ITI. EXPEHIKENT

he Subjects

Healthy young women were selected., Thysical normelity
was Judged on the basis of dietary historles, asctivity and
health records, end the routine college entrsnce medicasl ex-
amination. ZEach prospective subject was interviewed and sny
personal Ilnconvenlencez relative to the experiment were out-
1ined to her at that time. The girl was made to feel the

necesality for absolute cooperation if she volunteered.

Be. heglimen

1. Pusal diet

The basal dlet was patterned after that used by membeors
of the lortk Centrel States Cooperative Project ("iaster”
Project) and was planned to furnish spproximetely 70 mg. of
ascorbic acid dally. The Thompson-Chlson Teble (1942) wsas
used to estimate vitamin ¢ content of foods and ectusl vita-
min content wes checkeé by chemicsl asnelysis. 4As a matter of
convenience, mesls were planned on a rotating five~day basis.
The absolute meal plan was sltered somewhat in the second
year according to the avallability of foodstuffs, but the

besic cietary pattern <€id not change. Table 3 presents a



Typical Kenue As

Table &
Used From 1943 to 1944

Crange or grepelfrult julce 100 gm.
%“hole grain cereal o0 "
Futtered tosast
#1lk or cocos
lunches [ 08 Dinners o
Lacon 20 Kest 80
Tomato {raw) 40 Sslad: Cabbage 50
read 60 lelery S0
Caelery S0 Stesmed potatoes 100
Peaches (canned) 75 Carrots 80
Hard-bolled egg (1/2) Custard: ®1lk 120
Cookies Ege (1/2)
#ilk H¥ilk
Hamburger 50 leat 70
Gun 40 Baked potato 100
Lettuce S0 Cauliflower 70
I'11l pickls 20 Carrot {raw) o
Peas 70 Celery curls 10
Egeg (1) Apple (raow) 100
Fastry W1lk
2ilk
Flsh sslad: Fish 30 Tometo Julce 100
Fgg (1) Heat 80
Celery, lettucs 80 Lteumed potato 100
Pickled beets 20 taked sguash 100
Tcratoes {raw) 80 Cake
Cerrot {(raw) 10 #1lk
Eread
iAnricots 75
ilk
Heat 50 Yeat 70
Tomato conc. 30 Steamed poteto 100
Peas 90 beete 70
Lettuce €0 Faw rutabage 20
Apple {raw) 100 sread
Eread Custard: Kllk 120
Hard-bolled egg (1/2) Egg (1/2)
Bilk #11k
Corn cassercle: Commnm 70 Fieh 60
¥gg (1/2) Raked potato 100
: ¥ilk 10 ttewed tomatoes 70
lettuce 20 Cabbage {(raw) 50
Fear (canned) 100 Toughnuts
rilk tilk




tyrical set of menus used 1n the experiment from fall, 1043,
to spring, 1944.

Each subject was required to drink & minimum of 500 gm.
of mllk daily, but larger smounts were allowed to individual
subjects up to 800 gm. However, esach subject was ssked to
drink a constant amount of milk esch day. Frequent analyses
of the mllk aveilable for use showed that 1t could not be de-
pended upon &8s a aource of vitemin C since it veried in vita-
min content from gero to 2.1 mg. per 100 im.

Whenever possible the mame cunning lot of a processed
food was used during each experimental period. Many carboby-
drate and fat foods were a«llowed ad libltum, including bread,
butter, Jelly, cereals, sugar, dried legumes, crackers,
cookles, doughnuts, ceke, pastry, rice, macaroni, cheess,
golatin, salad dressings, candy, tea, coffee, and soft drinks.

The experimental diet was carefully prepared in the
cellege hospltal kitchen under the direction of & dietitian.
Fond was veighed on & Chattilon scsle reading in intervals of
two grams. Meals were supervisged by trained techniclians.

To provide for any possible deficit in dletary nutrients,
coertain vitamin supplements were sdministered dally. The
kind and dosage are listed 1ln Table 4. This extra allowance
of vitarmine was planned to provide approximstely the delly
requirement of those vitaming ag outlined by the lational
hiesearch Council (194l1l). The dosage wss sufficlent to guar-

antee & generous intake and yet not lead to hypervitaminosis.



+BULG %
Doseges of Vitamin Supplements
Administered ITeily

g ot ey motpre o
e gy g e

Frequency of

vitamin “ossce

adminlistration
Yetalin cowpound {1Lilly) (me pulwvule Tally
Cod liver oll (White) {ne capsule Lvery other day
ilbeflavin (ne milligram Isily

2. Activity

Subjects were asked to continue their ordinary routine
of classes and extra-curricular activities. For example, if
& subject had been accustomed to swimming seversl times a
woek, she wes &sked to continue that awount of swimming
throughout the experiment, i careful record wes made of any
devliation from the usual psttern of exercise of the students,

and unusuel sctivity wss dlscoursped.

3e Other restrictions

Subjects were requested to slesp and rest the same number
of hours eagh duy as far s oollepe schedules permitted.
Smoking and the use of drugs were not sllowed. IHental and
norvous stress wers avolided, but it wes impossible to control
entirely the disturbing factors whichk are present in the lives
of sll young women today as, for example, movement of family
and friends in the armed forces. 1n gensral, however, the

group was well polsed ewotionally, a&nd there was little



evidence &t any tire which would Indicate otherwisc.

Ce Experimental Periods

Changes in experimentel procedure were made from time to
time es circumstances indleated, Therefore, some variation
will be noted in experimental plan for certain subjects.
Cenerslly, the fellowing plan was adhered to.

it the onset of the experiment sublects were placed on
the control dlet. Ehen plasma end urinsry values remained
constant for ten days, an exerclise period was begun after
which the subject was allowed to recover on the control diet
for & length of time sufflcient to sbow any trend in plasma
and urinery concentrstions of vitamin C. Procedure after the
recovery period depended on the amount of time available.
fince eack subject participated for one school guarter, eXx-
perimental routine wes limited by the length of the guarter
and the amount of time required for the subject to reach a
state of vitemin C equilibrium in the prellminery period. 1If
time permitted, therefore, the recovery period was followed by
& week to ten days during which the subject recelved 100 mg.
of vitamin C dally to build up tissue stores. 1L on the other
hand, time was short, & saturation dose of 400 to 500 mg. of
ascorblic aclié was given orally to elevete tissue stores of
the vitamin guickly. In either case, sach subject received,

after the recovery period, & supplementary cose of 100 mg. of



vitermin C delly for the durstion of the experiment. 4in exer-
cise and recovery poriod were repeated st thls hirher intake
of vitamin. Throughout the study snsliyses were made three
times weekly on the Z4-hour urinary excretion end bassl plasma
concentrations of vitamin C. DUletary content of sscorbie acid
wee determined at Intervels by chemically assaying the fruits,

vegetables, and milk contained in it.

Ue Exorcise

The exerciae waeg a stalr-step type of procedure, one step
<4 cm. high being used. The subject put sither her left or
her right foot on the step, lifted her entire weight to the
top of the step with her other foot, and then returned to her
originkl position. Tach sublect established the number of
times she could comfortably reach the top of the step per
minute, and music was plsyed to help her meintsin the rhythm
of that paoe.

Exercise lasted 15 or 22 minutes each day during the
exercise perioed, two minutes of steir-steppling elternating
with two minutes of rest. ixercise tock pilace at some con-
venient time betwsen four snd six p.m,

Enowing the height of the step, the welght of the sub-
ject, end the number of times she reached the top of the step

per minute, the energy expended wses resdlly calculated.



Ee. Additionul Cbservetlions of Subjects

Analyses vere made tlree times weokly on hemoglobin, red
blood cell count, &nd pecked cell volume of blood. FHasal
metabolic rate was deterrined twice Curing the experimental
period and additional records were kept of menatruasl periods,

incidence of illness, weipght, and emotionel tension.

Fe Chenlcal Detcrminatlions

Crhemical mathods for the determination of ascorbic acig
in blologicel flulds are based on the atrong reducing power
of the vitamin &nd particulerly ites reaction with the colored
reagent, 2,6-dichlorophencl indophenol (Farmer and Abt, 1986;
essey and King, 1933). Haterisl to be gnalyzel by this
technique is first extracted with an scid to eliminate Intere
fering substances and to bring into solution and stebllize
any vitemin C present (iessey, 1938a). The stancardized dye
resgent is then titrated inteo the acid solution conteining
an unknown amount of sscorbic scid. The reaction which takes
place is quantitative end rapid, and results, scecording to
“essey, in complete reduction of the Indicator and the oxlda-
tion of ascorbic escid to dehydroascorbic acid.

The extracting a-ent which hes more generally been used
is metaprosphoric acid. 1t is not only an excellent orecipi-

tating agent but has & marked siabilizing eflfect on sscorbic



asid, delsys the oxidation of the vitamin by catalysts as
copper {¥usulin end Xing, 1936) and has no effect on the dye
(Eessey, 1938h).

Biological assay studles have confirmed the wvelidity of
this method (van Eekelsn end Heinemann, 1838; Reessey, 1938sa,
1938b). Cther chemlieal methods as that used by Tauber and
Eleiner (1235) are less specific or more time-consuming than
the indophenol method (bPessey, 193Ba).

Error may be introduced into this determination by
posslble Iinterference from other dye-reducing substsnces, by
celored or turbid solutions, end by fallure to detest the faint
titrimetric end point. These disadvantages have been elimine-
ated somewhat by adapting the colorimetric anelysis for use in
tha photoslectric cclorimeter. The general principle of such
an adaptation involves adding an excess of dye to & known
amount of metaphosphoric aeid filtrate and reading in terms
of & logarithmic scale (Summerson, 1939). Summerson hes seld
that the photoelectric method is more rapid, precise, and
sensitive and has & higher degree of specificity than the
visusal technique.

Some investigators have recommended reduction of the acid
extract of & materisl with hydrogen sulphide since a vortion
of vitamin C may be present in the reversibly oxldized form.
However, King (1836) says that it is very likely that sub-
stances other than dehydroascorbic acld may be reduced and
glve & high end value for titration. 4lso the length of time



required for this procedure snd the diffliculty in removing
the gas could easily offset sny advantege in terms of informa-
tion ylelded, since loss of vitamin £ ocould ooccur during the

procedures concerned in removing the sulfide.

l. Plesms gacorblie acild

Plasme ascorble acld was determined by tho micro method
of Farmer and Abt (1838). 211 blood samples were taken under
basal conditions by linger puncture using lithium oxalate as
a1 anticospulant. Hemeolyzed bloed plasma values were not
recorded owing te e possible effect of hemolysiz on plesma
vitamin C content. VPlasmse was deproteinized Immediastely and
was titreted within one to four hours, belng refrigeratsed
meanwhile. Aliguots from two samples wers titrated to obtaln
each ond value.

Since plasme vitamin ¢ determinations were made frequent-
ly it was not practicel for the purposes of this experiment
~to uee a macro method of determinetion, l.e., & method necea-
gitating & vencus puncture. nme of the chief objections of
workers in the field to the zicro titration method has been
the subjective quallity of the end polnt, but Dessey (1558a)
has stated that accurscy is generally within the range of
biologic varietion. Farmer ané ibt (1836) report thet the
micro procedure has proved satisfactory for estimeting vita-
min C content of plasma and glves egually reliable values

when coapared with the macro method.



& R e W

Preservative Used per 24-liour Sample of lrine.

s
S

ingredient Amount
ml.
Sulfuric acid (BY) 100
Metaphosaphoriec acid (one per cent) 100
B8-liyéroxy-quinoline (l.5 gm. per 100 ml. 2
alecobol)

then each collection ha¢ teen completed, it was measured and
d1luted to the nearsst convenlent volume with redistilled
wator. Semples were kept in & cool plaece when it was not pos-
gible to titrete then immedistely. The titration values were
read in the photoelectric colorirmeter (Xlett-Summerson)
according to the method of Lvelyn et &l. (1838). An excess

of dye wes added to a one-miliiliter sliguot of urine, and
readings were taken at 10, 15, 20, 3G, 40, 80, and €0 meconds
from the time the dye was [irst added.

A correction for color and turbidity in urine was made
by decolorizing the excees of cye in the sample after the
timed resdings had been completed., & final Jdeccloriged read-
ing was obtsined in the colorimeter and this value was sub-
tracted from each of the original readings. Urinary readings
were further corrected for the amount of dye necessary to
bring en eguivalent of the gmount of extreacting acid or pre-

servetive in & sa=ple to the ssme end polnt. This value,



Comparetive work in thls leboratory has further estab-
lished the specificity of the methof8. Simultaneous vitamin C
deterninaticns were mede on two sazples of blood, one analy-
sis by the photoelectric macro technique of ¥indlin and Butler
{1938)1, ané one by the visual mlicro proosdure of VFarmor and
Abt (1936). The values estimsted for sscorblc acid content
of blood plasma &s determined from each method are ziven in
table 6. Velues for sample one were in egreement to three
decirzal places,and values for the mecond sanple are well

within the range of error for the chemicsl methods involved.

Table B
Asecorbic Acid Content of Blood Plasme

Flasme Zscorbic Acid

FOe ¥iero deterzination Fecre determination
mige. per cent mg. por cent

1 Cadls 0.315

2 0.287 0.288

2. Urinary excretion c¢f sscorbiec acld

Urinary excretion of ascorblic acid wae caleulated from
E4«~hour excretion values. Collections wore made in tightly
stoppered brown bottles, end the kind end amount of preserva-
tive used are presented in teble 6. Practicelly 100 per cent
recoveries have been reported for asceorbic acld added to

urine and stored 24 hours wroen this preservative was usedg.

l. Courtesy of Ardath A. Anders.
2. Courtesy of Dr. %illiamina Armstrong Himwich.




termed & blank, was obtained by reading in the photoelectric
colorimeter the decolorization of dye due to s ene-milliliter
eliguot nﬁntainiag & representative proportion of metaphog-
proric acid ané Behydroxy-quinoline as in the urine sample
but no urine. The reducing value of urine slcne was talcu-
lated by subtrecting the blank reading from the orlginal
reading minus the decolorized reading.

The rete of drift of corrected readings for urine was
then plotted against time and the free-hand curve extrapclated
to gero time. A typlcal curve cbtained in reading & sample
of urine is shown in figure 2. Iince reduction of dye by
ascorbic acid is completed aimest instantaneously snd other
redueing substences react more slowly, the reading st zero
time should be en indication of vitemin activity azlone
(ivelyn et 8l., lu38). Lvelyn gt al. heve polinted out that
tris extrapclation procedure is empirieal, and while results
cennot be more than approximate, errors are Iinconseguential
when compared to a visual titration of urine where error may
be several hundred per sent. 7These workers fecl that if this
tochniqgue s carried out accurately, relatively iittle error

will result.

3. Yood ascorbic acid

Ascorbie scid in food wae determined by the modifled
verell method of F. L. felnze and . $. Zanapaux (ned.). One-

fifth of the vitemin C-containing fools (fruits, veretebles,
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snd milk) eaten in one day were collected each time the
dietary was snalyzed for vitemin content. C{ollectlons were
made in dbrown bottles and the kind and proportion of preserva-
tive used are éivan in table 7. {ne per cent metaphosphorie
acid was found to be entirely satisfactory since it gave a pH
suffieiently low to prevent losses in the extractlon process
snd yet hizh enough to prevent fading of the dye by acid

{(Loeffler and Ponting, Ned.)e.

Table 7
Preservative Used per 50 gm. of Food

mcebabima's o fomtiod S0 18 b st St i e o

Ingredient Amount

ml.

vetaphoephoric acid {one por cent) 350

B-liydroxy-quinoline {1.5 gm. per 100 ml. p §
slcohol)

Semples were acded to the bottle just se the subject started
to eat., Potatoes and rmilk were snalyzed sepurately since the
higk turbidity found in these foods made handling difflcult.
Samples wore refrigereted during the ﬁay; The Waring ¥lender
wes used to macerste the food and the resulting tissue extract
was made up to & convenient vcliume and a few milliliters were
filtered, One-milliliter aliquote were read in the photo-

e ectric colerimeter 20 seconds after the additlion of an

excese of dye, since the end point of titration for vitemin C



ig stable in 20 seconds for most plant tissue (Desrey, 15358a).
The readins wae corrected for color or turbidity &nd for re-
duction of dye by preservetive by obtalining a complotely
decclorized and & blank rezding as In the case of urinery

analyslis.

4. Stendardlization of dye

I'ye was prepered every three weeks by dissclving a
welzhed amount of the dry product, scdium £,6-dlchlorobenze~
noneindoprenol (Eastmen), in Sorenson's phosphate buffer
solution and making up to & known volume. Dye was standard-
1zed once a week azainst pure ascorblc acid solutlions of
known concentration sccording to the recomrendations of
Taﬁhunterl. The procedure used for standardlzing dye varied
sccording to the analysis for which the dye wes to be used, &
wethod aedapted to the colorimeter belng employed for use with
food end urine and & method involving & visual titration for
determining plasme ascorbic scid. Tables B and g list repre-
sentative values obtained by both methods of standardizatlion.
Since dye solutions gradumlly changed in titer on standing,
there wes & considerable cifference in standardizetion values
from time to tire, but readings for ¢ifferent ascorblc acid

solution® on any one day represent a small percentage of

arror.

1. Fersonal cormunication to Ir. Hargaret i, Chlson.
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Se Dlood tasts

fiemoglobln concentrstion, erythroeyte count and cell vol-
ume woere determined by the methods outlined by the Elood
vethods Committee of the lorth Central States Cooperatlve

Froject ("Haster® Project).

6. Special precsutions

L complete list of sclutions reguired for all analyses
will be found in the eppendix to this paper. Certain routine
precautions are mentioned here.

ﬁatnphoéphorlc acid was maede up every two weeks in a ten-
per cent solution which was diluted to the desired concen-
tration at tice of use. Hetaphosphoric acid graduelly
changes to orthometaphosphoric acid on stending, but Hessey
(1938a) states that it is sstisfactory for use after 15 days.

All stock solutions were refrigerated when not in use.
Fater redistilled in glass was used throughout.

Corning filter Ho. 52 was used in making a&ll readings in
the photoelectric colorimeter. Creen fllters have a [line
sensitivity over the lower range of concentrations of the

vitamin ¢ dye sclutions to be reasd (Summerson, 18939).



