensioms of scurvy ¢an bo traced to tho inability of
the mecenchymal éell@-ta forin pupporting substanco. The
typlcal leoion of sscuprvy 18 the perifollicular petechial
honorrhage. The petechise are most commom on the logs or
whero thero 18 progsure on tho capilliaries,

Crandon, Lund, ond D111 {21) rocently contridbuted a
valueble etady in vitamin C dafieien@y.' mne;v subject,
Crendon, was on s dlet freoe from vegetablos, fruits, end
milk for about six months. At the end of 41 deys, his
plasma lovel of ascorbie acid wes gero. Tho ascorbic acild
content of the whito-eoll platelet blood fraction fell to
gero after 82 days. On the i34th day, small perifollicue
lar papules appesred over the buttocks and backs of tho
calves. These pspules they considered to bs the first
signs of geurvy. Perifolliculer hemorrhages cppeared
aftor 161 days. Vhen the subjeet was 1n the deficient
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state, an incision was made across the lumbaer region of
the back. This vound ?ailed to heal until the sscorbic
acid supploment ves given., Winflold and Irvim (47)
advise thet the plasma g8corbie &élﬁ-&n& the serum protein
levols of patilents be brought to\noﬁma& before surgery.

t¥hen vitemin C rich foods are exeluded from the diet,
a vegue condition of gemeral poor heslth may result (69),
the state often being‘aeeempaniea by anemia (4,66,60).
. A defioienc§ nsy elso be accompanicd by & lowered resis-
tence. King ond Menten (62) found a definite lowering of
the resistence of vitamin.e ﬂefieieﬁt guinee pigs to imjoc-
tione of diphtheris toxin. Flbri (34) damqnetﬁate&'éhae |
ascorbie scid elone or with extract of adrensl eortex hed
some éetax&fying &otianlgg'giﬁgg againat diph&hbvié. .

It has been suggested that e lack of adeguate vitanmin
C may be the cause of hypersensitiveness to certain foods,
| particularly as 1t occurs in infemey (91,112).

There has been gome evidenee preaeuted:(ﬁﬁj‘thét e
vitemin € deficiency msy lesd to respiratori‘éd& other
infections. - I

The effect of assorbic aecid deficiemcy on tho resis-
tance mechenisme of thezﬁody is ne€ knovn. It is known
that there 18 some rolationship betwoen sscorbic seid and
blood complement (68). It hes been found that there 1o
& drop in the complemsat titer of the scorbutiec guinee
pig end thet the velue rises vhen vitemin € 1s edministered.



Iu paired feocoding ezmporiments with guinea pige, MoHoney
and Sheppard {70,92) found thet with vitomin C Goficiemcy
there 15 & loss in veight, which is ccceompanied by en
ineveasod metobolic rate end o decresse in wetey retention.
In the somo experimonts, thoy found thet tho body fat

of the doficlent animnlp wes groater than that of the
controls in opite of tho inereoased metsbolie rato.

Boosoy, Monten, end King (10) mede oxtensive histolo-
giecl studies on ceorbutie guince pigs, mainly with tho
e1d of silver mitrate and fat stolning materials cppliled
directly to the ticoucs. ?ney'foua@\zhat the siliver
nitrate wad redueed much leso rapidly when the animelg
wereo on & vitamin C free diet. In the gecorbutie gﬁimsé'
pigs, they noted tho disspposrence of fat staluing .
meterit) end of doubly refractive ehslesterol from the
edronal ocortex. They alec found fetty degoneratien in
ports of the myu@ar&ium-aﬁé ia ckoletal musele as well
a8 favty tufiltration ecnd fetty degeneration of the iiver
ond conetimes conzestion of the 1liver and hemorrhaoges.

Murckemi (75) found that in guinea pigs fed on e
diet deficicnt in vitemin €, %he pigment exeroting func-
tion of the liver and the cepscity of the liver for dee
toxifying sodium sentoniecun end indole were decreansed.

The oxidobive vesotions of escorbic acidé suggest thet
%he'bitamia way play sa inportant part in tiocue respirae
tion. Kellle and Zilve ropoPted thet Harrison feund &m



uptake of oxygen by liver slices of scorbutic enimals
wvhen vitemin C vas added (56). Kellie and Zilva were
able to repeat the experiment end found that the addi-
tion of ascorbic seid to liver tissue inoreased the sur-
viving respiration even vhen tho snimsls were not scor
butic. They also found that the inc¢reese in respirstion
was less in enimels on a normal diet thanm in énimals on
6 diet restricted in cslories or in escorbic acid. In
further experiments, they found that the surviving
respiration of the liver tissue of 95 ber ¢cent of their
animals on & diet restricted in calories and 31 perﬂcent
of those on & normal diet was increased by the eddition
of ascorbdic acid. The great reduction of oxygen uptake
vhich was brought sbout by phloridzin, imhibitor of
phosphorylation of cerbohydrate, suggests s coannection
of sscorbic 2014 with any one of the steges of carbohyd-
rate cataboliam following the Gtep of phosphorylation.
Stevert end Learmonth (98) found that sscorbic acid
injected into cats vhich had been bled to 50 per cent
of their original blood volume would, in some eeses,
prolong their lives. They suggested thet the action may
. have been due to the inoreased supply of oxygen to the
tissues by ascorbic scid and even suggested & possible
practical application of this phenomenon to humen sube
jeocts during wer time.



Other biochemicel funotions of eccorbic acid

heve been auggeate&; Robertson, Ropes, and Besuor
(83,84) found that ascorbic scid would reduce the vise
eosity of mucin im the presence of hydrogen peroxide.
With further experimentation, they found that it acted
on polyssccharides such as starch, pectin, flaxsced,
mucilage, and the polysaccherides of synovial mucin and
- gartilege and that it destroyed ﬁhe capsules of various
types of p#enmo@eeei, Lateor they brought.ab@pt the
in vitro dephosphorylation of ,A7~glygerophéey@atg'py
ascorbic acid and hyﬁmogen peroxida.__éhay shggeétea
that a possidle functien of asaorbia‘aeid mey be the
degradation of mucins end pelyssccharides in phystologieal
end pathological processes.

~ Woggle end Wynd (77) suggested that asoorbia acid

mey have;a\wele in protein synthesis vhon they found
 that the retio of inscluble to soluble nitrogen in the
leaves of cereal grass incressed with increasing amounts
of aseo&btc acid.

| It has been found that ascorbic eecid hes some funce
tion in protein metabolism. In 1939, Levine, Marples,
~ end Gordon (64) found that c¢ertein tyrosyl compounds
? (1-p-h¥drexyphenylacgié acid and a keto acid.whieﬁ they
believed to be ﬁ-hyaruxyyhenyipyruv1c acid) were exereted
.by p:em#ture infents. Theé found that the féediﬁg of the
aromaﬁic-Qmino acids to these infents would increase the
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oxerotion cnd that the adminictrstion of sscorbie acid
would prevent tho oxerotion.

At sbout the same timo, Sealock apd Silberstein
{89,290} wore able to produce &n oxporimental aleaptonuria
by feeding vitemin ¢ deficiont gulmeo pigs tyrouime o
phenylalanine. The condition was conirelled with the
feoding of the vitamim.

In later couperiments, Scaloek, Porkincon, and
Basineki {88) found that homogentisic aeild, alpha keto
acids, and tyrosyl compounds, meinly p-hydroxyphenyl-
pytuvic eeld, wore cxereted from ascorbic acid deficient
guince pigs when either l-phenylolenine or pheaylpyruvie

-peld wes given. Whenr one of the metabelites, pshydroxy-
pheobylpyruvie acid, wes given, the vitamiﬁ vas found to
hove 1little or no effect on the succecding metabolites.
From this they concluded that the point of attack of the
vitamin opn smize oeid metebeliom is confined to the esrly
stages.

Beyer (12) wes sble te produce the inectivation of
certoin animes by ascorbic acid both in vive end im
yitre. He obtoined up to & 55 per cent yleld of smmonis
vhen eiy wos bubbied through a buffered solutien of
ascorbic scid snd pome emines. He also found a dGecroased
escretion of emphetemine by dogs when they were givenm
22 to 400 mg of ascorbie seid.
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Bourne (i4) hes suggested still anm%hev'funetion
of ascorble scid. He pointe out that nscorbic acid is
loceted in high comcentretion in the roglon of the Goigl
apperatus of biologicslly ective cells end that the
Golgi appsratis is recognized as the synthetie ecenter
of the celi. He comcludes that ascorbie acid prebably
has some function in the synthesis of chemical substences;
he gives es the most likely explenetion that the presence
of aseérbie scid forme im the oyuthotie esntor of the cell
@ highly roducing arce which prevontt the oyathetie .
products Prom boing motaboliged as Soon as forred.

The relctionship of ascorbie aeid %o Opeeific hore
monos and onszymset hag beon studied in gome laberatovies.
There is somo svidenss thet the vitanin hae an antie
thyrotropic eetlon, but the rolationchip hiss not beom
éieariy‘@emonatrated (95).

8igal and King {(93) found thet tho glﬁ@@a@ tolerance
of guinee pigs wes dofinitely lovercd by progyessive
ascorbic secld depletion.

Barror and King (82) rocently mede o study of the
roletionohip betuweon sgcorbie ecld ond four onzynes, two
hydrolytic snd two respiratory. TPor the study of the
hydrolytic cnaymos, the tinsucs uled vore incubatod with
the oppropriate emnzymic substrates aud the products of
the hydrolysis analysed quontitativoly. The activities
of tho reospiratory onzymos wore studiod by moacuring the



12
oxygen or hydrogen uptake of certainm tissues in & unit
time.

In this study, they found that the liver esterase
getivity of their scorbutie guines pigs was one-third
the setivity of the normal enimels. They found that
phosphatase activity of imtestinal mucose snd kidney corw
_ tex shcwed 8 moderate decrease in scurvy. The sctivities
of the tvwo respiratory enzymes ss measured by this
method weie definitely lower in the scorbutic snimals.
The setivity of succinic dehydrogenase in scorbutic
heort tissue appesred to be 20 per cent less then that
of normal tissue and 65 per cent less in scorbutic
skeoletal muecle then of normal skeletal muscle. The
activity of cytochrome oxidsase ip scorbutic heart and
skeletal muscle was aboﬁt 45 per cent lower then that
of the normal tissue.

Herrer =nd King (42) suggested that ascorbic aecid
mey be important in celluler physiology es a regulsting
and protective agent. Thoy write a3 follows: "By
protecting active groupe such as R - Sﬁ (R being a
protein), relatively small emounts of ascorbdic acid
might aid in the reguletion of major hydrolytic and
respiraetory systems in the tissues without entering
directly into the reasctions aonberaea.” They point out
the apparent paradox that although scurvy 1is accompunied
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by total increasscd bedy respivation and inercased res-
piration of tissue slices, there 18 & dlstinct decresse
in sotivity of tuo of the majeor vespiratoby engynes. -

- The vrole of agoorbis acid in tho metabolic processes
of plants snd snimsle 1o not oloerly understood. Theve
10 practicnlly no ascorbiec seid to de found in 4Ary seeds,
but the vitamin sppeors vhorc the gprouting prosessed
are appavehtly initiated; in & fow hours after the seed
15 moistoned. It 1o found in high concentrations in
the astively groving parts of the higher plants, and in
all frosh greom loaves. In the animal oPgonlsm sgcordie
201d 19 found in tho greatest concentrations in the
tiopues of greatest ectivity; the pituitery body goner-
ally heg the greateost conceontration amd, in ﬁae?a&ﬁingv
ordor, tho sorpus luteun, adrenal cortex, young thymus,
liver, and brain. The presence of the vitamin in tissues
of highost metebolic activity indicatos thot it way have
su essenticl metabolic role. Riug (61) stetes: “The
high conecentration of sscorbie at¢id in glandulay tissues
indicuter & degree of corrclation with the gemopal rate
of netabolism snalagous to the velationship in plents.”
Helnemenn (52) found that in blood kept in ak otmeosphere
¢f nitrogen, the plasme esoorbic geid entered the eells
&t room o bhody temperature but wot at low tempersaturce
(7 degrees coentigrade). Prom this he eoncluded that the
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transfer into the cells 18 probably associsted with some
nmetabolic process.

Methods of Assay
The esPlier assays for sscorbiec geld were made

with tho use of the guinea pig, both by the preventive
end curative methods. Another method thset has proved to
be very useful is the "guinea pig tooth mothod" suggested
by H8jer, in which the degree of scurvy preseant 18

~ detormined by chunge® in the struoture of the dontin of
the tecth. , o

T1llmens, Hirsch, end Rirseh first doveloped &
nethod for determining the presence of reduced ssgorbic
acid in. bloecd, Their method was based on the titration
of a trichloracetisc ecid filtrate of blood plasme with
the dye 2,6 dichlorophenol indophenol.

Enmerie snd ven Eokelen suggested peducing the
ascorbic acld present in bloed plesma with hydrogen
sulfide ond precipitating. interforing roducling substances
- gueh a9 oysteime, with movcurie scetate (28). This
mothod. hae proved to be rather uncertain, as it 4o
- meeosRary to romeve the hydrogen sulfide completely with
nitrogen in ordeyr o prevent excess roduction of the dye.

Formor and Abt have medified the originel dye pro-
cedure end have ndopted 1t to the use of very smell
amounts of blood. They suggested using sodiuvm tungstate
end, lator, metaphosphoric acid, ag protein precipi-
tante {30).
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Pijoen end Xlemperer heove suggedted the use of
potaasium ¢ysnide end potassium oxalete to prevent the
ozxidotion of apcerbic acid in drawn dlood samples (79).
Other workers hove found that there 15 no grester loss
of ascerblc acid when p@%aaaiim c¢yepido 1z pot edded
and that some lots of the salt temd to decolerize the
dye. (23,29).

Various other repgents hiave been suggested for ase
corbie acid amalysls; among whiel ave f@rroeyami&e,
phoophotungatic acid, methylene blus, and phosphomolybdic
seid. Por ono roason oy asnother; these peagents have
proved to bo mot enlirely satisfactory. A Spestnoe
scopie nethod and & procedure based on the use of oxida-
tiomsroduetion surves have dbeen sugsested. Roe suggested
the ugo of tho rooction botueen amiline acetate and
furfural, vhick 10 fovmed fyom sgcorbic acid on @@@ac-.
mont with comeontrated hiydvochlorie acid.

Variouns potontiomotrie methods have boon tried,
but untll @ow, these havo beon vory limited in precision
bosguse of drifting petenticls amnd 1&6&@81@@@ eaa~pé&nts.
Rarpic, Uapoon, snd Wang (44) have vecently intreduscd
8 method for an oloetrometric anslysis with the use of
2 platinum eloetrods coated with merewury. The mothod
may prove to be o useful onc for voubine smalysis, fro@

the cbtandpoint of sccuvedy ond simplicity. .
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Mindlin snd Butler (72) beve adapted the miero
dye method to the photoelectric colorimeter. OF the
meny micre methods tried by various workers, tho indo-
p&énoi titration method &8 modificd by Fermer and Abt
and the colorimetric method of Mindlim snd Butler heve
been preferred by the grestest number of workers.
Mothods of Determining Reguirements_

The first attempts &t messuring humen require«
ments weve made by GOthiin in Svedem dm 4931. Hic
method was to £ind the smalloot smount of orange julee
which would correct a lowered ceplliery resistanco, a
condition whish wes vevealed by petochiace esppoaring vhen
prosgure ves applied to the arm (37,38,39). Thic wethod
has been pertly veplaced by a method iatroduced by
Palldorf, vhoreby megativo pressure ia applied %0 an
erea of the aerm end the numbey of petechiase counted (94).

M@my-workewa since GBthlin'e exporimentst were pere
fe?méd'%ave found no corvelation botwecen 6apillary
pesistance end nutritionel state (113,78,49,25). Aaccord-
ing to GOthlin, the resson that these workers have found
ne such eorrelation is thot the mothod is not spoeifiec
vhen plasme levels ave much sbove 0.1 mg por 100 ml and
that in the eountries whero thogs experimentc have been
carvied ous (excopt inm Svedom), the average dlet 4s come
paratively »ich im vitemin C, ond plasme values ag low
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a8 thet are seldom found. Delldorf he¢ mede extonded

- atudies on the methoé} using his negative pressure
technique, and 1s of the opinion that the method wilil
give depondable informnzién on the presence or shaence
of vitémin ¢ deficioncty but does hot ghov the degree of
defielency, Dalldorf has found that the method will
give faleeiy‘aegative results when severe anemia 48
9@9%@&%; Sloan points out thet the thickness of the
skin end the position of the arm also affeet the
rosults (94).

There is some evidence now that lowered capillery
registance as shoun by these tests may be due to the
lack of vitemin P (65). Subjeots of Leveowich end
Betchelder hed lavger petechise when on & low vitemin &
diet supplemented with 40 to 120 mg of pure ascorbic
acid than they did when on & freely chosen diet.

In 1937, Rotter introduced e direct test for deter-
mining nutritionsl state (B87). He injected & smsll
amount of the dye 2,6 dichlorophenolindophenol imte the
forearm of his subjeets, measured its speed of decolori~
gaetion, and cdonciuded that that speed was proportionsl
to the smeunt of escorbic acid iu the blood. Others
since them have failed to f£ind such o oorrezatton.(soi
and advapced the theory thet there may be other reoducing
substances in the skin, which would interfere with the
test.
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In 1932 Tillmens shnounced & relationship betveen
the ascorbie acid content of food and its ebility to
reduce the dye 2,6 dichlorophenclindophenol. later,
this principle vas applied to the messurement of ascorbic
acid in urine. 3Since then, gome progress hee been mede
on the determination of minimum end optimum requirements
for various age groups.

It has been shown by Herris end others that the
upinory cxeretion of ascerbic acid 18 roughly propop-
tional %o the imtake at ecertaim lovels {45,46,55,74).
Johnson ond Zilva {53) found that the excretion depeads
both upon the magnitude of the inbalte and upom the
dogrec of soturation of the subjeet, a nmueh smeller ..
pereontage of a simgle lavge doge being encretod if the
vegevves of the subjoet have been previously deploted.

- Por e time an attempt vasc made to apdgess nutritienal
ptatus by doternining theo urinepy excretion of ascorbie
ecid (%3,113). Thoe level of encrotion corvespending to
the "lower 1imit of normal"” has beon set at approximately
13 %o 20 mz by verious workers (43,112,32). Harpris,

Rey, ¢nd Wavyd, end Ahnmed heve estinnted that the average
duily exereotion for normel subjocts i1d about 30 mg
(46,3). Havris end Abbaay (33) found that an intake of
25 ng of ascorbic soid would result in sn ozepetion of
13 ng. One subject of Johnson and Zilve (55) exeretod



| 19

80 to 180 mg of encorbic zoid vhen he regulurly ineluded
11 his deily dist tuo orenges bosides groenm vegotables.

It has been shown thaﬁ there 18 & "renel threshold"
value oF.3 definite corcentration in the blood st whick
egecorblio seld beginu to sppeer 4nm the urine in large
smounts (81,2,31,144). Thiso renal throgchold varics for
differont individuals, but the average appeere to be
about 1.0 to 1.8 mg por 100 mi of bleod plesms. Thon
the tlosuop boecoms "seturated” with sscorbie aeid and
the inteke 4o euddenly btopped,; the excretion drops very
rapldly, wpunlly by the vetond day, to the lov vesting
level cormonly found in the pubjcet on 8 f@e@ly'@moéen
atot (55).

‘Johnsen snd Zilva (55) geve vitamin € doficiont
cubjects gradually inevescing doses of aﬁ@@ébie.&@id
and found no significent viaa in ezeretion until the
peventh daoy., The smount oxcyoted groduslly rose until
the setenteonth doy, when & convtont level wap reoachedj
this point thoy considered to be the level at which the
tigoues.ere paturated with the vitemia.

Hoinemsnn, ven Worseh, and ven Bekolen havo attompted
to mosoure tho daily expemditure of necerdic acid. -
(50,51): Im doseribing thelir methed, thoy oay, -

If a previously ssturated cudjeet o ..
rosaterated after heving omitted 2ll vitamin



20
€ for & certein length of time, the dose

of ascorbie acid required to produce saturae

tion corresponds to the guentity used from

the body stores during the vitemin € free

Bividod by tho mamboy of daye the smperizent

l%ig:gg: can helconalﬁerea a8 the daily expet-
"Ssturation” in their expsriments is considered to be the
eondition when congiderable portions of & test gdose
appear in the urine.

The response to & "tost dose” of ascorbic acid has
been widely used as n method of messuring autritionnl)
stete and requirements, A large dose (200 to 1000 ma)
15 ingented and the urine collested for the next 24
hours and snslyzed for escorbic ascid. This method,
in 1ts many variations, is founded upon the principle
thet a large percentage of the test dose 1s exeroted
1f the tisspues sre "saturated," vhile almost no rise
ocours. 1€ the tissues are severely depleted. Sometimaes,
several days elapse hefore the excrotion méapenda.to
repeated test doses (78). -

Harris and Rey (45) found thot lov excretion and
l1ack of response to test dose no parsllel with a history
of low ssecorbic escid intake and with s state of aseorbic
aeld aubnutri&ien as shown by eapillery tests, but he
recommends the test doss method as being a'batter methed
of méaan@ing:nutrat&en than the eapillery resistance
method becasuse 1t is more truly specific and more accur-
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ately quentitative and becaunse repeated measurements cen
be made at any time. | _

Herris end Abbasy (43) found thet the eonsumption
of 25 mg of aecorbic seid daily will yield a response to
the test dosc gonerally on the first day apd certainly
on the seeond. |

Ordinerily, the determinstion is made on the urine
colleccted for the 24 hours following the test dose, but
some have suggested short cellectioms (3 to 5 hours)
with the argument that the peak of excretion eomes at
about the fourth hour end drops rapidly for the rest
of the twenty-four. Wright, Irving, Lilienfield, and
MacLonathen (109) have found thet 80 per cont of the
excretion oceurs in the first five hours.

The test doses used in different studies have
varied greatly, sad there is & great difforemcs of opinion
a8 to the percentsge of excretion which indicates ade-
quate and saturetion levels of the vitamin in the tissuesn,
Youmens {113) estimated thet om excretion of 30 mg after
& 600 mg test doge shows that the subject is im "normal"
vitemin C nutrition. Abdbesy, Harris, and Rey (1) set

e 40 to 50 mg excretion of a 70O mg test doss &8 normel.
| Foulkmer and Taylor (31) found that their "normal sube
Jeots" (blood levels aversging 1.7 mg per 100 ml) ex-
creted 503 mg of a 1000 mg test dose in 24 hours. Van
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Bokelen (105) dofined "soturction® oo the peirnt et
vhich & dose of 250 to 400 mg of sscorbic se¢id will
regult 4in 2 dcfinite rige egbove 30 ng excretion. Wright,
Irving, Lilionfiecld, and Matlensthen (109) report that
& normal subject will exerete 500 mg of e 1000 mg teot
dose im 2% hours or 400 mg in five hours. For many
requirenicnt otudleo, "saturation® s considered tha point
at vhich 50 per cent of & tost dose will be excreted
{97).

Storvick end Houck compercd this method of deter-
mining requiremonto with & method in whick tho subject
1c given 200 mg of ascorbic 8¢id daily for & preliminery
Yoaturation peried.” The lovost response £0 & test dose
after this period is token ap the meosure of “"ssturation”
for that subject in subsequent periods vhon the subject
is kopt on various lovels of intake to dotermine the
minimam Pequiremont to produce "saturation.” For thféé
subjects, roquironments ae detormined by the two methods
wore the sameo, vhile in two, they woro slightly highor
o8 deteormined by the sesond method.

In 1935, Favmer and Abt (29) roported that the
emount of reduced ageorbic acid in the dlood plasma
elosely follows the vitemin € intale. Sinee then, others
have confirmed this correletion (113,17,40). Since the
tntroduction of the plasma micre titrstion technigue of
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Parmer and Abt, the plasme lovel of sscorbic acid has
been used to & great extent both in determining nutri-
tional state snd in celculsating requirements. Some have
tried to determinme nutritionsl state by analysing the
total ascorbic seid content of the bleod pleasme after
reduction with hydrogen sulfide or carbon monoxide and
find no corvelation between total ssecorble acid of the
plasmn and the dietery reogime. Farmoer and Abt statod
that the amount of reduced ascorbic aeid im the pleoms
{0 wore gignificant thon the lovel of totel anecordie
seld a3 e measure of nutriticnal siate.

A rather elose covreletion Das boon found between
Plasma levels and the nmount of ascerdie acid oxcreted
ih the urine.

Qoldsmith end Fllinger (35) made extemsive somw
parisons of tho. vitamin € contont of bloed snd urime on
22 normal subjects snd some who had vitamin dofieiencles.
ef the group uhich showed o nmovmal posponse to a tost
doso (&@.t@‘SQ mg of a 790 mg test dose), only ome had
o blood level of less tham 9.65 mg por 100 ml, o level
which they chose as indieating normel nmutrition. They
believed thet the one low lovel may heve besn due to an
unusually low imtelte of vitemin € for tuc or thres days
proceding the test. They stated that. cocasisaslly a
bleed level may mot be indieative of the mutritional
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status but bslieved that for tho most part, the method
was z’eli&b‘l@. . . |

Wbrt&s, Liebemang and Wortis (108) mede extemsive
comporative studles on plasme, am&ne, and spinsl fluld
and conecluded that & normel (0.7 mg per 100 ml) and a
very lov sscorble acid content of blood plasma (below
0.4 mg per 100 ml) ave elmost invariably associated with
corresponding normal end subnormsl velues for both spinal
fluid 2nd ssecorbiec acid exerction in five houre after
& "test @@ae"-an@‘ahan; thorefore, the blosd p&&a@&fin
these wanges furnishes on adeguate and accurete index
of vitamin G matrition. In tho vengo of 0.4 to 0,7 mg
per 100 ml thoy recommend thet all mesne bo used for the
elinieal evalnation of sourvy.

Storvick end Houck (99) found that thore was &
definite @@@&@1&&1@@»b@ﬁﬁeeﬁ,mvﬁg&&y-@m@'gl@sma,aﬁﬁsrﬁie
acid on inteltes of 75 mg and less but not & significant
corrslation on levels ebove that.

There hes beoen some question about whish fraction
of the blood 1s the best medium for determining nutrie
tional stete. It hes been shown by Butlsr and Heinemann
(18 and 52) that aseorbié 4414, vhen it i first absorbed,
appesrs in the plesme end. thed sloviy penotrates the red
bloed cells. A fow workers (104,76) heve ergued that
an analysis of whole blood will give a botter pleture of
vitemin € nutrition than either vhite cell«platelet layer
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or plscma becruse 1t doos not fluctuate es the others
 Butler 4ud Guchmen (18) rocommend white celle

piatalet lay@v amalysis sinee they is ceocporotion with
Crenden, Lund, end P11l (21) have found that the aac©rbic
8614 level of the white soll-pletelet layor i& the last
to become depleted in deficioney and the first to rise
whon egcordbic ncid iamtalo is vecumod. I 1@ evident
that armalysis of this laysyr would shevw the progonce of
a long contimucd severe deficioney botter than would the
plosme level. ‘The Ia@tew,‘h@wev@?, ig & better wmeasure
of vhat the diet bos beom im tho days procedimg the test.

Goldemith apd Bllinger (3%) found Chat vhen ascorbie
acld vag logested, the plasme lovel rose in aboul an
hour, then p@ysisﬁeé or vesched & pook ot the end of
three hours and foll plightly at the emd of miz houra.
%ﬁéy recoumonded the @@%@?mi&ati@@ of the nutritionmal
gtate by uvsing the hoight and gomeral bohavier of the
blood eurve ofter am oral doce of aaéawﬁﬂ@ seid.
Bvoclustion of Motheds for Determinimg Hutritional State

and Reguiroments

Mueh hos been said for and agaima% the various
methods of dotevrmining requircments and wutritionsi
ptate. In gemewrml, thoe biood teute hove proved to be
the moot satisfactory and comventoenmt.

8loan {94) aﬁaﬁ@é thet the dotormimation of the
vitemin € content of blood plasms 1s the simplest
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depend&ble procedure; he alaolstates that the most
precise and dependeble method of detormining degree of
saturation ig the rate of dissppesrance of an injected
dose from the blood stream snd that the method based
on rate of excreotion of a test dose is less precise but
quite dependable. Van Rekolon (104) delieves that
the detormination of escorbic scid in plasme is better
than urinary studles for determiming nutritionsl state
bocause it ie less c¢omplicated analsniy one or two testo
arc pequired, while the'uéiaavy test must be determined
for & tventy~four hour output; he states that that coutput
18 very varicble for different people. Farmer and Abt
(29) believe the blood teasts to be more informative than
‘the urinary. GColdsmith snd Ellinger (35) found in their
experiments that there is e ¢lose correlation between
urinery and blood findings a8 indicative of normal or
defictent vitomin € nutrition, but they believe that
the urine tests may be loss reliasdle becsuse of the high
emount of interfering, non-ascordic acld redueing%sub-
stences in the urine in such conditionsg es diabstes or
vhen the subject is oh & high proteinm diet. Some workers
have foupnd that the great variation in response to &
test dose in theo same and different individuals mekes
the test unreoliabdble (47,109,95). Some of these have
found (9%,109) that imstesd of progressive inereases
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in excrction vwith continued hugh.dpsee of ascorbic acid,
there 18 no further rise for seversl days, or until the
doses ave discontinued for seversl more days. This
"platean of exerstion” Heimemenn believed wes due te &
form of specific dynamic action, in vwhich the exeess of
vitamin disappeared after the body storcs were £illed.

Johnson and Zilve (55) atated thst the poroentege
execroted 1o highor on lover test doses then on high ones
and that the amoount retained is higher in tho socond ease
and is not indicative of the true requivement. These
questions show tho uneertainty of depending vpon the
test dose ae & method of dotermining vequirements.
Plasms levels

There im some controversy over what constitutes
"normel” velues for the ascorbdic scid content of dlood.
Many conelusions have been drawn by verious workers
after studies of plasms lovels in relstion to dietary
intake. |

Greenberg, Rinehart, and Phatek (40) studied the
feating pleams levels of 55 medicel students. Their
values ranged from 0.25 to 1.48 mg cscorbdic acid per
100 m) of blood; the average wag 0.T2 mg por 100 mil.
Forty-five per cent of the students had plasme levels
below 0.72 mg. The experimenters ¢oncluded that values
below 0.72 mg were probadly suboptimsl, thet velues
between 0.7 and 0.9 appeared adequete, and thet optimel
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values wers probably sbove this renge. They ststed thet
values belov 0.5 mg per 100 ml must be constdered low.

Youmsns (113) found blood velues of 1.66 to 4,31
mg per 100 ml in aubjeeta on their usual or on & forced
inteke. Twelve patients, who were auapeated of having
e low intake, had values of 0.25 mg to 1.09 mg per 100
ml, the average being 0.539 mg.

Ven Bekelen (95) concluded from his studise that
values of from gore to 0.4 ag agcorbic mcid por 100 m}
ers pobr; frem 0.4 to 0.8 mg modorate, 0.8 to 1.2 mg very
pgood, and abova 1.2 ng oxcelleont.

Wright, Lilienfiocld, and Mel‘ssﬁawen (109) found
that the plasma values of their subjects who xep@rt@@
good to exsollent dletary histories voro 0.84 to 4.54
mg per 100 ce; thet those wﬁojveported poor to fair
dtotary hiatories‘had:valﬁea of from 0.27 to 0.68 mg.
Seme of their subjeots who reported good dietery his-
torien h&d,ievela:éf.@131 end 0.37 mg, ond tveo with diete
~considersd falr So good hed levals of 0.4 mg.

81osn (9%) comcidored 0.5 mg asemrbia scid per 100
ml to be the lower limit of normal cnd 0.8 to 1.00 mg the
averege normel fasting value. The average velue f@é
hie a&bssaté with the mildest aaaeé of seourvy was 0.36
mg end for the gevere cases 0.2 mg.

Taylor Ghaee, and Foulknoy (1@0) found tb@ average
plagms level of 10 ecorbdbutic patients to bo 0.245 mg;
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the pange wes .14 to .55 mg per 100 ml.

There 18 some differencc of opliilon about vhat value
shovs tissue ssturstion. Ralll, Friedman, and Sherry
(81) state thet 1.0 mg per 100 ml or over indicstes
eaturation, while Feulkner and Tsylor {31) ctete that
values ovey 1.&; ond Goldemith (35); values over 1.3 g
indicate caturation.

worcza; Li@bmm@n; a3 Vortisn (1@3) weod & value of
0.7 mag a8 the lowest 1imit of mormal.

Dirdgelaki (27) vrites thet values in blood over 1.0
mg agcorble acid pov 100 ml seemsd %o indieato good
vitemia ¢ nutrition, and less then 0.5, a mild stato of
dofieioney.

. Nouwoilor considers values below 0.55 mz per 100 ml |
plasma a8 pathologiscal and values below O.% mg a8 éefiniteg
iy seorbutic. He regards values of about 0.8 mz per 100
m) 28 good novmal valiues without donoting eatmﬁaﬁién;

Coldomith and Ellingor (35) coucluded thet on originel
level of 0.7 mg; resching 2 mg or moye after & teod dose,
shous normel vitamin € sutrition. |

Reogerdlese of the wide divergence of opialon over
vhat constitutes “saturation” lovels ov wtho lover limit
of no?mm%,?.it goems t0 beo gemerally sccopted that plosme
feveln of 0.7 oy 0.8 ng sscorbie 061é per 100 ml indicate
& satisfoctory mubwitiogal ptate,
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geqairemenﬁa

In recent years, & great deal of work hes been done
on the determination of requirements for the protection
of the orgenism from scurvy, for meinteining tissue
gaturation and for mainteining o "satisfactory™ blood
level.

In the days when scurvy was still & great problem
to marinere, 1t wes found by medical men 1in the British
Navy that cne ounce of lemomn julce per day was sufficient
to protect & men from seurvy. Kellle end Ziive (57)
concluded from their experiments that 15 mg of ascorbic
seid would proteect from scurvy end meintein good health.
Fifteen mg is approximstely the amount of escorbic acid
found in one ounce of lembm julce. GIthlin found that
25 mg of pure ascorbiec s0id or the equivalent of that in
orange julce was just sufficlent to prevent lowered
capillery re:1uuanee a8 shown by his positive pressure
tochnique. | | |

There sppesrs to be & great Gifference between
minimuim Yequirements and values which are considered
optimal. FPinoke and Landquist (33) found that their four
subjeets required 1.1 mg, .7 to .B‘mg, 1.1 mg, end 1.0 mg
ﬁer ktlo respectively to maintein & blood level of 0.8
mg per 160 ml of plesme.
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Leveoviteh and Batcholder (65), doing exeretion
studies on thres 3ub§®eta, concluded thet the minimum
ascorbic aoid requirement of fairly asctive college women
may lie at sabout 50 mg; with & 50 per cent mergin of
aafeay; the recommended intake would be 75 mg daily.
Hoinemenn (50), using the method desciibed previously,
found thet one of his subjects expended 62,6 mg per
doy for 37 deys, while enother used ©3.3 mg for 53 days.
He set 60 mg as the sctual roquirvement fop the adult mele.

By the seme method, van Eokelen (103) found his
"daily oxponditure” to be 34 mg efter ho had been om his
ordinary diet end 63 mg when Hie had o folrly lorge store
of the vitamin., Werseh {51) by the ssme mothod, celcu-
lated his deily exponditure es heing 56 mg and that of
an eighteen~year-old girl with scurvy ae &4 ng daily.

Ralll, Priedmen, and Sherry (81) found that in their
subjocts, the best retemtion was usuolly maintained om
en intake of 100 mg daily..

Most of the work on‘reqh&rements-haa been dGone with
the purpose of determining the nescegstry amount of
seocorbic acld to produce tissue "saturation." A summery
of the results of some of those otudies will be found
in Table I,

It is not yet knovwn vhethor or not it is advissbie

or of any value %o keep the orgenisn in & state of tiseue
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saturotion, but there 1z o grest desl of evidence that
more than the minimum roquirement to protect from seurvy
15 necessary to kecp the ovrganlsm in the best of health,
When recommending réqm&remeams it 18 noceasory to state
whother those reguirements areo minimum or optinmum os
defined in the light of presont kmowledge. It 1o interest-
ing to note that the recommonded daily allowance for
vitenin O ves set at 75 mg for the edult mon ond 70 mg
for the adult women by the Committee on Poods and.
Nutrition of the Netional Research Couneil inm May, 41941.
It w41l de noted thet these figurep arc loecated betvoon
the average reported optimum vrequiresionts and the everage
roported ninimum regulrements.



Table I

Baily Intake of Vitemin € Beqnireé to Meintain Tissue Ssturation,
as Beported by Verious Experimentesa

BExperimenters Ke; of Deily Reguirement Criterion of Saturation
: Subjeets Total Per Kilo
Bryan Eughos 56 1.7-1.9 mg Blood level of 1.0 mg
: ?mrne§, Heia@: per 100 cc
- menn
Todhunter end 3 90 mg 1.7 #Predetermined percent
Robbins 8o 1.6 of excretion of test dose
146+ 1.6 ' ’
1 1204 Blood level of 1.4 mg
o : por 100 ce
Belzey, Hauek, 2 T70-88 ebout 1.0 *ppefdetormined perecent of
and Storviek 3 85-100 %o 1.6 58 excretion of test dose
2 100+ per kg
Storvick ond 5 100 1.5 *Predetormined percent of
Heuek 15 4.5 exeretion of tost dose
100 1.3
150 2.8

114



Pabie I (Continued)

Experimenters No. of Daily Requirement

Criterion of Seturstion

Subjects Total Per Kilo
- Bame % 20 1.3 50 percent exerctiocn of
. 65 1.3 teat dose '
1.00 1.3
150 2.8
g0 i.%
€hen, Yu, Liu, 4 1.6 mg Blood levsl of 1 mg per
€hia scorbutie 100 ec
Feulltmer and 1 300 Blood level of i.4 mg
Taeylop pey 460 ec
Pincke anéd 3 131 2.9
Landquist 111 1.8
111 1.7

*Method deecribea, fér'Belzet, Hsuck, and Storvick {7), i section entitled

“Mcethede for Dstermining Reguirements.”
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Factors Affecting Reguirement

Study of the physiologicel fumetions of ascorbdie
a@ié.suggGEEn that certain fectors may effect the re-
quirements for the viteain by men in various phaees of
health and activity. |

The requiremetit for aseorbic scid is greatly iuereased
a@ring,pregnaney and lactetion &8 would de expeeted,
since the vitemin is Stored in the fetus end placents.
Theve is evidemce that requirement for ascorbie acid
bears no relation to age, height, or veight in the adult
(81). |

It has been found that the ascorbic actd requirement
18 raised considerably 1n certein febrile conditions such
as tuberculosis, rheumetoid spondylitis, and pneumeniec
(82,41). | |

It hes been suggeeted thet the requirement is higher
is other cases of heightemed metsbolism. Goldemith,
Ogeerd, and Gove (36) wore able to maintein & plasme
level of 1.0 mg per 100 ml in 10 of 12 subjects with
bronchierl osthme by the administration of %0 mg‘ancorbic'
aeid deily aefter o preliminery saturation. Of the two
subjects who were not able to meintain & high plesme
level, one was obese, snd one was taking thyroid.

Koldaov and Gelmon (63) found that the asecordic
acld cohitent of & guines pig muscle was docresnsed after
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the application of an induection ¢urrent vhether the
animala-haé.r6391Ved\exﬁeaaive; m@rmal; or insdequate
supplies of ascordic zcid. The reduction was somewhat
less in the muscles of animals which received large doses
of the vitemin than in animels which suffered s defi-
eleney.

Podhunter and Robbins (103) noticed some evidence
from their experimental vork that fatigue efter long
houre of study and laborstory work ceused & lowering of
blood end urinary vitamin € content.

Bxrerotion otudics in oxersise cmperiments have, 8o
far, brought only conflicting reports. Von Jezler and
Hofftep (105) studiecd the aightly urivary exerction of
five participants before end after s ski race in which
o hetght of 2450 meters vas surmounted in e etroteh of
50 kﬁw Qhe participants vere given 300 mg Redoxan'
(oynthetie ascorble seid) for seven &aya\baf@re the rece
end faz,shs &1x.dayn.fellov1ag it. Por each eubjéot the
exerotion fell on the first or second dey eftor the con-
test; the averdge nightly exzpeﬁicn-rar the five being
166 smd 156 mg per 100 ml; for th@'@ay precsding end the
~ day of the c@n@eat, end 115 and 116 mg per 100 ml for the
tvo deys follewing it. |

This moy be aignifi¢aua, but the drop moy heve been
due to what Hoinemsnn rofers to as "the spocific dynemic



37
action of aseorbic seid,”™ in which the peek of exeretion
18 not-meinteined after Pepested high doses.

~ Hemel observed & definite drop in the exerction of
‘his pubjecte om the first two days follewiag tﬁeir
p&rticipation in & football geme.

Brendt end Schussele (17) mede exeretion studies
oa seven young men subjeets who were in good physicel
training. In five of the subjectd, the reducing power
of the urine Pose end in tvwo, 1t fell, after seversel
formg of violent excreiee; tho change wes in the same
direction for each subject in each cage. The experi-
monters could find no other explanation for this them
that thore ig & Teonstitutionesl type, a2t least in whot
coneerns the hunerchormonal reactions in effort.”

There 18 some evidence that o contideraeble amount
of agcorbiec scid may be lost in gweat. Cornblest, Eleinm,
and Poce (20) roported thet from 0.5%5 to 0.64 mg of the
vitamin i3 oxcreted with 100 ml of sweat. Bernstein (8)
reportod thet from 6.5 to 1.1 mg. pey 1060 nl of svoetb
was lost by Bantu mine laboreré. It was ealculated on
the bagis of voight loes from eveperatior that theso
laborers might have lost as much as 16 mg of aseorbie
acid in an eight-hour dsy of work. On the other hend,
Wright and Maclenathen (110) calouleted thse ascorbie acid
logs from patients in artificial fever trectment to be
about 0.041 mg per 100 ml of sweat. OSaloculated on the
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basis of & loss through evaporation of 1750 to 5500 ml
in & five-hour period, the most thet could be lost would
be two to three mg of ascorbic z¢id in that period.
From thie they concluded that vitamin C 1s not lost in
any appéeelabie emount through excessive perspiration.
In the same fever peoriocds, the urinery excretion of the
vitemin £511 to e groster degree then could be accounted
for by the loes in oweat. This drop they sttributed to
o probable lose through increased metsbolism.

There 18 slso & conflict about the effect of in-
ereased dosege of ascorbic aeid on physicel performence.
Wiebel (106) noted better performance in scarcely any
of 44 female athletic students in & ski tourncment
when lerge doses of ascorbic ecid had been supplied.

Basu and Rey (5), vecording fetigue curves of the
finger muscle on the hand ergograph for four subjects
before and after the administration of large doses of
ascorblc acid, reported that the onset of fatigue was
dofinitely delayed for some time after the administration
of the vitemin.

Crandon, Lund, end Dill reported that their subject
ocould run for only sixteen seconds before fatigue set in
vhen he was in a stete of c¢omplete defie&enoy; vhile
sfter ten days® ascorbic seid therapy, the time vas
increessed to 66 soconds. This mey be compsred to the
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performence of men of the seame age, which cvoragod 270
seconds. |

The disappearsnce of blobd lactate was followed 1in
the recovery period from the same fatiguc tests, and it
vas found that the lactate disappesred morse slowly during
the recovery period when the subjoet wae in the scorbutic
state. The minute-oxygen consumption per kilogram of
body weight, however, was no higher in the fatigue test
after thorapy than it vas vhen the sabjlect wae in the
scorbutic state.

Crendon, Lund, and D11l (21) 4id not find an in-
¢reascd metabolism in ascorbie seid deficiency, as some
others have reported. There was & slight drop in meta=
bolism in the scorbdbutie stete. This drop, they believed
vses probebly due to weight loss or inenition or both.
They reported that, in the firet four days of vitamin
therapy, vhen the sublect was becoming saturated with
asoorbic scid, the baasl metabolie rate was eonsistently
lover one and a8 helf to two hours after injection than
1t was before the injection; following the period of
saturation, the basel metabolic¢ rate was consistently
higher two hours after the administration of asoorbic
acid than it was before ite injection.

With all of the conflicting reports in the litera-
ture, 1t is obvious that the mechonism of the sction of
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ascorbic seid in muscular setivity and tissue veabiration
1s not clearly understood, but there has been enocugh
evidence presented to conclude thaﬁ the vitamin does

have some role in these metabolic fumctions.



11

CHAPTER 11X
PURPOSE OF THIS INVESTIGATION

The quostion has beem opened as to whothor or not
human requirements for ascorbic acid sre affected by
musoular sotivity. |

The issue hse®2 boen suggented by the follovwing
factors:

1. Ascorbic acid appsars to have an esvential
Pole in the gomeral meotabolie procecsscs of
the body.

2. Ascorbie scid eppeare to heve a protective
or regulatory actiocn oh &t least two res-
piretory enzymes in skoletel muscle. Further
evidence for itz importance in tissue res-
piretion is shown by the retarded dlsap-

: p:wzance of blood lactete in tho scordutic
gtate.

3. Evidenee hes beeon presented by experimental
work that the reguirement for ascorbic sceid
is reiged in conditions acoompenied by en
elevated metebolism, &8 in fever, obesity,
thyroid therepy, ond exercise.

It is the purpose of the fellowing ectudy to d@termin@

whether or not the humen reguirement of adults for as-

corbic acid ies affected by an increase in physicol activity.
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CBAPTER III
EXPERIMENTAL

General Precedure of Experiment

Three subjecte were earried through two experimen-
tel periods of nine days esch. Throughout the periods,
the subjects were kept on s dlet of known low aseorbdic
a0ld content, while & supplement of the erystallime acid
vas given. The basic dlet consisted of cheese, beef,
dried coolked prunes, snd canned beets, carrots, pears,
potatoes, and eveporeted milk. Foods taken gd libitum
were egge; shredded wha&t,'ﬁyuxrxep, rice, flour, butter,
puts, suger, coffee, tea, Seasonings, snd chocolate.

The ascorbie acid contents of these foods will be found
in Teble II. The diet contributed 15 mg ofvasaorbte
acid per day.

In the firet period of the experiment, the subjects
followed their reguler routine of s fairly aedentery
student's 1ife. In the second period, the subjects
exercised vigorously for about ome hour per day.

For the first two days of the first experimental
period, the subjects werse given one pint of orange juilce,
one glass at breakfest and one glass at luneh, in sddi-
tion to the constant diet. This ves to make certain that
the plasme ascorbic acid levels were brought well above
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Pable I

Ascorble Aoid Content of Foods.
Used in Experimentel Diet

ﬁooﬁ Weight Ascordle Acid

. | | . ~ Content

Canned beets 100 g 3.6 mg
Best Julce 10 -7
Cenned Carrots 100 1.1
Carrot juice ‘ 19 2
Conned peosrs 100 1.2
Pear juice . 50 2
Prunes 80 .2
Prune juice 10 o1
Evaporated milk 60 2
Cheese 60 .0
Beef 100 .0
Potatoes 100 7.6
Totels 15.1

Foods teken gd libitum vere eggs, shredded wheat,
Ry-Krisp, rice, flour, butter, nuts, suger, soffes, tes,
seesonings, end chocolote.



"
0.8 mg por 100 ml, the figure vhich 1s usually taken a8
the lovel of "good nutrition.” For the rest of the
period, an ascorbic scid supplement of 50 mg deily wes
given to AR, theuwoman subjoot,; and & supplenent of 55 mg
was given to KD end LR, the twe men subjects. This made
e total intake of 65 mg for the woman and 70 mg for the
men. Plgsms ascorbic acid levels vere determined deily
on esech of the subjects. Between the two periods,
there was an interval of four deye, in vhich the subjects
had & fair amount of vigorous exercise &nd in which they
kept their seécorbie aeid levels ressonsbly high by teking
about two orenges per day. In the nine-day periocd of
exéreise, the sscorbic acid intake was the seme as in
the £first period. Plasme content of the vitamin vas
agein determined daily.

In deciding on the amount of sscordic acid teo be
given to the subjects, 1t was judged best to use the
recommended deaily allowance as released by the Céommittee
on Food and Rutrition of the National Research Counell
in May 19441, This figure wes stated as 75 mg daily for
men and 70 mg for women. A rough cslculation of the
basic diet preceding the experiment showed that it con-
teined approximstely 20 mg (about half of which was to
come from cenned potatoes). To make up the recommended

allovance, then, aupplemeﬁtn of 50 mg were given to the
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vomen and 55 mg to the men. Lster & more careful anely-
sis of the constituents of the diet, in which the potatoes
vere snalyzed as prepared for serving, showed that the
basic diet contriduted 15.14 mg of eaacorbiec acid, 7.63
mg from the potetoes and 7.51 from the rest of the diet.
Actually, uheh; the totel deily ascorbie acid inteke vas
65 mg for the vomah end TO mg for the men. These intakes
are above one milligrem per kilogrem; the intake which
Fineko eond Landguist (33) found wowld maintain the plasms
lovels of their aubjaeﬁa'at 0.8 @g-per kg;

Anclysis of Foods Used in Diet

The foods used in the experimental dlet were analysed
for escorbic acid a8 follows: About 25 grams of the food
vere weighed, ground in & morter with sand with a fev cuble
9entmmetets of threc per cent metsphosphoric acid and
ﬁentrifaged. The process vas repested twice and the
oxtract diluted to 50 o¢ with the métaph@aphori@-acﬂd‘
One-haly 6f.tﬁe extract vas b?ougkﬁ'ﬁe & pR of 3.8 to
3.6 yiﬁh.a oitrate buffer. To four ml of a sgxﬁtién of
2,6 diéhlorophenolin@epheaal (8 mg in 500 ml)‘ia,a colori-
meter tube were added B ml of the buffered extrest. The
tube was shaken end inserted in the Bvelya phﬂzoelecﬁric
eolegtmeter end the ga1vguoma§ev reaéiﬁgmneaomdadléé
15 seeonds end et 30 geoconds (Peaﬁinge Gsx end @82). '

The excess dye wae them completely reduced by sn edded
erystal of ascorblc acid and the reading ogein rocorded
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(Gr). A colorimeter tube conteining 4 ml dye solution
with & ml of 3 per cent metayhosﬁhorié'aeia bufferod to
the seme DH ae the extrect and & orystal of ascorbic
acid was pléced in the colorimoter and the g&l@anameter
edjusted to the veading Gr. With the instrument set im
this position, s blank tube (b ml of dye selution with
4 ml eé buffered 5 per cent metaphosphoric aeid) vas
placed in the colorimeter ond the readiag recordsd (Gb).
The concentvation of asecorbic seid wes caloulated eocord-
ing %o the following equations
¢ = K (log G5  log Gb)

The econstant for this Bvelyn instrumont is 0.086.
Progodure for Dotormiming Plasme Ascorbic seid Lovel

The fiasger vwas pricked with a sterile lsncet emd
geveral drops of blood (ebout .& oc) were collected in o

small phial conteining erystals of lithium ozalate. The
blood was sPirred wiﬁh one turn of the broad ond of a
toothpick end the phisl stoppered and cemtyrifuged for
three minutes. One-tenth of & milliliter of the clear
plasina ves pipetted off and blovs into a 15 ml comleal
contriluge tube, 0.1 ml of vecently boiled ard cooled
Podistilled water sdded with the same pip@ﬁ%@;:eaﬁlﬁme
protein precipiteted with 0.2 ml of 5 per cént motophos~
phoric eeid. The tubes wore shekea to inoure mixing
and veve them stored 1m the vefrigeretor until the
titrotion could be ecmpleted.
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The centrifuge tubes conteining the deproteinized
plasme were removed from the refrigorator asnd centrifuged
for five minutes. Two-tenths of & milliliter of the
supernatant £luid were placed in a depression of &
porcelain spot-plate and 0.2 ml of 2.5 per cent mota-
phosphoric acid solutien in a neighboring depression.
The dge was run into the plasme solution from s miero-
burette unt;l there sppeared e faint p&ﬁk eolor which
lasted for fifteen seconds. The metaphosphorie goid
blank in the neighboring deopreossion wae then titrated to
& pink of eimilar intensity. The eoncentration of
sscorbic acid in the plasma wes celoulated sccordimg te
the follovlng equation: ml dye x 5 x 2000, vhere 3 is
the strength of dye expressed in mg of sédcorbic seld
equivalsnt to one ml of dye.
Stendardizetion of Dyo

The method of stenderdizing the dye directly agesinst

sodium thiosulfate as suggested by Memaker:- end Geurrant
{71) wes adopted in preference to that in which the dye
ves standsrdized egainet ascorbic acid, ond the ascorbic
acid against i1odine, the 1odine being standsrdiced every
four weeks with e sodium thiosulfate éolution, w&ioh vas
stendardiged with the primery standerd potassium dichro-
mete. The mew method cut out several steps in the

stendardization procedure and had the added advantage
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of using the sodium thiosulfate stepderd, which is |
stable whom it has once reachod cquilibrium, rdther than
tho lens stable todino solution. The three folloving
methods of stenderdization wero comporod cnd good checks
recoived: the methods just deséribed end the method of
standardizing dyo ogainst cn aseorbie acid solution
vhich had been titrated with o standord potossium iodate
sclution. ‘

The procedurc used for stundardising the dye 16 ee
follows: 25 cc of the dyo solution wore pipetted into an
Erlenmeyer flask; 0.5 groms potagsium iodide aund 9.5 o¢
of dilute oculfuric aeid (1:4) vere added and the mixtuve
sheken until all of the lodime was liborated; .001 N.
sodium thiosulfate wat run in from 8 10 ml burotie of
small bore until the yellow iodime c¢olor hed practicelly
diseppeered; then 2 ¢¢ of 2 per scnt stareh solution
were added end the titrotion continued until the solution
became eolorlesc. One ¢o of 0.001 W icdinc in equivéient
to 1 ml of 0.001 I sedium thiocsulfete, shd 4t has been
chown that 1 m} of 0.001 I lodime will react with .088 mg
eocorbic ecid, 8o 1 ml of 0.00%1 I coedium thioculfate s
equivelent to 0.088 mg of ocscerbic ecid. Thorefore, the
strength of the dye solution ean be calculated aocording
to the following equation:

ml Re,8,04 = N x 88 ‘ .
— ‘ . = mg ascorblc acid oquivalent
26 to 1 ¢e dye
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§ 18 the normality of the thiosulfete solution.
Stsnderdizetion of Sodium Thiosulfate
| The sodium thiosulfate solution was standardized

sgeinst 0.1 I potassium dichromste about every five or
8ix deyes until the fresh solution hsd become stabiliszed.
It vas found advisable to meke the thiosulfate solution
seversl deye before its first standardization.

The aodtum thiosulfate stenderdizetion wes carried
out a@@@?&iﬁg to the preoesdure outlined by Palsg and
Kemney in "Queontitetive Inorganic Chemistvry.® A 1.8 M
potasolun ftodlde éolution {lodato fvee) was preﬁare@g
10 nl of this wae cdded %o 200 ml of vaﬁew, folloved by
8 ml of 12 1 hydrochiorie @eﬁ&.' To thils wvore added
slovly vith comstant otirring 25 wl of ctanderd potisd-
sium dichromate solution. This was elloved to etand out
of diveet sunlight for thiee wminubes end thea diluted to
400 ml apd $itrated with the sodium thicswlfats solution.

The nowislity of tho thiosulfite volution vao cal-
culated a@@éﬁﬁi&g to:thie f@llowiﬁg eguation:

n of K,0r, ‘7 x mi KéemQQT.
i I’Eag$203
. Bolutions . L L

- Dye. Tuenty-eight mg of the d4yo 2,6 dichleropheno-
1indopheriol wove dissolvod tn 980 ml of hot vater vhiech

Hopuialily of maQSQGB

hod boon Gistilled fyom glass. The volutlon was cooled
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and a@~ﬁ; offphééphaﬁe buffeé; pH 6.8 added; - The solu-
tion WAS'thea filtere&;anﬁ aioréa in & derk bottle inm the
reﬁrigerator. .The:dye vas mﬁde fresh veekly. |

' uaeaghOEQhorie Acid 3e1uzion. The stiecks of solld
aei& vers rinaed aeveral timas vith rediatilled watev

anﬂ dvied to remove the ooat&ng of o»ehophoaphoviﬁ said

which forms on the outside during auovage. Five greus

of the aeié were diaealved in & smell emount of boiled

and a@o;ed redistilled water and mada up to 100 m} in

voldmef This wes £iltered and Qhared iﬁ the refrigerator.

The solution vas maée fresh about every seven days.
Scdium whicsuifaheuséiutiona Aﬁpraximately 24.82 g

of arystalline'soaiém ih&oaulfate were dissolved in

vater and made up to aho 1iter. This epproximately.

0.4 ¥ eolution vas kept im stodk end & 0.001 N solution

mede from it irmediately before standerdizetion of the

dye. | | | |
Potassium Dichromato Solution (0.1 R)  Approximotely

& 9 g of pure dry potassium diohremate werc accurately
woighed, d&ssolved in distilled wetor end ecarefully mede
up to one liter. o
Desevigtien of Subgeets

Subject KD, & greduste auaiatant in chemistry (28

~ years of age) was five feeot, tem tnches 1a height and
wolighed 1ho-bonnde. He appeared to be rather nervous
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end complatned of "indigestion” before the experiment
bogen, but was in épp@ﬁept g@e& health cthervwise. After
the experiment had progressed, he ennounced thet the indi-
geéti@n hed élaeppesared snd that he had & greet deal
more vitelity then he hed hed for some time. This staete
continved throughout the entire experiment. When quese
ticned ebout his habite of catinms, 1t wee found thet they
wore a@aegula# end poor, hie ususl breskfast belng e
cup of coffee. Thie aﬁbject i8 the only one of the three
who ocomploined of being tired during the period of
ererelive.

Subject LR (26 yeors of sge), the other men, elso
e groeduate essistant in chomiotry, ves 5 feot, 10 inches
in height and veighed 144 pounds. He, too, appeared to
be nervous, and it was disclosed thah'eh@@e vee something
vorrying him at the time of the experiment. It wes often
very difficult to obtain blood semples from himj this may
have been beceuge of his unusuel nervous tenmsion or |
because his fingers were éaéﬁmeﬂ.fmam_bnrnse This subject
complained of beimg tired on tho last day of the oxperi-
ment, but thp exereise did not seem to tire him as it did
gubject KD. |

Subjeet AR (19 years of ege), the vife of LR, wes
wes 5 foet, 3 inches in height and veighed 104 pounds &t
the beginning of the experiment but gained two and one~-half
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pounds during the course of the experiment. E&he also:
appeared to be nervous and was very active, dbeing aihome=
meker and student and vorkimg in & laborstory part of the
time. The exercise never appearod to tire her.
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CHAPTER IV
RESULTS AKD DISCUSSION

The daily plasma aéaovbié acld levels for the three
subjects in the two experimental periods are shown in
Tablee IXX, IV, end V. The average of the last four
daye of each period was used as the level at which the
plasma ascorbie scid content wae maintained at that
particular intake.

For subject AR, the average fer'the laat four days
of the econtrol period wes 0.72 mg ascorbic acid per 100 ml
of plaems, snd the cdorresponding average for the exerecise
period was 0.66 mg ber 100 ml, the dsily intake of ascorbie
ecid boing the same in both periods, It will be noted
that the level dropped to 0.57 mg on the last day of the
exercise period. The average of the last four deys of
ehe.centrox period for subject LR was 0.60 snd for the
exercise period 0.58 mg per 100 ml. The corresponding
figures for subject KD vere 0.T8 mg per 100 ml for the
first periocd and 0.69 mg per 100 ml for the exereise
period.

For subject LR, there was no significant drop in
the plesma level maintasined in the seccnd period. For
subjeet AR; the average for the exercise periocd vas ‘
0.06 mg lover than in the first period, and ifor subject KD
the average for the exercise period wes 0,00 mg lovwer
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than the sverage for the eontrol period.

It is generally accepted that the titration method
of messuring ascorble &cid in plasme is precisc within
&bout 0.1 mg per 100 ml. Im view of th&s; it caunnot be
considered that the lower sverasges for subjects AR and
KD for the exeroise period are significant. It is inter-
esting to nnte; ﬁhough; that subject KD, whose average
level was 0.09 mg lower in the period of exercise, 1s the
only one of the three who eomplainsd of being fatigued
by the exereiae¢ Xt is vorthy of note, also, tbet ‘the
trend of the plaama level in the exereise peried vas
| dovawerd in the case of esch aubjech. |

conaidering the minimum "level of goo& autrition”
to be 0.7 to 0.8 mg ascorbic seid per 100 ml of plasms,
it 16 &pparont that e deily intake of 65 mg for the voman
end 70 ug fcr the men (figures vhich ere S mg below the
recommendation of the Nationel Researeh,council) were
sufficient to maintein this blood level for subject KP
in both ﬁerioﬁa and foi subject AR in the control paviod
and insafficlent for subject LR and AR in the exercise
‘pericd. Subject LR requived more then 70 mg in both
periods. = | |

As g@nttouea.béfoké, subjeot LR vas worried at the
time of the experimeat. It has been noted in this labora-

tory ond others that wovry end nervous tension often
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appesy to be accompanied by & lov plesms escorbic acid
level. Thet may hove been & factor in the ocase of the
spparent high requivement of LR.

It was revesled that Knvineludea very little exer-
cise in his reguler routine, while LR and AR were scous-
tomed to a falr ame@nt of vigorous exereise.

It can be coneluded from this investigation thet the
ascopble acld reguirements for the three subjects used
vepe mot raised eignificently by ebout ono hour of
vigorous exereiss per day.

In revieving the 1iterature on the subject of exers
cise in connection with vitamin € requiremente, 1t is
spparent thet the experiments performed heve brought
conflicting results. Hamel {%1) end vor Jeszler end
Heffter (105) noted & drop in ascorbic ecid exeretion
after exercise, while Brandt and Schussele (16) noted &
drop in the excretion of two and & rigse in thet of five
subjeats..

The possibility of a loss of the vitemin through
svest in excreise should be considered. Caleuleting the
honrly-toé§ w1th the h1gheat figures found in the litera-
turé, 0.5 %o 1.1 ng, quoted by Bernstein (8), it woui&
eppear that the 1oss for the added hour of erercise for
these subjects would not exceed 2 mg, én amount-Whidh
¢ou1a harﬂ1y_be considered as voisimg the Pequirement
signifieently. |
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48 mentionsd previcusly, Koldaev and Gelmen observed
that therc was o dooreased aecorbie ecid content of &
guince pig nuscle efte@ tha application of sn induetion
current. It is ﬁikély that the stimulus used resulited
in the contrection of & fap greater &evoenﬁage of muscie
fibors then would be used in any voluntery physicel
exercise, 80 their experiment is not comparable with tﬁla
study. It 18 quite possible, howefav, that if this
expevimont wore ropsated with subjoocts who were able and
willing to dovote toveral hours o dey to vigorous excore
else, & Gefinito drep in plesma sscorbic aeid vould be
noted. It is possible, aleo, that e grester dvop uay
have boon noted hed the experiment beem allowed to yun
for o Yonger peried of Uime.

Since vho trend for the plasma levele of sscordic
acid is downwerd for each Subject in exercise, it seems
aﬁv&sahlé 56 suggest thet the intake of scecorbic acid be
- paigod during berd physical lsbor or ezercise.
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CHAPTER V
 CONCLUSIONS

The ascorbic ecid requiremante for ﬁhe-tﬁree subjects
used were not raiged significantly by about one hour of
vigorous exeroise per day, but the trend of the plasma
level of esscordbic acid vas dovaverd in the exercise
period for each subject.

A deily tntake of 65 mg aescorbic acid was enough to
maintain & level of 0.7 mg escorbie acid peor 100 ml for
the woman subject in the control period &énd not guite
enough %o maintein this level in exercise.

A deily inteke of T0 mg of the vitamin was sufflcient
to maintein this level for one of the men.aubjeeﬁe in
the control period and hardly sufficleont for the exereise.
period. An intake of 7O mg wes &nemffieiené te maintain
this level in the other man subject in‘oither period.



Table IIX
Baily Plasme Ascorbic Acid Velues
_ 8nb39¢t AR .
Date Aacorbic | Pi&ama LQVeI Bxercise

A¢ld Intake

1/15 Orenge Jjuice .56 mg/100 m}
1/16  Orange juice 1.22

1/17 65 mg 1,10

1/48 6% mg

1/19 65 mg .92

1/20 65 mg T3

(+ 100 g pota-
toes)

1/21 65 mg ST

1/22 65 mg «T1

1/2% 65 mg T2

Average of last
four days: .72

1/28 Orange juice 1.04 Badminton 50 min.

1/29 Orenge julce .61 Bicyeling ome hour

1/30 65 mg .64 - Bicyeling ofic hour

1/31 65 mg T5 Bieyéling one hour

2/1 65 mg Bicyeling one hour
- 2/2 65 mg .68 Bieyeling one hour

2/3 65 mg «Th Running 1 1/2 miles

2/4 6% mg .68 Bieyeling one houp

2/5 65 mg .57

Average of last

four dGays: 66
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Table IV
naily Plasme Ascorbic Acid Values
Subjeet LR
Date Ascorbice - Plaama Lavel Exércisé

4c¢i1d Inteke

1/15 Orange juice .48 mg/100 ce
1/16  Orange juice .93

1/147 90 mg 1.04

1/18

1/19 79 mg -T1

1/20 0 mg .67

{4+ 100 g pota-~
toes)

1/21 70 mg .68

1/22 70 mg .87

1/23 70 mg .83

1/2% 70 mg .61

Average of last |
four days: .60 :

1/28 Orange juice T4 One hour hendball

1/29 Orsnge Juiece 1.07 One hour hendball

1/30 70 mg .60 One hour handball

1/31 70 mg .54 One hour hsndball

2/1 o . Running 40 min.

2/2 70 mg .56 " Running 40 min.

2/3 70 mg .55 One hour handbalil
- 2/4 70 mg 65 ~ One hour hendball

a/5 70 mg 5T

Average of laet
four days: .58
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Pable V
naily Plaema Ascorbdic Acid Values
subjeot ﬁ@ .
Date Asecorbic Plaama.heVei o Exercise

Aeléd Iatake

1/1% Ovange Juice 87 Mg/160~aa
1/16  Orenge juice .86

1/47 70 ng 1.13

1/18 70 mg

1/49 70 mg -81

1/20 T0 mg 78

(+ 10 g—pataa
toes)

1/21 T6 ng .78

1/22 70 mg .82

i/23 70 mg T3

1/2% 70 mg .78

Average of leat
four Qeys: .78

1/28 Orange juice 1.16 ' One hour handbell

1/2¢ Oremge julce 1.23 One hour handdball

1/36 70 mg .72 One hour bandbalil

1/31 70 mg .58 One hour hendball

2/14 70 mg : Runaing 40 min.

2/2 70 ng T2 Running 40 min.
/3 70 g .74 One hour handball

2/% 70 mg .68 One hour hendball

2/5 70 mg .65

Aversge of last
four days: 69
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