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CTS COHCEHTMTIGH OF R1BOFLAVIM IK THE SERUM ASD DEIKE OF WESM 
sugjsc?s OM A commuM mm 

■   CHAPTER 1 

The estiaation of nutritioacQ. status with respect to riboflavin 

has been aiado mostly by the evalmtion of urinary excretion of ribo- 

flavin in 2li-hourG, Gae-<hour during fasting, and in response to a 

test dose. Only a few ©stiaationa of xiboflavin hav® been made on 

blood. Axclrod, Spies, and Slvohjea (I9kl) reported that there was 

no difference between the concentration of riboflavin in. whole 

blood in noxraal subjects and that in deficient subjects. Strong 

et al. (Iplil) determined the concentration of riboflavin in the 

■rihole  blood of the human, the rat, the calf, the dog, and the hog. 

They found that the concentratica of riboflarln i®. the blood of 

human beingo on an unrestricted diet vras Q.h9 meg, per ml. of whole 

blood; that th© concentration of riboflavin in the "Rfeol® blood of 

the rat and of the calf was about the came as in the human, but 

that in the dog and the hog it was twice as high. However, th© 

information concerning riboflavin levels in blood as indicative of 

the nutritional status in regard to this vitamin is incomplete. 

The raiero-method, proposed by lurch, Bessey, and Lonry (191*8), 

for the determination of riboflavin in serum, has made it possible 

to extend the studies on riboflavin in blood. They showed that the 

free and combined forsas, IM (flavin-aoaonucleotide) and FAD (flavin- 

adenine-dinucleotide), could be determined by this method. Based on 



unpublishsd data, obtained ty Holt, for a few subjects, deficient in 

riboflavin, Burch and her coworkers suggested "that the total 

riboHatin in man may b© too stable to be of value, but that the free 

serum riboflavin may prove useful as a laeasufe of nutritional 

status** 

fh® purpose of the investigation reported in this thesis was t© 

detesain© the daily conceatration of free ■(♦MI) and total ribo- 

flavia in the oerua and the daily exoretion of 'riboflavin in the 

urine ©f nomal xiomm subjects' on a controlled diet ^ith an adequate 

intake of this vitaain, The relationship of thiamiae intake to the 

riboflavin eoncontraticn ia the serum was also observed, fh© intake 

of riboflavin wao constant throughout the experiment, but as far as 

the thiaaine intake was concerned, the experiKent was divided into 

two periods: during the first period the subjects received the 

amoimt of thiaadne (500 meg. per 10CO calories) recoaaended by the 

Food and nutrition Board of the National Eesearch Council, and during 

the second period the subjects received 300 sieg* of thiaoinis per 

1000 ealorioc. 
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JCTBRMFOBB RSVIM 

HISTO'HIOAL MCKG®U!© 

EiboflaTin, which fotmerly was dssigaated as "vitaain GB hj 

Ajneriean biocheBiiste and as "vitaoin Bg11 by British and Qeraan 

workers, is a trater-soluble, yelloi; pigment "with green fluoresceBeo 

(Boohor, 1933, and Chick, Copping and Eofieo©, 1930)• The first 

chemical research w&s carrisd on in 1879, 'when. Blyth reported that 

h© obtained a ysilew~gr©©a fluos^Bcent pigment in \vh©y and called 

it lactoehrom©. 

Early in th© 20tk s^ntuxy nutritiois research -was begun on 

animals. Osbom© and'U-endel (1913) reeogatsed a water-soluble, 

growth-promoting substanc© in milk, and McCollum and Kennedy (1916) 

named one of those rat growth-promoting factors "trnter-soluble B". 

At that ti&e it ms uncertain Aether the water-soluble, growth- 

promoting substance effective for rats and the anti-beriberi 

vitamin were identical* In 1919, Mitchell pointed out that it was 

doubtful that the factors for the maintenance of life and growth 

and for the prevention of multiple neuritis were identical. In 

1920, Emmett and Luros found that these factors were not equally 

susceptible to destruction by heat, and further investigations 

confirmed their findings. Vitamin 0, or Bg, was designated as a 

heat-stable fraction of the vitamin S-complex (Smith and Henrick, 

1926, and Sherman, 1926). 
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4. concentrate of yellow~grean fluorescent pigment was obtained 

by Bleyer and Kallman (1925), and also soase of its properties were 

determined. 

In 1926, Goldberger and Lillie*s experiments with rats produced 

a deficiency ^mdrome which reoembled human pellagra. Although this 

eyndrome had been considered to b© caused by the lack of the pellagra 

preventive (P-P) factor, GoMberger and Lillie proved it to be 

largely due to riboflavin deficiency, 

A method, using the rat. as th© experiiaental aniaal for the 

determination of Vitamin G 3n various materials, was proposed by 

Bourquin and Sherman (1931). It Tjas used extensively for testing 

the potency of foods and pharmaeeutieals. The potency was expressed 

as th© nBourquin and Sheraan unit", each unit equalling 3 meg, of 

riboflavin, 

Uarburg and Christian (1932) obtained a yellow oxidation 

ensyme from yeast and also found that this enzyme possossed a 

protein and a pigment component 6   The latter compment xt&a  the 

chemically aetiv© group of the enzyme. In th© next year Ellinger 

and Koschara (1933), Booher (1933), and Kuhn, Gyorgy and Wagner-. 

Jauregg (1933) Isolated the pure form of the yellow-green 

fluorescent pigment from different materials, such as milk, liver, 

kidney, urine, muscle, yeast, and egg white$ and found this yellowr 

pigment to be related to the TFferburg and Christian yellow enzyme, 

to a water-soluble rat growth-promoting factor, and also to vitaadn 

0 or Bg. The chemical group name of 0flavinBn was suggested for 

this pigment and the prefixes ova-(from egg), lacto-(froEi milk). 
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and hepate-(fi*om liver) to indicate their origins. 

JMn ©t al. (1915) and Karrer et al. (1935) independently 

synthesized the vitastin and f o\aid the activities of the synthetic 

vitanin to be identical «ith those of the naturally occurring 

vitasain. 

Sebarall and Biitler (1938) first dsecribed induced huiaan ribo- 

flavin deficiency due to the intake of a diet deficient in riboflavin. 

PHXSJOMQI OF mmmm® 

Enzymatic activities 

One of the most important known functions of riboflavin in 

living tissue is its participation in enzyme systems which regulate 

cellular oxidations. These enzyme systems are associated with 

intermediate enzymatic action in carbohydrate, amino acid, and/or 

fat metabolism. Warburg and Christian (1932) first reported an 

enzyme which contained riboflavin. It was Isnem as the "Warburg 

and Christian yellow enayme", and was eonoemed in the oxidation of 

hexose-phosphoric acid. Riboflavin was also reported to be present 

in the enzyme systems of amino acid oxidase, xanthine oxidase, and 

succinic acid dehydrogenase (Axelrod and Elvehjem, 19Ul). 

Blood regeneration 

Dyorgy et al. (1938) found the regeneration of hemoglobin to 

be hastened by riboflavin. They demonstrated that anemic dogs fed 

lactoflavin (natural or synthetic) in daily doses of 1.7 to 10.0 mg., 

or 0.1 to 0.5 mg. per kilogram of body weight, definitely gained in 

hemoglobin. Spector et al. (19b3) produced anemia in dogs by 



6 

feeding them a synthetic diet devoid of riboflavin, and brought 

about recovery by adainistration of riboflavin. Waisraan (19144) 

reported,aneada in monkeys as on© of the rssults of a ribofX&vin- 

deficiont diet, since ©sythrocyte aad hemoglobin levels fell to 

anemic stage shortly after the appearance of the dermatitis. On 

the other 'hand, Sebrell and Onstott (1938) found that anemia 

occurred frequently in riboflarln-deficient dogs but did not 

respond to riboflavin therapy. Keys et al, (19W0 failed to 

obtain any signs of anemia in the young men who tmr® on a diet 

containing as little as 0,31 rag, of riboflavin per 1000 calories 

per day for Bh days, 

fisml function 

Finding riboflavin deficiency aesoci&ted with dimiess of 

vision, impairment of visual acuity, and photophobia, Heiman 

(19U2) suggested that riboflavin may function in cone vision ag 

carotene functions in rod vision. He pointed out that riboflavin 

is concerned in the visual process by its functions and property 

as follows; 

1. its function as an oxidation-reduction ©nayme* 

2. its property of fluorsscence, 

3. its power to intensify tseak light etinmli, and 

h,    its protective effect against excessive light. 

Factor for normal igroTwth 

Maay investigators have found that riboflavin is a growth- 

promoting factor, Bourquin and Sherman in 1931» in & stu^r of 

the growth-promoting effect of vitamin G in rats, found that with 



an increased intake in the amount of vlfcanin G, there was a 

proportional increase in body weight. In young chicks> prolonged 

partial riboflavin doficiency led to "curled toe1* paralysis and 

d^rstonia, 

Waritany aad Schraffenberger (19^), in their studies on rats, 

used a basal diet containing yellow com meal 76, ^eat gluten 20, 

caleim carbonate (C.P.)3 and sodium chloride (C.P.) 1 per cent. 

This diet me supplemented by 60 l.U. of vitaiain D as viosterol 

evezy 10 days. They found congenital malforma'uions of the off- 

spring of rats "when the maternal basal diet was supplemented with 

the vitaiain B-eorapl©x excluding riboflairia. They also showsd that 

vjhen th© maternal diet was supplemented vdth riboflavin,. the 

congenital malformations were prevented| honrever, supplements of 

thiasiine hydrochloride, nlacin, pyridoxine, and ealciwa pantothenate 

vnsrs not preventive. 

ASSESSMENT OF TM STATE OF WUTEITIOH WLTE RESPECT TO RIBOFIAVIK 

Clinical examination 

ly© 

Comsal irascularization was th© first aoiphological aani- 

festation of riboflavin deficiency observed in ratss by Bessey 

and Wolbach (1939). The same symptom was noted in Bsan.by Kruse 

et al. (I9lj.0). It was usually ascompanied by photophobia, 

laczlraation, and burning and itching of the eyes. Visual 

fatigue, diianess of vision, and a sensation of roughness of 

the eyes were also reported. As th© first change in cormeal 



Im&Gn,, it was n©t©d that cspiXIaries of the limbue arising 

at th© ts^>oral and/osf nasal side of the anterior ciliaiy 

ures&e&s extended into the superfieial layers, and anastososed 

to f©ra tiets of loope. The coraeal leeion consisted of the 

iajection &nd proliferaticaa of the iressele of the liabus and 

in th@ ©arly stages could be sesn bgr the aid of a slit laap 

or other instrumGnt. Later ettsamoxmsl injaction was visi- 

ble* Supoyficial yleerationa and both superficial and inter-, 

stitial opacities, of the diffuse or patchy type, of the 

cornea taight also occur. Sydenetricker, Ssbrell, Cleckly 

and Srus© (191*0) also found blepharitis,, cenjuneti-^itis, 

iritis, and @o:m®al vasc\£Lariaatioa in their patients* They 

describod the lids as red, suollon, and matted together ralth 

& sticky GKudate. 

Soae of the early investigators considered eornool 

vaseularisation as a specific evidence of riboflavin deficiency 

and ireported this nutritional disorder as based on slight 

changes of the blood vessels of the limbic plexus* Howsver, 

in other cases, it was shown that this syndrcmo was also caused 

by other dietary deficiencies or excesses, and by many types of 

tTtavm. and iafection. f otter et al* (1^2), Albanese and 

Bus dike (191*2), and ilbanes©, Bandall and Holt (I9h3)  reported 

that ocular lesions in rats were produced by a tryptophane- ■ 

deficient diet* Bessey and Uolbaeh (1939) observed corneal 

vascuiarization in vitasain A deficiency in rats* fotter et al* 
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(19ii2) deiaox3.stratsd that a lysine-deficient diet also 

caused a similar syndrome. An intake low in sodim (Follis 

et al., 19U2) and low in zinc (follis ©t.al,, 19141) and large 

dosss of nicotinic acid (Qregoiy, 19^3) "w&ve  reported as 

causing coaeal lesions.. 

Based on results obtained in a n-ofcritlon survey, Anderson 

and Milaxn (191*5) reported that there was no correlation b@<~ 

tve&n th© dietary intake of riboflavin and syoptoms of com©al 

vascular!gatiott. 

Many investigators,, studying human beings maintained en 

diets prestiEabXy deficient in ribofla^n, have failed to 

obtain the sympto© of comeal vascularization (Sebrell and 

Btrtler, 1938 and 1939? and Williams et al., 19k3). Pett (19U3) 

found that a large percentage of cases with this syndrome did 

not respond to riboflavin therapy. 

There is good evidence that comeal vascularisation va® 

produced by riboflavin deficiency. This, however^ cannot be 

considered as the sole criterion of ariboflavinosis. It has 

been suggested that cireumcoraeal lesion may be considered a 

sysptom of ariboflavinosis only T?hen the clear cornea ia in* 

vaded by capillaries of the lizabus. This invasion always 

occurs bilaterally but not always in equally advanced stages 

in both eyes, The  changes involve the whole cireiBBference of 

the cornea; Circumcorneal infection may not appear until a 

late stage, when deep vascularization and comeal opacities 
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occur. This circumeomeal lesion responds to riboflavin 

therapy within a few days (Parsons, 19140. 

Cataract was reported produced by riboflavin deficiency 

in rats, mice, chickens, and monkeys by Say et al. (1931 and 

193k)t who prevented and cured the condition by adequate 

riboflavin administration. However, Bessey and Wolbach (1939) 

could not confirm this finding. Mitchell et al. (1938) found 

that a galactose-containing diet produced cataracts which did 

not respond to riboflavin therapy. Cataract due to riboflavin 

deficiency in human beings has not been demonstrated. 

Mouth 

Cheilosis, one of the symptoms caused by riboflavin 

deficiency has been reported by many workers (Sebrell end 

Butler, 1938 and 1939> and Sydenstricker, Kelly, and Weaver, 

19U1). In general, the lesions of the lips begin at the angles 

of the mouth as small, red, painful spots, macerating and 

fissuring. fhe lips appear dry and chapped, and shallow ulcer- 

atlons and crusting may occur in severe cases. The lesions are 

usually covered with yellowish crusts. Wien the crusts are 

removed, a reddish non-bleeding surface is apparent. 

Lesions of the mouth in themselves cannot be considered a 

epeciflc syndrome of riboflavin deficiency. It may be that 

cheilosis is not a manifestation of riboflavin deficiency 

alone, since improvement has resulted from treatment with 

vitamin Bg, niacin, the entire B-complex, and iron (Machella, 



u 
±9h2 and Smith and lartin, 19hO),   Jeghers (I9h3)  listed other 

possible causes] the effects of lipstickj dental plates, 

chewing gum, mouth washes, cigarette holders, throat lozenges, 

reeds of musical instruments, and sun exposure. 

The condition of the tongue also indicated riboflavin 

deficiency, the epithelium over the papilla© appeared flattened 

and edematous* The papillae took on a mushroom shapo nhich 

gave the surface of the tongue a granular appearance. Pain, a 

burning sensation of the tongue, and even difficulty in 

swallotJing sometimes resulted, ^ith this syndroae the tongue 

beeaae purplish-red or magenta in color, due to filation of the 

capillaries, isith stagnant blood under the changed Epithelium 

(Jeghers, I9h2), 

Skin ■ 

A fine, scaly, slightly greasy deequamation on a mildly 

©xythematous base in the nasolabial folds, on the alae nasi, 

in the vestibule of the nose, and on the ears was found in 

aomen subjects who were on a riboflavin deficient diet (Sebrell 

and Batler, 1938). In an experiment on dogs, the skin of the 

abdomen and hind legs was scaly, with accompanying loss of 

■weight (Street et al., 191*1). 

Biochemical or physiological tests 

Studies on urinary excretion of riboflavin 

2l±-hour excretion 

Daily urinaxy excretion of riboflavin was thought by many 
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imreetigotors to bs> indiestlv© of the nutritional status with 

inspect to thi® vitamin. In normal persons tbo Sli-how ex- 

cretion of slboflavin inflects the dietary intake of this 

vitarainj the aiaoimt h$s tieen fomd to b© about 15)0 to 2>000 meg. 

dailSTi If th® di@t has remained relatively constant at either 

low OJ? high levels*■ the exeretion i«3 indicative of tissue 

depletion or saturation. In a study an two S-J^sp-old boysj 

01dham et al. (l^Uli) found that a constant excretion of lOJ? to 

11? meg. of yiboflavin indicated aa adequate intake for these 

children. Sebrell, Butler, Wooley, and Harris (l^lil) in a study 

of nofmL agultg .guggestsd that the escjpetion of about 200 meg. 

in 2k hours w§s the lower lirait of noraal, and Copping (191*5) 

eoneidered that m ©xcrstion ©f less than 200 meg. in 2k hours 

indicated an inadequate intake. However, in 191*5j Hagedom* 

Sy&os, Qermek> and Sevringhaus noted that men, who for 2 years 

or more had been eating not sore than 0*5 aig* ribofl&vin per 

day, excreted 50 to 120 meg. daily, and gave no physical 

indication of riboflavin deficiency* lajjar and Holt (19I4I) 

stated that the gii-hour output of riboflavin reflected only 

the Irasediat® dietary intake, but tms not an accurate Eeasure 

of nutritional status vrlth respect to ilboflavin, 

Horwitt et al* (1950) suggested that a SU-hour urinary 

eseretion of less than 100 meg* of riboflavin indicated that 

the recent diet provided less than the s&nimwi requirement of 

this vitaain* fhey considered that an eascretion below 50 meg. 
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p^r ^ay sherEred that-the individual had b©©n on a diet deficient 

is* rlboflavin for' soa© time, 

toad' test 

iaothar method of obtaining information on tissue depletion 

or saturation of riboflavin is the use of a test dose, usually 

administered ©ither orally or parenterally. Oldham &% al. (19^) 

in a study on claildren suggested that the return of 20 per eent 

of a test dose indieated a satiafactory nutritional status with 

regard to riboflavin. Fader,. Lewis and Alden (I9kk)  suggested 

that a return of 35 per eent of the test dose indicated a 

noraal return. In 191*6, Davis et al., in a study of 12 woaen 

subjects, found that only h of th® 12 reached 20 per eent return 

of th© test dosej one of the four had 35 per cent returnj and 

their average finding for the momtal subjects was about 15 per 

cent* 

Fasting excretion 

Efeoration of riboflavin in one hour during fasting has 

been considered © good means of assessing nutritional status, 

•with respect to riboflavin, by aany worker© (Holt and Najjar, 

19U2, Johnson et al., 19li5, and Kairtt ©t al., 19li7). They 

suggested that an excretion below 20 ateg. during this period 

of time is evidence of a deficiency state, Oldham et al, 

(I9kh)  suggested that a one-hour fasting excretion of 9 HCg, 

wao satisfactory evidence of adequacy of riboflavin intake for 

the children«> Davis et al. (19li6) in their study of adult 
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women fomct that the average excretion on a ribofla^ln intak© 

of 290 meg. per 1000 c&lori©g was 6 mcg*j the excretion was 

increased to 11 mego when th® riboflavin intak© was increased 

to k90 meg. per 1000; calories, fhe eame v&lm tms fetand xshea 

th© tetak© was increased to 660 mg»  per 1000 Calories, 

Pedor, Lewis, and Aldem (I9hh)  suggested, that one*hour 

fasting secretions, be calculated on a unit volunse basis, but 

Davis et al. (19k&)  reported that the per hour values wers 

mor© constant than the values per unit voltme. 

Studies on blood or blood fractions 

Little work has been done on blood for evaluating the 

nutritional status with respect to riboflavin. Most data 

have been obtained on analyses of whole blood, Axelrod, Spies, 

and Blvehjen (l^Ul) reported that there was no difference 

beteeesi the concentration of riboflavin in the blood of normal 

and in deficient subjects. For normal subjects the average 

value was 0.1^2 meg, per ml., ranging from 0.35 to 0.U5 meg, per 

ml. Strong et al. (19ijl) found that, in noraal subjects on an 

unrestricted diet, the concentration of riboflavin in whole 

blood was 0*h9 meg, per ral. 

In I9I48, Burch, Bessey and Lowry proposed a laicro-method 

for the determination of riboflavin in fractions of blood| 

namely, serum, white cells and platelets, as well as rod cells. 

They reported that for wellHaourished adults the concentration 

of free riboflavin in ©erura was 0.8 meg, per 100 nl., ranging 
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£rm 0.3 to 1.3 tacg. per cent, tfaa concentration of ribofla-^in 

in th© tAits blood cells .and platelets van  252,, ranging from 

22? to 293 sieg. par cent, and th® conciantration in the red 

colls was 22,h meg. psr 100 grams,- ranging frow 18.0 to 26.2 

meg. per 100 grass. 

Estimation of past dietaay intake 

Past dictazy 3nta,k© has -usually been uaed in surveys on 

nutritional status. Anderson and Milam (19kS)  sade a sunray of 

nutritional status. among children in Durhamft Korth Carolina. They 

took 7-»d©y food intake records on ©sch person and calculated the 

average daily intako of various nutrients including riboflavin. 

They found no correlation between th© rlboflavin intate end the 

incidence or severity of the comeal vaseularisation. 

Relationship b^ttrsen adboflavin and ereatinine excretion 

Excretion of ereatinine is presumed to b© constant in normal 

persons, averaging about 1 gram per 110 pounds (SO kilograms) of 

body wsight. The amount of riboflavin excreted per day can be 

roughly estimated from .the amount of riboflavin excreted per gram 

of ereatinine. This method is convenient when it is impossible to 

collect specimen© during fixed intervals j it .may correct findings 

in regard to size and age of individuals. The excretion of liOO aeg, 

or more daily, psr grsat of ereatinine, is considered normal, and an 

excretion of less than 200 meg. per gram of ereatinine is unsatis- 

factory (Aykroyd et al., 19li8), 
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HiaiAM SKQUIWffiMS Of  H1B0FLAVIN 

Evidence for assessing the desirable allowance of riboflavin is 

still rather incomplete. Based on different studies, various amounts 

have been suggested by many investigators. In 19Ul, Sebrell et al. 

suggested that a daily intake of riboflavin, 0.035 to 0.06 mg. per 

kilogram of body weight and roughly 0.9 mg. per 1000 calories, or 

about 3 mg. per day, was adequate for an adult. In the same year. 

Strong and co-workers (19i*l) studied the daily urinary excretion of 

subjects on unrestricted diets and found that the 2U-hour excretion 

of riboflavin ranged from 500 to 800 meg. However, when the intake 

of this vitamin was restricted to 1 to 2 mg. per day, the daily 

excretion rapidly decreased to 50 to 150 meg. Since this amount, 

i.e., 1 to 2 mg, per day, was considered insufficient to meet the 

daily requirement, they increased the riboflavin intake from 2 up 

to 5 mg*; whereupon the excretion promptly increased. Based on the 

above studies, the Food and nutrition Board of the National Research 

Council (191*1) recommended an allowance of 2.5 mg. per day for 

active women, and for active men, 3.0 mg. per day, or 0.9 mg, of 

riboflavin per 1000 calories. Later investigations have shown that 

the above recommendation was too high. Oldham et al, (l9Wi) studied 

two 54-y©a*,-old b0yS and reported that 0.53 mg, per 1000 calories 

appeared to be an adequate amount for them, Williams, Mason, Cusick 

and Wilder (19li3) suggested that 0.5 mg. of riboflavin per 1000 

calories was approximately the minimal daily requirement for the 

adult. They also found that, on an intake as low as 0.35 mg. per 
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1000 calories for 288 days, there was no clinical evidence of 

deficiency; but there was some tissue depletion. In another case. 

Keys et al. (I9kh)  noted that active men maintained on a diet 

containing 0.31 mg* of riboflavin per 1000 calories (0.99 mg. per 

day) for five months showed no physiological handicap. In regard 

to this finding, however. Parsons (19ltU) pointed out that, judging 

from urinaxy excretion throughout the period, there appeared to be 

a slow depletion of tissue stores in these men. 

From the previous studies. Copping (I9h5)  suggested that 0.5 

mg. of riboflavin per 1000 calories, or 0.029 fflg. per kilogram of 

body weight, or 1.5 to 2.0 mg. per day was adequate for an adult. 

An additional amount was needed for the actively growing child and 

for the adult during pregnancy and lactation. On the basis of in- 

creasing evidence, the Food and Nutrition Board of the National 

Research Council (19U5) revised the recommended allowance for 

riboflavin to 0.6 and 0.7 rag. per 1000 calories for moderately 

active women and men, respectively. 

Davis et al. (19U6) estimated an intake of 0.5 mg. of riboflavin 

per 1000 calories as satisfying the needs of adult women. This con- 

clusion confirmed the findings of miliams et al. (191*3). 

In 19ii8, the Food and Nutrition Board of the Hational Research 

Council pointed out that the evidence from experiments with rats 

showed that no increased destruction of riboflavin occurred as the 

caloric consumption was increased. It seemed desirable that the 

recommended allowance should not be based on the caloxlc consumption 
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but rather on wsight or some  fimction thereof. Therefore the recoEK 

mended allowane® of riboflavin in adtalts vaa  revised to 1.5 og* for 

womeB and 1.8 E3g. for man per day, 

FAC'POBS AFFEGTIHO RIBOFUVIN EEQUIMJENT 

Many factors have h®en reported as affecting th© requirement 

of riboflavin. The synthesis of riboflavin by intoatinal floras 

depsnding ■wpon th© nature o.f th© food, has been reported by many 

investigators. Hathaway and Lobb (I9I46) found that the urinary 

excretioxi of riboflavin in subjects maintained on a diet of natural 

foods rms 2.8 tiaoa greater thasa on a synthetic diet. Mannering et 

al, (X9hh)  demonstrated that when carbohydrate* in the form of 

dextrin or comstarch was used in the diet, rats needed less ribo- 

flavinj however, the substitution of sucrose, cellulose, or lard 

did not have this effect. Jhis experiment shovjed that dextrin or 

comstarch increased the intestinal synthesis and, therefore, de- 

creased the riboflavin reqiaremant. 

Sarett, Klein, and Perlsweig (I9h2)  found that the urinary 

excretion of riboflavin by both dogs and rats showed an inverse re- 

lationship to the level of protein intake, th® period of low 

protein intake resulted in the highest excretion of this vitamin. 

This might indicate that an increase in the protein intake increased 

the amount of riboflavin required for metabolisia. Sarett and Perl- 

zweig (19I43) demonstrated that the concentration of riboflavin in the 

liver varied directly with th© amount of protein consmsd. 
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The interrelationship of thiamlne and riboflavin has been 

demonstrated by many workers. Si^pplee et al. (I9k2) found that 

thiamine was concerned in the mobilization of riboflavin from the 

tissues to the liver. Sure and Ford (192*2) found a marked increase 

in the output of riboflavin ia rats ivhen the diet was restricted in 

thiarzdne. Davis et al* (19146) showed that the return of the test 

dose increased from 3.1 to h»2 per cent from the period of an 

average *4fee&bavifr intake of O.li* to an intake of 0.20 mg* per 

1000 calories. Possibly, this phenomenon indicated that an increase 

in thiamine intake may have had some effect on the utilization of 

riboflavin, 

On the basis of previous work on the role of riboflavin as a 

factor in the acono^r of utilization of food by rats. Sure and 

Dicheok (191*1) found that their control animals gained 56 to 1300 

per cent more in weight than litter mates which were in a state of 

riboflavin deficiency. The fat content of the rats showed the 

greatest gain and the protein content a considerable increase, but 

the change in ash content was too small and too variable to be 

significant» 

The active growing child, the pregnant or lactating womssi, and 

persons under physiological or pathological stress need a greater 

supply of riboflavin (National Research Council, 19ii8). 
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CHMf ER III 

¥iM OF ESPREmmr 

The study reported in this thesis was planned to determine the 

nutritional status with respect to thiaiaine and riboflavin, using 

adult Women as subjects* 

fhe daily intake of rlboflavin was constant throughout the 

study. Two different levels of thiamine intake were used! during 

the first 15 days, the thiamine intake approximated 1000 meg. per 

day and during the rest of the period (35 days) the thiamine intake 

approximated 600 meg. per day. 

In the 1950 study, the experiment began April 8, and ended 

IHay 11,  and in the 1951 stucfer, it began January 19 and ended Feb- 

ruary 17* the thiamine phase of the study was divided into two 

periods. The first® period was of 15 days' duration and was 

designed to test the National Heseareh Council's recommended allow- 

ance of 500 meg. of thiamine per 1000 calories per person per day* 

During this period, each subject took hOO meg. of thiaadne hydro- 

ohloride every morning before breakfast in order to meet the 

recommended allowance* The second period was of 15 days' duration, 

and each subject received only 300 meg. of thiamine per 1000 

calories daily and was supplied by the diet alone* Daily 

* The first period of the 1950 study was extended to 19 days be- 
cause during the first h days the Farrand fluorometer was erratic 
so the data for those days were not included. 
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determinations of the coneentratiea of thlaxdne in the ^iole blood 

and in the urine isere sad®. She details of this part ©f the ©xperi- 

aent are not Included in this thesis. 

For the riboflavin phase of the studsr, daily determinations of 

the concentration of free and total riboflavin in ssruEi and @£ ribo- 

flavin in urine mre made. The creatinine excretion was aloo d©ter« 

mined daily. 

Daily fasting blood samples were collected each morning before 

breakfast from a finger prick. Blood samples •wers collected for th© 

aaaS^see of hematocrit, blood thiamin©* and serum riboflavin. the 

micro-*aethod of Burch, Bessey and Lowry (19U8) was used for de- 

tennlning free and total sema riboflavin. The daily riboflavin 

excretion in urin© was determined by the macro-method of lurch, 

Bessey and Lowry (19I48). 

Oolleotion of urine 

The urine was collected for each 2li-hour period. IiiEiedlately 

following oaeh voiding, the urin© ^ras measured and the VOIUKS 

recorded on the label oa the bottle. In the 1950 stu^r, the urine 

xms then divided into two equal parts. One part vras preserved with 

2 per cent by voluae of glacial acetic aeid and stored in a brown 

bottle. The other part was stored in an ordinary plain bottle with- 

out a preservative. Both bottles worn kept in a refrigerator or a 

cool place. At the end of each 2U-hour period the two samples were 

measured and the total volumes recorded. Each sample was then 

shaken to assure thorough mixing. The  preserved urine was used for 
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th$ thiamiao md siboflavia. determiaatlones aad th© TOpress^^t 

sasapl© was: uaed fo? tfe® c.ysatJain© d©t3i?H&satiQ»,. 

ti8&G& ex$}Q&&mntB sham®, that ps^sorvratloa of njrtno tdth 2 per 

coat bgr ^olun® of glaei®^ eaetie aoid. had BO off©et m ©psatinia© 

dst©raiinatioa.   Ia the 3$$X study* thes^fora, each voiding ms 

preserved TAtU 2 per ©©at If volure© of fiaoioi fteeti© acid. 

fh® dally fastiag blood 'Sample's trer© e©ll@ot®d. ©aeh aoraing 

before braaltfast fro® a fingor prictod "Edith a Bard-faytotj* blade. ' 

For hsmatcerit .dsteroiaatioa fr©© flowiag blood was collected 

ia iHtaeh leagths of 3 ©.na. diaasster glass tiobing lohieh had bses 

treated islth- heparin.   A saall vial was tised for colleeting th© 

blood %& .IJS sjatalysed for thlsaino.   Si© blood, sassple for serue 

ribofl^^ln dotermtoatioa -mB. ©olleeted in a mall vial also, but 

the blood eoTold be squseaed or 0milksdn: from th© finger if nee* 

©ssary.   WolXming th© collection of the sasple for serua ribo- 

flavia d©t©rsinati©a, th© vials tiem covered with blaek paper and 

allowed to stand ia a dark r©o® for 30 mimates .until ©lotting had 

taken place,   fh© viols ^er© then eentriftiged. at foil spssd in a 

elinieal ©eatrifug© f©? 15 Biinut©ss and the serw was us@d for 

aaaayeis. 

msmiwiioB OF smjmis 

Sub jests of tto 1^50 stu^ 

Four graduate students* three fma China and on© fram Korea* 
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mz*® selected as subjeets ia this investigation,   fhrs© ©f the 

subjects were apparently hosfflal acid in-good health and carried on 

theiy ordinaiey school \7ork during the time of th© stuciy.   Subjset 

ffifif had had. an' abdoaiaal ttamor raao'ved a few aoaths pr^viouslj 

tod was tmdergoiag Z-raj trestment for prevention of GXQ&SBLV® 

scar tissue fonaation.   At th© tine for the stu^r she was nervous 

and depressed, suffering occasional recurring pains in the lower 

abdeenan and lower part of th© right br©a®t.    Sfe@ ■was taking 

axaltipl® vitaein pHlfis and othes" Hsdieal treatsi©nt under a doctort® 

prescg'ipticn.   ^©pite this, sho ted a good appetite and worked as 

usual. 

Age, height, T^©ight and ira©ight range for each ©xparioontal 

subject is ehorem in fabl@ 1, 

Table 1 

AGE, HEIGHT, rJEIGHI?, AND HEIGHT BABQE OF EUCH 
EXPEBlMEOTaL SUBJECT W THE 1950 STUDY 

Height Mean Weight 
TST 

122 

106 

106 

128 

Weight Range 
IbT 

i2C.O~12LuO 

105.0-108.0 

105.0-106.5 

126.0-129.5 
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Subjects of the 1951 study 

Pour adult women served as subjects for the 1951 study. They mere 

all apparently healthy and carried on their regular activities* 

Ige, height, weight and -weight range of each experiaiental subject 

is iham to Table 2. • "•' ''■'''. 

Table 2 

AGE, HEIGHT, HEIGHT MW HEIGHT RMGI OF EACH 
.SCPSBSEOTAL .SUBJECT. 1M: THE' 1951' SffUDT 

Subject . Age Height Mean ffeight Weight Bang© 

yr. in. lb. lb. 

■ MiW 35 65.5 122 121.0-123.5 

MX. 31 63 lltO 138.5-lit2.0 

GAS hh 58.5 153 151.O-15U.0 

RBB 29 62 105 102.5-106 

DIET 

A modification of the diet of Gifft and Hauck (192*6) was \ised for 

this study and it was adequate in all respects with the exception of 

thiaraine and riboflavin. The daily intake (about 1.2 mg.) of riboflavin 

was constant throughout the study. The food was analysed for riboflavin 

and thiaiaine and the results are shown in Tables 3 and 1*. The basal 

diet contained about 1000 calories (Table 3), and additions to the basal 

diet were planned in units (Table k)»   Bach unit contained about 500 

calories. Bach subject had free choice in selecting the number of 
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CffilPOSmOM Of BE mSAL DIET 
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Food Amount Calories*** 
ThiaE 

1950 
line* 

1951 
Riboflavin* 
195© 1 1951 Protein** Fat** Carbohydrate** 

gm. meg. meg. meg. meg. pu CT? gm. 

Milk, evaporated 100 139 75 ' 75 336 ,373 7.0 7*9 9.9 

Carrots, canned 100 30 23 18 32 22 0.5 O.li 6.1 

Bsef, round 100 177 1*7 11 no 27 19.5 11.0 «• 

Wheat germ 6 2h 150 129 20 1.5 0.6 3.1 

Pears, canned 100 75 8 10 21 12 0.2 0.1 18.1* 

Peaches, canned 100 75 13 11 25 18 0,1* 0.1 18.2 

Green beans, canned 100 22 35 hB 57 67 1.0 0.1 li.2 

Orange juice 166 80 100 127 ua 68 1.0 0.3 18.U 

Cream of wheat 30 108 17 19 17 - 3.3 0.2 23.2 

Egg, E.P. 5U 96 to 51 187 26k 7.8 7.0 0.U 

Cheese 30 120 IS lit 161 181 7.5 9.7 0.6 

Totals 5*6 526 576 1087 1052 li9.7 37.U 102.5 

« The thiamine and riboflavin values were obtained by chemical analyses in this laboratory. 

fftt Values were calculated from the table of "Composition of Foods - Raw, Processed, Prepared,0 by Bureau of Human 
Nutrition and Home Economics, Agriculture Research Administration, Agriculture Handbook No. 8, 1950. 
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UHIT ADDIflOM TO THE BASAL DIET 
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Pood Amount Calories** 
Thiamine* . 

1950   1951 
meg.   meg. 

Bibeflnvln* 
1950 | 1951 Protein** Fat** Carbohydrate*^ 

ga. meg. meg. gffl. gp. gra. 

Biscuits 55 186 17 H* U a i*.5 5.9 28.7 

Cookies kB 211 15 12 1*3 51 2.9 6.1 36.0 

Butter 15 110 • - -■ 3 1* 0.1 12.g - 

Sugar 10 1*0 - - - - - - 10.0 

Totals 51*7 32 26 57 63 7.5 2l*.2 7l*.7 

1950 

For 3 subjects: 
Total riboflavln intake from food 
Total thiamine.intake from food 
Total calorie intake from food 

For subject HHY: 
Total rlboflavin Intake from food 
Total thiamine intake from food 
Total calorie intake from food 

1201 meg. daily 
590 meg. daily 
2038 daily 

1258 meg, daily 
619 meg. daily 
258? daily 

1951 

For all four subjects: '" 
Total rlboflavin intake from food 
Total thiaE&ne intake from food 
Total calorie intake from food 

1178 meg. daily 
628 meg. daily- 
2038 daily 

* The thiamine and rlboflavin values were obtained by chemical analyses in this laboratory. 

«# Values were calculated from the table of "Composition of Foods - Raw, Processed* Prepared,a by Bureau of Human Nutrition 
and Home Economics, Agriculture Research Adteisistration, Agyieulture Handbook No. 8, 1950.    I 
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units to supplonent the basal diet to aaat her personal appetite 

and phgrsiological ns©ds, ..but the d©cision had to b© sad© during the 

first.three days, sine© it 'was necessary that ths subjects eat a 

constant amount of food throughout the entire stuc^y. In tho 1950 

stu<^rB thrae subjects, lES^ KD£ and SWS took t^To units in addition 

to the basal dietf whereas subject HHT took thre© units. In the 

1951 studj all four subjects took two units in addition to the 

basal diet. Coffee and tea uithout creaa and sugar were the on3^ 

foods allowed ad libitw, Brunsmond and Moran (19WJ) stated that 

tea contained 9 sdcrograms of riboflavin per gram and coffee con- 

tained 1.7 micrograms psr gram. All subjects took coffee but no 

tea (except SHI who occasionally had a cup of green tea) during 

the study, the ribofla^in intake from coffee in any case was 

insignificant. 

The menu for the 1950 stuc^r ras as foUoEfss 

Braakfast 

Orang© juice 

Egg 

Gream of t&eat 

Goffe© 

Sugar 

Evaporated fflilk 

fhe menu for the 1951 study TOS about the same as above except 

that the isheat germ was served at breakfast only. 

'I»\meh Diraaer 

Cheese 

String beane 

Beef {£ound, aixed 
miiiti tsheat germ) 

Carrots 

Peaches Pears 

Biscuits Useuits 

Butter Butter 

Cookies 



RECIPES 

. atseuit mx €ookie Mix 
WioMF$  un©nriched     660 gjpaas 
Shortoning, grisco     180 grams 
Salt                1 tb. 
Baking poisder, Ecyal    $$ grams 
Water'              1*00 ec. 

Hour, iinenriched'    kSO grasas 
Ofrovm. Sugar        k$0 grams 
SbdrtdsLngj Griseo   S^O gra^ 
Sggt               S 
Salt              •'1 tsp. 
Soda              •■ § tap. 
tanilla          .. lib. 

Bake at U5Q® F* for 12 ainutes BS&Q at 375° F. for M'-ainutes 
909 grass approsisaately per recipe of xaix 
55 gJPsas per person per nseal 

110 grarao per person per day fot* four porsons 
Mix lasted two da&s (k meals) Tgltb foiir 

people at eaeh meal* 
28 X recipe for a SO-day period 

96 ©cams per person per day 
38% graas per day (k people) 
15 X B@cipe f or a total ©f 30 d^s 

Sift flosav sal* a^d baking powder in sie^re 

four times. Add shortening and blend. Xlelde 

apprexliaately h$0 grams of mix*   Keep In refriger- 

ator. Weigh out 225 gramSi add ICO ce. of water 

and mix about 50 strokes* Siead ©a usifloared 

board approxiEatelj 150 strokes* Boll out and 

cut in squareo. Bake on ungreased tin. Xields 

approximately 250 grama baked. 

Blend sugar and shortening. Add egg 

and vanilla* Mis -rnXL*   Sift in salt, soda 

and flour and blend. Sake into rolls (4-5 

long ones) on wafloured board'* Seep in s-e*- 

frigerator. Slice off as needed and bake 

on angreased tias. Xields approMmtely 

2-2| rolls for 2 cookie sheets for each dagr. 

■fO 
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vsnmmsim of RIBOFU?IH H-J FOOD 

The modified method of Conner and Stratib 

The riboflavia of beans, carrots, pears, biseuits, cream of 

wheat, orange juice, and cookies was determined by using the modi- 

fied method (Dave/, 19k$)  of Conner and Straub (191*1). fhe details 

of the aethod are as follows; 

Equipment 

1. Conical centrifuge tubes vith glass stoppers (reaction 

2. Calibrated optical tubes, pyrex, 10 x 75 am. 

3 • iPusmels 

k»   Filter paps? 

5. Syringe pipettes for X and 3 »!• capacity 

6. Stop watch 

?• faring blendor 

8. Farrand fluoroaeter 

9»   AH-5 uercuiy vapor lamp 

Eeagents 

1. 2 per cent acetic acid solution s made fresh daily 

from a 20 par omt stock solution 

2» 3 per cent polidase, freshly prepared s 3 grass of 

polidase dissolved and nade up to 100 sal. -raith sodiua 

aeetate-acotie acid buffer golmtioa at pH k+$ 

3. Sodium acetate-acetic acid buffer pH k»$ t  55 ffll. 

glacial acetic acid and 66.6I4 gia. sodium acetate made 
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Up to one liter with redistilled Tester 

h»    h pss* cent potassitm p^Miangasiate s h $&• of 

potassiim peraiaagaiiate dlssolvt&d and diluted to 100 

sal. with redistilled vmber 

5. 3 pe* cent hydrogen peroxld© : fleshly prepared from 

Svperosol 

6. fluorasceln staadard solutions? 

fluorescein stock: solutions   10 mg. fluorescein 

dissolved im 5 s£l» o£ 9$ v®r cent alcohol and 

about 50 ml* of 0.1 M soditmi ac©tatc-=aeetic aeid 

buffer solution of pH US ^nd th©n mad© up to 

mhase in a 1 liter irolusstrlc fla$k9 with 0.1 W 

sodiuia acetate-acetie aeid buffer solution of pH 

US* 



A series of fluorssceia standard solutions was prepared as follows s 

Fluoreseein Standard A = 10 cma. stock solution + 10 ml. 0.1 I sodium acetate-aeetic acid buffer, pH k»5 

solution A -»•   l aa.    »    n      •» « »      .     » 

solution A +1 ml..   »    »      " » « « 

solution A        ■+•   1 mli 

stock solution + 10 mL, 

« "        -♦- 10 wl, 

n »        +10 ml. 

«        8 •   +10 ffll,  "  *    n n K «     B- 

" H -♦- 10 ml. 
w " -I- 10 ml. 

I» 0 + 10 Bl  m    n      n jt     n »   u 

» «»     ¥TTT=3nn rt-rsw.   » ^ + 10 Ell-. 

»     T5r —Znn r-.mm.        » « + 10 Hi, 

"    «  -I- 10 ml. 

All these standards war© placed in optical tubes and capped mtb waxed stoppers. 

All isgagents (except fluorescein standards) ware kept in the refrigerator ^tien they ^sr© not in use. 

B =500 C.IHE. 

G — KK) CBBJ. 

D =100 C.EE 

I  = 20 c.Em 

II = 30 cm 

III = 50 C.EM 

I?  = 60 e.EEa 

7 =100 CBSI 

VI   =150 CBBB 

¥11 = 200 c.Em 

?IiI=300 c.Ma 

IX =500 cms 

X=1000 cam 

on SJ 

O M « 

» n n 

a » n 
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It If 

It tt 

a tt n 
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M 0 O 
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tt       a 

tt       n 

n      n 

st      n 
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m n 

tt      It 

tt       It 
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Lfethod 

Fifteen to 30 gm* of food israre grotmd in the Waring blendor 

with 200 ml. of 2 per cent acetic acid for 3 minutes. One half the 

amount was weighed into a flask and 10 ml. of 3 per cent polidase 

solution were added. The contents of the flask ware well mixed; 

then the flask was covered with aliEainura foil and incubated at 

37° C overnight, 

the following procedure was performed In a darkened room: The 

extracts were filtered through dry filter paper, discarding the 

first few ailliliters. Fifteen xnl. of the extract were pipetted 

into a conical centrifug© tube. One ml. of 1* per cent potassium 

peraanganate was added and the tube was capped and shaken vigorously 

for 1§ minutes. Three ml, of 3 per cent hydrogen peroxide were 

then added, and the tube was again shaken vigorously for If minutes. 

One nil. of the above solution was pipetted into each of three 10 x 

75 ». calibrated optical tubes, the galvanometer reading. Ex, was 

made in the Farrand fluorometer, leadings were made by setting the 

fluorcmeter at 75 with the fluorescein standard ?. If the reading 

was too high, beyond the scale, or too low, another suitable 

standard was usedj but the final reading was converted to the 

setting at 75 with fluorescein standard V, 

Following the readings, the optical tubes were capped with 

parafilm and exposed directly to the sunlight or to an AH-5 mercury 

vapor lamp for an hour, and then the reading. Eg* was read as blank, 

this blank corrected for any interfering substances giving fluo- 

rescence, other than riboflavin. A reagent blank substituting 
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redistilled water for the smple vm,a treated and read in the same 

manner to obtain whatever fluorescence the reagents might render. 

Correction was mad© for the reagent blank* 

A standard curve was obtained (see next paragraph) using 

different solutions of knowi slboflavin content* the readings were 

taken bgr setting the fluoroaeter at 75 *d.th fluorescein standard V, 

The amounts of riboflavin in the food samplee were evaluated from 

the curve (Figure 1 and Table $),   Th® method of calculation is 

shown in fable 6* 

Beterffiination of riboflavin atandard curve for food analysis 

1. Ribofl&Tin stock solution : 20 mg.  crystalline slboflayin 

dissolved and diluted to one liter with 0,01 J hydro- 

chloric acid* 

2. first dilution * 10 al. of th© above stock solution was 

ssade up to 100 EI. xrlth 2 per cent acetic acid* She 

concentration of this solution was 2 meg,  of riboflavin 

per al. 

3. forking solutions s dilution of the above "first dilution" 

with 2 per cent acetic acid to the following concentrationsr 

a. 1 El. ©f "first dilutioaw to 200 ml. so there was 

1 meg* per 100 ml* or 0.01 meg. per IEI. 

b. 1 ol. of "first dilutioa*1 to 100 ml. so there were 

2 meg. per 100 ml. or 0.02 meg. per xal. 

e. 2 ml. of "first dilution" to 100 ml. so there were 

k meg. per 100 sal. or O.Oii meg. per al. 
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On® ml. of' each working solution "was transferred to an optical 

tubs, and th© initial reading was taken vdth th© toDtruaant setting 

of ?5 with fluoragcoln standard solution f.' fhen, the- solution, •■waa 

irradiated tdth an AH-5 msrsury vapor Imsp tor an hour and the 

solution rs-read TOLth the eaHis instrumant getting., Thus, a blank 

reading "nas obtained. Sh© initial reading minus th® blank reading 

gave th© corrected reading (Sable $), 

fable $ 

Coneentration 
of riboflavin 

standard 

1 '   Sfe^i 
eorrsoted 
readini 

meg. % 

I 

2 

h 

17.75 

3iu63 

69M 

The modifiod asthod of KodicoR and TJm$ 

Froliminary work using th® modified method of Conner and Straub 

gave high blank readings for foods containing large amounts of fat 

and protein. As a result, theso foods: egg, soat, cheese, milk 

and butter were analysed by our aodlfication of the method of 

Kodieek and TUang (191$). Th© detail© of this method are as follows x 

Equipment 

1.  Centrifuge tubes (50 ml. capacity) 



FIGURE    I 

RIBOFLAVIN STANDARD CURVE 
(WITH FLUORESCEIN STANDARD   7 AT    15  ) 

MCG.   PER  CENT 



Table 6 

CALGOLATIOH OF RESULTS FOR FOODS AKALYZED ACCORDIMJ TO THE 
MODIFIED 1ETHOD OF COHHE1 MD S^AUB 

Samples 

Readang wiih fluorascein standard V 
set at 75 1^2 

Heading or ssmple 
- Reading of Re- 

agent BLsmt 

Concentration 
of riboflavin 
in aliquot 

Concentration 
of riboflavin 

in sample Ri |         E2 (blank) 
meg, % meg* % 

H20 0.75 

Beagent 1 
Hank     2 

3 

li5.oo 
li6.25 
li6.00 

18.00 
18.25 
19.00 

27.00 
28.00   27.33 
27.00 

Peach     1 
2 
3 

82.00 
82.00 
82.00 

22.75 
2l*.00 
2U.00 

59.25 
58.00   58.l»2 
58.00 

31.09 1*78# 18.?** 

# Bead frcsn curve (Figure 1) 

®» Calculated from the £oraula 
gcg. % riboflavin in aliquot v 1nft  ^v^.no^^ «»«, ~.   d -..., s^ ^J ~-IA~™J*.       " X 100 = riboflavin meg, gm. % sample in aliquot ^ 

30 gm. of sample were used, therefore, 

i4| X 100 = 18.7 meg. % riboflavin in peach 

% in sample 

u> 
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2.o  CoaioaL centrifuge tubss ^dtJi glass stopper 

(rs'aetlon vassels) 

3.  Calibrated optical tub©ss 10 X 75 asa* 

1*.  Irleimeyer flaske, 125 sl» capacity 

5. Stop vr&tGk 

6. ' 17ari7!g blendo? 

7. Farrand fluoromst^p 

8. JJI-5 ffi©rcujy vapor Imp 

9»     Geatrifug© 

Eaagents 

1. 0.1 U bydroetolorie acid 

2. 2 p®r cent sodius hydrosddo 

3. 25 per cent mataptiosphorie acid, freshly prepared 

li.     k par eaat potassium peraiaagmata 

5. 3 per cent Jjydrogen peroxide freshly prepared from 

Stjpercmol 

6. Chlorofom, redistilled 

7. Petroleiaa ether 

8. SodiuE dithlonit© (hydrosulfit©) soluticaa s 0.5 gffl. 

sodiuia dithlonit© (hydrosulfite) and 0.6 gm. sodiua 

bicarboaat© dissolved in 10 ml. water. Prepared 

iEitediately before use. 

9. Eiboflavin staadard solution: 25 ng.* crystalline 

riboflavin In 50 ml. redistilled water md 1 sal. 

glacial acetie acid, fhe solutioia was saixed with a 
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further 000 lal. radistiXled rjater (at 50°), and 

shaken ..tmt.il th© riboflavin was completely diseolv&di 

fhen It ,vr&$ mad© xtp to 1 litfr with redistilled wEitep 

aad. ©thanpl so that th© final coneontrntioia of 

.ethanol was 20 p@r cent. Th© solutioa -ms kept in a 

breqn bottle in th© refrigerator., The.totemal 

stspdard solution which w&& si&de, fro© W.® &bov$ 

standard solution eeataiaod 5 issg. of riboflavin per 

&tL.« s 10 ml. of the staadard .solution tjas dilutsd to 

50 ml. with 20 p®^ cent othanol and on© drop of ec®- 

centrat©d h3rdroshlor3.c acid* 

10. ©n© per cent acetic acid. 

11. %drion paper 

Method 

#he high fat and protein-rich foodstuffs were analyzed by 

th© modified method of Kodicek and Wang (I9k9 )• Except for 

EdUc which was in liquid fox© ©nd, thorefor®, not washed with 

patrol©™* ©th©r# each food sampl© (6 to 30 gQ.)> containing 

about 15 Keg. of riboflavin, was washed tnie© with light pa- 

troleua (pstroloxm ©thor). Th© liquid was poured off and the 

reaaining patroleum ethor was evaporatsd in a water bath, fhe 

saxaple Bas ground with 50 BJI. of 0.1 ^ hydrochloric acid in a 

Waring blonder for 3 minutes. Half of the amount was weighed 

out in an Erlenmeyer flask and then heated in a boiling water 

bate for 30 minutes. At the md of this period the saaaple was 
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cooled, and 2.5 Ql* of 25 psr eesii- iE©taplio.spfcio^ie asid -Bey© 

added. The contents of the flask w©r© vfell Eaisted bj agitatioa.. 

Sh© flask was allo^d t© stead for 10 siautQ© before 'the con- ■ 

tsntp wet® tr^isferr©d:to a e©ntrift!g© 'tub©.- fhe tub© vm 

eest^ifuged for 15 aiaut@s at full speed. The ^upszuatant xr&s 

deeaated into a small beaker and the residue v&s re-extracted 

Kith 17 ©1. of on© per cent &e©tie acid. (It tifas not nec- 

essary t© heat it.) the tub© wa© then eeatriftsg©d ©gain. The 

©sctraeta were pooled together and brought up to a volme of 

50 slX* 'with redistilled mter. t^n ml. of the B»pl© isere 

cashed with aa equal ©Eiouat of redistilled ehlorof orm by 

shaking vigorously 1§ alsmtcjs in a glass-stopp©red cosaical 

centrxfug© tub©, the layers were separated quickly by ©©ntri- 

fugatioa. A 5 al» aliquot of the aqusoua layer sms trane- 

f®rred to a small beaker and osddised with U psr cent potassium 

parM^igsnat©, drop by drop xd-th eontiauoua stirring, fhe pink 

color -Bag allowed to disappear e<»apl©tely before adding the 

nsocfe drop. The'addition of potassiwi permanganate vm stopped 

^.an th© faint pink color lasted for 30 aeeondsj then 1 to 2 

drops of 3 pa* coat hydrogen peroaid© w@r® addsd to stop the 

ojddatioa and to doool^ifiise the ©scseiss potassium permaaganate. 

After fiv© mlnutas the aliquot was neutralised to pH 5.5 to 

6.0 with 2 per coat sodivm hydroxide (using hydrioia paper as 

the indicator), ftxe final solution ms aad© up to 15 ol. with 

rediatillad taater. Qm ml. of the aliquot was transferred t© 
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each ..of thrao 10 Tf^'tm,  optical tutees, aa4 the apparent ribo- 

.fla^in. oonteat was-Ksaourad by ■ reading tho optical deaaity iM 

a F^rand fltJOfoaoter. 

■fw& aJiquotsi 'of the tslpli'cat© safipl© were aemsured b^- 

follcfcdng th© ©odifleation of ths lodlcek aid TJang method. 

After .the; initial readings %, vm® sad©!' 10 e.an. of ths 

internal standard ^©r© added to on® tub©^ and 10 Q.ima. of re- 

diStillad vster vjipr© added to th© other ttibo.* Both t^be© •D®r® 

ta^ad with a fingor to- ■iiisuro Kiadlng^ car© bsing taken not to 

touch th© lorasr part of the tube. Th© second xmading, Hg* v'ras 

aad®. The E2 readiiag of the first tuba BAIMS th© Eg reading of 

th® second tubs .gave the reading for the internal gtaacted, 

0.05 acg. p©r tube. Ths third reading, the blank, ms obtained 

bj adding 10 Q.BBB. of scdixsa dithionit® (hydrosnalfite) solution 

to each tube. Th® initial reading, Sj,, Qiauo the blaalc reading 

gave the reading for the riboflavin eontent in the aas^lo* the 

aaouat of ribofla^in in the solution vas calculated from th© 

ratio value of the internal standard. Since the reading for' 

the internal itandard varied slightly for different samples* 

th© third tube ^as read without the internal standard but 

evaluated by using th® standard curre. After th® initial 

reading, Bj,* ^as obtained, the tub© was either capped isith 

perafila and irradiated by the M«»5 asrcury v^por lamp for an 

hour, or 10 ctaa. sodium hydroaulfite iTore added to each tube 

and then read again to obtain the blaalc reading* The reading 



Si 

£®r .yiboflavia, in th© 'aliquot xma aale-ulated from B^ laiaus "^h© 

blaak reading -to' giw th© corrected reading.   This co'rrocted 

reading ijag'-ased to detanaiaa the amotat of 'riboflavin p©p nl. 

of the solution, using the-'Standard cum®*   111 readings "wsre 

read at'-the' same' in&trmtent setting or converted to the same 

setting.- ' She'-Hboflavin iroluss in food'irer© caletslated 3a 

both waySp i.e.,' 1. using the internal standard as wall as 

2. readiag. from the standard cur^©e and th© jrastdts agreed 

closelys but the latter laethod was finally used.    'She aethod 

©f oalexalation is sho^i in Table 7. 

Th© results of food analyses! for riboflsvin ar© given in 

tables 3 aad h* 

ws&mwnim of mm, MB TOTAL UBOFUVIS ro SBEUEI 

1. 10 1 75 tm,  pyrex test tubes 

2. 10 X 75 nan. pyrex test tubeg •shich were calibrated for the 

optical use 

All tubes were boiled in 1J1 concentration nitric 

acid for half an hour and rinsed 8 times with tap water 

and 8 times tdth redistilled water, then boiled with 

redistilled water for half an hour. 

3. Constriction pipettes : 10, 100, 200, BOO cam. 

i;. Syringe pipette for 2 al. capacity 

5. Farrand fluorometer (Farrand Optical Company, Inc., 

Bronx Boulevard and East 238th Street, lew tork 66) 



fable 7 

GALCQLATIOW OF lESULTS FOR FOOD MALYZED ACCOSDIHG TO 
THE MODIFIED METHOD OF KODICEK AHD WAEO 

Sauries 
Reading with fluorescein 
standard V set at 75 

R»2* 
(Blank) 

VE,2 Concentration 
of riboflavin 
in aliquot 

Concentration 
of riboflavin 
in sample % R2 

ECg. % EiCg. % 

H20 0.75 

Egg I?2  1 
2 
3 

5i*oo 
5i.oo 
5i.oo 

2.50 
2.25 
2*50 

2.53 
2.27 
2.53 

U8.U7 
1*8.73 
1*8 Ml 

2.77** 
2.79 
2.77 

277*** 
279 
277 

»     R'2 = R2 + (R2 x 0.O1) 

a*   Read from the curve (Figure 1) 

«HJ» 6 gm. of egg uece used for each sample, therefore, 
meg. per cent riboflavin in sample ^ 2.77 _ 277 

0.01 



*3 

6,   Wir© rack vifeicb had b©ea fitted taith. strf.iigg s'o that the. 

teat tubas .wo-ald'Stmd upright 

7»   G©nt2lfii3g<s- (Sim Intamatlonsl Clinieal ceatrifuge tj%th 

regular aicro head©) 

8. lacuMtQi'. ■uM.Gh' oouid b© set at 370C: 

9, HLad© (Bard-Parkorj, llo. 11) 

10«   Agitator.mads according to th© diyoctioas 'of Lomy (1950) 

11.   Parafila 

Bsageats 

1. 100 per eeoi tricMLoroacetic acid solution t 100 gm, of 

redistilled (\aid©r diaiinishad pressure) trichloroaeetie 

acid dilttted to 100 ol. xAth rediatilled w^ter.   Fro® this 

a 5 p©r c©nt golutioa was prepared every other day. 

2. 2.& M dip©t©,srai\mi &®id phosphat© soliitioa 

3. BiboHavin staadard soliation § 20 ag. of c^stallino rib@- 

flavin dissolved and diluted to 1000 al. -with 0.1 H h^dro- 

ohlorie acid.   From this the intoraal stasdard tras prepared 

dail^r?    1 ml. of gtock solution diluted to 100 ml. with 

0.1 g hydrochlorie acid.   Thus th© iatomal staadard con- 

tained 0.2 meg. riboflavia p©r al. or 2 imaog. in 10 c.mm. 

U«   S.odiua hydrosuLLfit© eolutioo s 0.5 gia. aodiuia h^drosulfite 

•Gr^s dieeol^d ia $ ml. of 5 P@r c©nt soditsa bicarboaat® and 

■cTaa prepared just before use.   Ihis reagent mg kept in a 

SBiaS.1 beater (20 ml. eapaoity) in ic© wiator in order t© 

d©lagr oeddatioa bgr air«>    It is not stable for ssora than §• 



Method' 

The aiero-aethodof 'Bufch* Bess^r and iicrapy (l9hB} was used for 

th© dstexMnation ■ of riboflavin' in gernas* She analysis was carried 

out in a darkened rooai equipped with red la&ps. Since the asiount 

of aliquot trae'not-sufficient to read in the cwette,, the aiaount xm.8 

doubled^ 100 carni,. of- ssraa trer© delivered vdth a constriction 

pipette into'2.0 ml. of 5 per cent trichloroacetic acid in a 10 X,75 

ssa. pyre^ teat tube vMch was kept cold in an ice bath* the con- 

tents war© well mixed using a busses?. Tubes wey© allowed to staad 

at 0 to 5° 0 (in ic© water) for 1$ minutes and then wjre centrifuged 

in the refrigerator for IS ainutes at full speed, fhen 0.8 ai. of 

the supernatant was quickly transferred to each of two calibrated 

optical, tubes, the first of which contained 0.2 al. of 2»k U 

dipotassium acid phosphate, the other tube was j^senred for th© 

detersaination of total riboflavin as deecribed below. The apparent 

ribofla^srln content (A) of the tub© containing th© neutralised 

extract was jaeaeur^d in the faryand fluoromgter tdthin one to tuo 

hours of neutrelizaticn. All tubes were kept covered -with a dark 

paper in order to prevent contamination and destruction of the 

tfiboflavin by light, fhe tubes xmssr© carefully tdped tdth a slightly 

dmap li^en cloth followed ^y a dry linen cloth and then the three 

tube© wsro read ivith th© eme instr\m©nt setting at 75 using 

fluoreseein standard A. Zf the readings wre too low or beyond the 

scale, a more suitable fluorescein standard was used, fhe final 

readings xmret   ©n initial reading^ S^-, a second reading, Bgj after 



the: addition of aa internal riboflatfin standard (10 c.Ea. equiva- 

lent tp 2 nBHCg...-of riboflavin), snd a reduced reading., "Enj after 

the addition of 10; cvm-.. of .sodium hydro^ulfite solution..• ■ Th®' ■ 

solution was mixed, by, tapping with a finger, • A eoaplet©- reagent 

blank solution^ in triplicate^ was treated in the same tsanner. 

A. reading for a tube cpntaining redistilled water was us@d as a 

measure of scattered light and poasible fluoreecene© frora the tube 

, fho  second tube of. filtrate was capped Tdth parafilm, and was 

allowed to hydrolys;© in the incubator at 37° ® overnight. It was 

then n©Tatraliged.'t7ith 0,2 ml, of 2,h I dipotassi'iaB acid phosphat©, 

and the total riboflavin content (B) was aeaeuped as described 

above. 

Calculation of rejults 

According to Burohj, Bessey and LoviTjg (19hS)9. the readings 

Eg and Eq wsr©. corrected for the dilution resulting from th© ad* 

ditioa of .the. internal .st^jadfsrd sod th© reducing ©gent, and they 

trer© designated'R'g and R*^* %© R*g ^ one Per cea* 0^ % plus- 

R^l and R*^ is 2 per cent of (Rj^IgO) plua (R^-HgO) and plus HgO* 

(Th® reading fpr redietiHed water was subtracted, from the sarapl© 

reading before correcting for dilutions sine© the contrtbution from 

scattered light would not b© affected Toy dilution). 

/ jaicrograias riboflavin ^ddedWRx-R^' 
Hicrograas % riboflavin = (100) 

\ ml, serum in aliquot 

Th© above figure was .corrected for the reagent blank tihlch had been 
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treated 'm& caleulated in .tbe SSMB mmnep as the ^aapls (table 8). 

'   Sinca flavln-ad^adnis-dla.ueleotide (FAD) giva@' afeoY© 11* par 

owit fltsoS'esoeacei. bsfor© the analysigp the 

■ B*A . 

and, therefore 

oicrograsas % ot free (+IM0 riboflavin =A. - O.ll* FAD 

=1.163 A - 0.163 B 

DETEasiMTlOl OF RIBOFMOT HI ORBE ' 

1. Test tubes, 1.5 X 12 ea. test tubss 

2. Parafila 

3. Calibratod optiectl twites, pyrax, 10 I 75 EEJ. 

k*   Syring® pipottos for 0.1*, 1, and 7 ml. eapacity 

5. Test-tube racks 

6. Caatrifug© 

7. Farrend, fluorometer 

Eeagents 

1. 3«25 M Sodium aeetate-ae©tie buffer pH I4.6 

2. Aaaoniua eulfat© (pymrlously -oaeted 3 or k times tdtlj 9$ 

percent alcohol and ether to remove fluorescent substances) 

3« Bengyl aloohol, C.P., redistilled, suad saturated tsith water 

k*   US per cent ethyl alcohol iEMch was 0.1 If in acetic asid 

sad 0.1 H in s@diw ae@tat@ 

5. U per cent potassium peraanganat© 



Table 8 

CALCULATION OF RIBOFLAVIN .11 SEEDS 

a. Free (+FMK) riboflavin in serum 

47 

Samples 

Reading with fluorescein 
standard f set at 75 

R3-H2O B'2 R.3 R»2.-El Rl-R'3 R1-R*3 
R^-Rj 

Riboflavin in Serum   | 
Without 

Correction 
Corrected 

from 
Reagent 

Blank 

Ri R2 H3 

meg. 3 meg. % 

Redistilled H20 3.00 

Reagent blank       1 
2 
3 

17.00 
17.25 
17*00 

la .50 
1*1.75 
1*1*75 

17.00 
17.75 
17.50 

llwOO 
lli.75 
il*.5o 

1*1.92 
1*2.17 
1*2*17 

17.28 
18*05 
17.79 

2l*.92 
2l*.92   25.00 
25.17 

-0.28 
-0.80   -0.62 
-0*79 -0.025 -0*13 

MLW                           1 
2 
3 

25.00 
25.00 
25.00 

1*8.00 
U8.50 
1*9.00 

19.50 
19.75 
19.25 

16.50 
16*75 
16.25 

1*8.1*8 
1*8*99 
1*9.1*9 

19.83 
,20*09 
19*58 

23.1*8 
23.99 
2l*.99 

5.17 
1**91 
5*U2 

0.22 
0.20 
0.22 

1.17 
1.06   1*13 
1.17 

1.26 (A) 

b. Total riboflavin in serum 

Redistilled H2O 3.00 

Reagent blank 1 
2 
3 

13*25 
13*25 
13*25 

38.00 
38.00 
38.00 

ll*.25 
li*.25 
13.50 

11*25 
11*25 
10.50 

38.38 
38.38 
38.38 

114.1*8 
lli.48 
33.71 

MLW 1 
2 
3 

5U.25 
1*7.25 
1*9.25 

82.00 
7U.00 
71*. 00 

22.25 
20.75 
21*.25 

19.25 
17.50 
21.25 

82.82 
7i*.7i* 
71*. 71* 

22.61* 
21.11 
2U.68 

25.13 
25.13 
25.13 

28.57 
27.7k 
25.1*9 

25.13 
-1.23 
-1.23 
-0.1*6 

31.61 
28.89 
2l*.57. 

-0.97 
-0.039 

1.11 
0.93 
0.96 

-0.21 

5.88 
1*.93 
5.09 

5.30 5.51 (B) 

Free Riboflavin = 1.163 (A) - O.I63 (B) 

= 1.1*7- 0.90 

= 0.57 meg. % of free (+ FIN) riboflavin in serum 

V 



6, 30 per cent hydrogen peroxide (Si^peroxol) 

7. Riboflavin internal standard solution 1 10 ml. of stock 

solution (20 mg. crystalline riboflavin per 1000 aL.) 

made up to 100 ml. with redistilled water. 10 cm, of 

internal standard (containing 20 Eacg. riboflavin in 

10 e.mau) were used for each tube* 

Method 

Urinary riboflavin determinations were made following the macro- 

nethod of Bureh, Bessey and Lotncy (191*3). The preserved urine was 

removed from the refrigerator and left standing in a dark room for 

about an hour before sasrpling in order for it to reach room temper- 

ature. In general, the urine was diluted 1 to J>« Four sal. of 

diluted urine sample plus 0.1* ml. of 3.25 M sodim acetate-acetic 

acid pH I1.6 buffer TOre transferred to a 1.5 X 12 cm. test tube and 

oxidized with one ml. of 1* per cent potassium permanganate by 

shaking the tube for one minute right after the addition of 

potassinua peraanganate. Oxidation was stopped bgr the addition of 

0.1 ml. of hydrogen peroxide; this also bleached the excess of 

potassiua permanganate. Then U gm. of washed ammonium sulfate were 

added and aixed bgr agitation. Three ml. of redistilled benzyl 

alcohol, saturated tdth water, were added to extract the riboflavin. 

The tube was shaken vigorously for 1§ minutes and then eentrifuged 

for 10 minutes to accelerate the separation of the alcohol layer. 

Then one HI. of this alcohol extract was transferred to a 1.5 X 12 

era. test tub® which contained 7 ml* of 1*5 per cent alcohol buffer. 



and the solution vsas mixed v&th, tiio'aid of a fousser.   One HI. of 

this solutioa vias' traaoferred to a. 10 I ?5 na» calibrated, op^ie®! 

tube and the H.bo£Imin aeasurejaant was aado in. tli® ■dma manner as 

for seiruii rlbofla-^Bi 

'She E^thod of calculation is'shom on th® .t&llming pag© and 

in Table 9» 



Calculation of results 

She following is an example of the calculation of the mcrograias of riboflavin excreted in a 2b-hour 

collection of urine which was diluted 1 to $ for analysis: 

Meg. ri-boflavin _/iiV*Wo   / EJcrograas   riboflavin   addedl/ gj-SM   t„^rma ni> „^„a\ 
excreted in 2k hours   " (8K3J(5)   ( ml. diluted urine smaple used; 1 ^^j    I™1™0 of urine) 

,(m\( 0.02 iBCg. riboflavin added) {Rl-R<3\ (rolvme of urine) 

=r(l20) (0.005)/ R3-"RI3\ (volume of urine) 

= (0.6) /%±!2l (volume of urine) 

* The value for   3-3 is- corrected for the reagent blank as shown in Table 9. 

fc 
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STUDY OF THE EFFECT OP A 2 m. QML fEST DOSE OF RIBOFUVU? 
ON HIBOFLitflM GCMTIHT OF UHIKB AMD SERW 

• • ■ ■ Approsdoatelj two vraeta after th© completion; of the study in 

195l> a 2 lag. oral tsst dos© of ribofla^in was giv©n to eacth experi- 

ffisntal subject.-. Th©, solution -was made by dissolving and diluting 

20 mg* riboflavin to 500 ■*&>» with redistilled mter. Th© test dose, 

50 mli  of th© above solution, containing 2 og. of riboflavin, was 

given to. each' subjeet iamediately after th© coHaction of the 

fasting feloed saaiple and the one-hour fasting usrin© sample. Water, 

soda crackers, and blacls coffe© w©r© the only foods allawsd until 

the end of the test dose study. Blood and urine saEples were 

collected at one-half hour intervals for th© first hour and there- 

after at hourly intervals for 5 hours following th© ingestion of 

the test dose* 
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CHAPTER IV 

RESULTS MD DISCQSSIOU 

SBRUKKIBOSTAra FOB THE EIGHT SUBrfBCTS .DimPB 
THE EXPEEiaENTS OF 1950 MD 19$1 

fh© results, of tha .d§t<?rainstion of th© dGil^ concentration of 

fr@@ , (♦IHO and total, ribdf lavin in th© aeruo emd in the gli-hoiar 

TsjrJao eollecticns for 30 day© for eight vjomn on a eqntrollod diet, 

regardless ©f the too levels of thiamin© intJik©,. have been.reeorded 

in Tables 10^ 11, 12 and 13 sad Figure© 2 and 3* 3?k© sesm valips 

■for total riboflavin for WU3.f KD, SW, euad HHI -mre 2.93, 3#02, 

5.30,. m& 3»$±s  respectivolyj and th© mean values of free (+IW) 

riboflavia wsr© 1.00, 1.2li, 3*50, and l.U^, respectively. For 

subjects WUf.. HA!** CAS, and EBD the total riboflavin values were 

2.61, 3.U3, 2.36, and 2.365 and th© mean values for free (*FiM) 

were 0.72, l,hk»  1«63, and 0.U7, respectively. Although HHT took 

a high dosage of vitamin pills ©very day, her sesnan riboflavin 

concentration, both in total and free (+IW) forms, was dose to 

that of the rest of th© gro^p. STOJ was apparently much higher in 

serum riboflavin concentration than were the others of the group. 

Horwitt et al. (1950) claimed that there were important individual 

variations in the amount of riboflavin excreted bgr eoae of their 

subjects, even though the riboflavin intake was controlled and in 

this study there were individual variations in serua riboflavin. 



■3
- 

€-1 

so 

p
 B 

6^4 

9 o 

&« o
 

S o
 

Ed O
 

^ o
 

O
 S3 

M
 

I O o
 

M
 

1         M
 

1 

!
 

I 4 

• 

r 
0
\-J*5

rco
\rvt^co

co
 H

v
jj^

iA
H

iA
V

fw
g

  , -^
r^

 H
C

M
 -3

-S
* H

-tfc
- o

 i^- H
oo 

H
H

H
H

H
H

H
H

H
H

i-
IH

iH
r
H

M
r
H

       O
r
H

H
r
-
t
H

H
H

f
H

r
+

H
H

H
H

 
3

 
• 

H
 

N 
• 

^
^

^
^

^
♦
^

^
^
♦
n

C
M

C
M

C
M

C
M

^
C

^
fn

H
-^

-S
K

n
r^

 
f\1

*\J
t^

S
<

*\fr\-3
J
3
-&

 

I 1 1 

I 0
 

C
O

 + 

1 
6

 

U
>

O
s

\A
«

Q
 f-4-S

tO
N

N
Q
 0

\-?
^

0
-3

 0
\'U

\   . 
JJ> J

f\\A
   . 

W
 0

\ 
rfj *»> O

s O
 r

j 0
\ CM 

O
N
 0

\ 
lA

N
O

-d
'-a

rH
o

O
C

O
-^

l^
v

O
v

O
 C

^
t^

-vO
   I  CM CM m

   I ^
fp

^
 

O
il CO -i»

\A
-3

 l*\\n
 t»»C

O
 

CM m
«

n
 tr\r^

 r>\ <*\ «
n

rr\ CM
 <n c

^
m

 <■»■>     m
-^

p
^

     fn
tn

 (n
c
^

m
 rn

rrv
(n

c
n

rry
(r\ 

•              1 
«n 

1 6H
 

• 
X

f\-J
J

O
»

0
 C

»-C
»-O

 C
-\A

-d
v

Q
e

q
 r».C

J C
M

v
O

-^
tA

   .-3
<

n
 t»-C

O
 CM O

-C
M
 0

\\A
V

0
 Pr\ 

O
 

«*» •            1 
X

TV
 

•
 1 + 

• 
mo 

§ 

vO
 «M

'U
\«

TN
O

\\<
\m

 H
 O

s
H
 H

 Jf>-?tQ
O
 CM O

 vO
 H

 rt U
VXfV lA

 <*\v
O

 vO
 vO

 CM Jw
 rr\ H

 
rn

 CM O
S \f\ H

 W
-^

'O
V

 C
N

O
C

M
C

M
C

M
H

\A
C

M
 \A

0
O
 O

W
C

M
 
H

v
O

O
IA

r^
H

P
-C

M
H

 
CM r* O

 H
 r4 H

 .i4 O
O

H
H

H
r
ti4

H
H

f4
d

H
H

H
  f4

H
r4

r4
H

H
d

H
H

 
*                            1 

H
           J 

1 6&
 • 

as 
r
lH

 0
\0

\^
O

t^
C

\<
f\\f\g

\y
O

 CM t^-vO
 E«»vQ

C
O
 O

 ff\\r»
 C

M
C

O
O

o
p

-^
Q

C
O

C
M

lrs
 

C
M

*n
*n

C
M

f^
C

M
rP

v
m

O
J
C

M
r^

C
M

e
M

C
M

rrv
C

M
c
n

rn
^

rr\C
M

<
n

e
M

<
n

<
w

>
«
rx

C
M

«
n

«
*\l*>

 
3 •            1 
or\            j 

■ I i 1 

-• 
H

-=
f H

 
O

c
O

s
O

C
O
 t^

-eo
 H

 Q
in

C
*. O

\N
O

-^
0
O

S
O

       t"-«»\ 0
\-^

 \A
 vO

 0
\ CM \A

 O
 <*\ 

C
N

O
O

^
 
fX

H
 O

 0
\P

-r-c
O

 H
 H

 O
 H

 O
 CO r-ix

r\   1 CO H
f CO

 tn
O

\£
»
-0

3
0
0
a
3
 rH

 0
\ 

•    •
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
a
*

     •
•
•
•
•

    •    •    «    • 
H

O
O

H
H

H
O

O
O

O
H

H
H

H
H

O
H

O
       O

H
O

H
O

O
O

O
O

H
O

 

7J o
 

6^ i 
CM 0

\ «
n

^
 rj 

O
M

H
 O

 H
 H

 O
 0

\X
A

 CM l/\ C
-H

 CK       C^- O
 

i-H V
f\ aysQ

 CM CO vO
 lA

--* 
^

0
\rv

<
n
 O

 O
 0\C

M
 «n

vO
sO

 e-C
M
 H

 CM <
n

\A
H

 <-*   1 
<

n
O
 
O
 O

 O
i C

M
fn

C
M

vO
 **\t^

 
CM CM c-k CM m

 CM en
 m

 CM CM CM CM CM CM CM (n
 CM rr\       ♦*> m

 «*> f^
 rf\ ff\ m

 fr\ m
 tr\ «r\ 

O
s          1 
•        i 

C
M

 

o
                                                             o

 

> 

&
 !• !< 

H
 CM m

 -iJ
tfv

v
O
 IS

-O
O
 ON O

 r-j CM c
n

-^
tA

v
Q
 f-C

O
 O

v O
 H

 
CM C

fV
-a

tA
v
O
 C

-C
O
 0

\ O
 

H
 H

 H
 H

 H
 H

 i-« H
 H

 H
 CM CM  CM CM W

 CM CM CM CM CM m
 



Table 11 55 

DAILY EXCBETION OF RIBOFLAVIN AND CHEATIHINE IN THE URINE, THE EXCRETION OF RIBOFLAVIN IN TEEMS OF MCG. PER ML. 
OF URINE AND THE VOLUME OF URINE EXCBETED BY FOUR SUBJECTS MAINTAINED ON A CONTROLLED DIET FOR JO  DAYS IN 1950 

Say of 
Exper-' 

MLW ED sww HHY 

Urinary Urine Urinary Urinary Urinary Urine Urinary Urinary Urinary Urine Urinary Urinary 1 Urinary Urine Urinary Urinary] 
iment   Date Riboflavin Vplume Riboflavin Creatinine Riboflavin Volume Riboflavin Creatinine Riboflavin Volume Riboflavin Creatinine Ribo/lavin Volume Riboflavin CreetjLf4pd 

meg. per ml. per meg. per gm. per meg. per ml. per meg. per gn. per meg. per ml. per meg. per gm. per ] meg. per ml. per meg. per gm. per 
2k  hre. 24 hre. ml. 24 hre. 24 hre. 24 hrs. ml. 24 hre. 24 hre. 24 hrs. ml. 24 hre. 24 hre. 24 hrs. ml. 24 hrs. 

1    i*-13-1950 kk6 1924 0.23 1.04 448 820 0.55 1.07 554 1000 0.55 0.89 5039 1768 2.85 1.06 
2      Ik 330 1140 0.29 1.00 374 1126 0.33 1.08 442 734 0.60 0.77 5582 1784 3.13 1.06 
3     15 426 1383 0.31 1.00 315 1406 0.22 1.11 473 882 0.54 0.85 5939 1474 4.03 1.11 
4     16   | 522 1410 0.37 1.07 373 1180 0.32 1.14 398 756 0.53 0.78 5221 1940 2.69 1.11 
5     17 410 1575 0.26 1.06 410 1060 0.39 1.10 404 1080 0.37 0.86 5809 1770 3.28 1.06 
6     18 487 1740 0.28 1.08 331 1070 0.31 1.10 358 1073 0.33 0.81 5250 1757 2.99 1.06 
7     19 492 1080 0.46 1.09 211 1104 0.19 0.90 356 990 0.36 0.89 5912 1494 3-96 1.01 
8      20 499 980 0.51 1.08 262 1290 0.20 1.11 439 940 0.47 0.83 4119 1227 3.36 1.06 
9     21 410 2030 0.20 1.12 337 1530 0.22 1.11 491 1111 0.44 0.85 4956 1763 2.81 1.07 

10      22 350 1444 0.24 1.06 274 1130 0.24 1.11 507 1050 0.48 0.91 4056 1661 2.44 1.06 
11      23 491 2042 0.24 1.13 311 1292 0.24 1.11 435 842 0.52 0.89 1031 1800 0.57 1.08 
12      2k 408 1400 0.29 1.12 229 1490 0.15 1.10 383 944 0.41 0.78 3765 1660 2.27 1.07 
13      25 452 1555 0.29 1.08 267 1256 0.21 1.17 435 962 0.45 0.93 .  3663 1500 2.44 1.06 
Ik               26 462 1050 0.44 1.06 376 1130 0.33 1.13 279 838 0.33 0.73 3860 2166 1.78 1.11 
15      27 413 1280 0.32 1.05 320 1010 0.32 1.07 ko? 1260 O.32 0.81 4678 1611 2.90 1.09 
16      28 342 1135 0.29 0.90 3^7 1443 0.24 1.09 409 1116 0.37 0.87 2561 1893 1.35 1.05 
17     29 269 1252 0.21 0.98 484 1052 0.46 1.11 452 1292 0.35 0.89 5439 1530 3.56 1.06 
18     30 310 1070 0.29 0.95 239 810 0.42 1.09 342 790 0.43 0.89 5283 1426 3.71 1.04 
19    5- 1-1950 33^ 1800 0.19 1.01 293 1440 0.20 1.08 411 980 0.42 0.85 5176 1570 3-30 1.10 
20      2 391 1429 0.27 1.03 467 1330 0.35 1.24 351 1000 0.35 0.83 2285 1727 1.32 1.06 
21      3 302 2146 0.14 1.05 3^9 1240 0.28 1.08 401 1115 O.36 0.84 4278 1681 2.55 1.05 
22      k 258 1750 0.15 1.08 306 1454 0.21 1.21 377 743 0.51 0.88 5557 1469 3-78 1.18 
23      5 278 1751 0.16 1.09 3^9 1040 0.34 1.12 399 1030 0.39 0.93 4318 1999 2.16 1.16 
2k                 6 225 1527 0.15 1.04 420 1084 0.39 1.12 426 1243 0.34 0.93 5321 1429 3-72 1.11 
25      7 3^5 1311 0.26 1.05 377 1060 0.36 0.86 357 702 0.51 0.86 5275 1596 3.30 1.10 
26      8 374 1688 0.22 1.10 55k I850 0.30 1.15 339 1131 O.30 0.82 4172 1289 3.24 0.87 
27      9 338 1380 0.24 1.02 495 1390 0.36 1.05 361 1234 0.29 0.88 5169 1696 3.05 1.05 
28     10 1   284 1270 0.22 1.05 419 1085 0.39 1.06 399 1273 0.31 0.87 4722 2055 2.30 1.09 
29     11 368 1350 0.27 1.12 343 1380 0.25 1.10 380 1270 0.30 0.92 5173 1360 3.80 1.14 
30      12 444 2300 0.19 1.12 361 1364 0.26 1.07 454 1126 0.40 0.92 4980 1505 3.31 1.07 

Average 382 0.27 1.05 358 0.30 1.09 407 0.41 0.86 4620 2.87 1.07 

pliboflavin Excreted 
kn Urine Expressed 
kn Terme of Per Cent 
lof Intake 32 30 34 
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FIGURE  2 

DAILY CONCENTRATION OF TOTAL AND FREE f^FMN) RIBOFLAVIN IN 
THE SERUM AND THE URINARY EXCRETION OF RIBOFLAVIN FOR FOUR 
SUBJECTS  MAINTAINED ON A CONTROLLED DIET FOR 30 DAYS IN 1950 
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Table 13 58 

DAILY EXCRETION OF RIBOFLAVIN AND CEEATININE IN THE URINE, THE EXCRETION OF RISOFLAVIN IN TERMS OF MCG. PER ML. 
OF URIME AND THE VOLUME OF URINE EXCRETED 3Y FOUR SUBJECTS MAINTAINED ON A CONTROLLED DIET FOR 30 DAYS IN 1951 

Day of 
Exper- 

MLW HAL CAS RBD 

Urinary Urine Urinary Urinary Urinary Urine Urinary Urinary Urinary Urine Urinary Urinary Urinary Urine Urinary Urinary 
iment   Date Riboflavin Volume Ribo flavin Greatinine Riboflavin Volume Riboflavin 

meg. per 
Creatinine Riboflavin Volume Riboflavin C^eatinine Riboflavin Volume Riboflavip Creatinine 

meg. per ml. per meg. per gm. per meg. per ml. per gm. per meg. per ml. per meg. per gm. per meg. per ml. per meg. per gm. per 
2k  hrs. 24 hrs. ml. 24 hrs. 24 hrs. 24 hrs. ml. 24 hrs. 24 hrs. 24 hrs. ml. 24 hrs. 24 hrs. 24 hrs. ml. 24 hrs. 

Previone 
Dey    1-18-1951 787 957 0.82 1.10 788 806 0.98 1.18 1326 1727 0.77 1.51 1843 1200 1.54 1.08 
1       19 k9k 1645 0.30 1.05 615 1829 0.34 1.21 1076 2086 0.52 1.55 1417 952 1.49 1.07 
2       20 593 II63 0.51 1.13 532 2162 0.25 1.24 748 2309 0.32 1.54 397 601 0.66 1.06 
3       21 390 1587 0.25 1.03 506 1918 0.26 1.28 651 2171 0.30 1.54 467 1217 O.38 1.13 
k                  22 310 1754 0.18 1.01 433 1642 0.26 1.28 578 2571 0.23 1.50 463 1456 0.32 1.01 
5     23 M5 1257 0-33 1.11 372 1511 0.25 1.25 =• =* _• _• 547 1703 0.32 1.10 
6      2k k66 1451 0.32 1.12 =* _• =>♦ =• 542 3284 0.17 1.52 517 2052 0.25 1.10 
7      25 429 1858 0.23 1.12 423 1485 0.29 1.20 505 2632 0.19 1.42 550 1745 0.32 1.11 
8       26 432 1180 0.37 1.12 480 1720 0.28 1.26 472 2861 0.17 1.45 628 1563 0.40 1.09 
9       27 375 1289 0.29 1.12 423 1933 0.22 lo?3 474 2050 0.23 1.46 627 1331 0.47 1.10 

10       28 382 1652 0.23 1.13 373 1945 0.19 1.21 418 2678 0.16 1^5 600 1626 0.37 1.09 
11       29 371 1157 0.32 1.14 356 1694 0.21 1.28 398 2211 0.18 1.47 510 1505 0.34 1.08 
12       30 358 1474 0.24 1.21 321 1622 0.20 1.28 408 2303 0.18 1.53 580 1361 0.43 1.16 
13       31 M5 1270 0.33 1.15 291 1833 0.16 1.2.6 312 2421 0.13 1.53 403 1199 0.34 1.18 
Ik             2- 1-1951 295 1346 0.22 1.16 269 2083 0.13 1.25 310 1721 0.18 1.51 310 1290 0.24 1.09 
15        2 261 1451 0.18 1.18 252 1471 0.17 1.29 323 2292 0.14 1.50 356 1563 0.2.3 1.04 
16      3 249 1535 0.16 1.15 251 2350 0.11 1.27 295 2733 0.11 1.48 454 1611 0.28 1.24 
17        k 321 1320 0.24 1.17 232 2092 0.11 1.29 294 2387 0.12 1.51 620 1915 0.32 1.08 
18      5 312 I651 0.19 1.13 203 1648 -0.12 1.29 315 2563 0.12 1.57 336 533 0.63 1.08 
19      6 291 1277 0.23 1.10 200 1855 0.11 1.27 313 2127 0.15 1.59 356 1580 0.23 1.12 
20       7 315 1362 0.23 1.10 207 2095 0.10 1.27 295 2805 0.11 1.57 329 1445 0.23 1.08 
21       8 224 1526 0.15 1.07 156 2161 0.07 1.28 269 2719 0.10 1.56 325 1408 0.23 1.08 
22       9 265 1633 0.16 1.12 198 1942 0.10 1.27 291 2767 0.11 1.56 361 1717 0.21 1.10 
23     10 264 1872 0.14 1.13 191 2360 0.08 1.27 278 2723 0.10 1.56 .* _• _• _* 

2k                  11 255 1216 0.21 1.09 215 2392 0.09 1.35 267 2697 0.10 1.55 385 1529 0.25 1.11 
25       12 246 1640 0.15 1.14 243 2323 0.10 1.32 281 2792 0.10 1.62 443 1306 0.34 1.12 
26      13 240 769 0.31 1.13 263 2308 0.11 1.2.6 277 2265 0.12 1.58 464 1646 0.28 1.08 
27      1^ 180 1496 0.12 1.09 253 2055 0.12 1.31 261 2420 0.11 1.5^ 255 1326 0.19 1.07 
28      15 195 1547 0.13 1.13 300 2082 0.14 1.35 246 2282 0.11 1.56 311 1569 0.20 1.10 
29       16 246 1867 0.13 1.07 292 2432 0.12 1.28 253 2406 0.11 1.53 261 1894 0.14 1.04 
30       17 250 1949 0.13 1.11 277 2335 0.12 1.32 254 2550 0.10 1.48 265 1973 0.13 1.06 

Average** 328 0.23 1.12 315 0.17 1.27 393 0.16 1.53 467 0.35 1.10 

Riboflavin Excreted \ 

in Urine Expressed 
in Terms of Per Cent 
of Intake 28 27 33 40 

* The samples were spilled and data were hot available. 
** Analysis made prior to the diet was not included in the calculation. 



FIGURE 3 

DAILY CONCENTRATION OF TOTAL AND FREE ^FMN) RIBOFLAVIN IN 
THE SERUM AND THE URINARY EXCRETION OF RIBOFLAVIN FOR FOUR 
SUBJECTS MAINTAINED  ON A CONTROLLED DIET FOR 30 04Y5 IN 1951 

2 o 

I* ^8 

§S2 

ce. <i o 

LU 
in 

I       I       I       I       I i      i      i      i      i      i      i      i      I      i      i      i      i      i r- 

i a, 
£ 

li1 
•2- 

20001 

i     i—i—i—i—i—i—i     i     i     i     i     i     i     i     i     i     i     i     i     i—i—i—i     i     i     i     i     i 
I    2    3   4    5   6    7   8    9   10   II   12   13   14   15   16   17   18   19   20 21   22 23 24 25 26 27 28 29 30 

DAYS OF EXPERIMENT 
•DATA ARE  NOT AVAILABLE 



60 

fOTM. MB mm  (+FMEJ) RIBOFLAVIK II THE SERM DIIRIIG TOO PERIODS 
OH DIFFi2W hmELS OF ffOMIM WSAm 

The mem concentration for each subject of total and free 

(+3MI) ribeflaTin in.the. serua during two periods on different 

levels of tMapin© intake as well as th© differences between the 

periods are 'presented in fables Ik and 15. She mean was caleu- 

leited fros the data for.the last ten days.onl^ of each period* 

falues for th^ first five days were omitted in order to allow for 

adjustment to the new level of thiarsine intake. During the first 

period the thiamime intake was approximately 500 meg* per 1000 

calorie© s that of the second peadod was approximately 300 jncg« per 

1000 calories.. Higher values for total seruia riboflavin were 

observed for all subjects in this second period. For WSX who had 

been taking vitaadn pills every day during the study, values for 

both seruia and for urinary riboflavin were osnitted in the final 

comparison and in the statistical analysis. The mean differences 

of total riboflavin in serum for the other seven subjects ranged 

from 0.06 t© 0.93 meg. per csent. However, the concentration of 

free (+FEffif) riboflavin in th® serua, in sibs: out of the seven sub- 

jects was lower in the second period. The mem differences for 

free (-t-FM) riboflavin, betwaen the two periods for UttW*, ED, Sm^ 

!&!/, M&t GkS$  and BSD were +0.03, -0.02, ♦0.01, tO.ll, +0.20, 

+0.27v and +0.30 meg. per cent, respectively. Although the con- 

centration of free (♦FEffiJ) riboflavin increased when the thiamin© 

intake was decreased, the differences apparently were small and 

* MW was a subject for both the 195© and 1951 studies. 
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Tabl© 14 

MEAN SBMM RXBOFL&VIM [TOTAL MD FREE (+FM)] FOH THREE SUBJECTS 
Off.A COMTROLLED DIET WITH WO tBmS* OF THIMIME IHTAK1 

FOB 15 DAIS EACH IS 1950 

MLW KD sww    1 
Serum 

Total 
Riboflavin 
Free ( fM) 

Serum 
Total 

Riboflavin 
pree ( fMM) 

SeruB 
Total 

i Riboflavin 
Free ( FM) 

meg. $ meg. % meg. % meg. % ECg. % meg. % 

First period 2 Mi 1.00 2.71 1.20 U.82 3.56 

Second period 3.27 0.97 3.18 1.22 5.75 3.55 

Difference 
between two 
periods -0.63 +0.03 -O.itf -0.02 -0.93 +0.01 

* During the first 15 days each subject received a total of 998 meg, of 
thiamine daily. 

During the second 15 days each subject received a total of 598 meg, of 
thiamine daily. 



Table 15 

MEM SIMM ISBOFLAfll [TOTAL AND FEEB ( + FMM)] FOl FOUR SUBJECTS 01 A CONTROLLED 
DIET WITH TCTO LEIELS OF THIASUffi* IHTAKS FOR 15 DAYS EACH II 1951 

Serum 
Total 

MLW 
Hiboflavin 
Free (+ WM) 

HAL 
Serum Bibof lavin 

Total IFree (+FMH) 

CAS 
Serum Hiboflavin 

Total IFree (-t-ISSEr) 

EHD 
Serum Hiboflavin 
Total jFree ( + FM1) 

aeg. % meg, % meg. % meg. % meg. % meg. % meg. % meg. % 

First Period 2.39 0.77 3.32 l.Sk 2.90 1.75 2.27 0.1*7 

Second Period 2.77 0.66 3.55 1.3k 2.96 1.U8 2.U8 O.Uk 

Difference 
Between Two 
Periods -0.38 + 0.11 -0.32 -+0.20 -0.06 + 0.27 ^0.21 + 0.03 

^During the first 15 days each subject received a total of 1028 meg, of thiamine daily. 
During the second 15 days each subject received a total of 628 Eeg. of thiamine daily. 

TO 
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insignificant. 

Supplee et al. (1942) found that thiamine mobilized riboflavin 

from the tissues to the liver. Sura and Ford (191*2) reported a 

mailed increase in the output of riboflavin in rats nhen the diet 

was restricted in thimine. Davis et al. (19116), on the eoatraxyfl 

found a higher percentage of return of the test dose in the period 

of higher intake of tfoimaino. In the study reported in this thesis, 

the interrelationship of these two vitasdns in aotabolisa appeared 

to be thust the lower the thiamine intake, the less the need for 

riboflavin and the higher its retention in the sen®. 

E3BpFM?Ii CONTENT OF THE SEM QF 29 I0K3AL ADULTS 

For comparison with the data on the subjects on the controlled 

diet, serum samples of a group of 29 normal students and faculty 

members of Oregon State College were analysed for riboflavin content 

(fable 16). Analyses were made in triplicate for free (*KM) and 

total serum riboflavin. 

The mean values for free (♦FMN) and total serum riboflavin 

reported by Burch et al. (19143) for 13 subjects and those obtained 

in this laboratory for 29 subjects as veil as those for the sub* 

jeets on the controlled diet may be seen in Table 17. 



fable 16 

CQMQEHZffeTIOH OP fOfM. $m fMl ^KSl) MBQFM.?!! 
kW FAD OF THE SERIM OF 29 UOmiAL ADULTS 

6^;. 

Sub.lect IIo. 

Serum Riboflavin 

[FAD fotal Free {*mm) 
meg. i meg. % meg. %        I 

1 2.6U 0.77 1.87 
2i' 5.67 0.56 5.11 
3. 2.67 0.12 2.55 
It 3.07 0.U1 2.66 
^ 2.39 0.23 2.16 
6 3.16 1.81 1.35 
7 3.63 0.55 3.08 
8 2.0U 0.1*7 1.57 
9 2.63 1.30 1.33 

10 2.57 0.80 1.77 
11 2.23 0.37 1.86 
12 2.23 0.51 1.72 
13 2.93 0.61* 2.29 
Hi 2.15 0.75 1.1*0 
IS U.67 3.12 1.55 
16 2.66 1.17 1.1*9 
17 5.10 3.87 1.62 
18 2.13 0.32 1.81 
19 5.19 1.72 3.1*7 
20 2.36 0.85 1.51 
21 1.91 0.60 1.31 
22 2.06 1.1*0 0.66 
23 1.60 0.73 0.87 
2fc 2.314 0.55 1.79 
25 3.09 1.08 2.01 
26 1.58 0.10 1.1*8 
27 3.76 2.1*0 1.36 
28 2.05 0.68 i    1.37 
29 3.01* 1.38 1.66 

Average 2.89 1.01 1.89 

Range l#58-5.67 0.10-3.12 0.66-5.11 



Table 17 

COMPARISOH OF DATA FOB SEWM RIB0FMT2H VALUES OBPAIHED 
IN THIS LABOM?OKI WIfH fHC^E ^POHfE© 

m BOTCH et al. (19l»8) 

Studies 

Serum Eiboflavin 
Total Free ♦na) 

Mean Range Mean lange 
meg, % ECg. % meg. % meg. 51 

13 Subjects (Burefa et al., 19U8) 3.2 2.6-3.7 0.8 ©.3-1.3 

29 Subjects (Stud^1 in tMs laboratory) 2.B9 1.58-0.6t 1.01 0.10-3.12 

7 Subjects (Studfcr on the controlled 
diet in this laboratory) 

3.22 2.36-5.30 1.1*3 0.1*7-3.50 
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•■■•.-. USTBRPHEfAflOM OF SfATISTICAL AIALISB3 

BVorn the statistical sxaHysss prasoated in fables 20, 21, 22, 

and 23 (ia the appsndis:), th© indication is that the differences 

among th© individual parsons in respect to the oonteat of ribo- 

flavin in the ssrvm ar© significant, this is ttv& for both th© 

free (4JWf) and the total form. 

the change of th© thiaain© intak© did not sJTfsct th© eoacen- 

tratioa of fre© (4$M0 ribofla^in in th© eerus significantly, but it 

did effect the total riboflavin of th© seru© significantly. 

fhers i?as no significant day#-to->day variation in the total 

and fre© liboflanln values of th© sen® diaring aay on© level of 

thiaoine intake. 

Davifc ©t al. (191*6) observed from their studies an the -urinary 

excretion of riboflavin, that approximately 10 days "©ere required 

to adjust to a new level of intake, ■with the exception of one sub- 

ject ^o required 6 "fleeta t© aak© a giiailar adjustment, la the 

1951 study (Figure 3) the data indicated that a longer period of 

tine might have been needed for the adjustment to the new level of 

thimaine intake since a downward trend was noted uatil the lijth day, 

with urine riboflavin values for subjeot BBD showing sharp peaks 

every few days. Subject IBB, however, suffered occasionally from 

migraine headaches during the experiment. Bsfore the esjperiment, 

she took BEXEXi (multiple vitamin pills eontainiUig iron) aid 

BreTfler's yeast tablets every day for approximately tero months. She 

stopped taking the vitaain pills, eighteen days before the beginning 
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of tfe© study slid th© Brateisr's jmaat tablets, thra© daya befor© the 

Q^i®ri®3at bsgan. During the studjr (-JaavEapy 19) sh© suffered £rm 

a hsadach® ssid voEdted her bs^akfast sad tho vitasin B^ supplemsnt. 

She spsnt th© rsraainder of tfaa day ia beds ©attog only her portions 

of p@ars aad East. G» Jsrauazy 309  sh© dovelopad a slight eoM isMeh 

rasuLt©d in. a sor© tteoat on January 31 and Februajy 1, February !*, 

she urns ill trf-th nausea and-diasThea "and vosait©d after lunch. On 

Pebnmry 13„ sh® suffarad from a aigrain© h@adaeh©s again» For 

these r©asonss a statistical analysis of the data of the 2li-hour 

urinary riboflavin values for the two levels of thiaoins intalce 

Bight not constitute a valid eoaparison. 

URIMST EXGHEJIOS OP RIBOFLA?III 

The mem daily urinary excretion of riboflavin for thra© sub- 

Jscts during the ©ntir© period in the 1950 study was 3§2 sseg. ranging 

from 358 t© ^,0? meg.j th© MBBM riboflavin. ©xcretion for- the four 

subjects in th® 1951 0fcu<%r was 3% scg#., ranging betwsen 315 to b&f 

meg. The jasan ribofla^in output for all xms 32 psr cent ©f th© in- 

take during the 1950 and 1951 studies. 

Hathaway et al. (19lt6) found that, vhBn th© intake of ribo- 

flavin was 1330 meg* par day,, the urinary ©seretion on a natural 

diet ranged from 17li to 229 acg. Da^is ®t al. (19ii6) observed that, 

whan the daily riboflavin intak© Tras 660 meg. per 1000 calories, 

the average 2k-hour e^sretion of 6 subjects ranged between 211* to 

3ii5 fficg. Swaeinathan (I9li2) estimated the daily urinazy rlboflavin 
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e«sr©tion, on an intake of 1200 to 1500 meg. per day8 to be 2$ to 

30 per cent of riboflavin ingested. 

She mean mrinaxy. riboflavin. ^accrotion per grasa of creatinine 

for each of the.sovon subjeeta is reeopded in Table 18, $he asane 

ranged between 2.hB to ItTU.niog* psr gram of creatinine. According 

te Ajkroyd et al. (l9kB) if the e&cretioa of ilboflavin ie: l©se 

then 200 Ecg. per gtm. of ereatinin©,, the intake of riboflavin jnagr 

b© considered Tmeatisfaetoxgr. fh.® mm wrimry riboflatin values 

of all seven subjects vnsra above this level. 

Feder, Leuis, and Aides (I9kk) stated that the amomt of ribo- 

flaviu per si. of urine showed less variation than the total amount 

excreted, but Hathaway and fcobb (l£k6) found that urinary ribo- 

flavin excretion showed no relation to urinary voluae. fhe results 

reported in this thesis are ia agreement ttith those of Hatharjay and 

itebb. 

RISP0NSB fO 2 m, OML BOSS OP KIEOFU?!'! 

fh© results of the response of four subjects to o 2 mg* oral 

dose of riboflavin indicated that the peak of total riboflavin in 

the serum occurred bettjeen one-half hour and one hour after the 

dose xma taken. An increase of 91 to lit? per cent was noted in the 

concentration of total riboflavin in the serum (Table 19 and Figure 

it). However, for free (♦W) riboflavin, the peak, for all four 

subjects, occurred one-ihalf hour after the test dose was taken, or 

a 2k9  to 393 per cent increase. The highest output of riboflavin 

in the urine occurred at the end of the first hour (Table 23 and 
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Table  IQ 

THE mm wamta EXCRETION OF RIBQFXAVIW, OF CEEATIMHE 
AND OF RIB0FLAVIK PER QBAM OF CRMTINIWE 

FOR EACH OF SEVEET SUBJECTS 

Subjects 

Mean Urinary Ixcrel tion 

EiboflaviE Creatinin© 
Riboflavin per gram 

of creatinine 
meg. per 2h hr. gm. per 21^ hr. meg. 

ttT!7* 382 1.05 36k 

SO 358 1.09 328 

stuw 1|07 0.86 U7U 

MLW** 328 1.12 293 

HAL 315 1.27 2U8 

CAS 393 1.53 257 

RED h6l 1.10 U2h 

*   WS in the 1950 stunSgr. 
*» MLT? in th© 1951 stu^r. 



Table 19 

CONCENTRATION OF TOTAL AtiD FREE (+FMN) RIBOFLAVIN IN TIDE SERUM ANT URINARY EXCRETION OF RIBOILAVIN 
OF FOUR SUBJECTS FOLLOWING A 2 MG. ORAL DOSE OF RIBOFLAVIN 

70 

Time 

MLW HAL CAS RBD           1 
Serum 

Total 
Riboflavin 
Free (+FMN) 

Riboflavin 
Excreted 
in Urine 

Serum 
Total 

Riboflavin 
Free (+FMN) 

Riboflavin 
Excreted 
in Urine 

Serum Riboflavin 
Total iFree (+SMN) 

Riboflavin 
Excreted 
in Urine 

Serum Hiboflavin 
Total IFree (+FMN) 

Hi bo flavin! 
Excreted 
in Urine 

meg. $ meg. # meg. per 
hr. 

meg. $ meg. # meg. per 
hr. 

meg. $ meg. 5& meg. per 
hr. 

meg. # meg. $ meg. per 1 
hr. 

pasting 7:00 A.M. 2.73 1.15 12 3.46 1.61 14 2.68 1.60 15 2.60 1.01 36 

700 A.M. 

8:00 A.M. 

5.27 

5.56 

k.6k 

2.57 

l39x 
I 443 

3041 

6.83 

6.09 

5.62 

3.44 

56) 
316 

260 I 

6.15 

5.04 

6.08 

3.17 

147^ 
423 

276) 

5.75 

6.42 

4.98 

3.36 

1521 
497 

345l 

9:00 A.M. k.m 1.34 385 5.22 1.95 185 4.68 1.85 77 4.20 1-55 355 

10:00. A.M. 3.09 1.42 115 4.19 1.98 78 3°83 2.07 67 3-71 1.66 iW 

11:00 A.M. 3.26 0.99 53 4.43 1.71 51 4.03 2.24 45 3.05 1.02 149 

12:00 A.M. 3.08 0.84 48 3.90 1.70 46 3.51 1.72 50 2.92 0.99 64 
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CONCENTRATION OF TOTAL AND REE WM RIBOFUVIN 
IN THE SERUM AND THE URINARY EXCRETION OF RBOFLAVN 
FOR FOUR SUBJECTS FOLLOWING A 2 M&ORAL DOSE OF 

RIBOFLA/IN 
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Figure k)o   the values for both serxsa and urinary riboflavin showed 

an abrupt decrease after the peak had been reached. At the end of 

the 5th hour, the riboflavin values for serum and wine were almost 

at the original level. 
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CHAPTER V 

SIMARY 

The daily micro determination of free (+IMJ) and total ribo- 

flavin in the serum and the daily macro determination of riboflavin 

in 2U-hour Collections of urine of eight normal women on a con- 

trolled diet for the studies of 1950 and 1951 are described. 

The mean concentration of free (+MS) serum riboflavin for 

seven of the eight subjects was 1.U3, and ranged from 0.1*7 to 

3*50 meg. per cent; the mean concentration of total serum riboflavin 

was 3*22, and ranged from 2.36 to 5*30 meg. per cent* The data for 

one subject (HHI) who received some supplements and medications were 

not included in calculating the mean values or in the ranges given* 

The mean concentration of free (+FMM) riboflavin in the serum 

was slightly lower in the periods of restricted thiamine intake; how- 

ever, the difference was not statistically significant. The in- 

crease (0.1*3 meg. per cent) in the mean concentration of total ribo- 

flavin in the serum during the period of restricted thiamine intake, 

was statistically significant. This phenomenon may be due to the 

effect of thiamine on the utilization of riboflavin in metabolism; 

i.e., a decrease in thiamine intake decreases the requirement for 

riboflavin and is reflected in an increased concentration of ribo- 

flavin in the serum. 

The statistical analyses of the data indicated that there are 

individual differences among persons in the riboflavin content of 

serum. The change of the thiamine intake affected the total serum 



7U 

riboflavin concentration significantly* 

There was no significant day-to-day variation in the free or 

total riboflavin content of the serum during each 15-day period of 

study. 

On a constant riboflavin intake the aoan daily urinary ribo- 

flavin excretion of three subjects in the 1950 studiy was 382 nicg, 

per day, sad that of four subjects in the 1951 studfer was 376 meg. 

per day, Th© riboflavin output VI&B  about 32 per cent of the 

ingested vitauin in both years1 studies, the riboflavin excretion 

per grmi of creatiiiine ranged from 2kB to klh Meg, 



75 

BmiGGMHIX 

1*  Albsnese, A* A. and W. Buschke* On cataract and certain other 
mnif©stations of ti^ptophane deficiency in rats. Science 
9$t5Bk.   I9k2* 

2. AlbrniegOj A. A., B. M, Randall, and L. E. Holt, Jr* Effect of 
tryptophano deficiency on reproduction. Science 97:312. 
19U3. 

3. Anderson, B, K. and G« F. llilem. Biosicroscopy of the eyes in 
evaluation of nutritional statue. Oomeal vascularisatlon. 
Journal of nutrition 30J17*2U. 19k$» 

k*     Axolrod, A. 1* and C. A, Elvehjeia. The xanthino oxidaee content 
of rat liver in riboflavin deficiency. Joumel of Biolog- 
ical Gheaistay lUO*7£5-738. I9kl* 

5. Axelrod, A. Bo, T. B. Spies, C. A. Elvehjem and V. Axelrod. A 
study of urinary riboflavin excretion in nan. Journal of 
Clinical Investigation 20:229-232. 19ljl. 

6. Axelrod, A. 1«, T. i. Spies and C. A, Elvehjem Riboflavin 
content of blood and muscle in normal and malnourished 
huaano. Prdceedinge of the Society for Experimental 
JEolo^" and Eedicine U^t^6-lh9*   19la* 

7. Aykroyd, W. B., H. Jolliffe, 0. H. icwry, P* E. Moore, IT. H. 
Sebrell, R. E. Shank, P. P. Tiedall, R* i. Wilder and 
B. C. Zoiaecnik. Medical reeurvey of nutrition in New- 
foundland. Canadian Medical Association Journal 60:3- 
30. 191*8. 

8. Bessey, 0. A. and S. B. Uolbach. Vascularization of the 
cornea of the rat in riboflavin deficiency. Journal of 
Experimental ledicine 69:1-12. 1939. 

9. Bleyer, B. and 0. Kallman. Beitrage sur Kenntniseiniger bisher 
wenig etudierter Inhaltsstoffe der Milch (Kuhsilch), II. 
Biocheaische Zeitschrift 155:0W9. 192^. 

10. Blyth, A. W. The coaposition of cow's milk in health and 
disease. Journal of Cheaical Society, London 35:530. 
1879. 

U. Booher, L. E. The concentration and probably chemical nature 
of vitamin G. Jouiaal of Biological CheEiistry 102:39-^6. 
1933. 



76 

12. Bourquin, A.  and H. C. Sherman, Quantitative determination of 
vitamin 0 (Bg). Journal of American Chemical Society 
S3s3501-3S0S. 1931. 

13. Burch, H. B., 0. A, Esaasy and 0. H. Loxiry. Fluoromotzlc 
Esasurements of riboflavin and its natural derivatives in 
gmll quantities of blood serum and cells. Journal of 
Biological Gheaiatry I7$:h57~h70.   19hB, 

111. Chick, H., A. M. Copping and M. H. Roecoe. Egg-white as source 
of antidermatitis vitamin Bg. Biochemical Journal 2li: 
m8-l?53. 1930. 

15. Conner, R. T. and G. J. Straub. Combined determination of 
riboflavin and thiamin in food products* Industrial and 
Enginoering Chemistry. Malytical Edition 13:385-388. 
19lil. 

16. Copping, A. M. Some aspects of riboflavin nutrition in man. 
Smtriiioa Abstracts and Rovis^rs liisii33« 19US* 

17. Davey, B. L. KMnasgr ©xcretioa of riboflavin by human subjects 
on controlled diets. (Master*s Thesis, Oregon State 
College). I9k$» 

18. Davis, 1. V..* B. 6. Oldhara and L. J. Eoberts. Riboflavin 
excretions, of yoraag mm&n on diets Containing varying 
levels of the B vitamins. Journal of Nutrition 32:lii3-l6l. 

19. Day, P. Ii., W. C. Langeton and C. S. O'Brien. Cataract and 
other ocular changes in vitamin G deficiency. American 
Journal of Opthalmology 1U:100S-10Q9. 1931. 

20* Day, P. fc. ?itaain G deficiency. toeric«in Journei of Public 
Health 21IJ603-608. 193li. 

21. Drummond, J. C. and T. Moran. Unconsidered trifles in our 
diet. Vitamin content <*? bsverages, Mature lS3e99-100. 
19101. 

22« Sllinger, P. and I?. Kosehara. Ueber eine neue Oruppe 
tieriseher Parbstoff (lyoehroae). Barichte der deutschen 
chemigehen Gesellsehaft 66:315-317. 1933• 

23. Emmett, A. D. and G. 0. Lvros. Uater soluble 'vitamins. 
Journal of Biological Cheuistry k3 8 265-280. 1920. 

2k.   Feder, ?. H., G. T. hmris and H. S. Alden. Studies on the 
urinary excretion of riboflavin. Journal of Jfctrition 
27*3U7-353. 19iiii. 



77 

25. ferrebee, J. W, The urinary ©seretion of riboflavin. 
Fluorometric methods for its estimation. Journal of 
Clinical Investigation 191251-256. 19U0. 

26. .Follis, B. H., .Jr.* H. 0. Dajr aad B. f. HeGollwn. Histolo- 
gieal studies of tiseues of rats fed a diet extremely 
low in sine. Journal of Hutrition 22$223^233. 19lil. 

27. Follis, E. H., Jr., Oi^nt-Seiles and E, V. IcCollma. 
Histological studies of tissue of rats fed a diet 
extresoiy loti in sodiuo. Archives of Pathology 33«5oU- 
512. 19IJ2, 

28. Gifft, H. -H. ind H. 1. Hauk. A eonparison of four raethods 
for studying the urinary excretion of thiamln©. Journal 
of UutritloH 311635-61(6. 19)46. 

29. QoldbSFg@r, J. aad i. 0. Hlli®. A not© on m experimental 
pellagra-like condition in the albino rat. Public 
Health Beportelils 1025-1029. 1926. 

30. Gregoiry,. II. K.. Ocular criteria of deficiency of riboflavin. 
British Medical Jouraal 2:13U-135. 191*3. 

31. Gyorgr, P., F. S. Robseheit-RobMas and G. H. Whippl©. 
Lactoflavin increases hemoglobin productica ia the anejuic 
dog. Aasricaa Joiwaal of Fhysiologr 122:15^-159. 1938. 

32. Hagedom, P. R., S. J),  ^hos, 0. A. Oenaek aad E. L. Sevring- 
teus. Obsexratione on riboflavin eaKretien by the adult 
male. Journal of Nutrition 29:179^189. 191*5. 

33. Hathaway, M. L, and D. I* Lobb. Comparison of riboflavin 
synthesis aad excretion in h\mm subjects on i^nthetie 
and natural diets. Jouraal of Nutrition 32:9-18. 191*6. 

3U. Heiiami, U.   Siboflavin: significanee of its photcx^naiaic 
action and importance of its properties for the visual 
act. Archives of Opthalmolo^r 28:U93*'502. 191*2. 
Nutrition Abstracts and Eeviews 12:665. 191*3. 

35. Holt, L. B», Jr. and ?. A. Hajjar. A simple method for the 
laboratoty diagnosis of subclinical deficiencies of 
thiesaine, riboflavin, and alcotinie acid. Johns Bopkisas 
lospital Bulletin 70:329-330. 19l*2. 

36. Horw&tt, M. K., C. G. Harvey, 0. W. Hill smd E. Liebert. 
Correlation of urinary excretion of riboflavin Mrith 
dietary intake and symptoBis of ariboflavinosls. Jouxnal 
of nutrition kli21*7-261*. 1950. 



78 

37. <f©ghers,. H. JEJ. She appearance of the teaguc as an index of 
autritional defioi©ncy. Met; Uiagiand Journal of Medicine 
8278221^228. 19h2. 

38. Jeghers, B, 11.   Skin, changes of nutritional origin. Kew iSfig- 
land Jouraal of Medicine 228*678-686, 72i*-723. 19^. 

39. Johnson, E. E., F. Sargent, P. F. ffobinecn mid F. €• Consolasio. 
Ass©s0a©nt of nutxifcioaal and ffietabolic condition in the 
field. War Medicine 7:227-233. 19h$. 

hO.   Kark, B. S., H. F. M.t-mt  E. .D, Pease, W. B. Bean, G. S. 
Henderson, ft. S. Johnson and L. M. Bichartson. Tropical 
detorioration and nutrition. Clinical and teioch©ajieal 
observations cm troops. KediciE© 26J1-IIO. 19li7» 

la. Karrer, P., B. Becker, F. B©»g, P. JPSrei, H. Saloacm and K. 
Sehopp. Zxnr Syath©*© des tactoflairins. Helvetica 
chiMea Acta I8jl!i3!?-iy48. 1935. 

h2.   Keys, A., A. F. ifenschel, 0. Mickelson, J. M. Brozek and 
J. H* Crawford* Physiological and biochesdcal fiaaction 
in mortal jomg men on a diet restricted in slboflavin. 
Joum?! of Bntrition 27:165-178. 191*1*. 

Is3. Sodicek> E, and I* L* Wang, ffe flu©r®Betric ©efciaii&tion of 
riboflavin in foodstuffs and other biological material. 
Biochsmical Journal 14i:3UO-3i43. 19U9. 

kh»   Eruse, H* D*, V* P* SydenstHcker, W. H. Seb.rell and M. H. 
Cleekley* Ocular manifestations of ariboflavinosis. 
Public Health Imports 55»l57-l69. 19li0* 

U5. Kuhn, B., S. Eeineinuad, F. TTeygand, und B» Strobele. Uber 
die Synthes© des I>aet©flavins (Titastin Bg). Berichte 
der deutsehen ehemischen ©esellschaft 68 S1765-1771*. 
1935. 

U6. Kvtm, B..s  P. Gyorgy, und T. Wagner-Jauregg. Vhor Laetoflavin, 
den Farbstoff d©r Holke. Berichte der deutschen 
chemischen Oesellschaft 662l03lt-lO38. 1933. 

U7. EBhsa, E., P. Gyorgy, raid T. Wagner-Jawegg. W&er Ovoflavin, 
den Farbstoff des Siklars. Barichte der deutsehen 
chemischen Gesellschaft 66$576-580. 1933. 

IjB. Lowy, 0. H. Personal coii»i.unication. 19li7. 

I49. Loswy, 0. H. Personal cosiHiiunication. 1950. 



79 
50. MacheHa, T. E. Studies of the B vitamin in the human subject* 

3. The response of cheilosis to vitamin therapy. American 
Journal of the Medical Sciences 203:1114-120. 191*2. 

51. Mazmering, 0. J., D. Orsini and C. A. Elvehjem. Effect of the 
composition of the diet on the riboflavin requirement of 
the rat. Journal of Nutrition 28:lla-l55. 19ltU. 

52. McColluffi, E. V. and C. Kennedy. The dietary factors operating 
in the production of polyneuritie. Journal of Biological 
Chemistry 2li:U91-502. 1916. 

53. Mitchell, H* H. On the identity of the water-soluble growth- 
promoting vitamine and the antineuritic vitamine. Journal 
of Biological Chemistry k0i399-kl3*   1919. 

$k*   Mitchell, H. S. and 6. M. Cock. Effect of riboflavin and 
thiamine chloride upon the cataractogenic action of 
galaetose. Proceedings of the Society for Experimental 
Biology and Medicine 39*325-326. 1938. 

55. Na&jar, V. A, and L. E. Holt, Jr. A riboflavin excretion test 
as a measure of riboflavin deficiency in man. Johns Hopkins 
Hospital Bulletin 69:1476-181. 19U. 

56. National Research Council, Committee on Food and Nutrition 
(U.S.A.). Recommended daily dietary allowances. 191*1, 
19U5, and 191*8. 

57. Oldham, H., F. Johnston, S. KLelger and H. Hedderich-Arissiendi, 
A study of the riboflavin and thiamine requirements of 
children of preschool age. Journal of Nutrition 27:1435-1*66. 
191*1*. 

58. Osborne, T. B. and Lo B. Mendel. The relation of growth to the 
chemical constituents of the diet. Journal of Biological 
Chemistry 15!311*326. 1913. 

59. Parsons, H. f. Further studies on human requirements for ribo- 
flavin. Federation Proceedings 3:162-170. 191*1*. 

60. Pett, L. B. Riboflavin and vitamin A in relation to "eye 
strain." Canadian Medical Association Journal 1*9:293- 
295. 191*3. 

61. Sarett, H. P., J. R. Klein and W. A. Perlzweig. The effect of 
the level of protein intake upon the urinary excretion of 
riboflavin and nicotinic acid in dogs and rats. Journal 
of Nutrition 21*J295-306. 19l*2. 



80 

62* Sarett, H. F. and W. A. Perlaweig. fhe effect of protein and 
B-viiaain levels of diet upon tissue content and balance 
of riboflavin and nicotinic acid in rats. Journal of 
Nutrition 258173-183. 191*3. 

63. Sebrell, T7. H. and R. E, Butler. Riboflavin deficiency in man. 
A preliainary note. Public Health Reports £38 228^-228ii. 
1938. 

6k.   Sebrell, If. H* and'It. 2. Butlor. Riboflavin deficiency in man 
(ariboflavinosis). Public Health Reports 51*: 2121-2131. 
1939. 

65. Sebrell, 13". H., R. E. Butler, J. G. Wooley and I. Harris. 
Rvmm riboflavin requiremsnt estimated by urinary ex- 
cretion of subjects on controlled intake. Public Health 
Reports 5^8510-519. 19lil. 

66. Sebrell, 17. H. and R. H. Onstott. Riboflavin deficiency in 
dogs, public Health Reports 53883-91*. 1938. 

67. Shermm,. H. C. fhe vateivsoluble vitasdn B. Journal of 
Chemical Education 3:121*1-121*7. 1926. 

68. Smith, U»  I. and E. 0. Hendrick. Some nutrition experiments 
isdth breTOr»s yeast. Public Health Reports 1*18201-207. 
1926. 

69. Smith, S. 0. and D. W. Martin. Cheilosis successfully treated 
idth vitamin B6» Proceedings of the Society for Experi- 
mental Biology and Medicine 1*3:660-663. 19l*0. 

70. Spector, H., A. R. Maass, L. Michaud, 0. A. Elvehjem, and E. B, 
Hart. Role of riboflavin in blood regeneration. Journal 
of Biological Chemistiy 150175-87. 191*3 • 

71. Street, H. R., 6. R. Cowgill and H. 1. Zinsaenaan. Further 
observations of riboflavin deficiency in the dog. Journal 
of Nutrition 22:7-21*. 19l*l. 

72. Strong, F. P., R. E. Peeney, B. Moore and U. T. Parsons. The 
riboflavin content of blood and urine. Journal of Bio- 
logical Ghemistsy 137:363-372. 191*1. 

73* Supplee, 0. 0., 0. G. Jensen, R. C. Bender and 0. J. Kahlenberg. 
Factors affecting the riboflavin content of the liver. 
Jouraal of Biological Cheaistx^r 11*1*J79-85. 19l*2. 

71*. Sure, B. and II. Dieheck. Riboflavin as a factor in econouw of 
food utilization. Journal of Nutrition 21si*53-l*60. 191*1. 



31 

75. BUTQ,  B. m& %• ^. Pord., fitasain interrelationships t%.., 
fhiataine and riboflavin InterroXationships in nstabolisa. 
Joixmal of Biological Ghcgaistsy llj6:,3WL*2$0. 1^2. 

76. Suaainathan, M. FluoroEstric estimation of riboflavin in urine. 
Indian Jouiaal of £|edieal Research 30:3?*4}3. 1^2. 

77* Sydenetricker, V. p. Clinical manifestations of aribo- 
flavinosis. American journal of Public Health 31:3iiii-350. 
1910.. 

78. Sydenetricker, V. P., A. R. Kelly and J. w. Ifeaver. Aribo- 
flavinoois with special reference to the ocular oani- 
festations. Southern Medical journal 3ljjl65-170» 19hX* 

79. Sydenstricker, V. P., IT. H. aebrell, M. H. Cleckley and R« B. 
Kruse. Ocular Eionifestatione of azlboflavinocio. 
Amcricaii Medical Association journal Hut21*37-21^5. 19it0. 

80. totter, j. 1. and P. L. Bay. Cataract and other ocular changes 
resulting from tryptophans deficiency, journal of 
Nutrition 2li:l59-l66. 19^2. 

81. Waisman, 1. A, Production of riboflavin deficiency in the 
monkey, froceedings of the Society for Esperiissntal 
liology and Sediciae. 55s^9*-71. 191*1*. 

82. Warburg, 0. and t7. Christian. Ueber ein neues Oxydations- 
feraent und sein Absorptionsspelcts'uEi. Biocheoische 
Zeitschxift 25i4:li3B-^58. 1932. 

83. Warkany, j. and E. Schraffenberger. Congenital malformations 
induced in rats by materaai nutritional deficiency W. 
The preventive factor. Journal of Slutrition 27tk77*48l4. 
1914. 

81*. miliasja, R. D., B. X. Mason,, p. t, Cwick and H. M. Wilder. 
Observations on induced riboflavin deficiency and the 
riboflavin requirement of san. journal of Nutrition 25: 
361-377. 191J3. 



82 

APPEHD1X 



83 

DIRECTIONS FOR THE EXPERIMEOTAL SUBJECTS IN THE 1950 STUDY 

A. The study will begin officially on Saturday, A.M. April 8 be- 

tween 6:15 and 6:30 A.M. Each person will report to the 

laboratory at that time daily* If all goes well, the exper- 

iment will end with the completion of analyses on May 8, 1950* 

B. The study will be divided into 2 parts of 15 days each. 

Period I. Supplements of crystalline thiamine will be given 

each day to bring the total thiamine intake up to 

the recommended allowance of the National Research 

Council, The basal diet will contain 300 micro- 

grams per 1000 calories. 

Period 11, The basal diet will not be supplemented this period* 

Bach person will, therefore, receive 300 micrograms 

of thiamine for every 1000 calories consumed* 

The total daily ascorbic acid intake will me&t the National 

Research Council Raeominended Allowance. 

C. The basal diet contains about 1000 calories. No foods (except 

coffee or tea without cream and sugar) will be allowed ad 

libitua* 

D. Blood samples will be taken daily* 

E. Urine collections for 2U-hour periods will begin after the 

first voiding can the first day and will include the first 

voiding on the following day. Xbu will preserve one-half 

each collection with 2 per cent, by volume, of glacial acetic 

acid. This preservative is stable. 



&* 

F. 9o not take aspirin, vitamin pills or any medicine during the 

course of the entire experiment. 

(Subject HHY is taking some medication and supplements 

by prescription and although her regime will not be the 

same as the others, it will be recorded throughout the 

study.) 



DtHBCTIOHS FOR fEE EXPEEIMEroAL SUBJECTS W  THE 1951 SSUBT 

A. Tho study Tdll begin officially on Frid^r, A.M. jan«aiy 19 

between 6:15 and 6:30 A.M. Each person will report to the 

laboratory at that time daily. If all goes well^ toe exper- 

iHent will end •Bith the c©Ei>letion of analyses on Simday, 

February 18. {For Rachel Bube and Mei-ling Wu, on February 

19.) 

B. The study will bo divided into 2 parts of 15 days each. 

Period I. Supplements of ei^stallin© thiaainG Tdll be given 

each day to bring the total thiaaino intake up to 

the recoHiaended allowance of the national Research 

Council. The basal diet will contain 300 Mcro- 

graras per 1000 calories. 

Period II. The basal diet will not be supplemented during 

this period. Each person will, therefore* re- 

ceive 300 aicrograms of thiamine for evexy 1000 

calories consumed. 

The total daily ascorbic acid intake irill aeet the National 

Research Council aecommended Allowance. 

C. The basal diet plus 2 units contains about 2000 calories. Wo 

foods (except coffee without eraaa and sugar) will be allowed 

ad libitum. 

D. HLood sainples will be taken daily. 

E. Urine collections for aU-hour periods will begin after the first 

voiding on the first day and vTill include the first voiding on 



m 

ths following daj. You till presorva ©ach colloctioa with 2 

per cent, togr volime, of glacial acetic acid. This preserv- 

ative is stable. Please use taapone to prevent contamination 

of urine -ftith. blood during menstrual periods. 

F, Do not take aspirin, vitamin pills or any medicine during the 

course of the entire experiment. 
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STATISTICAL ANALYSES 

SEHiAL CQWBLUSXM 

The serial co;m*lation is a method of testing the raadoamess of a 

m% of observations. She serial correlation coefficient is the corre- 

lation coefficient between adjacent observations such as the yields of 

adjacent plots or the observations made at adjacent time periods, let 

s^, xg, ..., % bo the I observations of a sseaple, where % is th© i*" 

observation, fhe serial corralation coefficient of this eanpl© is 

p , I(x\-Z)(Xi-n »x) , Ixixui -(It)/hi 

The serial correlation coefficient measures the randoBiness of a 

sequence of observations. It ranges from -1 to+1. A high negative 

serial correlation coefficient indicates that the observations go 

above and below their mean too frequently. A Mgh positive correletiea 

indicates that the observations follow a dowrerard or ugmrd trond. A 

low coefficient indicates randomness. 
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TABLE OF % MD 152 POIEPS OF DISfKIBUTIOl OF SERIAL 
COEFFICIENTS OF MM Siy^PLES DMM mm Wmk% 

POPOLATIOM 

B 
!feset3 lire tail Fofsitive tail       1 
1SS 5% 5^ 1$ 

0.297 5 -0.798 -0.753 0.253 

6 -0.863 -0.708 0.3U5 0.M*7 

7 -0.79* -0.67lt 0.370 0.510 

8 -■H0.761t ^0.625 0.371 0.531 

9 -0.737 -0.593 0.366 0.533 

10 -0.705 -0.56U 0.360 0.525 

n -0.679 -0.539 0.353 0.515 

12 -0.655 -0.516 0.3i46 0.505 

13 -0.63U ^0.1*97 0.31*1 0.1*95 

111 -0.615 -0.1*79 0.335 0.1*85 

15 -0.597 -0.1*62 0.328 0.1*75 

20 -0.521* -0.399 0.299 0.1*32 

25 -0.1i73 -0.356 0.276 0.398 

The $% and 1# points are used for 10$ and 

significance levels for two-tailed tests. 
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SERIAL GORRELATIOM 
(1950 STUDY) 

SUBJECT Mm 

First Period 

Total Riboflavin 

The correction tern =(2hM) - 69.85U5 
10 

R= 70.7860 - 6?.85{4 = 0;^ = 0#6l6 
71.3659 - 69.85U5    Om 

Free (+fW) Riboflavin 

The correction term = (2i2E) = 9.9800 

R = 10.H7fe - 9.?800 = Q,im = 0.620 
10.2017 - 9.9800     0.2217 

Second Period 

Total Riboflavin 

The correction term = (32.70)  = io6.9290 
10 

107.5576 - 106.9290  0.6286  v  ^ 

Free (+FMEr) Riboflavin 

The correction te*ai - (9.66) _ 9,3316 
10 

tt     9.6066 - 9.3316       0.2750     ""•"'^ 
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SEEM, COREBLATION 
(X950 SflTOY) 

SUBJECT KD 

First Period 

Total mboflavin 

The coxroctioa term -(Z?^)2- 73.3326 
10 

» _ 73.U81S - 73.3326 _ 0.lk92 _ Q AAO 

Free (+FMH) Riboflavin 

Th© correction tera - (12»Q?) _   Ui.WtSO 
10 

R= iM?oo 11^W0 = Q'0^29 = 0.120 
Ui.7?86 - Ut.UUSO  0.3506 

Second Period 

total Siboflavin 

The correction term - O1*^)  _ 101.2512 
10 

K ~ 101.9866 - 101.2512     0.735U 

Free (+Fm) Eiboflavin 

The correction term = ^ii^  = ih.SBlB 
10 
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SERIAL GomBLAf ION 
(1950 SfUDI) 

SUBJECT sm 

First Period 

Total Riboflavin 

the correction term -^M?!8) =  232.1312 

R=: p}.MS - 232.1312 = 1.7103 =0<331 
237.2916 - 232.1312     5.1601* 

Free (+fW) Riboflavin 

'She correction tera = (32.06) =  11U.2OU8 
9 

ft - llk.ti5Q9 ~ m.20lA8 _ 0.21*61 _ n 9no R " llf^oS - Uli.2Qlib " 10730 - 0-209 

Second Period 

Total liboflavin 

The correction term - ^BJS^) = 330.8550 
10 

B = 330.8021 . 330.8550 =.-O.Og29 = ^.ol45 
332.0330 - 330.8550  1.17^0 

Free (+FjaN) Riboflavin 

The correetioa term = to$')$)   = 125.71*12 
10 

w- 125.7388 - 125.7ia2 _~0.002i; _~ ^^ 
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SWIM, CORHBLATIGN 
(1951 STUDY) 

SUBJECT MLW 

First Period 

Total Biboflaviii 

fhe correction term — ^MJ^) «- $1.312k 
10 

H = ^7.^53 - S7.312U = 0.2329 = n «, 
^7120 - 57,312^     KmS        ^* 

Fre© (+affif) liboflavin 
2 

ThQ coarrection torn = ^1^3) = 5.9598 
10 

R - 5o953l ■* 5*9598 _ *0>Q017 _ ^ mC 

Second Period 

Total KiboflaviB 

She corr©etion tern = ^ILlH^ = 76,8953 
10 

i* = 76.8980 - 76.e?53 _ fiaCOgT, _ n n^ 
*     77^0331^70953     (Hr^ 

Fre© (+FDM) Bibollavia 

fhe correctioB texm = ^^5^ =  14.3560 
10 

A - k.335l " ^,3560 _ «0.0gQ9 _ ^ o^h 
SJ3Hf^T35So     o^^I 



SEKEAL COfflBLAHON 
(1951 SfUDY) 

SUBJECT Htt 

First Period 

Total Kiboflavin 

Th© oorrsetion term = Qfrffl   = 1OU.O708 
10" 

ft = 10U.Q205 - lQli.07Q3 _ 0.0503 _ 0 078 
I^4.71U8 * lOluOTOi'     Ol^liO ~   * ' 

93 

tm® (+fm) Eiboflavln 
\2 

Th© correction tera = ^iEsH^ = 23 ^$hh 
10 

m - 23.7772 « 23.65^ _ £^23 _ A ,lQft ft - 23^010 - 23.^3 " ^2ES5 " 0-m 

Sdieond Period 

total Eilboflavin 

?h© corr©ctloa t©m QSa!iZ> = 125.8121 
10 

i-fflfcrnst'-m-*-1* 
Free (-HSffil) Siboflavin 

fhe correction teym = ^i^2^ = 17»9560 
10 

ft    18*0075 ■> 17^560 _ 0.0515 _ n iin7 
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SERIAL COBBEtmOH 
, (1951 STWY) 

SUBJECT GAS 

First Period 

Total Riboflsvin 

Th© eorreotion tern = (?9»$^ =  81i.3322 
10 

ft - 8U.li0^9 > 8itt3322 _ O.Q727 _ Q 10O 
85-.Oli38VMi.3322     cTjll^ 

free (+Mf) Eiboflavin 

She eorrecUon temi = ^M^) =   30.7652 
10 

RaB ^0.6290 >?0.7652 = -0,1^2 = ^^^ 
31.1320 - 30.76^2       o3bS8 

Second Period 

Total Eiboflavin 

The correction term = (???^) =. 87.73i4» 
10 

87.8tt82 - 87.73UU       otuIH J 

Fir©© (+fffl) Siboflavin 

The cosrectlon term = (^•^) _   21.9632 
10 

E = 21.8203 > 21.^2 =>0Tllf2? = ^ ^ 
22.2678 - 21.9632       0.30U6     ""•i,ojr 



SERIAL COBELATIOH 
(1951 SfODI) 

95 

smaECf nm 

First Period 

Total Blbofl&'vin 

The correction term = (Sgjjl) ^ 51,5714 
10 

= 51.6907 r $i«$7kk = Q.II63 = 0.279 
51.9919 - 5l«57Wi    0.i4l75 

Frt© (+FMI) Ribofla^a 

The correction tarn = ^z^) = 2.S568 
10 

R=fc&rltiil" itiH*=0,566 

Seeond Period 

Total liboflavin 

Ihe correction ter® = ^Sk*!!^ - 61.6529 
10 

- 61*6529       0,3286 

FrG® (+IM) Biboflavin 

'Sins corrsetion teim = >H*^v  = 1.9272 
10 

R = 1.9y - 1.9272 = 0.0036 = o,^ 
2.03^3 - 1.9272  0.1071 



Table 20 

ANALISIS OF VARIANCE CALCULATIONS 

SEROM KTBOFLAVIB (FREE + FMN) OF THREE SUBJECTS MAINTAINED ON A CONfRGLLED DIET 
BHH WO LEVELS OF THAMINE INTAKE FOR 15 DATS EACH IN 1950 

Preliminazy Calculations 

(1) (2) (3) a*) (5) (6) 
Source 

of 
Variation 

Total 
of 

Squares 

No. of 
items 
Squared 

Observa- 
tions per 
Squared 
Item 

Total of Squares 
per Observation 

(2) - (1*) 

Sum of 
Squares 

(5)-correction 

Correction l<£92.526ii 1 51* 196.1579 0 

Diet 5296.3650 2 27 196.1617 0.0038 

Person U828.509lt 3 18 268.2505 72.0926 

Sub-class 2lali.5932 6 9 268.2881 72.1302 

Individual observations 271.0332 5U 1 271.0332 7l*.8753 

Day U79.9806 9 6 196.6631* 0.5055 

D-d, sub-class 593.81*51* 18 3 197.91*85 1.7906 

P-d, sub-class 538.1*932 27 2 269.21*66 73.0887 

Ox 



Table 20   (continued) 

Analysis of Variance 
Variation 
Due to: 

Sum of Squares Degrees 
of 

Freedom 

Mean 
Square 

Remarks 

Diet 0.0038 1 0.0038 Not significant 

Person 72.0926 2 36.0U63 Significant 

Day 0.5055 8 0.0632 Hot significant 

Diet vs. person 0.0338 2 0.0169 

Diet vs. day 1.2813 8 0.1602 

Person vs. day 0.i#06 16 0.0307 

Error 0.1i677 16 0.0292 

Total 7k.8753 53 

-sj 



Tabl©   21 

MALYSIS OF fAKMCS Ci&GTJMfIOHS 

SSBM. M10PM¥IH (fOfAL) OP fHEEE SUBJECTS MIKAliSD OM A COITEOLLEB DIEf 
m.TE m> JMVELS OF nmmim HTME FOR 15 MIS EACH IH 1950 

PrellmiBars ' Caleiilati 

<3) 

OSS 

a) (2) 00 (5) (6) 
Source 

of 
f&sdatiea 

'i'otal 
of 

Squaa^s 

Mo.    of 
items 

Sqiiared 

Observa- 
tions par 
Squared 
Item 

fotal of Squares 
per Observation 

(2) -5- (h) 

Swm of 
Squares 

(5)-eorrection 

Corz^ctim 5005^.1129 1 60 83!u25l9 0 

Diet 2S23U.6177 2 30 81a.l539 6.9020 

Person 18138.0569 3 20 906.9028 72.6509 

Sub-class 9lli3.5365 6 10 9111.3537 80.1018 

Ihetividi*nl observations 925.2525 60 1 925.2525 91.0006 

Dagr 5016.838I 10 6 836.1397 1.8878 

D-d, sub-class 25U7.2291 20 3 81*9.0761* Ilu82li5 

P-d, sab-elass 1820.5369 30 2 910.2685 76.0166 

co 



fable 21 (continued) 

Analysis of farianee 
1 Variation 

Due to: 
Sum of Squares 1     Degrees 

Freedoa - 

Mean 
Square 

Eemarks 

p&et 6.9O20 1 6,9020 Significant 

Person 72.6S09 2 36.32SS Significant 

pay 1.8878 9 0.9098 Hot significant 

piet vs. person 0.5li89 2 0.2745 

Diet vs. day 6.Q3U7 9 0,6705 

P&rson vs. ds^ l.i*779 18 0.0821 

Err<ff l.h9Bk 18 0.0832 

total 91.0006 59 

... 

NO 



fable 22 

M&LXSIS OF VAKEAICB CALCUUTIQMS 

SERIM ECBOPLAfll (FRBB+FMB) OF FOUH SUBJSOfS MIOTAHSB OM A GOMTHOLLID ©IK 
mm ftO LWELS OF THIAMIHE IUTAIE FOR 2$ MIS EACH IM 19£l 

PreliEiinarF Galeulati ons 

CD (2) (3) (U) (5) (6) 

Soume 
of 

Variation 

Total 
of 

Squares 

No.    of 
items 

Squared 

Observa- 
tions per 
Squarsd 
Item 

Total of Squares 
per Observation 

(2) -=- (10 

Suua of 
Squares 

{5)-eorroction 

Correction 715S.W81 1 80 89 Mh 0 

met 3596.7685 2 itO 89.9192 0.1*758 

Person- 2163.8773 k 20 108.1939 18.7505 

Sub-class 1088.2865 8 10 108.8287 19.3853 

Ijidividual observations 110.1587 80 1 110.1*587 21.0153 

B^r 718.5863 10 8 89.8233 0.3799 

IMi, sub«=clasg 362.83li9 20 It 90.7087 1*2653 

P-^d, sub-class 217.9013 ho 2 108.9507 19.5073 

o 



fable 22  (eontinusd) 

imalygis of ¥arianc@ 
Dogrses 

of 
Presdoa 

fariation 
Du© to? 

Sum of Squares 
Sqxjare 

Eemarks 

Diet o.km 1 0,1*758 lot Significant 

Person 18,7505 3 6,^02 Sigaificant 

Day 03799 9 0,Gli22 lot Significant 

Diet vs, persoa 0.1590 3 0.0530 

Diet m» d^r 0Ji0?6 9 o,ol»55 

Person ve, day 0,3769 27 0.01^0 

Error 0,^36 27 0,0172 

Total 21,0153 79 

O 
H 



Tabl© 23 

MALISXS OP VAHIIIMOS CALGOMf I01S 

SUM PIH)BXA?I13 (TOflL) OP FOUE SUBJECTS MIHTAIHEB OH A COIfBQLLEB DIET 
WITH TGD LWEIS OP THIAMIBIE INTAS1 FOB 15 MIS EACH IB 1951 

Prslimnary Oalculati 

(3) 

ons 

(k) (1) (2) (5) (6) 
Sourc© 

of 
?ariation 

Total 
-of 

SqusLres 

Ho.    of 
itoms 

Squared 

1 

Obscnm- 
tioBs per 
Sqwnred 
Item 

Total of Squares 
per Observation 

(2) - m 

Sum of 
Squares 

C5)-Gorrection 

Correetioa 50895.3600 80 636.1920 0 

Diet 2$h9h.7250 2 ko €37.3681 1.1761 

Person 129$$.1&9Q k 20 6ii7.9095 11.7175 

Sub-clase 6h93.BkhO 8 10 6ii9.38lilt 13.1921* 

Indi-rtdual observations 6$2.53h2 80 1 652.53142 16.31*22 

Bagr $G9$.1670 10 8 636.97^ 0.7789 

D-d, sub-elass 2$$6.km 20 k 639.1099 2.9179 

P-d, sub-elass 1298.8286 llO 2 61*9.10^3 13.2223 
o 
ro 



fable 23 (ccoatiaTcted) 

rsis of ¥aslance 

Bm® to? 
Sum. of Sqpassms B©ga?3©s 

of 
Frscdcsa 

[                     ESeun 
SqisarQ' 

Eemarks 

Diet 1.1761 1 1.1761 Sigaifieaat 

P©2p£©a 11*7175 3 3*90^8 Sigpifieaiit 

bar 0.778^ 9 0.0865 Hot sigaifieaat 

Met vs* person 0.2988 3 0.0996 

Diet vs* dsy 0*9629 9 0.1629 

Person^ vs* day 0.12$9 27 0.0269 

Error 0.6821 27 0.0253 

total i6.3it22 

p 




