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| URINARY EXCELTION OF RIBOVLAVIN BY AUMAN

CHAPTIR %

IHTRODUCT IONW

Riboflavin was the first vitamin to be recognized
838 & pro-onzyme, and was the £irst member of the vitamin
Bp complex to be fsolated and identified, both chemically
and blologically {15). Riboflavin has been known by v‘arié
ous names in 1ts past historye--+including lasctoflavin
(the Furopean name), ovoflavin and hepatoflavinm, named for
the origin of the substance, and vitamin G, & former
designation used by Sherman.

A brief review as given by Rosenberg (36) stateés
thet some of the early ressarch was concorned with mill,
as Blyth in 1879 igolated an impure flavin from whey, and
in 1913 Osborne and Nendel recognized a water soluble,
growthe=promoting substance in milk. It was in 1925 that
Bleyer and Kallman obtained & yellow pigment, "lactow
chrome,® from milk. Warburg and Christian isolated the
yellow enzyme from yosiet in 1932, while Banga and Szent
Gyorgyd racogniéaiﬁ g reapiration co-ferment in yeast
called eytoflav. Pure riboflavin was isolated in 1935 by
two separate groups: by Ellinger and Koschara end by Kubn,
Gyorgyl snd WagnereJauregg. The latter group recognized



the ldentity of vitamin Bg end riboflavin activity. By
1985, both the Kukn end Karrer groups made known the con-
stitution of ridoflavin by total synthealis, |

CHEMICAL NATURE AND PROPERTIES

Riboflavin oceurs in the frec form and alse in
combination with phosphoric acid; adenylic acid; and
aspeeific proteing.
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6,7, Gimothyl«9«{d-1? ridytyl)j«isoalloxagine
Riboflavin is odorless, comparatively heat stablows
espescially in acld medium, and the crystals are an oranges
yellow color whieh in a-watér solution gives & yellowegreen
colop and shows a characteristic yellow-green fluorescence

(1,36)« Two hydrogen atoms sre readily added to the



riboflavin melecule to form leucosriboflavin uhich is
colorless dand ahowa«na.flucraacenéey The lsoucosridboflavin
ia rendily oxidized to ribaf&avin.%ﬁ alr csé&;

Riboflavin &8 ontremely labile to light, Irradiae
%ieﬁ in an alkaline solution ylelds lumiflavin, while in
neutral or acid solution lumichrome ig the resulting
proéuct. ©O'Nalley ond Sievert (38) feund that ribofievim
could bs protected from light by hydrosulphite roduction,
but this e not effesctive when hesl is used Beeaouse the
reducing agent is volatilized leaving the ribeflavin to bse
reoxidized by the air, and again susceptidle %o destruction
by light.

BEISIOIOCY AND FUNCTION OF RIBOFLAVIN I METAS

Riboflavin io necessary for the promotion of normal
growth of the human organism. One of tho most important
Imown functions of riboflavin is its perticipation in
enzyme systems which regulate the metabolism of carboe
hydrates, anine acide, and probably fats. The relative
eage with which riboflavin can add on and in turn give up
hydrogen makes i ospecially sulitable for this role.

In earbohydrate metebolism It has been found that
the substrate iz first oxidized by nicotinemide«enzymo
systems which are in turn oxidized by the riboflavin cone
teining cnzymes (56). The reduced riboflavin ensyme
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gystems are yesoxidized by other onzymstic rsactions, Ribow
flavin enzyme systems 2lso ach in the oxidation of dwamine
aclds to thelir corrsspending keto acids (86). Studying the
protein metabolism of grasses Wabtson and Wynd (57) think.
that riboflavin may influence some part of the condensation
of amino acids to protolins.

Sciclovnoff and Alphonse {38) concluded that phodw
phorylated riboflavin is essential fopr the absorption of
sugars. They found that when intestinal funetioning is
impaired, phosphorylation of ribofiavin does not oscur,
and thereby sugar absorption is inhibited. Thies involves
énothev relationship since the adrenal cortex hormone is
necessary for the phosphorylation (36).

Hoiman (16) is convinced that riboflavin is done
cernsd in the visual function, posgsibly in cone vision,
similarly ag carotenc is concernsd in rod vision. Factors
which Holman ocutlines as making possible riboflavints
perticipation in vision are: 1) ite funcbion as an oxide-
tion«reduction enzyme, 2) its property of fluorsscence,

8) its power to intensify weak light stimuli, and 4) its
protective offect against excessive light.

An anemig has been produced in dogs fed a synthotic
diet devoild of riboflevin., Spector and coworksrs (43)
found that doge could not recover from the snemia wunleas

ribvoflavin was feds The size of new c¢ells was partly



doterminod by riboflavin. Xlein and Kohn {23) found that
ingestion of riboflavin raiged the level of flavin adenine
dinvelootide in the blood. Tho level returns to the pra-
vious level vhen riboflavin ingestion is decreased again.

Mn inoreaged oxeretlon of riboflavin by man during
the late stages of thiamine deficiency is thought by
Ferrebee and Weissman (14) to represent unused products of
tissue catabolism rather than indicating s ribeflavin dee
ficieney. Thoy say that vince catabolism makes prideflavin
available from the tissues; the dletary roquirement may
not be as great as normally considered,

SYMPTOMS OF RIBOFLAVIN DEFICIENCY

As the result of research and study, & characteor=
istic syndyome for riboflavin deficiency has svolved. This
syndrome ineludes oheilosis (40,41,26), & sharkskin appears
ance of the skin around the mouth and soross the tip of the
nose {46), o specific glossitis (24) characteorized by a
dofinite purplish red or magenta color, and various ocular
nanifostations (45,82).

Sebrell and Butler (40,41) produced ozxperimental
cases of cheilosls in women, and were able to curdthe cons
dition with e&ys%allina riboflavin. Troatment with nicos
tinic acid 444 not prove beneficial. The $des that
cheilosis may not be a manifestation of riboflavin
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deficionecy alone is brought out by Naehella (26) who menw
tiong thet cases of cheilosis have boen knowh @o‘reﬁpumd to
pyridoxing, nicotiniec acid, end in some ¢sses of homorrhage
e lesions,; ascorbic acid brought about improvement.

Ths eommon ccular sympitome are bulbar conjunetivis,
lacyimation, bdurning of the eyes, roughness of the eyslida,
failing vislon, oysstrain, snd photopbobia. Sydenstrickoy
et a1l (52) found photophobis and dimness of wision the
most frequent synptomns of thelir riboflavin deficiont
patients, with the burning of the eyes and visual fatisue
NOBYIY GO coOMMOn. Tmay'founﬁ the physical chenses in the
eye such as congostion of the sclera, vasenlarization and
opacities of the cornea and abnormal pigmentatiecn of the
iris wewre Improved with the administrabtion.of riboflavine.

The appearonce of ocataracts in pibeflavin defiws
slent rate has provoked much disagreement (15). Day,

Dapby and Cosgrove (8) produced nutritional cafarect in
81 percent of a group of rats after about &2 days on a
vibvelflavin deficient diet. 4n average of about 67 days
alapsed before the catsracts becdems maturs,. Wien intrasw
masenlar injections of vriboflavin were given as the early
eata&ae%-d@velopm@nﬁ was nokiced, the cataract was
arrested in 17 ovt of 19 animals. Baum, Nichaolreo and
Brown {3) found thet rats on A ration dovoid of riboe

flavin and those provided an sdequate diet Go not develop



cataracts; but smaell amovnts of riboflevin below the adow
quate level induece cataraet formation. The susceptibility
of different stralng of rats Yo cabaract may explein somé
of the differences of opinions

By working with dogss Birest, Cowgill end Zimmorman
(46) found a riboflavin deficiency resulting in the scal-
ing of the skin of tho gbdomen and hind lege, loss of
woight, opacivies of the eyes, and & denyolinabtion of the
spinal cord, eventually leading to collapso «nd death.

Aribeflavinosies lo generally consiGered rathey
prevalent, but actual studies have bosh fowe Wichl and
Kruse (88) made a study on school children using as thely
eritorion the characteristie vaseulay invasion of the
cotnea« They féumﬂ this condition in 2.3 percent of a
private schend group, 76.8 percent of a public echool
group and §8.4 percent of aduvles in a W.P.A. grovp. Sples
et 81 (44} observed 472 ehildren (5 months vp to 14 years
of agd) of parents with daﬁﬂcﬁemcy‘dﬁss@s@s-an@ found 2113
cases of cheilosis, 98 of linear lesion and ocular manie
fostationg in 167. Rosponse to synthetic riboflavin or
riboflavin-vrich foody was very favorablé. Those workors
algo found that trestment of the mother with synthedic
rivoflavin or piboflavinsrich food would cure the lesions
of the nursing infant.



ASSAY METHODS FOR RIBOFI

Various proportiscs of riboflavin have led to varied
approaches in the methods of amesay for riboflavin in Bl
ologieal tissues. Feryebes (15}, Fajjar (28), Conner end
Straub (7) end Polorson, Brady and Shew (34) have used tho
chemical mothods which are based on the moasursment of the
fluorescente of priboflavin with a photosflucrometer.
Ferrebee (13) and Conner end Straudb K?)‘adsombeﬁ the ribow
flavin on & column of fioridin, end eluted with 20 percent
pyridine in 2 pereent aseetic acid. Both methods used
Kin0, oxidation to destroy mn%@rféwin@ substences and
Hy0p to decolorize the excess permanganate, but Perrebes
(13) used sodium hydrosulphite while Conneér and Straud (7)
used sunlight or mercury vapor lamp to destroy the priboe
flavin in oyder to obhaié:a blank reading. WNajjarts (28)
method inveolved the reading of the flﬁoreﬁeeﬁue in o butyl
alcohol«pyridine mixture and then destyuction of the ribow
flavin by mercury vapor lamp oy direct sunlight.

Riboflavin has also boon agsayed by biclogical
methods based on ﬁaﬁ or ¢hitk growthe Helmay (17) used
the rat growth method te determine the riboflavin content
of urine., Lloyd?s roagent was vsed %o adsord the riboe
flevin gnd the Gried adzorbate was fod to the rats, Bie
ological methods invoivee a great deal of time and a rather
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large amount of %the metorial. Po overcome These difficule
tdes the micvobiocloglenl methods have beshn develepoed,
Lactobasillug casel wes used by Snoll and Strong (48) in

their determination, €Erowth on 8 riboflavin-freo basal
modium plus knoun guentities of an oxitract of the materlal
being assayed was compared with 4 stendard curve mady foom
the results obbtained when the orgenism was allowed to grow
on the Dasal medium plus Inown graduated @momn%s‘af pure
riboflavin. The turbldity of the solutiorswas messured
after 84 bhours or the lactic acid production was megsured
after 72 houwrs., JIebell ot &l (20) found that the wrea inm
the medium, vhel urine wasg being snalysed By this method
had an inhibiting effect on the growth of Lactobaeiilus

casel endl propossd & caloulation do corpect the error.
Folivly goofl cowrelabion betwoen the methods vas
found on mogh materials belmg sralyzed; though each method
nad its advanbeges and disadventages. The chemionl and
mierobliological were guieker than the blslogleal, and the
microblological required use of a smaller gusntity of
materiad for analysis tham the other methods. Ixtraction
of the sample is very important in both the chemieal and
microblologlieal methods, Yoeause ho matter how carefully
the rest of the procegs is carried out, if the sxtrastion
is incomplete, the reaults are inaceurate. Nodifications
heve had t¢ be swployed when different types of tissues
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wore being analysed.

FOOD SOURCES OF RIBOFLAVIN

Riboflavin has beasnn found widely distributed in
plant and anima) cells, although there are not many rich
sources. Fish profiuets such as liver roe and £ish meals

 have been found good sources (80), Ianford st al (28)

found that the citrus fruits, bansna and tomato appoar
richer in riveflavin then the pome fruits (apples and
Poars) . maveb, nilk, eggs, and leafy green vegetables are
the beet sources of piboflavin found in the human dietary.
Cheldelin and Williame (5) in their studies of the average
American dlet found that deiry products contribubed nearly
ono~half of the riboflavin in the diet, while meats con~
tribduted about 1/8, cercals 1/6, and fruits and vegebables
1/6. They found milk to be the highest single contributor.
Variable figures for the riboflavin dontent of milk ays
glven, but Holmes and Holmes (19) concluded that a milk of
relatively uniform riboflavin content eould be produced by
standardizing tho feed and management of the herd.

Pea and coffee were until rocently considered devoid
of food value, but Drummond and Noran (0) have studied the
"unconsidered trifles" in our diet and found that tea conw
tains ¢ micrograms of riboflavin pey gram, coffee 1.7
microgramy por gram and ¢ocoa 2.7 miervograms per gran.
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From these figurecs it wvas caloulated that a sup of tea
would provide 10 micrograms of riboflavin.

| With riboflavin as vith the other nutrients, an
sdequate supply in the diet is dependent upon a wise Se=
lection plus proper carc in handling. The stability of
riboflavin during procossing of milk uas stwdied by
zZoigley and Keovil (61) who found that O to 16 percent was
destroysd dupring pasﬁéurﬁzaticn,.s toué percent during
vitamin D enrichment by irradliation and 3 to 5 poroent
during bottliing éma the brieof storage previous to delivery.
Holmos (18) studied the losses of ridbeflavin brought about
by th@ holding and flash procomsges of protourization and
concluded that the losses were negligible since only 2.0
Qarcent was loat by the holding mothod and no loss ocourred
with the flash wethod. The offect of sunlight on milk was
studied by Peterson, Hailg and Shavw (85) by exposing pint
bottles of milk to the direct sunlight on en open porch at
tomperatures botween 60 degrees F. and 72 degrees F. The
-respective losmses observed in 30, 90, 120, and 210 minubtes
wers 28, B0, 66, and 72 porcent, showing & very raopid
destruction of piboflavin under theso conditions,

That the rideflavin contont of canned foods varied
congiderably in different samples was reported dy Thompson
and coworkers (54), but they could not offer any explanaw
tion for the varistiona. Strong, Barle and Zeman (4%) have
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found o considerable loss of riboflavin occeurred on stope
age, oooking and prescrvation of foods. They were sur
prised that so small & quantity was removed by boiling the
vegotadbles in water. Uosses of riboflavin in sodking were
also studied by Cheldelin, Woods amd Williams (8} vho
stated that the losses were small in the absonce of light,
and the mpa@ity of many foods tended to provent ribofiavin
destruction oven in the light.

i ——— T

NETHODS OF ASSESSING THE LEVEL OF RIBOFLAVIN NUTRITION

The vibeflavin content of blood, muscles and urine
hos been studied in the effort to galnm & better undepe
standing of the nutritional status of individuals with
respect to ribofiavin, Hmerie (11) found that the nopmal
urines of human males gontained 819 to LSO mierogramy por
day, and found that the exoretion vas increased bﬁ'ﬁh@»im@
gostion of livey which 8s s rich gouvres of piboflavin,
Strong, Peeney, Hoore and Persons (48) reported a daily
urinery excrotion of 500 to 800 micrograns by normal hnumagn
adulto. They Certhor stufied Lfour women @nd found thed on
& dletary intake of 1 $o 2 milligrams per day tho encretion
decroased %o 50 to 150 mierograms. An avernge of 357 mie
srograms pey day ves exereted by seven women on an Inatituye
tion diet vho were shudied by Sebrell, Butler, Wooley and
Isbell {59). Wajjar and Holt (80} eb@®wv®@‘@h@ »ibofliavin
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exeration of one adult living for 30 days on & dflet deveid
ef @iboflaﬁiﬁ¢' His excretion dropped from 1356 miorograms
to 0 in 16 days and remeined at O from the 16th o 30th
dey. Axoldred et 8l (2) roported the average daily eoxcros
tion of ribeflavin by human adults on regular hospital
dists to be 236 to 270 microprams while on deficient dlets
it was 58 to 9) micrograms. Feérrsebee (13) found the daily
exnerotion in five normal subjects varied from 700 to 1700
wicrogrems per day while they were oating their vsual
Glotos

It has boon shown that the dally uringry eneretion
varies with the daily intake. Th@-varigtiam.of‘@xcvetiﬁﬁ
among individuals 4s quite lawge, but Anelrod ot al (2)
fownd the day %o doy wariation for g given individual is
vory omall. Fodoy, Lowis and Alden (1i2) roecommend the
measurangnt of exoretion por milliliter as the most come
stant value for comparison sineco they found there was. Lot
tor correlabion poy unit of volume than per unli of time.
In the interpretation of their rosulis they placed 0.3
microgroms per milliliter as the arbitrary level below
which they would consldey the porgon deficient in riboe
flavin. They aoclected this levod because their studies
showed that & libepral intake wesulted in an exmeretilon of
0,9 micrograms of more per milliliter while a 10@ intake
rosulted in Guﬁ-micragramé or less pay milliiliter being



14

exroralicd . _

The dally uwrinary exevetion reflecta the daily ine
take and is not usually taken es the index of mutritional
statug, Nany of the previously mentioned researeh workers
{12, 30, 2, and §9) have upad the saturatlon Yest dose rew
Cgovery as & basis for determining nutriticonal statuse The
test doso consistool taling an excoess amount of riboflevin
orally, jutvamuseularly or intravencusly snd measuring the
guantity of ribeflavin recoversd. Fader ot al {12) uwsed a
tegt dose of 0,016 milligrem peyr kilogram of body mé%gh@
end asoumed that figures below 86 popsent oreretion in a
fasting sample pepresented & deficliency. Wajjar and Holt
(30) thought & good index wae the measurement of the ouw
cretior following e dose of 1 milligrem of yiboflavin
given intravemously. Thoy found that in the four hours
after injeoction normal individuals oxereted from 2Y7 to
685 micrograme while fowr riboflavim deficient subjects
excroted only 74 to 194 microgrems. Axelirod, Sples,
Blvelijeom, and Axslred {2} report that too hish teost doses
must be aveidod to got the besb results from the saturge
tion tess, Williams eb al (59) used a 2,0 millipgrem tovd
doge and@ leter suggested that 1.0 milligram of sodiwn
riboflavin given intravenously would be more satisfactory
than the 2.0 militgram dose for adulte whoge requiremont
was between 1.0 and 8.0 milligrems. Axelyod and coworkers
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(2) could not find & correlation belvesn the daily urinavry
ozoration of riboflavin and the dogtee of reotention of &
given tegt dose, but this way have been influencsed by tﬁé
faot that thelr subjecte wers sufforing from mmltiple dew |
ficioney, ©léham ot al (32) considered a 20 peroont roturn
of the test dose of ridoflavin within four hours an indicaw
tion of a satisfoctory mutritional status. They thought
the oneshour fasting excrotion could Ve used as well &8s

the return of the test dose in determining the nutritional

gtatus ,

BUMAY REQUIREMENT FOR RIBOFLAVIN

liore gpecific kmowledge of the riboflavin roquires
ment of human subjocts has been the aim of much research.
Oldham et sl {32) studised two five-yoar+0ld boys and cons
cluded that 0.80 milligrems per 1000 calorics seemed to Ye
an adequaté supply for these boys. An intake of 0.50 mile
ligrams pey 1000 c¢alories seemed to be approximetely the
minimal requirement of riboflavin for the human adults
studied by Williams, Mason, Cusiock, and Wilder (69). They
found an intake as low as 0--.35 milligrams pey 1000 cadbries
to Yo associated with tissue depletion while at 0.8 millie
grams pey 1000 calories tissue depletion did not occurs
Strong et &l (48) considered an intske of 1 to 2 millie

grams pey day for the young woman they studied not more
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than marginal and perhaps even insufficiont to furnish the
daily requirement. 8obrell snd coverkers (59) found that
an intake of 0,085 milligrams peyr kilogram of body welght
was probably & greoater amount than that needed for ribow
flavin saturation, PThese workers concluded that 0.038
milligrams per kilogram of body weight 4is not enough to
meot the adult requirement while 0,06 milligramgper kilos
gram of body weight is slightly ebove the roguired amount.
The reconmondations of the Wational Researeh Council,
Comnittes on Food end Nutrition (81), publkished im 19041,
are as followsy |
lan (70 kg) Homan (56 kg)
Moderately active 2.7 mgs = 2.2
Very active 3.8 2.7
Sedentary 2.8 : 1.8
Pregnangy 2.8
Iactation 3.0
Children up to 12 yesrss
Undey 1 yoear 0.6
1 to B yoars 0.9
4 %o G years 1.2
7 %0 9 years 1.8
10 to 12 years 1.8
6hildren over 12 yearss

Girls 19 to 16 yoars 2.0 wmugo.
16 to 20 yeavrs 1.8

Boys 13 to 15 years 2.4
16 to 20 yeavrsg 3.0
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PACTORS INFLUENCING RIBOFLAVIN REGUIREMENE

That the body eould acowmlate a ressrve of fiho@
flavin was_ah@wﬁ by Keys gylgglzzl),'buﬁ this reserve was
small and rapldly lost in a fou weeks. Van Duyne and
Sherman (56) studied rats on diets containing 5 and 20
micrograms of riboflavin por gram of food and found that
the tissues of the animals at both thess lovels were
stabilized at a maximum ridboflavin content. Those workers
wondered whether an inteke higher than at the level at
which the »iboflavin content of the tissues i stabilised
may vesult in a higher ribeflavin contoent of the offspring
at birth or during infaney. A later report by Bllls,
Zoachingky end Sherman (10) of work with rats on three
levols of riboflavin inteke (8.0, 6,5 and xéqe micrograms
of riboflavin por grem of air dry food mixture) stated thet
although the lowest level soemed adequate to support 1ife,
tho highest level appeared to offer additional benefits
such as wore favoradle growth while on the family diet and
greater ability %o live on 4 diet low in ribofiavin and
thiamine. '

Unne end Greslin (55) found oxcessive dossg of
rivoflavin administered amﬁ;ly'to doge and rats non«torio,
whils excessive smounts given by intraperitonsal injection
producéa death due to kidney concretions formed. The
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differonce in toxicity displayed by Bhe oral and intrae
poritonoal administration of the riboflavin vas oxplained
by those avthors by the supposition that the low sSclue
pility of viboflavin provonted the absorption of excossive
snounts of viboflavin from the gestrosintosiinal tract.

Twe groups of rats wove studied by Miils (B7) te
find the effect of teupsyature on the riboflavin reguirew
ment. One group wag kept in a room at 68° P, and the
other group vos Yopt in & fropical-like onvironment at
o0° and 70 percent relative humidity. A% the end of tho
sizswotk study the conelusion was reachod that the tempers
atures resulted in no slignificant diffsvenceé im riboflavin
roquivemont s

Bactorial synthesis of riboflavin in wman does occcur
according to Wajjar and covorkers (29) vho found that the
rivoflavin excrotion im the feces of 12 boys (10 %o 16
yoare of age) remained the same during the ribveflavin
deficient period as during the contyol periof. The riboe
flavin exerction in urine and feoss was five or sim tlmes
thoe amount ingested. It wvas shotm by these workers that
riboflavin can be absordbed from the largs intsstino since
a rapid rise in tho enoretionm of riboflavrin inm the urine
was notod following an evenn containing 20 milligpams
of riboflavin. Succinyleulfathiazole did not affect the
amount of pribeflavin exereted in the fecen, indicating
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that possibly the ribeflavin-preducing organisms are net
suscephible to this druge

Ingerest has besem shovn by Sure and Dﬂ@h@@k {40) 4n
the role of riboflavin ee e fashor in the odonomy of food
ubilizasion by rete. Thely control animils galmed H6 fo
1300 pewrsemt more in woight than the ribéflaviﬁvéafic&anﬁ
Lister mates. The fat ocontent of the yats showod the
greatest inerosge and there was considerable protedin
gained but the change in agh content was too emall and
varieble to be significant. Surs (50) reporied that the
food intaks of viboflavin doficient rabts, wnlike the
thiamine deficient ones, 444 not show any definito trend.
Ho found that there might be & modepate reduction; no
change, oF sn lncrsased foold intake dn the later stsges
of riboflavin doficlency.

Saratt, Klein snd Perlzweig (37) found that the
‘uramawy'en@r@%ﬁan of riboflavin by dogs and ratte showed
an inverse relationship to the lovel of probein intakte.
™he periods of Lov protein intake resuléed in the highost
es¢retion of ribvoflavin. Thé inter«relatfonship of thiw
amine oméd riboflavin is not well wnderstood, but Sure {81)
found that great losses of wupinary riboXlavin was preduced
by o chronic subeopbimum level of thismine fod to ratie
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CHAPTER IIX
PURPOSE OF THIS INVESTIGATION

Phe puvpose of this investigation was to stuvdy amd
compara the urinary excrstion of priboflavin by humin
subjects on controlled diets containing diﬁ-‘fa‘emm lovols
of rivoflavin during %wo experimental periods.



23

CHAPTER IXT

EXPERTVENTAL

PLAN OF 2HE LXPERIMENT

‘While the thres college women who were selocted %o
be subjects were still on thelr selif-chosen dliets, urine
samples were collected for three days preceding the study.
The day before the firet experimental periocd, the women
wore given a 10 mg test dose of ribefiuvin. The conw
¢rolled diet was them started for two experimental periods
of two-weeks each. The tost dedo was ropeated the day be-
tween the first end second experimental pepyiods and again
at tho completion of the study. During the £irst peried,
a total of 2 mg of riboflevin was given to the subjects in
their diet and supplement. This was decreased to 1.5 mg
in the second period, By decreasing the riboflavin supples
mont and keoeping the riboflavin in the diet at the same
constent levol,

Analysis was made of the riboflavin conteont of the
food ingested and of the urine exereted. The staple foods
were analyzed immediately proceding the study, and ocach
time e new supply of any food was purchased. Urine
analysis was done on the twenty~-four hour samples for the

three days preceding the study; also for alternate days of
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the first week of each period and for every day during the

sscond weok of the poriods.

DRTERMINATION OF RIBOFLAVIN IN FOOD

A modified Conner énd Straub (7) method was used
for the andlysis of the food, Fifteen to 5@ngrams of food
were ground in the Wawimg blendor with 200 ml of 2% scetis
acid for 3 minutes. One half the amount was welighed, and
10 m}l of 3% Polidase solution added., The samples were ine
oubated overnight in en oven at 37°C.

Extracts were filtered through dry filter paper,
discarding the first few wmilliliters.

Fifteen ml of the extracts were pipetted into dark
brown bYottles. One ml of 4% KMnOy was added, the bottles
stoppered and shaken vigorously for 1 minutes, Throe ml
of 3% HgOp wors added and the bottlos again shaken vigope
ously for 1& minutes., The solutions tore then poured into
ouvettes and when the bubbles had‘diaappeamed, galvanomotoyr
readings wore mede im the fluorometer with the fluorsscein
standard set at 40,

The sclutions wero then exposed to tho sun or sun
lamp for am hour and readings again made, This blank core
rected for fluorescent substances other than ribeflavin,
An "enzyme blank® (& solution containing all the reagents
used except the matorial being analyzed) is alse treated
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in the same way and the reading subtracted.

A curve of reforence was used to determine the a-
mount of riboflavin present in the solublon.: Ib was obw
tained by sotiing the fluoromeber at 40 with the
fluorescedin solution, and reading the galvanometer with
different solutions of mowmn riboflavin content. Tho
cupvo was fitted sccording to the mothed of least squarss.
A stré&ght line relationship oxilsts betweehn the fiuoros
meter readings andé the concentration of the ribofliavim

solution.

DETERMINATION OF RIBOFLAVIN IN THE URINE

The urine was collected in dark bobtles o which &
ml of glacial acoblic acid and & ml of tolusme had been
added . After moasuring tho volume excroted and thoroughly
mixing the samples, & portion was stored in the refrigers
ator watil the analysle was completed,

'Th@lOan@w-@nﬁ Straub (7) method was used for the
analysis of the urine, The riboflavim in 185 mlior other
sultable aliquot at pH 4,56 was adeorbed on a colum of
Florisil as prepared by Ferpebses (18). The urine vas
passed through the column at the rate of 1 ml per minute,
and the coluwm washed with hot diatiiled waters The
riboflavin was then eluted with 20% pyridine in 2% acetlo
acid. The eiﬁaﬁ@-was-maae up to 650 ml volumeé.
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Fiftoon ml of the oluate wvere pipotted inte a dark
bottleo, and the anelysis completed by the procedure used
 for the food.

- The gtandard curve of refepence used for the wrine
enalyeis was made with known amounte of rivoflavin in e
solution of 20% pyridine in BY acetic acid.

REAGENTS. AND EQUIPHENT USED

2% acebvic acids made froquently from a stock solution of
20% acoetic acid,

3% Polidase Solutiont 3 grams of Polidese dissolved in
100 ml of sodium acetate « acetic acid buffer solution at
pH 4.5, HMade daily.

Sodium acetatewacetic acid buffer: 65 ml glacind acetie
acid and 110.5 grams Na@gﬂsmz,smga made up to one liter
with digtilled water, C

4% KinO4s ¢ grams of KInO, were dissolved in 100 ml of
distilled water, WNade daily.

8% HoOpt Made by diluting 30% Hp0, (Superoxol), one part
toag.'e parts distilled water. ‘Dgiuted tmmediately before
using. .

Fluorescein Standard: 10 mg of sodiuim fluorescein wore
Glesolved in one liter of distilled water. For the worke
ing standard 10 mil of the above solution wore diluted to
one liter, Xeapt in 4 brown bottle in the refrigorator.

Florisils Prepared according to Ferrebee (13), washed with
g%iagatie.aeid, rowashed in distilled water, and then
ried.

20% Pyridine in 2% Acebic Acid: Hede by mizning one part
pyridineg to four parts 2% acetio acid,

Photofluvorometiers 4 Colemnn Hleetromiec Photofliuvorometor,
Model 12, was used with £ilter By betweon the lamp and
sam@%e-and filter PCy betwoon the phototube end the
2a0pLe «
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' Erehange tubesi Tubes of one centimeter diamoter which
are widoned at one end to hold about 28 ml of liquid, and
a capillary tube at the other end regulates the flow of
liquid teo about 1 mi por minute, 4 plug of glase wool
supports the one gram column of Plorisil.

Incubatoy oven: MHaintained at about IVOC.

. DESCRIPTION OF SUBJECTS

The three subjects were all 6011@@@ worens carpying
full schedulos; anf consideyed moderabdly active and &n
good health, 'JJ and B8 were both ninsteon yeap-old
sophomores I3 was B feot, 6 inches tall snd welighed 121
pounds, while NS was § foet, 9% inches tall, weighing
1573 pounds. Aﬁgva %wahmyuﬁmo-yeaw old seniopr, woighed
108 poundg and was 6 fest, & inﬁhés:tailc

BXPERIMENTAL DIBE

Tho diet remained constant throughout the experie
- mental periocds. The foods in tho dlet, along with the

thiamine, riboflavin and calopic content, are listed in
Table I. Soda crackors were given ad libitum, Starting

in the latter thivrd of the first pericd and following a

réport by Drummond (9) that caff@e sontiained yiboflavin,
coffee was iimited %o one éup-p@r-meaa. Jd dyank tea
rathey than coffee. In addition to 0,342 mgs of ribow
flavin, the diet supplied approximately 855 gms of protein,
195 mgs of calodum, & mgs of irom, 7432 I.U, of vitamin 4,



perimental Diet Shoving Thiemine, Riboflavin and faloric Content

Table I. The Ex

T T ‘ R@ownt . Toigmine  Ripoilavin
Food . , i ip OGramg | Calories R _Has.

Gmpefmit juice 180 61 0113 <006
Paring 100 S < : S .@1,5
Butter ‘ 80 615 o 0.008
8%ring beans {came&} 6% 28 0,042 0.027
Apple {rav) 127 80 0,051 0.022
Ground boef 100 144 0,147 0.058
¥hite rice _ 100 88 0,009 0.016
Cexrots {conned} 100 425 0.085 0.010
Poaches ang 118 N
Jaice &7 - 0.007
Psanut butier Q. 176 0.165 0..036
Granvlated suga® - 1 Tb, ' &0 -——eemin i
Biacuits, 7 749 0,120 02060 -

Totalss . 2236 0.740 0.342
Suppleoment - 1.600
24340

03
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0.740 mge of thiamine, 80 mgs of asecorbiec acid and 15.42
mga of nicotinie acid., The figures foy the foods,; otheyr
than thoge analyzed im the laboratory for piboflavin, were
taken from the tables by Tayloy {83}, except the nicotinie
a¢id values which are from Chaney and Ahlbornts Nutrition
{4). The only variations in tho diets of the three sube
jocts were the number of biscuits and quantity of butter
saten. The biscults were made with uponriched flour and
without milk so thoir riboflavin content had no significant
offect on the total riboflavin intake., JIJ ingested an
average of 2235 calories per day, AR, 1947 calorics and
08, 2452 calories.

SUPPLEMENTS

The supplement on each day of the firat experie
mental period waa 1.6 mgs oach of riboflavin end thiamino,
and 50 mgs of ascorbio scid. Ascorbic acid was givon how
oause anﬁlyais of tho grapefruit juice in the laboratory
shoﬁaithat it contained considerably leas of the vitamin
than the average value given in the table. The ridboflavin
supploment was decrcased to 1.2 wgs during the sosond oxw-
perimental pewried, but the ascorbic acid and thiemine
level were kept the samsé. The calcium content of the
dioct was increased by the addition of 20 gme of caleium
carbenate to one day's supply of blscuibs,



CHAPTER IV
RESULTS AND DISCUSSION

The data on the exeretion of urinsry riboeflavin for
this study are presonted in Table II. As can bo seen, the
daily variations on both the 86l1f chosén diets end the
constant diet of the experimental perlods wers great. It
should be noted that the subjeocts ma&nﬁain@ﬂ‘ﬁha&r atate
of good hoalth and physieal vigoer. AR had a little 4iffis
eulty in maintaining her weight. She welghed 108 pounds
at the beginning of the gtudy and after 26 days weighed
1045 pounds, but at the end of the study she weighed 106

pounds. NB varied between 166 and 158 pounds throughout

the investigation, starting at 1875 pounds and ending st

168 pounde. JJ started at 121 pounds and varied not move
than 2% pounds duriamg the study.

During the three days on the self chosen diet the
dalily urinary exeretion of riboflavin by JJ varied from
442 to 1180 mecg, the excretion by AR varied from 449 %o
1400 meg, whilo N§ exereted from 424 to 518 meg of riboe
flavin. The excretions of 442, 449, and 424 meg of ribow
flavin daily are lower than the normal exceretions of 500
to 800 meg reported by Strong ot &l (48) or 700 to 1700
meg by Forrobee (13),; but all the figures are higher than

tho averages of 357 meg roported by Sebrell and coworkers



Pable I1. Dally Exerotion of Rihcflavin by Subjeets on & Constant Dilot with
Supplements of Different Amounts of Riboflavin

SUBJECY o o B T ' Y RS
Pate ‘
Supplement _ 1944 = Weg., Averagew lNege  Averaged Mege  Averages
Self-chogen died 10/17 701 1400 424
10/18 442 449 450
10/19 1180 eo7 518
10,0 _mg tas% dose 10 20 -.,.§.552~._¢__~~15363-.u ....,.....:..36@3.......; -
2.0 §g rivofiavin 'Io 22 o956’ f 2220 B2d
_ '?96 378 339 i
501 1192 168
759 822 332
S07 6035 77
265 423 96 -
575 %68 154
257 641 306
217 | 853 388 - .

‘ 209 810 883 874 143 2316
w*ﬁm_gﬁesadaagm_._ ' _mgésh““““’_“g‘?%l‘&u*______m%& e e e -
1.5 fig riverTlavin 1’1 N 470 161 ;

i1/e 156 225 202

11/20 381 329 116

11/32 257 164 230

11/18 88

11/24 248 198

11/15 223 105

11/18 172 - - _

11/37 348 248 327 244 143 149
10,0 mg test dose  311/18 2494 5128 _ 1240 :

s Aversge is %he average of ths last five days of the pez*imd

62
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(80) amd 286 to 270 meg by Axelrod gt ad (2).

During the firat experimental period when 2.0 mg of
rivoflavin was ingasta& per day, the urinary excvetion of
r&boﬁlavin by IF varied from 956 wmeg to 209 meg. ﬁ@r'avémﬁ
age dally excration for the last five days was 310 mcg Tho
excretion of riboflavin by AR during the first period |
variod from 1360 to 368 meg, with en avarage for the laot
five days of 5§74 mog daily. NS had riboflavin excretionsg
from 824 to 90 meg with an avorage oxcretion duping the
lagt five days of 216 meg per day.s

When the ridoflavin ingestion wag 1.5 mg pey day for
the gocond experimental peried, JIte exeretion ranged from
429 to 156 meg, with & Gaily average of 247 meg for the
last £ive days. The uringry excrotion of AR raonged from
329 to 88 meg with an everage for the last Live days of
244 mog por day. A wvango from 230 to 105 meg of riboflavim
oxeroted per day wae shoun by NS during thio second pericd,
and her avevage dally excrobion For the lash five Gays of
the period was 148 meg. In all cages the average oxcypes
t4ong in the second period were lower than those in the
£irgt, baing on the average 68, 530 and 67 meg less row
gpeetively for the three subjosts.

The recovery of test doses of riboflavin has boeon
thought by nany workers {2, 18, §8) to Ye more significant
of the nutritional status of the subjoet than tho daily
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excyebion. Data on the test dosd #@ggcn&e of the subjeots
are found in Pable IIZs The regpense {or peroent of tho
Ingested riboflavis vhieh was oxoreted in the urine) afer
the self chosen diete wos high in al) cases,; although the
rosponsé differed for the various subjects. IJ gave a
responso of 86,88, AR 133.:6% und W8 76.07. The response
to the tost doge after thoe first experimenial poyriod wasn
abont one balf of the provious responst dy AR and loss than
half 2 J7 end ¥8. A further deeysase in the vesponse was
found after ¢he socond oxperimental periocd, so that at the
and of the study 24.370; 49.6% and 12.0¥ of the riboflavin
ingested by JJ, AR and NS rospootiveoly was execreted in the
urine. The recponses of the subjeehts to the second and
third tect doses apre not strictly comparable to the fivph
bocaunse the poreent of the first ig based on the 10.0 mg
dose of piboflavin without knowing the »ibeflavin contaend
of the self chesen Qiets of the subjeets, while the sotal
riboflavin ingestion (0,542 mg in diet plug 10.0 wg dose)
wag econsidered im cmloulabing psvcont opponse after the
emperimental perieds. The 12.0% respense is very low and
prosumably too lowy and the responses of the other two
subjeets are considerably lower than their provious roe
sponsed, but vhether they indicate & deficlioney cannot be
knovm by our pyesent stendards.



Pabic I1I. Urinery Exevotiocn of Riboflevin in Responsee to 10.0 ¥g Test Dose

Re_a_-sg_éa’zzs@- afgers

e |

Hogs

AR

Hege

8

Self=chosen died
2.0 mg riboflavin
1,5 mg riboflavin

85.+5
322
24,1

13,361

8,74%
5,123

133.6
85.2
49¢§

7603
3252
1240

780
31 05
12,0
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From the results it can be seen that a 2,0 mg lovel
or & 1.6 mg level of riboflavin intake was adequate to
maintain these three awﬁjects in thﬁar-ﬁsual state of health .
for ¢wo week periods. It iz probable that the subjocts
~ were Gepleting their tissue etores of ridoflavin as indis
” gated by the low dally oxerotionsg and low response to the
tost dogess Reys (22) states thet no functional impairmeont
results from complete absence of piboflavin for 30 days

and he suggests that 1.0 mg of riboflavin per day is ades

quate for 6 months to s year for a person consuming 300(
calories. In view of Hoys' work, it might be said that
the subjeects of this study vere getting adequate amounts
. of riboflavin, at least for tho short pericd of the study.
Considering the riboflavin intake from the standw
point of mg per 1000 calories of food ingested, it is
found that during the fivet period JIF roceived 0.89 ng pey
1000 calories, AR 1.03 mg pey 1000 calories and ¥S 0.82
mg per 1000 casloriea: During the seocond experimentel
poriod JJ, AR and N8 ingested 0,67 mg, 0.77 mg and 0.61
mg of rivoflavin respectively per 1000 caloriss of foods
The diet which Keys gt a1 (21) used on their study of
normal young mon averaged 0,31 mg of riboflavin per 1000
calories. Their study lasted for five months, but they
found after a few weeks that the daily urinary excretion

of ribvoflavin and also the recovery of saturation test
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doses remained at an average of 12,07 of the intake. This
is the same percont excretion that N8 reached on this study
at the end of the second expsrimental period, although she
was ingesting 0.61 mg of riboflavin per 1000 ealories.
Williems and cowerkers (59) found that 0.35 mg of riboe
flavin per 1000 ¢alories was associeted with tissue @oplew
tion, but an intake of 0.8 mg of piboflavin per 1000 cal~
ories wae not. They thought 0.5 mg was appronimately 6loso
to the @ally requirement necessary for maintaining tisswue
stores. Although the piboflavin intakes of JJ, AR and NS
wore all higher tham 0.5 mg per 1000 cslovies, they all
showed aignd of tissne deplotion, ospeelally N8 vhose test
dose pesponse was only 12.0f% of hor inteke. Differonces
in diet compositlon,; size of subjects, and activities are
factors which wmay ascownd for some variabion in the
studies by differont groups of workers.

Bebrell, Butler,; Wooley and Igbell (39) found that
0.36 mg of riboflavin per kg of body weight was hot onough
to meet the adult reguirement. The subjeets in thils in=
vestigation showod lower excretions of ribofiavin vhen the
intakes amounted to 0.,021; 0,027 and 0.081 mg per kg than
when the respective intakes vers 0,028, 0,086 and 0,041 mg
per kg, and the excrotions on these latter levels of intake
were considerably lower than on the selfw~chosen diets.,

Those resulis are in line with the above findings of



Table IV. MHilligrams of Riboflavin Ingested pey
1000 Calories

Riveflavin Intake

Swbjeet . . 20mg . 1.5mg

34 0.89 0.6%
AR 1.08 Q.77
8 0.82 0.62

Table Ve Nilligrams of Riboflavin Ingosted pop
Kilogram of Body Weight

Riboflavan Ineake

Uelght

Subject AnXe - . 2.0mg ok B TE

33 55 0,056 | 0.027
AR 49 0,041 0,031
1S ng 04028 0.02%

36
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Sebroll gt al. Therefore, on this basis, oven the higher
level of intake, 2,0 mg per day, dosg not reprosend ope
timal intake.

The oxtent of viceynthesis of riboflavim in the
intestines of thoge subjests was not lmowm, but if biow
syathesls occurs e Najljar ond coworkers (29) found, the
variation of urinary exeretion of Piboflavin bsetwsen sube
jocts may bo partislly oxplained.
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CHAPTER ¥
SUMMARY AND CONCLUSIONS

Thrée gubjectn were maintained on & constant diet
low in riboflavin. The daily wrinary emeretion of riboe
flavin wae megsured duping two éxp@rﬂmemﬁﬁl perioé&~@hém
knowm supplements of riboflavim wore added, first at a 2.0
mg level of intake and scoondly at & 1.8 mg level.

The urinary oxeretion of »iboflavin varied & groat
deal from day to day and between subjects. The averages
fopr the last five daye of the first experimental periocd
were 310, 574 and 216 meg and for the lawvt five days of
the second period the respectlve averages weye 248, 244
and 149 meg. The response to 10.0 mg test deses of ribow
flavin showed decreasing percentages of riboflavin exw
croted. On the 2.0 mg level of intake the responses were
52.2%, 65,2% and 31,88, After the 1.5 mg level of intake,
lower test dose reaponses of 24.,1%, 49.6% and 12,08 ree
apectively were obtainsd. It is intersating $o note that
U8 vho emereted the smallest proportion of the test dose
was the largest subjeet; while AR tho had the highest pro=
portionate response wat the smallest subjeoh.

The low dally exeretiong and low responss to the
teet doses indicate that the subjeects weore depleting their
tigsus atoves of rﬁbofimvina f1ith the present knovlcdge



of riboflavin function end requirement, definite conclus
sion of doficlency or adequacy caimol be made. A% least
for two of the subjoots the 2.0 mg inteke 6f riboflavin is
not an opiimum intake eamd the 1.0 mg inteke seeme %o be
low for all three subjects.

Limitations to the conclusions which can be drawm
from this study are that the data ave only from thwes
sudjeetay; for short periods of study, ond at just two
lovols of riboflavin intake. Nor¢ duta os a pesulé of
Lurthey investigabion on the subjocts oould readlly be
uée&_. tntil wore definite kmowledge is obtained, the
mmmm@mﬁati@m of the Yaticnal Ressarch Comcil {31) of
2,2 mge for o wmoderately active woman might be congidered
to offeoy o margin of gafoty and that the lower levels of
inteko can be used fop & period of twe weeke withous
apparent herm to the individuale



1.

2.

Je

b

O

Go

T

8B

s

10,

1i.

2.

BIBLIOCRAPHY %0

Americen ledical Assoclation, Handbook of Futritlon,
American Modical Assoclation, Chisago, 1945,

Axglrod, A.B+; Sples, PeDey Elvohjem,C.A, and
bxolrod, V. & study of wrirery riboflavin oxcroew
ti@n in mn@ J@W » 015«!!¢ mvﬁst & g@ §229¢232, 1941 »

guantitative relationship of riboflavin %o cataract
formabion i vats. Scicnce 05:24-85, 1942,

Chaney, largaret 8., and Ahlborn, Margoret. Nubtris
Gion, 3rd ode Boston, Houghton MIffiin Co., 1943,

Choldolin, V.H., ond Williams, R.Re Studies of the
average Amoprdeon diet 2. Rﬁb@fl@@inﬁ,mi@e@inia,
aclid, and pantothenie asid content. Jour. Jubtple
tlon 261437-430, 1943,

Chojdelin, Yermon H., Woods, Althes M., and Williams,
Roger J« Losses of B vitaming due to ecooking of
foods, dJour. Nutrition 26:477+485, 1943,

Gonmory RoT., and Straub, G.J. veembanaa~aaﬁermiméﬁion
of riboflavin and thiamin ia food products. Ind,
Engs Chem, Anal. Hd. 13£385-388, 1941

Day, Pelep Darby, W.ds, and Cosgrove, K.W. The
arprest of mutritional eataraect by tho uge of $ibo=
flavin, Jour, Wutrition 15:83+€0, 1938,

Drummond, J.C., and Hovan, T Unconsldered trifles
in our dilet. Vitemin content of beverages. Nature
158 :08+100, 1944,

Fllis, L.lls, Zmachinsky, A., ond Shormon, H.C. Exe
perimonte upon the significance of liberal levols
of intake of riboflavin. Jour. Wutrition 251153«
160, 19438« : ~

Emmerie, #A. Dotermination end exeretion of flavins
in normal human urine. Naturs, 1381164, 1936.

Feder, Virginia H.s; Lewis, Goorge T., and Alden,
Horbert S. Studies on the urinary exorotion of
rivoflavine Jour. Nutrition 27:347-353, 1944,



18«
14,
154

S

17.
18,

19.

20+

21

QQ &

40

Ferrebse, Jdl, The urinary oxcretion of wriboflavin
fluorometric methols for its estimation. dJour.
Clin, Invest. 189:251-256, 1940,

Porrebeo, J.H.; and Welssman, M. Riboflavin and
thismine intorrelationships in rats and in man,
Jour. Wutrition 261450468, 1943.

eygz?gy, Paus Riboflavin, The Biological action
of the witamins, Bdited by Evans. L. A. Jre ps
54+72. Chicago, Univorsity of Chicago Press, 1942,

Helman, M. Riboflaving significance of its photos
dynamic actlon and importance of its properties
for the visual act. Arch. Ophthalmol,,; 28:408«
602, 1942, Mutrition Abstract end Revs. 1B, 665,
19434 ‘

Holmar, O.M. Phe determination of vitaming B and
G in human urine by the rat growth methed. Jour.
Rutrition 15:1279-286, 1937.

Holmes, A.D. Iffect of pasteurization on the ribos
flavin content of milk, Jour. aAmer, Dietet.
ABsog, 203228-227, 1944, S

Holmes, Avrthuy D., and Holmes, Julia 0. Uniformity S
of riboflavin content of milk produced under
stendard conditlons. Amer. Jour,., Diseases Child.
66 3607-610, 19434

Isbell, H., Wooley, J+Ge¢p and Fraser, H.F. The ine
hibiting effect of ures on the micrebiological
agsay of riboflavin. Pub, Hoalth Rep., 56282«

288, 1941,

Keys, Ancol, Henschel, Austin F.; Mickelsen, Olaf,
Brozeks; Josef M., sad Cravford, J.Hs Physiological
and biochemical function in normal young men on a
dlet restricted in wiboflavin. Jour, Nutpition
274165#178, 1844, . |

Koye, Ancels Tho investigabion of huwan requiroments
for vitaming of the B complex. Jour, AmErs
Dietetic Assoc. 214211215, 1945,

Klein, J«Re, and Kohn, H.IZ., The symthosis of flavin
adenine dinucleetide from riboflavin by human
blood eells in vitro end in vivo. Jour. Biold.

Chom, 1361177=389, 1940,




24,

25,

264

27,

28,

28,

Bl

B2

S8

41

Krusoy HeDe, Sydenstyricker, V.P., Sebroll; W.H., end
Cleckley, Hlll. Ribofl&@fn.daﬁ%éﬂsncg-in futey
Pube Health Reps 55:157+168, 1940,

L&ﬂf@!‘@p BeBsy Finkalm@im B;a end 8heyman, H.C,
Riboflavin contenl of some typicel fruibs. Jours
Hutrition 21:176+097, 1941,

Mae%é&la@ PeBe Studics of the B vitemin in the human
subjects O« The response of cheilosis to vitamin
therapy. Amer. Jour. Med, Sel. 203:114+120, 1942,

uille, C.ie Iwivonmontal temperafiure end B vitemin
vequirementss riboflavin and pyridoxmine. Arch.
Blothems R:1859«168, 1943¢

Wajler, Vede The flucrometrls detormination of ribow
flavin in uriné and other bBlological fluids.
Jours Biol. Chom, 141:356+564, 1941.

3\38;%3@?4 Telhoy Jolns, Gao.. Awg Nedairy, Geoe C.
Biopynthesls of priboflavin in man. Jour. Amer.
Hle@e AGSOC, 126:367-368, 1844,

Wajjor, Vehe, and Hole, L, (Jr.) A riboflavin exw
erotion tomt as a messure of riboflavin deficiency
%g@gan. Bull. Johne Hopking Hoap. 69:476~481,

£ X4

National Research Council, Comnittee on Pood and
Nutrition (U.S.4,.) Recommendod dolly dietary ale
lowances, Jours Homs Econ. 533476+479, 1941,

0ldham, Helén, Johnston, Frances, Klelgey, Barah, and
HedderichwArismendg Hernen. A4 study of the pibos
flavin end thiamine requirements of children of
prescheol age. Jour, Fubtpition 27:456+846, 1944,

0t alloy, C.l., and Sievert, C.W« Tffect of light on
riboflavin solubtions. Effeect of sunlight on pvew
duced and unreduced soluiions. Ind. Eng. Chom,
5¢31117+1118, 1942.

Potorson, Welter J., Brady, DB+, and Shaw, &.d;
Fluorometric determination of riboflavin in pork
ggz%ucts¢ Ind, Eng. Chems Anal, Fd. 15:684»636,
. . ,



42
35- P@tarSQn’ VJ.JC' Haigp FCMO’ and Shﬂt?* A-QO :
Degtruction of riboflavin in milk by sunlight.
Jour. Amor. Chem. S0C. G6:1662«663, 1944,

36. Rosenberg, K.R. Qhemiﬂwyané xﬁhye*ielagy of the
vitaming., WNev York, Intersolence. Publishers,
nc., 1942,

87. Sarett,; HePe, Eloin, J.R., and Perlaveig, W.b. |
The effect of the level of .protein intake upon the
urinary excretion of riboflavin and nicotinie aecid
%gggoga and rats. Jour. Nutrition 24:1205«508,
1042, .

38. S8ciclounoff, F., and Alphonse, P. Coniributcion &
1'otude de 1l'action de la lsetoflavine suy la
rosorption intestinale det sucres. (Study of the
action of lactoflevin on the absorption of sugasr
from tho intestine). Schweisz Med. Wothanschr.
714857650, 1941. NWutrition Abstracts & Revs.
11, 317318, 104148,

39, Sebrell, Woﬁoa Butlor; R.E., Wooley, J«G., and
Isbell; Horris. Human riboflavin roquirement estie
mated by urinary exorction of subjects on a conw
trolled Intake. Pub. Health Rop. 563510519, 1941,

40, Sebrell, W.H., and Butlors R.E. Riboflavin dofie
cleney in mang preliminary note. Pubs Health Rep.
55:2282-2284, 1938, :

41, BSobrell, W.H., and Butler, R.E. ﬁiﬁcfl&?iﬂ Gofim
ciency in man (ariboflavinosis). Pub. Health Rep.
5432121-~2181, 193%.

42, 8nell,; E+E., and Strong, F.i, A miorobiological ase
say method for riboflavin. Ind. Bug. Chem., Anal.
Bds X13:346+350, 1939,

45, Spector, H.; Hsass, A.R., Hichaud, L., Elvejhem, Caifey
and Hart, BB+ Role of ribeflavin in blood regene
eration. Jour. Blol. Chem. 150175~87, 1943,

Endeuic ribeflavin deficisency in infents and

gggégrena Amer. Jour. of led. Sci. 2003697~T01,

456, Spiles, TeDe, Vilter, R.W., and Asho, W.F. Pollagra,
berisberi, and »M’gofl’&‘winnaefiaiency in human
beingss diagnosis and treatment. Jour. Amor. led.
Assoc. 113:081-087, 1939,



45

46+ Stroeet; HeRey Cowglll, CGuRa, and Z3mmerman, H.le
Further observetions of riboflavin doficieney in
the doge Jour, Nmtyition 2217424, 1941,

47. Strongy Fli,; Harle, A.s; and Zoman, B. Disteribution
and stability of riboflavin and pantotheniec acid
in biologleal materials. Jour, Biols Chem. 140:
Proc.s cxxvxix, 1941,

48, Btrong, Pel., Poeney, R .E.@ Mcora, B., and Parson&,
HeTs Tho riboflavin contoent of blood and uwrine.
Jbura Biole Chem. 13738@$~3?2, 1941,

49. Sure, qu and Diéh@@k@ e €With c&tx‘@n, ?SOM'O)Q
Riboflavin as a factor in sconomy of food ubiliw
zoation. Jour., Nubrition 21:485+460, 1941.

50, 8ure, B. Farther observations on ribvoflevin as 4
food factor in economy of food utiliszation, Jour.
Tutrition 22:2056-501, 1941.

51+ Sure, Barnett, Vitmmin in&erralationsh&g 111,
aniuan@e of sub~optimum doses of thismine on
uringry exe¢retions of piboflavin. Jour. Nutrition
271447452, 1944,

82 Sydematrickem VePoy S@bi‘@lﬁ., ffx“}‘iny Cl@ﬁk}-@yp Hells o
and ¥ruse, H.D. The ocular manifestations of
ariboflavinesis, Jour. Amer. Med. AsSsoce 1143
8437*2@45* 19@@. '

53. Taylor,; Clara Mae, Food values in sharea and weisghts,
i\ﬂ@%‘r Y@Q‘ky Maomillan Co o 194221

54+ Thompson, Hery Loulse, Cunnin n, Blizabeth, and
Snell, Bsmond, E. The nutr’tive valug of canned
f@@dﬁv 4. Ri%aflavin gpd pantothenic acid.
Jour. Nutrition 28:128+129, 1944.

55, Umne, K., and Greslin, J.0. Studiss on the toxicity
an§ pharmacology of riboflavin, Joure Pharmecol.
lmpm‘%h@rap. 76 175-80, 1942,

56. Ven Duyne, F.0., and Sherman, H.C. Ridoflavin conw
tent of tissues as gtebiliged im the adult al
liveral levels of imbtake. Proc. Hat. Avad. Sei.
271289201, 1941.



7.

68.

59.

60.

Ble

44

Wataon, Sy&.; and Wynd, Fc&# A possible function of
vitamin Be in protein motabolism. Amor. Jour.
Bot. 27220 suppl.; 1940, : '

Wiehl, D.G., and Kruse, H,D: Nedieal evaluation of
nubritional status. 6. Provalence ¢f defisiency
diseases in thelr subclinienl sbtages. Hilbank
lMemorial Pund Quarterly, 193241281, 1941.

Wiildams, ReD., Meson, H.L., Cusick, P.L., and Wilder,
Ruassell M, Observations on induced riboflavin
deffeiency and the riboeflavin requirement of man.,
Jour. Fubrition 253361871, 1943,

Willimme, Ropew 7. Water soluble vitemine, Ann.
Rovs Blochem, 12:585-386, 1943, .

Zieglew, Jobm A,, and Keovil, Norman By Photo=
chemical dostruction of rivoflavin im milk and
losses dupring pyocessing, Jour, Biold., Chem, 1853%
6054606, 1944, ~



