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The study reported in this thesis is part of an investigation
designed to determine the metabolism of thiamine and riboflavin in
human subjects who were maintained on controlled diets, Part of this
investigation was made during a 30-day experimental period in 1950
and the other part, during a 30-day experimental peried in 1951, In
the studies of both years, the subjects were maintained on a diet
which was adequate in all nutrients except thiamine and riboflavin,
With respect to thiamine, each of the 30-~day studies was divided into
two experimental perieds of 15 days each, During the first 15-day
period, the National Research Council's recommended allowance of
500 meg. thiamine per 1000 calories per person per day was tested
and in the second period, each subject received 300 mcg, thiamine
per 1000 calories daily in the diet. The daily intake (about 1.2 mg.)
of riboflavin was constant throughout the whole study.

Abstract approved

This thesis is a report of the riboflavin phase of the study
only.

Four women were selected as subjects for each year's 30-day
experiment, In general, they were healthy throughout the entire
period of the study.

Daily miero determinations of the concentration of free (+FNN)
and total riboflavin in the serum and daily macro determinations of
riboflavin excreted in 2L-hour collections of urine were made,

Based on the results of the studies of both years, the mean
concentration of free (+FiN) serum riboflavin for seven subjects
(data for one subject were omitted) was 1.43 and ranged between
0.h7 to 3.50 meg. per cent regardless of the different levels of
thiamine intake; the mean concentration of total serum riboflavin
was 3,22 and ranged from 2.36 to 5.30 mcg. per cent,



The mean concentration of free (+FilN) riboflavin in the serum
was slightly, but not significantly lower on the period of re-
stricted thiamine intake., The mean concentration of total ribo-
flavin increased O.L3 meg, per cent in the period of restricted
thiamine intake; this increase was statistically significant.,

This phenomenon may have been due to the effect of thiamine on the
utilization of riboflavin in metabolism; i.e., a decrease in
thiamine intake reduces the requirement for riboflavin and is
reflected in an increased concentration of riboflavin in the serum,

The statistical analysis indicated that the variation among
individuals in serum riboflavin concentration is statistically
significant, There was no significant day-to-day variation in the
riboflavin value in serum during the period of study,

The mean daily urinary excretion of riboflavin of three
subjects (data for one subject were omitted) in the 1950 study was
382 meg. per day, and that of four subjects in the 1951 study,

376 meg. per day. The riboflavin output was about 32 per cent of
the ingested vitamin in both years! studies, The riboflavin
excretion per gram of creatinine ranged from 248 to L7k meg.
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THE CONCENTRATION OF RIBOFLAVIN IN THE SERUM AND URINE OF HWAN
SUBJECTS ON A CONTROLLED DIET

CHAPTER I

INTRODUCTION

The estimation of nutritional status with vespect to riboflavin
has been madc mostly by the evaluation of urinary excretion of ribo-
flavin in 24-hours, onc<hour during fasting, and in response to a
tegt dose. Oaly av feow cstimations of riboflavin have been made on
blood. Axclrod, Spics, and Elvehjem (19h1) reported that there was
no difference between the concentration of riboflavin in whole
blood in normal subjects and that in deficicnt subjects. Strong
et al, (1941) determined the concentration of riboflavin in the
whole blood of the human, the rat, the calf, the dog, and the hog,
Thaey found that the concentraticn of riboflavin in the bloed of
human beings on an wnrestricted diet was 0.L49 mege per ml. of whole
blood; that the concentration of riboflavin in the whole blood of
the rat and of the celf was about the same as in the human, but
that in the dog and the hog it was twice as high. However, the
information concerning riboflavin levels in blood as indicative of
the nutritional status in regard to this vitamin is incomplete,

The micro-method, proposed by Burch, Bessey, and Lowry (1948),
for the dotermination of riboflavin in serum, has made it possible
to extend the studies on riboflavin in blood. They showed that the
free and combincd forms, FI (flavin-mononucleotide) and FAD (flavin-
‘adenine-dinucleotide), could be determined by this method. Based on



2

upublished data, obtained by Holt, for a few subjects, deficient in
riboflavin, Burch and her coworkers suggested "that the total
riboflavin in man may be too stable te be of value, but that the free
serum riboflavin may prove ugeful as a measure of nutritional
status,"” |

The ﬁurpose‘of the investigation reported in this thesis was to
dotermine the daily concentration of free (+FI) and total ribo-
flavin in the sorum and the daily cxcretion of riboflavin in the
urine of normal women subjects on a controlled diet with an adequate
intake of this vitamin. The relationship of thiamine intake to the
riboflavin concentraticn in the serum was also observed, The intake
of riboflavin wac constvant throughout the experiment, but as far as
the thiamine intake was concerned, the experiment was divided into
two periods: during the first period the subjects received the
amount of thiamine (500 meg. per 10C0 calories) recommended by the
Food and Nutrition Board of the National Research Council, and during
the second period the subjects received 300 meg. of thiaming per
1000 calorics,.



CHAPTER XI

LITERATURE REVIEW

HISTORICAL BACKGROUND

Riboflavin, which formerly was designated as "vitamin G" by
American biochemiste and as "vitamin By" by British and Germen
workers, is a water-scluble, yellow pigment with green flucrescence
(Boohor, 1933, and Chick, Copping and Roseoe, 1930). The first
chemical research was carried on in 1879, when Blyth reported that
he obtained a yellow-grsen fluorescent pigment inm whey and called
it lactochrome.

Barly in the 20th century nutrition research was begun on
animals. Osborne and Mendel (1913) 'reco-gﬁi‘zed a water-solubie,
growth.-prqmiotmg substance in milk, and McCollum and Kennedy (1916)
narced one of those rat growth-p'romoting factofs "water-gsoluble BY,
At t-.ha{'. time it was uncertain whether the water-soluble, growthe |
promoting subatance effective for rats and the antisberiberi
vitamin were identical. In 1919, Mitchell pointed out that it was
doubtful that the factors for the maintenance of 1life an& growth
and for the prevention of multiple neuritis were identical. In
1920, Emmett and Lures found that these factors were not equally
susceptible te destruction by heat, and further investigations
confirmed their findirgs. Vitamin G, or By, was designated as a
heat-stable fraction of the vitamin B-complex (Smith and Henrick,
1926, and Sherman, 1926),



&

A concentrate of yellow-green fluorescent pigment wag obtained
by Bleyer and Kallman (1925), and also some of its properties were
determined,

In 1926, Goldberger and Lilliet's experiments with rats produced
& deficiency syndrome whichk resembled human pellagra. Although this
syndrome had been considered to be caused by the lack of the pellagra
preventive (P-P) factor, Goldberger and Lillie proved it to bs
largely due to riboflavin deficiency,

A mothod, using the ret es the experimental animal for the
determination of vitemin G in various materials, was proposed by
Bourquin and Shormen (1931), It was used extensively for testing
the potency‘of.foods and pharmaceuticals, The potency was expressed
as the "Bourquin and Shermen unit"®, each wit equalling 3 meg, of
riboflavin,

TWarburg and Christian (1932) obtained a yellow oxidation
enzyme from yoast and also found that thig enzyme possessed a
protein and a pigment component., The latter component was the
chemically aective group of the enzyme. In the next year Ellinger
and Koschara (1933), Booher (1933), and Kuhn, Gyorgy and Wagner-
Jauregg (1933) isolated the pure form of the yellow-green
fluorascent pigment from different materials, such as milk, liver,
kidney, urine, muscle, yeagh, and egg white; and found this yellow
pigment to be related to the Warburg and Christian yellow enzyme,
to a water-soluble rat growthepromoting factor, and alsc to vitamin
G or Bp. The chemical group name of "flavinsg" was suggested for

this pigment and the prefixes ova-(from egg), lacto-(from milk),



and hepato-(from liver) to indfeate their origins.,

Tubm ot al. (1935) and Karrer et al, (1935) independently
synthesized the vitamin and found the activities of the synthetic
vitamin to be identical with those of the maturally occurring
vitamin,

Sebroll and Butler (1938) first deccribed induced human ribe-
flavin doficiency due to the intako of a diet deficient in riboflavin,

. PHYSIOLOGY OF RIBOFLAVIN

Enzymatic activities

One of the most important known functions of riboflavin in
living tissue is its participation in enszyme systems which regulate'
cellular oxidations., These enzyme systems are associated with
intermediate enzymatic action in carbohydrate, amino acid, and/or
fat metebolism, Warburg and Christian (1932) first reported an
engyme which contained riboflavin, It was known as the "Warburg
and Christian yellow enzyme", and was concerned in the oxidation of
hexose~phosphoric acid, Riboflavin was also reported to be present
in the enzyme systems of awino acid oxidase, xanthine exidase, and |
succinic acid dehydrogenase (Axelrod and Elvehjem, 19Ll).

Blood regencration | |

Gyorgy 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 §£ 1.7 to 10,0 mg.,
or 0.1 to 0.5 mg. per kiiogram of body weight, definitely gained in
hemoglobin., Spector et al. (19L43) produced anemia in dogs by



feeding them & gymthetic diet devoid of riboflavin, and brought
about recovery by administretion of riboflavin., Waisman (19Lk)
roported enemia in monkeye as one of the resvlts of a riboflavine
deficient diet, since erythrocyte and hemoglobin levels fell to
ancmic stage shortly after the appearénce of the dermatitis. Om
the other hand, Sebrell and Onstott (1938) found that anemia
occurred frequently in riboflavin-deficient dogs but did not
respond to riboflavin therapy. Keys et al. (19Lh) failed to
obtain any signs of anemia in the young men who were on a diet
containing as little as 0.31 mg. of riboflavin per 1000 calories
per day for 84 days.

Visual function

FPinding riboflavin deficiency associated with dimmess of
vision, impairment of visual acuity, and photophobiez, Heiman
(2942) suggested that riboflavin may function in cone vision as
carotene functions in rod vision. He polnted out that riboflavin
is concerned in the visuel process by its functions and property
as follows:

1, its function as an oxidation-reduction enzyms,
2. its property of fluorescence,

3. 1its power to intensify weak light stimuli, and
L, its orotective effect ageinst excessive light,

Factor for normal growth

Many investigators have found that ribeflavin is a growthe
promoting factor. Bourquin and Sherman in 1931, in a study of

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



an increased inteke in the amount of vitamin G, there was a
proporticnal increase in body weight. In young chicks, prolonged
partial riboflavin deficiency led to "curled toe" paralysis and
Gdystonia.

Warkany and Schraffenderger (19h4), in their studies on rats,
used a bagsal diet containing yellow corn meal 76, wheat gluten 20,
caleiwn carbonate (C.P.)3 2nd sodium chloride (C.P.) 1 per cent.
This diet was supplemented by 60 I.U. of vitemin D ag yiosterol
every 10 days. They found congenital malformationg of the off-
spring of rats when the maternal basal diet was supplemented with
the vitamin Becomplex excluding riboflavin, They alse showed that
when the maternal diet was supplemented with riboflavin, the
congenital malfommations were prevented; however, supplements of
thiamine hydrochloride, niacin, pyridoxine, and calcivm pantothenate

were not preventive,
ASSESSIMENT OF THE STATE OF WUTRITION WITH RESPECT TO RIBOFLAVIN

Clinical examination

Bye

Corneal vascularization was the first morphological manie
festation of riboflavin deficiency observed in rats by Bessey
and Wolbach (1939). The same symptom was noted in man by Kruse
et al., (1940). It was usually accompanied by photophobia,
lacrimation, and burning and itching of the eyss. Visual
fatigue, dimmess of vision, and a sensation of roughness of

the oyes wera also reported. As the first change in corneal



legion, it was noted that capillaries of the limbus arising
gt the temporsl and/or nesal side of the anterior ciliary
vessels extended inte the superficiol layors, and anastomosed
to ferm ticrs of loops. The corneal leesion consisted of the
injection and proliferation of the vessels of the limbus and
in the early stages ecould be seen by the aid of & s1it lamp
or other ingtrument. Later c¢ircumcorneal injection was vi.si-
ble. Superficiazl ulcerations and both superficial and inter-
stitial opacities, of the diffuse or patchy type, of the
coynea might alse occur. Sydenstricker, Sebrell, Cleckly
and Krusc (19L0) also found bicpharitis, conjunctivitis,
iritis, and comcal vascularisation in thoir patients. They
doscribed the lids as red, swollen, and matled togethor with
a sticky oxudate.

Some of the carly investigators considercd corncal
vascularication as a specific evidence of riboflavin deficiency
and reported this nutritional disorder as based on slight
changes of the blood vessels of the limbiec plexus. However,
in other cases, it was shown that this syndrome was also caused
by other dietary deficiencies or excessges, and by many types of
trauza and infection, Totter et al, (1942), Albanese and
Busehke (1942), and Albanese, Randall and Holt (1943) reported
that ocular lesions in rats were produced by a tryptophanc=
deficient diet. Bessey and Wolbach (1939) observed corneal
vascuiarization :’m vitamin-A deficiency in rats. Totter et al,



(1942) demonstrated that a lysine-deficient diet also

caused a2 similar syndrome. An intake low in sodium (Follis
et al., 1942) and low in zinc (Follis et.al., 1941) and large
doses of nicotinic acid (CGregory, 1943) were reported as
causing corneal jesions.

Based on resulits obtaineé in & nutrition survey, Anderson
and ¥ilam (1945) reported that there was no correlation be-
tween the dletary intake of riboflavin and symptoms of corncal
vascularization,

Yany investigators, studying human beings maintained cn
dists presumably deficient in riboflaving have failed to
obtain the symptom of corneal vascularizatiom (Sebrell and
Butler, 1938 and 1939, and Tilliums et al., 1943). Pett (1943)
found that e large percentage of cases with this syndrome did
not respond to riboflavin therapy.

There ig good evidence that corneal vascularigzation was
produced by ridboflavin deficiency. This, however, cannot be
consideraed as the gole criterion of ariboflavinosis. I% has
been suggested that circumcorneal leslion may be considered a
sympton of ariboflavinosis only when the clear cornsa ig ine
vaded by capillarieé of the limbus., This invasion always
occurs bilaterally but not alwaye in equally advanced stages
in both eyes. The changes involve the whole circumference of
the cornea, Circumcorneal infection may not appear until a

late stage, when deep vascularization and corneal opacities
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occur, This circumcorneal lesion responds to ribofiavin
therapy within a few days (Parsons, 19LlL).

Cataract was reported produced by riboflavin deficiency
in rats, mice, chickens, and monkeys by Day et al. (1931 and
1934), 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 demenstrated,

Mouth

Cheilosis, one of the symptoms caused by riboflavin
deficiency has been reported by many workers (Sebrell and
Butler, 1938 and 1939, and Sydenstricker, Kelly, and Weaver,
19h1). In general, the lesions of the lips begin at the angles
of the mouth as small, red, painful spots, macerating and
figsuring, %The 1lips appear dry and chapped, and shallow ulcer-
ations and erusting may occur in severe cases., The lesions are
usually covered with yellowish crusts, When the crusts are
removed, a reddish non-bleeding surface is apparent,

Lesions of the mouth in themselves cannot be considered a
epecific 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,
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1942 and Smith and Martdn, 1940). Jeghers (1943) 1listed other
possible causes: the effects of lipstick, dental plates,
chewing gum, mouth washes, cigarette holders, throat lozenges,
reeds of nusical instruments, and sun exposure,

The condition of the tongue also indicated riboflavin
deficiency. The epithelium over the papillae appeared flattened
and edematous. - The papillae took on 2 mushroom shape which
gave the surface of the tongue a granular appearance. Pain, a
burning sensation of the tongue, and even difficulty in
swallowing sometimes rosulted. With this syndrome the tongue
became purplish-red or magenta in color, due to filation of the
capillaries, with stagnant blood under the changed épithelium
(Jeghers, 1942).

Skin

A fine, scaly, slightly greasy desquamation on a mildly
erythematous base in the nasolabial folds, on the alae nasi,
in the vestibule of the nose, and on the cars was found in
women 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 ioss of
weight (Street et al., 1941),

Biochemical or physiological tests

Studiecs on urinary excretion of riboflavin
2li-hour excretion

Daily urinary excretion of riboflavin was thought by many
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investigators to be indicative of the nutritional status with
respect to this vitamin. In nommal persons the 2l-hour ex-
cretion of riboflavin reflects the distary intake of this
vitaming the amount has been found to be about 150 to 2,000 meg.
daily. If the diet has remained relatively constant at either
low or high levels, the excretion is indicative of tissue
depletion or saturation. In a study on two S-year-old boys,
Oldham et al. (19L4L) found that & constant exeretion of 105 to
117 meg, of riboflavin indicated an adequate intake for these
childrea, Sebrell, Butler, Wooley, and Harris (1941) in a study
of normal adults suggosted that the excretion of about 200 meg.
in 2l hours was the lower limit of normal, and Copping (19h5)
considered that an excretion of less than 200 meg. in 2Ly hours
indicated an inadequate intake. However, in 1945, Hagedorn,
Kyhos, Cermek, and Sevringhaus noted that men, who x'o.r' 2 years
or more had been eating not more than 0.5 mg. ribeflavin per
day, exercted 50 to 120 meg. daily, and gave no physicel
indication of riboflavin deficiency. Najjar and Holt (15L1)
stated that the 2h-hour output of riboflavin reflected only
the immediate dietary intake, bubt was not an accurate measure
of nutritional status with respect to riboflavin,

Horwitt ot ale (1950) suggested that a 2l~hour urinary
excrotion of less than 100 meg. of riboflavin indicated that
the recent diet provided lecs than the minimum roquirement of
this vitamin, They comsidered that an excretion below 50 meg.
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por day showed that the individual had been on a diet deficient
in riboflavin for some time,

Load test

Another method of cbtaining information on tissue depletion
or saturation of riboflavin ie the use of o tost dose, usually
administered either orally or parenterally., Oldham o% al. (194l)
in a study on children suggested that the return of 20 per cent
of & test dose indicated a satisfactory nutritional status with
regard to riboflavin, DPeder, Lewis and Alden (194hL) suggested
that a return of 35 per cent of the test dose indicated a
normal retum, In 1946, Davis et al., in a study of 12 women
subjects, found that only 4 of the 12 reachzd 20 per cent return
of the test dose; one of the four had 35 per cent return; and
their average finding for the normal subjects was about 15 per
cont,
Fagting excretion

Excretion of riboflavin in one hour during fasting has
been considered a good means of agsessing nutritional astatus,
with respect to riboflavin, by many workers (Holt and Najjar,
1942, Johnscn et al., 1945, and Kark et al., 1947). They
suggested that an excretion bslow 20 meg. during this period
of time is evidence of a deficiency state., Oldham et al,
(19Lky) suggested that a one-hour fasting excretion of 9 meg,
wag sabisfactory ovidence of adequacy of riboflavin intake for
the children. Davis et al. (1946) in their study of adult
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women found that the averege excrstion on a riboflévin intake
of 290 mcg. per 1000 calorics was 6 meg.; the excretion was
increased to 1l meg., when the riboflavin intake was increased
to 490 meg. por 1000: calories. The same value wus found vhen
the intake was increased to 660 meg. per 1000 célories.

Feder, Lewis, and Alden (19Lkh) suggested that oneshour
fasting excretions be calculated on a wnit volume bhasls, but
Davis et al., (19L6) reported that the per hour values were
more constant than the valucs per wmit volume.

Studies on blocd or bleod fractions

,Littlé 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 Flvehjem (19L41) reported that there was no difference
between the concentration of riboflavin in the blood of normal
and in deficient subjects. For nommal subjects the average
value was 0.42 meg. per ml., ranging from 0.35 to O.L5 meg. per
nl, Strong et al. (1941) found that, in nommal subjects on an
unrestricted diet, the concentration of riboflavin in whole
blood was 0.49 mog. per ml,

In'l9h8 s Bureh, Besséy and Lowry proposed a micré-method
for the determination of riboflavin in fractions of blood;
namely, gerum, white cells and platelets, as well as red cells,
They reported that for wellenourished adults the concentration

of free riboflavin in serum was 0.8 meg. per 100 ml., ranging
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from 0.3 %0 1.3 meg. per cent, the concentration of riboflavin
in the white blood cells and platelets was 252, ranging from
227 to 293 meg. per cend, and the concentration in the red
colls waes 22, meg. per 100 grams, ranging from 18.0 to 26,2
ncge. per 100 grams.

Estimation of psst dietary intake

Past dietary intake has usuvally been used in surveys on
nutritional status, Anderson snd Milam (1945) msade a survey of
nutritional statup among ehildren in Durham, Worth Garolina, They
took 7-day food intake records on each person and calculated the
average daily intake of various nutrients including yriboflavin.
They found ne correlation betwsen the riboflavin intake and the
incidence or severity of the cornecal vaseularigation.

Relationship between riboflavin and ereatinine excretion

Excretion of creatinine is presumed to be constant in normal
personc, averaging about 1 gram per 110 pounds {50 kilogrems) of
body weight. The amount of riboflavin excreted per day can be
roughly estimated from the amount of riboflavin excreted per gram
of creatinine, This method 45 convenlent when it is impossible to
collect specimens during fiwxed intervale; it may correct findings
in regard to size and age of individuals. The excretion of L0O meg.
or more deily, psr grem of creatinine, is considered normal, and an
excreticn of less than 200 meg. per gram of creatinine is unsatis-

factory (Aykroyd ot al., 1948),
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HUAN REQUIREMENTS OF RIDOFLAVIN

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 1941, 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 ade‘quate for an adult, In the same year,
Strong and co-workers (1941) studied the daily urinary excretion of
subjects on wnrestricted diets and found that the 2L-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.€., 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 3£udies » the Food and Nutrition Board of the National Research
Council (1941) 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, (19LL) studied
two S-year-old boys and reported that 0,53 mg, per 1000 calories
appeared to‘be an adequate amount for them, Williams, Masor;, Cusick
and Wilder (1943) 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, (194L) 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.(l9hh)‘pointed out that, judging
from urinary excretion throughout the period, there appeared to be

'a slow depletion of tissue stores in these men.,

From the previous studies, Copping (1945) suggested that 0.5
mg. of riboflavin per 1000 calories, or 0,029 mg. per kilogram of
body weight, or 1.5 to 2,0 ég. 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 (1945) revised the recommended allowance for
riboflavin to 0.6 and 0,7 mg. per 1000 calories for moderately
active women and men, respectively.

Davis et al, (1946) 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 ¥illiams et al., (15L43).

In 1948, the Food and Nutrition Board of the National Research
Couneil 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

recomnended allowance should not be based on the caloric consumption



18

but rather cn weight or some function thereof., Therefors the recom-
mended allowance of riboflavin iﬁ adulis was revised te 1.5 mg. for

women and 1.8 wg. for men per day.
FACTORS AFFECTING RIBOFLAVIN REQUIREMENT

Many factors have been reported as affecting the requirement
of rivoflavin., The synthegis of rivoflavin by intestinal fLlora,
depending upon the nature of the food, has been reported hy many
investigators, Hathaway and Lobb (1946) found that the urinary
excretion of riboflavin in subjects maintained on a dieﬁ of natural
foods was 2.8 times gresater than on a synthetic diet. NMannering et
al, (19hl) demonstrated that when carbohydrate, in the form of
dextrin. or cornstarch was used in the diet, rats needed less ribo-
flaving however, the substitution of sucrose, cellulose, or lard
did not have this effect., This experiment showed that dextrin or
cornstarch increased the intesiinal synthesis and, therefors, de-
creased the rivoflavin requirement.

Sarett, Klein, and Perlzweig (1942) foumd that the urinary
excretion of riboflavin by both dogs and rats showsd an inverse re-
lationship to the level of protein intake. The period of low
protein intake resulted in the highest exeretion of thls vitamin,
This might indicate that®, an increase in the protein intake inecreased
the amount of riboflavin required for metabolism. Sarett and Perle
gwelg (1943) demonstrated that the concentration of riboflavin in the

liver varied directly with the amount of protein consumed.
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The interrelationship of thiamine and riboflavin has bsen
demonstrated by many workers. Supplee et al. (1942) found that
thiamine was concerned in the mobilization of riboflavin from the
tissues to the liver., Sure and Ford (1942) found a marked increase
in the output of riboflavin in rats when the diet was restricted in
thiamine. Davis et al. (1946) showed that the return of the test
dose increased 'from 3.1 to 4.2 per cent from the period of an
éverage % intake of O.l4 to an intake of 0.20 mg. per
1000 ealories, Possibly, this phenomen;an indicated that an inerease
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 economy of utilization of food by rats, Sure and
Dicheck (1941) found that their control animals gained 56 to 1300
per cent more in weight than litter mates which were in & state of
riboflavin deficiency., The fat coutent of the rats showed the
greatest gain and the protein content a considerable ineorease, but
the change in ash content was too small and too variable to be
gignificant,

The active growing child, the pregnaﬁt or lactating woman, and
persons under physiologj.cal or pathological stress need a greater
supply of riboflavin (Wational Research Couneil, 19L8).
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CHAFTER IIX

EXPERIMENTAL

PLAN OF EXPERIVENT

The study reported in this thésis was plannéd to deterxﬁine the
nutritional status with respect to thiamine and riboflavin, using
adult women as subjects, |

The daily intake of riboflavin 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 (15 days) the thiamine intake
approximated 600 meg. per day.

In the 1950 study, the experiment began April 8, and ended
May 11, and in the 1951 study, it began January 19 and ended Feb-
ruary 17. The thiamine phase of the study was divided into two
periods. The first” periocd was of 15 days' duration and was
designed to test the National Research Council's recommended allowe
ence of 500 meg. of thiamine per 1000 calories per person per day.
During this period, each subjeet took LOO meg. of thiamine hydro-
ohloride every momihg before breakfast in order to meet the
recommended allowance, The second period was of 15 days' duration N
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 bee
cause during the first L4 days the Farrand fluorometer was erratic
8o the data for those days were not included,
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deterninations of the concentration of thiamine in the whole blood

and in the urine were made., The detailc of this part of the experi-
ment are not included in this thesis,

For the riboflavin phasc of the study, daily determinations of
the concentration of £roe and total riboflavin in sorum and of ribo-
flavin in urine were made, The creatinine exeretion was algo d@zex;-.-
mined daily,

- Daily fasting blood samples were cgllected each morning befom
breakfast from a finger .prick. Blood samples were collected for the
analysee of hematoorit, blood thiamine, and serum riboﬁ.avin, The
micro-method of Burch, Bessey and Lowry (1948) was used for de-
ternining free and total serum riboflavin. The daily riboflavin
excretion in urine was determined by the macro-method of Burxch,
Bessoy and Lowry (1948).

Collection of urine

The urine was collected for each 2h-hour period. Immediately
following cach voiding, the urine was measured and the volume
recorded cn the label on the bottle. In the 1950 study, the urine
was then divided into two equal parts. One part was preserved with
2 per cent by volume of glacial acetic acid and stored in a brown
bottle. The other part was stored in an ordinary plain bottlec withe
out a preservative, Both bottles were kept in a refrigerator or a
cool place, At the end of each 2h-hour period the two samples were
measured and the totol volumes recorded, Each sample was then

shaken to assure thorough mixing., The preserved urine was used for
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the thianine smd, riboflavin determinationg, and the wpregsrved _
panple was uged for the croatinine d@ﬁbemim%&on. »

Later exporimmmts showed that preservadion of urine with 2 per
cent by volume of glacial acetic acid had mo offect on ercatinine
dotermination. In the 1951 study, therefore, sach voiding was
preserved vith 2 per cent by velume of glosial asetic acid.
Collection of bleod

The daily fasting blood samples tere collected each moraing
before broakfast from a finger pricked with a Bard-Parker blade.

For hoematecrit determinatien fres flowing blood was collected
in Leinch lengths of 3 c.mm. diameter glass tubing whieh had been
treated with heparin, A 9mall vial was uged eor collecting tho
bloed o .be smalyzed for thimmine. The blood samplé for scrum
ribeflavin dotermination was celleoted in a small vial also, but
the blood could be squoczed or “milked®™ £rom the finger 4if necs
essary. Following the collcction of the sample for serum ribo-
flavin determination, the vials were covered with blaeck paper and
allowad to stand in a dark room for 30 minutes wtil elotbting hed
taken place., %Ths vials were then centrifuged at full speed in a
clinieal centrifuge for 15 minutes, and the serum was used for

analysis.
DESCRIPTION OF SUBJECTS

Subjects of the 1950 study

Four gradvate students, three from China and one from Horee,
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wero selected as subjects in this imvestigatien. Three of the
gubjects were apparently hormal and in good health and earried on
their ordinary school work during the time of the study. Subjoct
HHY had had an abdominal tumor removed a few months previously
and was undergoing S-ray trestment for prevention of cxcessive
scar tissue formation, At the time for the study she was nervous
and depressed, suffering ccecasional recurring pains in the lower
abdomen and lowey pard of the right broast. She was taking
mltipl@ vitemin pills and other medieal treatuwent under a doctor's
presceription, Despite this, sho had a good appetite and worked as
uguale

Age, height, weight and welght range for cach experimsntal
gubject is shown in Table 1.

Rable 1

AGE, HEIGHT, WEIGHT, AND WEICHT RANQGE OF EACH
EXPERIMENTAL SUBJECT IN THE 1950 STUDY

Subject Age | Height Yean Weight | Weight Rangé
yr. in, ib, 1b,

VIV 35 65.5 122 120,0~124.0

% 25 62.5 106 105.0-108.0

- |swer 2l 60 106 105,0-106.5

HIY 37 6L 128 126,0-129.5
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Subjects of the 1951 study
Four adult women served as subjects for the 1951 study. They were

all apparently healthy and carried'on their regular activities,
- Age, height, weight and weight range of cach .experimental subject
ig shown in Table 2. -

Tabie 2

AGE, HEIGHT, WEIGHT AND WEIGHT RANGE OF EACH
EXPERIMENTAL SUBJECT IN THE 1951 STUDY - .

Subjeé.'t | . Age Height | lean Weight mfei'gh£ Range
vyr. 1  in. T 1b, : 1b,
- MLW 35 | 65.5 122 121.0-1#3.5
HAL 31 €8 140 138.5-142.0
CAS hh 58.5 153 | 151,0-15L.0
RBD 29 - 62 105  102,5-106
DIET

A modification of the diet of Gifft and Hauck (1946) was used for
this study and it was adequéte in all respects with the‘ exception of
thiamine and riboflavin. The daily intake (about 1.2 mg.) of riboflavin
was econstant throughout the study. Fhe food wag analyzed for riboflavin
and thiamine and the results are shown in Tables 3 and L. The basal
diet contained about 1000 calories (Table 3), and additions to the basal
diet were planned in wnits (Pable 4). Bach unit contained about S00

calories, Each subject had freec choice in selecting the number of



Teble 3

COMPOSITION OF THE BASAL DIET

Food Amom;t Cgl;ries** gﬁimi;sz- -1?%3&1“?;; Protein®®| Fat™* Carbohydmte**
gm. neg. mege nege mneg. gne. . gle gm,
LMﬂk, evaporated - 100 139 75 75 336 373 7.0 7.9 9.9
4Cax'rots', canned 100 " 30 23 ll8 32 22 0.5 0.l 6.1
Beef; round 100 177 L7 77. 110 27 19.5 11.0 -
Wheat germ 6 2l 150 | 129 .20 1.5 0.6 3.1
Pears, canned 100 75 8 10 21 12 0.2 0.1 18.4
Peaches, canned 100 75 13 n éS ;18 0. 0.1 18.2
[6reen beans, canned 100 22 | 35 LS S7 67 10 | o0a k.2
lorange juice 166 80 100 121, | ph ] . 68 1.0 0.3 18.4
[cream of wheat 30 108 17 19 17 - 3.3 0.2 23.2
Egg, E.P. sk 96 L3 51 187 264 7.8 7.0 0
Cheese 30 120 15 1 161 18 7.5 9.7 0.6
Totals 946 526 | 576 | 1087 | 1082 K. | 37.4 102.5

# The thiamine and riboflavin values were obtained by -chemiéal'analyses in this laboratory.

## Values were calcﬁ_lated from the table of "Composition of Foods - Raw, Processed, Prepared," by Bureau of Human

Nutrition and Home Economics, Agriculture Ressarch Administration, Agriculture Handbook No. 8, 1950.




Table 4

UNIT ADDITION TO THE BASAL DIET

lF M Thiamine” TiToflavin® | . " n
Food Amcunt, Calories 1950 | 1951 1950 1951 Protein Pat, Carbohydrate
g, meg. BCE meg. mege | gm. gn. g
Biscuits 55 186 17 1 11 8 L.5 5.9 28,7
Cookies 48 211 i5 12 L3 51 2.9 6.1 36.0
utter 15 110 - - 3 L 0.1 12,2 -
ugar 10 10 - - - - - - 10,0
Totals 547 32 26 57 63 7.5 2.2 4.7
1950 1951

For 3 subjects:

Total riboflavin intake from food
Total thiamine intake from food
Total calorie intake from food

For subject HHY:
Total riboflavin intake from food
Total thiamine intake frem food
Total calorie intake from food

1201 meg. daily

~ 590 meg. daily

2038 daily

For all four subjects: -

Total ribvoflavin intake from food

Total thiamine intake from food
Total calorie intake from food

# The thiapine and riboflavin values were obtained by chemical analyses in this laboratory.

Wwon ol

1178 meg. daily
2038 deily

## Values were calculated from the table of "Compesition of Foods = Raw, Procossed, Prepared," by Bureau of Human Nutrition

and Home Economics, Agriculture Research Administration, Agriculture Handbook No. 8, 1950.

{
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units to supplement the basal diect Yo meet her personal appstite
and physiological needs, but the decision had to bs made during the
first three days, since it was necessary that the subjects eat a
constant amount of foocd throughout the entire study. In the 1950
study, three gubjects, ML, KD, and SWW, took ¥wo units in addition
to the bagal diet; whereas subject HHY took three wnits. Tn the
1951 study all four subjects took two wunits in addition to the
bagsal dilet. Coffee and tea without cream and sugar were the only
foods allowed ad libitum, Drummond and Noran (19hh) stated that,
tea contained 9 micrograms of riboflavin per gram and coffee con-
tained 1.7 micrograme per gram, A1l subjecﬁs took coffee but no
tea (except .HHY who occasionally had a cup of green tea) during
the gtudy. The riboflavin intake from coffee in any cagse was
insignificant.

The menu for the 1950 study vns as follows:

Broaktfast Lunch : Dinner
Orange juice Cheese Beef (found, mixed
with wheat germ)
Begg String boans Carrots
Cream of wheat Peaches - Poars
Coffee Biscuito Blsouits
Sugar Butter Butter
Evaporated milk Cookies

The menu for the 1951 study was about the same as above except

that the wheat germ was served at breakfast only.



RECIPES

Heowt Wr

- ' N Coolkkie Mix . )
Flour, uncnriched T 660 grams Plour, unenriched h50 grans
" Shortening, Crisco 180 grams Brovm Sugar 450 grams
Salt 1 b, Shortening, Crisco 250 grams
Baking powder, Royal 55 grams Eggs , 2
Water 400 cc. Salt -1 tsp.
Soda - % tspe
Vanilla .. 1 the

—Bake ab LoGY F, for 12 minutes

“Boltc at 3790 Pe for 10 minubes

900 groms approximately per recipe of mix
5% grams per person per meal :
110 gramg per perscn per day for four porsong
Mix lasted two days (4 weals) with four
people at each meal,
20 _X recipe for a 30-day peried

96 grams per person peyr day
38k grams per day (4 people)
15 X recipe for a total of 30 days

8ift flour, salt and baking powder in sieve
four times., Add shortening apd blcnd, Yiclds
approximately W50 grams of mix. Keep in refriger-
ator. Weigh out 225 grams, add 100 cc. of water
and mix about 50 strokes. Hnead on unfloured
board approximately 150 strokes. Rell out and

cut in squares., Bake on ungreased tirn, TYields

spproximately 250 graus baked,

Blend sugar and shortening, Add egg
and vanilla, Mix well. 8ift in salt, soda
and flour and blend. lake into rolls (4-5
long cnes) on wnfloured board: Heep in re-
frigerator. Slice off as needed and bake
on ungreased tins. Yields appreximately
2-2% rolls for 2 cockie sheets for each day.

82



29

DETERMIVATION OF RIBOFLAVIN IW FOOD

The modified method of Comner and Straub

The riboflavin of beans, carrots, psars, biscuits, cream of

wheat, orange

julece, and cookies was determined by using the modi-

fied method {Davey, 1945) of Conner and Straub (1941). The details

of the method are ag follows:

Equipnment |
1. Conical centrifugs tubss with glase stoppers (reaction
vesacls)
2. Calibrated opticel tubes, pyrex, 10 x 75 mm,
3. Funnels
L. Filter papcr
5. Syringe pipettes for 1 and 3 ml. capacity
6. Stop watch
7. Waring blendor
8. Farrand fluorcmeter
9. AH-5 mercury vapor lamp
Reagoents
l. 2 per cent acetic acid selution : made Lresh daily
from &8 20 por cent stock solution
2, 3 per cent polidase, frashly prepared : 3 grams of
polidasc dissolved and nade up to 100 ml, with sodium
acetatew~acctic acid buffer sclution at pH LS5
3. Sodium acetate-acetic acid buffer pH 4.5 : 55 ml.

glacial acetic acid and 66.64 gm. sodium acetate made
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up %o one liter with redistilled water
e L por cent potaseium permanganate ¢+ L gm. of
potassium permanganste dissolved and diluted to 100
@k. with redistilled water
5. 3 per cent hydrogen peroxide : freshly prepared from
Svperoxnel
6, Fluorescein standard solutions:
Fluoresecein stock golution: 10 mg. fluorescein
diasolved ':m s ml.b of 95 ver cent alcohel and
about 50 ml. of 0.1 N sodimm acetate-acetic acid
buffer solution of pH 4.5 and then made up to
volume in a 1 liter volumetric flask, with 0.1 N
sodium acetate-acetic acid buffer solution of pH
LsSe



A series of flucrescein standard solutions was prepared as follows:

Fluorescein Standard A = 10 c.mm. stock solution + 10 ml, 0.1 N sodium acetate-acetic acid buffer, pH LS

" o B =500 c.mm. solution 4 + lml, % " ° " L moo®
8 " ¢ =200 c.pm. solution & + lm, ® ® W @ g n » "o
e @ D =100 c.m. solution 4 + 1lmi, @ # ® W " " " won
w " I = 20 com,. stock solution +10ml, ® 7 ® w b " % woe
” o II = 30 c.mz. " 1 + 10m, " f o ® .0 f 2 "
8 8 - III =50 comm. " +10m, ® & ® o 4 " o 8 0
w % M = 60 € M ;] i + 10 mie ® © ] u 1] ® a 1] "
" a ¥ =100 conme © % 4+ 10mi, " ¥ =® n 4 t n n
u u VI =150 e.mn. " R + 10m, ®* ? ¥ 8 " " ® von
o n ViXI=200 comm. ¥ ® 4+ 10m, * ® ® " i oo @ weoon
" o VIII=300 cemm. " @ 4+ 0m, " . " " " » non
n o  IX =500 comm. “ 4+ 10mi, ® ® ®n " @ % 6 O ]
n # X=1000 comme " " 4+ 10m, * ® ¥ " " m i wou

A1l these standards werse placed in optical tubes and capped with waxed steppers.

All reagents {except fluorescein standards) were kept in the refrigerator when they were not in use,

1€
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lethod

Fifteen to 30 gm. of food were ground 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 éf the flask were well mixed;
then the flask was covered with aluﬁinum foil and ineubated 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 milliliters. FPifteen ml, of the extract were pipetted
into a conical centrifuge tube., One ml. of L per cent potéssium
permanganate 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 13 minutes.
One ml, of the above sclution was pipetted into each of three 10 x
75 mm. calibrated optical tubes. The galvancmeter reading, Ry, was
made in the Farrand fluorometer. Readings were made by setting the
fluoremeter at 75 with the fluorescein standard V. If the reading
was too high, beyond the scale, or too lew, another suitable
standard wes used; 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-S mercury
vapor lamp for an hour, and then the reading, Rp, 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 sample was treated and read in the same
manner to obtain whatever fluorescence the reagents might remder,
Correction was made for the reagent blank,

A standard curve was obtained (see next paragraph) using
different solutions of lmown.ribeflavin content. The readings were
taken by setting the fluorcmeter at 75 with fluorescein standard V.,
The amounts of riboflavin in the food samples were evaluated from
the curve (Figure 1 and Table 5), The method of caleulation is
shown in Table 6.

Determination of riboflavin standard curve for food analysis

1. Riboflavin gtock solution : 20 mg. crystalline riboflavin
dissolved and diluted to one liter with 0,01 ¥ hydro-
chloric acid, _

2, Pirst dilution ¢ 10 ml. of the above stock solution was
nade up to 100 ml, with 2 per cent acetic acid, The
@oncentration of this solution was 2 mege. of riboflavin

- per mle
3. Uorking solutions : dilution of the above first dilution®
with 2 per cent acetic acid to the following concentrationss
a, 1 ml, of "first dilution" to 200 ml. so there was
1 meg. por 100 ml, or 0.0l meg., per ml,
be 1 ml, of "first dilution® to 100 ml. so there were
2 meg. per 100 ml, or 0,02 meg. per ml,
e 2 ml, of "first dilution® to 100 ml., so there were

L meg. per 100 ml, or 0.0k meg. per ml.
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One ml, of each working solution was transferrsd %o an optical
tube, and the initial reading was taken with the instrumont sotting
of 75 with fluorescein standard solution V, Then, the solution wms
irradiated with an AH~S mercury vapor lamp for am hour and the
solution re-read with the same instrument setting. Thus, a blank
reading was cbtained. The initial reading minug the blank reading

gave the corvected reading (Table 5).
Table 5

RIBOFLAVIN STAWDARD CURVE

~Concentration T Heen
of riboflavin corrected
gtandard . reading
e B , : ,
X 17.75
2 34.63
b - 69.1uL

The modified method of Kodicok and Wang

Preliminary work using the modified method of Comner and Straub
gave high blank readings for foods containing large amounts of fat
and protein. As a result, these foods: egg, moat, cheese, milk
and butter were analyzed by our modification of the method of
Kodicek and Wang (1949). The dotails of ¢thig method are as follows:

Equipment |

1., Centrifuge tubes (50 ml. capacity)



CORRECTED READING

FIGURE |

RIBOFLAVIN STANDARD CURVE
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Table 6

CALGULATION OF RESULTS FOR FOODS ANALYZED ACCORDIRG TO THE
MODIFIED METHOD OF CONNER AND STRAUB

Reading With f‘luomscem standarﬁ Vv Reading of sample |Concentration | Concentration
set at 75 Ry~Ro |- Reading of Re- of riboflavin | of riboflavin
Samples Ry Rz (blank) agent Blank : in aliquot in sample
ECSe B MCEs #
Hy0 0.75
Reagent 1 L5.00 18.00 27.00
Blank 2 L6.25 18.25 26.00 27.33
3 116.00 19.00 27.00
Peach 1 82.00 22,75 59.25
2 82.00 214,00 58.00 58.42 31.09 1.78% 18.7%%
'3 82.00 24.00 58,00

# Read from curve (Figure 1)

#¢ Calculated from the formula

meg. § riboflavin in aliquot
gn. % sample in aliquot

30 gn. of sample were used, therefore,

9.50

L%Q X 100 = 18.7 meg. $ riboflavin in peach

X 100 = riboflavin meg. % in sample

9€
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Cenical centrifuge tubes with glass stopper
(reaction vessels)

Calibrated optical tubes, 10 X 75 mm.
Erlenmeyer flasgks, 125 ml, capacity

Stop wateh

‘Vering blendor

Farrand fluorometer
AH-5 mercury vapor lamp
Centrifuge

0.1 I hydrochloric acid
2 per cent sedium hydroxide

25 per cent, metaphosphorie acid, freshly prepared

I por cent potassium permongenate

3 per cent hydrogen peroxidc, freshly prepared from
Superoxol

Chloroform, redistilled

Petroleum ether

Sodium dithionite (hydrosulfite) solution : 0.5 gm.
sodium dithionite (hydrosulfite) and 0.6 gm., sodium
bicarbonate dissolved in 10 ml, water., Prepared
immediately before use,

Riboflavin standard solution: 25 mg. crystalline
riboflavin in 50 ml. redistilled water and 1 ml,

glacial acetic acid. The solutlon was mixed with a



38
further 500 ml. redistilled water (at 50°), end
shakten until the riboflavin was completely dissolved;
Then it was made wp to 1 liter with redistilled water
and ethanol so that the final concentration of
ethannl‘naa 20 per pent. The solution was kept in a
brown bottle in the refrigerator. The internal
‘etandard solution which w&s made Lrom th@ above
stondard solution contained 5 meg. of riboflavin per
. : 10 ml. of tho standard solution mas dilutad o
50 ml. with 20 per cent othanol and one drop of con=
centrated hydrochloric acid. |

10. ©ne per cent acetic acid

11, Hydrien paper
Yethod

The high fat and protein-rich foodstﬁffs were analyzed by
the modified method of Kedicek end Wang (1949). Except for
milk which was in liquid form and, therefore, not washed with
potroleum ethor, each food sample (6 to 30 gn.), containing
about 15 meg. of riboflavin, was washed twice with light pe-
troloun (potroloun other), The liguid was poured off and the
~ remajning petroleum ether was evaporated in a woter bathe. The
sample was ground with 50 ul. of 0.1 ¥ hydrochloric acid in a
Waring bleondor for 3 minutes. Half of the amount was weighed
oubt in an Erlenmsyer flask and then heated in a boiling water

bath for 30 minutes, At the end of this pericd the sample was
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cooled, and 2.5 ml, of 25 per cent wetaphosphoric acid were
added. The contents of the flasgk wef@ well mixed by agitation.
The flagk was alleowed to stand for 10 minutes before the con-
tentsz were transferred 4o a éen‘tf*ifuge ‘tubs.: The tvbe wasg
contrifuged for 15 minutes at full speed. The supernatent was
decanted into a small beaker and the regidue waus re-extracted
with 17 ml. vof one per cent acetic acid. (I¢ was not poce
essary to heat it.) The tube was then centrifuged agein. The
extracts were pooled together and brought up to a volume of
50 ml. with redistilled water, Tem ml. of the sample were
washed with an equal emount of redistilled ehloroform by
shaking vigorocusly 1 minutes in a glass-stoppered conical
centrifuge tube, The layers were geparated quickly by centri-
fugation. A 5 nl. aliquot of the aqusous layer was trans-
ferred to a small beaker and oxidized with L per cent potassium
permanganate, drop by dmp' with continuous stirring. 7The pink
eoler was allowed to disappear completely before adding the
next drop. The addition of potassium permenganate was stopped
when the faint pink color lasted for 30 secondsj then 1 to 2
drops of 3 per cont hydrogen peroitide were added to stop the
oxidation and to docolorise ¢he excess potassium permanganate,
After five minutes the aliquot was neutralized to pH 5.5 to
6.0 with 2 per cent sodium hydrexide (using hydrion paper as
the indicator), The final solution was made up to 15 ml. with

redistilled water. One ml, of the aliquot was transferred to
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each of three 10 X 75 mm. optical tubes, and the apparent riboe
flavin content was meagured by wreading tho optical density in
a Parrand fluoromcter. .

‘Two aliquote of the triplicate sample were measured by
following the nodification of the Kodlcek and Wang method.
After the initlial reoding, Ry, was made; 10 c.m. of the
| internal stendard were added to one tube; and 10 ¢.m. of re-
distilled water wore added to the other tubo. DBoth tubes wors
tapped with a finger to Jasure mizdng, cars being taken nob to
touch the lower part of the tube. The second reading, Ry, was
nade. The Ry reading of the first tube minus the R, reading of
the second tube gave the reading for the internal standard,
0.05 meg. per tube. The third reading, the blank, was obtained
by adding 10 c.mm. of sodium dithionite (hydrosulfite) sclution
to cach tube. The initial reading, Ry, minus the blamk rcading
gave the reading for the yriboflavin content in the samplo. The
amount of riboflevin in the colutlon was calculated from the
ratio value of the internal standard. Since the reading for
the internal ctendard varied slightly for different saumples,
the third tube was read without the internal stendard but
evaluated by ueing the standard curve, After the initial
reading, Ry, was obtained, the tube was cither capped with
parafilm and irradiated by the AHe5 mercury vapor lemp for an
- hour, or 10 c.mm. sodium hydrosulfite wore added to cach tube

and then read again to obtain the blank reading, The reading
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for riboflavin. in the aliquot wus calculated frem By minms ‘the
blank reading to give the corrocted roading. This corrocted
reading was uged to determine the amoumt of riboflavin per mle. |
nf the solution, using the stonderd curve, All readings were
read at the same inetrument sohting or converted to the same
setting. The riboflavin values in food were caleulated in
both waya, i.¢., L. using the internal sitandard as well as
2. reading from the standard curve, and the rosults agreed
closely, but the latter method was finally used. The methoed
of caleulation is showm in Teble 7.

The resulis of food analyses for riboflavin are given in

tables 3 and Lie

DETERMTNATION OF FREE AND TOTAL RIBOFLAVIN IN SERUM
Bquipment

1, 10 X 75 m. pyrex test tubes

2. 10 X 75 mm, pyrex test tubes vhich were calibrated for the
optical use

All tubes were boiled in 1l:1 concentration nitrie

acid for half an hour and rinsed 8 times with tap water
and 8 times with redistilled water, then boiled with
redistilled water for half an hour.

3. Constriction pipettes : 10, 100, 200, 800 c.mm.

L, Syringe pipette for 2 ml. capacity

S, Farrend fluorcmeter (Farrand Opticel Company, Ine. R
Bronx Boulevard and East 238th Street, New York 66)



Table 7

CALCULATION OF RESULTS FOR PCOD ANALYZED ACCORDING TO

THE MODIFIED METHOD OF KODICEK AND WARG

Reading with fluorescein R'o% R, =R, Taoncentration Concentration]
Samples standard V set at 75 (Blank) ' of riboflavin of riboflavin
Ry Ry in aliquot in sample
mcge # . meg. %
20 0075
gg IVp 1 51.00 2.50 2.53 L8.L7 2,77%¢ 277%R%
2 51.00 2.25 27 48.73 2.79 279
3 51,00 2450 2.53 L8.L7 2,77 277

& R'z = R2 + (Rz X 0.01)

#% Read from the curve (Figure 1)

#% 6 gme. of eggwere used for each sample, .therefore,
mege per cent riboflavin in sample - 2,77 _ 277
0.01
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Wire rack which had hoen fitéed with strings so that the
toot tubss would stand upright
Centrifuge (The International Clinical centrifuge with
regular micro heads)
Incubator which could be set at 37°C
Plade (Bard-Parker, Mo, 11)
Agitator mads according to the directions of Lowry (1950)
Parafilm

100 per eent trichlorcacetic acid solution s 100 gm. of
redistilled (wader diminished pressure) trichlorcacetie
acid diluted to 100 ml, with redistilled water. From ¢his
a 5 per cent solution was prepared every other day,

2.l M dipotasaium agid phosphate solution

Riboflavin standard solution s 20 mg. of crystalline ribo-
flavin dissolved and diluted to 1000 ml, with 0.1 N hvdro-
chloric acid. From thiz the intemal standard vas prepared
daily: 1 ml. of stock sclution diluted to 100 ml. with
0.1 I hydrochleric acid, Thus the intemal standard cone
tained 0.2 meg. riboflavin per ml, or 2 mmeg, in 10 c.mm,
Sodium hydrosulfite solution s C.5 gm. sodiuvm hydrosulfite
was dissolved in 5 ml. of § per cont sodiwm bicarbonate and
wag prepared just bofore use, This yreagent waé kept in 8
small beaker (20 ml, capacity) in ice water in order to
delay oxidation by air. It is not stable for more than &

houy,



The micfo-method of Burch, Bessey and Lovry (19L8) wes used for
the determiﬁaﬁionvof riveoflavin in serun. %The analysis vwes carried
out in a darkened.roem‘equipped vith red lamps. Since the amount
of aliquot was not sufficient %o read in the cuvette, the awount was
doubled; 100 c.mm. of serum were deliversd with a constriction
pipette inte 2.0 ml. of 5 per cent trichloroacetic acid im & 1C X.75
mne Pyrex test tube which was kept cold in an ice bath, The cone
tents were well mixzed using a buzzer., Tubes were allowed to shend
at 0 to 5° C (in ice water) for 15 minutes and then were centrifuged
in the refrigerator for 15 minutes at full speed. Then 0.8 ml. of
the supernatant was quickly tremsferred to each of two calibrated
optical. tubes, the first of which contained 0.2 ml, of 2.4 Y
dipotassium acid phosphate. The other tube was reserved for the
determination of total riboflavin as described below. The epparent
riboflavin content (A) of the tube containing the noutralized
extract wes measurod in the Farrand fluorcmeter within one %o two
hours of noutralizaticn. All tubes were kept covered with a dark
peper in order to prevent conteminaticn and destruction of the
riboflavin by light. The tubes were carefully wiped with 2 slightly
devp linen cloth followed by a dry linom cloth and then the three
tubes weore read ﬁith the same 1ns%rﬁmsnﬁ setting at 75 using
fluorescein standard A. If the readings were too low or beyond the
scale, a more suitable fluorescein gtandard was used. The final

readings weret an initial reeding, Ry, & second reading, Ry, after
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the addition of an internal riboflavin standard (10 c.mn. equivae-
lent to 2 mmeg.. of riboflavin), and a reduced reading, Ryy after -
the addition of 10 c.mm. of sodium hydrogulfite solution.:  The .
solution was mixed by, tapping with a finger, 4 complete reagent
blank solution, in triplicate, was treated in the sape mamner,
A reading for a tube containing redistilled water was uged as a
measure of secattered light end possible fluorescence frcem the tube
itoelf,.

The second tube of filtrete was capped with parsfilm; and was
sllowed teo hydrolyze in the incubator at 37° C overnight: It was
then neutralized with 0.2 ml. of 2.h4 M dipotessium acid phosphate,
and the total riboflavin content (B) was meagured as described
above,

Calculation of resulis

According to Burch, Begsey and Lowry, (1948), the readings

By and EB were corrected for the dilution resulting from the ad-
dition of the internal standerd and the redﬁeing agent, and they
were designated R'p end R'3. The Rt i one per cent of Ry plus.
Rps and Rty 45 2 per cent of (R3-Hy0) plus (R3-H,0) and plus Hy0.
(The reading for redistilled water was subtracted from the .smple
reading before éorrecting for dilution;, since the contribution from
scattered 1light would not be affected by dilution),

microérams riboflavin added) (Rl-R' 3
R -8y

The above figure was corrected for the reagent blank vhich had been

nicrograms § riboflavin = (

: : (100)
ml. seruvm in aliquot
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trested and caleculeted in the sawme nemner ag the sample (Table 8),
Since flavin-adanine-dinucleotide (FAD) gives above 1 per
cent luorescence; befove the analysis, the

FAD= *-ggﬁf‘& '

and, therefore .
micrograms § of free (+FMN) riboflavin =A - 0,14 FAD

DETERMIWATION OF RIBOFLAVIN Tif URIWE -

Eguigm@nt
1. Teg:t tubesy, 1.5 X 12 cm, test tubes
2, Parafilm
3. Calibrated optical tubes, pyrex, 10 X 75 mm.
he Syringe pipettos for O.h4, 1, and 7 ml, capscity
S5¢ Test-tube racks
6, Centrifuge
7. Farrend fluorometer
Reagents
1, 3.25 ¥ Sodium ascetate-acetic buffer pH 4.6
2, Amocnium sulfate (previcusly washed 3 or L times with 9%
percent alcohol and ether to remove fluorescent substances)
3. DBenzyl alochol, C.P., redistilled, and saturated with water
be U5 per cent ethyl aleohol which was 0.1 N in acetic asid
and O.1 Il in scdium acetate

5. U per cent potassium permanganate



Table- 8

CALCULATION OF RIBOFLAVIN IN SERUM

a, Free (+ FUN) riboflavin in serum

47

~Reading with fluorescein T _TRiboflavin in Serum
standard V set at 75 - | "Without Corrected
Samples Ry Ry Ry R3-Hz0 | R'g | R'3 R*o-R) R)-B'3 Rj-R!3 |Correction from
: . : ﬁ;ﬁi Reagent
’ Blank
mcg. B meg. B |
Redistilled Hj0 3.00
Reagent blank 1 17.00 | 41.50 | 17.00 1h.0o | k1,92 ] 17.28 | 24.92 -0.28
2 17.25 | k1.75 | 17.7% ih.75 | h2.17 | 18.05 | 2L.92 25.00| -0.80 «0.62 A
3 17.C0-| h1.75 | 17.50 14.50 { 42.17 | 17.79 | 25.17 ~0.79 =0.025 | ~0.13
MEW 1 25,00 | 48.00 | 19.50 16.56 L8.148 | 19.83 | 23.48 5.17 0.22 1.17
2 25.00 | 48.50 | 19.75 16.75 | 48.99 | .20.09 | 23499 k91 0.20 1.66 1.13| 1.26 (A)
3 25.00 | 49.00 | 19.25 216,25 | 49.49 | 19.58 | 24.99 Si2 0,22 1.17
b. Total riboeflavin in sezrum
Redistilled H,0 3.00
Reagent blank 1 13.25 | 38.00 | 1k.25 11.25 | 38.38 | 1L.48 | 25.13 -1.23
3 13.25 | 38.00 | 13.50 10.50 | 38.38 | 13.71 | 25.13 «0.46 -0.039 | -0.21
AL 1 5Lk.25 | 82.00 | 22.25 . 19.25 | 82.82 | 22.6l | 28.57 31.61 111 5.88
2 47.25 | 74.00 | 20.75 17.50 | Th4.7h | 21,11 | 27.7h 28.89 0.93 L.93 5.30| 5.51 (B)
3 Le.25 | 74.00 | 2ik.25 2L.25 | 74.Th | 2b.68 | 25.49 24.57. 0.96 5.09
Free Riboflavin = 1.163 (4) - 0.163 (B)
= l.47- 0.90 N

= 0.57 mcg. $ of free (+ FIN) riboflavin in serum



6. 30 per cent hydrogen peroxide (Superoxol)
7. Riboflavin internal standard solution : 10 ml, of stock
solution (20 mg. crystalline riboflavin per 1000 nl.)
made up to 100 ml, with redistilled water, 10 c.mm, of
internal standard (containing 20 mmeg. riboflavin in
10 ¢.mm,) were used for each tube,
Hothod
Urinary riboflavin determinations were mads following the macro-
method of Burch, Bessey and Lowry (1948). The preserved urine was
removed from the refrigerator and left standing in a dark room for
about an hour beforc sampling in order for it to reach room temper-
ature. In general, the urine was diluted 1 to 5. Four ml. of
diluted urine sample plus O.k ml. of 3.25 M sodium acetate-acetic
acid pH 4.6 buffer were transferred to a 1,5 X 12 em, test tube and
oxidized with one ml. of L per cent potassium permanganate by
shaking the tube for one minute right after the addition of
potassium permanganate. Oxidation was stopped ﬁy the addition of
0.1 ml, of hydrogen peroxidej; this also bleached the excess of -
potassium permanganate, Then L gm. of washed ammonium sulfate were
added and mixzed by agitation. Three ml. of redistilled bengzyl
alcohol, saturated with water, were added to extract the ribeflavin.
The tube was shaken vigorously for 13 minutes and then centrifuged
for 10 minutes to accelerate the separation of the alcohol layer,
Then one ml, of this alcohol extract was tramsferrcd to a 1.5X12

cm. test tube which contained 7 ml. of 45 per cent alcohol buffer,
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and the sclution wag mixzed with the aid of a buzzer, One ml, of
this solution was transferred teo a 10 X 7% m. calibrated optical
tube and the riboflavin measuremsnt was nade in. the same manner as
for serun wiboflavin, |

The mothod of calculation is shown on the following page and

in Teble 90 Co



Calculation of results

The following is an ._ema‘mple of the calculation of the micrograms of riboflavin excreted in a 2i-hour
collection of urine which was diluted 1 to 5 for analysis:

Meg. riboflavin ~ micrograms riboflavin added 31-3'3 '
=(12<>}( 0,02 meg. riboflavin added) (gl-a_'é) (volume of urine)
L i, R'2-R}
=(120) ('o.ooﬁ(?ﬁ_‘ll) (volume of urine)
' . RY'o>-Ry
=(0.6) (?‘_}f_’é) (volume of urine)
RYo-R)

# The value for g?'ini_;éi is corrected for the reagent blank as shown in Table 9.
2



Table 9

s e

.....

CALCULATION OF RIBOFLAVIN IN URINE

3
2
Reading with fluorescein \ ine bof 1a:
standard V set at 75 Y8 une 2 daiilyaEH
Samples Ty R, Fs Ry-H0| R'p [ Ry [ RipRy| By-Riz|  Ry-Rig L excretionﬁ
: _ RT %, :
: 1, per| mcg. per
: hrs,| 24 hrs,
Ho0 0.75 5}
Feagent blank 1 2,00 | L2.00 | 2.25 1.50| L2.42 | 2.28 | LO.L2 | -0.28 | -0.01 L :
2 2.25 | L3.00 | 2.50 1.75| k3.3 | 2.54 | 11,18 | -0.29 | -0,01 ©0.01 |
3 2,00 | 43.00 | 2.50 1.75| 43.43 | 254 | Li.L3 | -0.5L4 | -0.01
&xm 1 11,00 | 83.00 |6.00 5.25| 83.83 | 6.1 | L2.83 | 34.89 | 0.81 A
b | 2 1,00 | 83.00 | 6.00 5,25 83.83 | 6.11| L2.83 3L4.89 0.81 0.81 ! 511 372%%
1 3 41.00 | 83,00 |6.00 - 5.25( 83.83 | 6.11| L2.83 34.89 | 0.81 (0.82%)
1
% The figure was corrected for the reagent blank. ;
%% Mcg, riboflavin excreted in 2l hours _[ Ry-RY4
‘ . "( FT'—:‘?-._) (0.6)(1511)
K’
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STUDY OF THE EFFECT OF A 2 MG. ORAL TEST DOSE OF RIBOFLAVIN
ON RIBOFLAVIN CCONTENT OF URINE AND SERUM

- Approximately two weeks after tho completion of the study in
1951, a 2 mg. oral test dose of riboflavin was given to each experi-
mental subjects. The solution was made by dissolving and diluting
20 mgs riboflavin to 500 ml. with redistilled weter, The test dose,
50 mls of the above solution, containing 2 mge. of riboflavin, was
given ¢o each subject immediately after the ¢ollsction of the
fasting blood sample and the one~hour fasting urine sample. Water,
soda ¢rackers, and black coffeec were the éenly foods allowed until
the ond of the test dose study. Blood and urine samples were
collected at one-half hour intervals for the first hour and there-
after at hourly intervals for 5 hours following tho ingestion of
the test dose,
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CHAPTER IV

* RESULTS AND DISCUSSION

SERUM RIBOFLAVIN FOR THE EIGHT SUBJECTS DURING
THE EXPERIMENTS OF 1950 AWD 1951

The results. of the detemmination of tho daily concentration of
free (+FIMN) and total riboflavin in the sorum and in the 2h-hour
urinc collecticns for 30 days for eight women on a eentrolled diet,
regardless of the two levels of thiamino intake, have been recorded
in Tables 10, 11, 12 and 13 and Figures 2 and 3. The mean values
for total riboflavin for MLV, KD, Si¥, and HHY were 2,93, 3.02,
5.30, and 3.51, respectively; and the mean values of free (+F1N)
riboflavin wore 1.00, 1.2k, 3.50, and 1.9, respectively. For
subjocts MLV, HAL, CAS, and RED the total riboflavin values were
2,61, 343, 2.86, and 2,363 and the mean values for free (+FIW)
were 0.72, 1.uli, 1.63, and 0,47, respectively. Although HHY took
g high dogage of vitamin pills every day, her serum riboflavin
concexitration, both in total and free (+FMN) forms, was close to
that of the rest of the group. SWW was apparently much higher in
serum riboflavin concentratidn than were the others of the group.
Horwitt et al, (1950) claimed that there were importent individual-
variations in the amount of riboflavin excreted by come of their
subjects, even though the riboflavin intgke was controlled and in
this gtudy there wore individual varistions in serun riboflavin,
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Table 10

DAILY CONCENTRATION OF TOTAL AND FREE (4 FLIV) RIEOFLAVIN IN THE SERUY OF POUR SUBJECTS
MAINTAINED ON A CONTROLLED DIET FOR 30 DAYS IN 1950

[Pay of
Exper- ' :
iment : - MW KB . : . SWi , . HHY
' Serum Riboflavin . __Serum Riboflavin . Serum hiboflavin ’ __Serum Riboflavin _
Total | Free (+ bill) Total | Free (+ FUl) . Total | Free -(+ FUN) 7 Total | Free (+ FUN
mege % |  WCB. B meg. & MCE. ' meg. % meg. % meg. % meg. %
1 L-13-1950 2.62 1.91 2.91 - 2.36 : 5.75 2.5¢ 3.88 1.89
2 1k 2.59 0.84 3.11 1.22 S.7h 3.69 3.65 1.54
3 15 3.33 0.61 3.19 0.95 6.10 3.45 3.95 1,07
h 3.6 2.0h 1 030 2039 1053 5006 3 ohg D 3 001 1088
5 17 3 001 1.18 ) 3 olh 1.19 5 0h7 3 oll ‘ 3 osh 1955
6 18 2.99 1.06 2.90 R - 5.57 3.84 3.L7 1.47
7 19 3.2 0.98 3.05 L8 5.30 3.89 3.00 1,78
9 21 2.61 0.78 2.19 0.99 5.15 3.39 3.03 1.21
10 22 2.61 0.81 2.65 1.01 L.o4 2.64 2.81 1,05
11 23 2.70 1.10 3.09 1.21 5.6 3.66 2.93 1,06
12 2L 2.29 . 1.8 2,06 1.23 4.18 3.7h 2.7h 1.55
13 25 2.15 1,09 2.22 1.2 3.97 3.79 2.49 1.81
1l 26 2.22 1.19 2.57 1.18 L.22 3.65 3.9 1.65
1s 27 2.35 1,06 3.16 1.52 3.62 - 3.a 1.95
16 28 3.57 0.84 2.77 1.20 Lh.76 3.23 3.59 1.46
17 29 2.11 1.18 3.06 1.56 3.54 L.23 1.72 -
19 5= 1-1950 - - .20 1.01 - - L.72 1.07
20 2 3.37 0.87 3.23 1.25 S.ul 3.42 3.71 1.31
22 L 3.01 0.89 ‘ 3.02 1.15 5.87 3.23 . 3.82 1.64
23 S 3.05 1.34 2.98 1.63 5.88 3.83 ~ 3.46 1,74
24 6 © 3.03 0.95 3.00 1.06 5.82 3.h9 L.06 1.61
25 7 3.26 0.76 3.28 1.56 5.57 3.50 k.01 1.34
26 8 3.32 0.89 3.1L4 1.36 5.42 3.43 3.55 147
28 10 3.66 0.85 3.58 0.77 6.15 3.52 k.17 1.37
29 1 3.35 1.10 3.42 1.23 6.06 3.79 L.ok 1.61
30 12 3.74 0.93 3.65 1.11 6.23 3.89 L.36 1,38
Average 2.93 1.00 3.02 1.2 5.30 3.50 3.51 1.49




Table 11

DAILY EXCRETION OF RIBOFLAVIN AND CREATININE IN THE URINE, THE EXCRETION OF RIBOFLAVIN IN TERMS OF MCG. PER ML.
OF URINE AND THE VOLUME OF URINE EXCRETED BY FOUR SUBJECTS MAINTAINED ON A CONTROLLED DIET FOR 30 DAYS IN 1950

Day of MLW KD Sww BHY
Exper- Urinary Urine Urinary Urinary Urinary Urine Urinary Urinary Urinary Urine Urinary Urinary Urinary Urine Urinary Urinary
__iment Date Riboflavin Volume Riboflavin Creatinine | Riboflavin YVolume Riboflavin Creatinine | Riboflayip Volume Riboflayvin Oreatinine | Riboflavin Volume Riboflawvin C:ggt;n;gé
mcg. per ml. per mcg. per gu. per mcg. per ml, per mcg. per gn. per mcg. per ml, per mcg. per gm. per mcg. per ml. per mcg. per gn. per
24 hrs. 24 hrs. ml. 24 hre. 24 hrs. 24 hrs. ml. 24 nhrs. 24 hrs. 24 hrs. ml, 24 hrs. 24 hrs. 24 hrs. ml. 24 hre.
1 4-13-1950 L46 1924 0.23 1.04 L48 820 0.55 1.07 554 1000 0.55 0.89 5039 1768 2.85 1.06
2 14 330 1140 0.29 1.00 I 1126 0.33 1.08 Ly2 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 L73 882 0.5% 0.85 5939 1474 Lk.03 1.11
L4 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 1?7 ko 1575 0.26 1.06 k1o 1060 0.39 1.10 Lok 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
4 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 k10 2030 0.20 1.12 337 1530 0.22 1.11 43 1111 0.44 0.85 L4956 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 Los6 1661 2.4k 1.06
1l 23 L4ao1 2042 0.24 1.13 311 1292 0.24 1.11 L3s 842 0.52 0.89 1031 1800 0.57 "1.08
12 24 408 1400 0.29 1.12 229 1490 0.15 1.10 383 o4l 0.41 0.78 3765 1660 2.27 1,07
13 25 Ls2 1555 0.29 1.08 267 1256 0.21 1.17 435 962 0.45 0.93 3663 1500 2.4k 1.06
14 26 L62 1050 0.4 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 Lo7 1260 0.32 0.81 L678 1611 2.90 1.09
16 28 342 1185 0.29 0.90 347 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 0.95 339 810 0.42 1.09 342 790 0.43 0.89 5283 1426 3.71 1.04
19 5~ 1-1950 334 1800 0.19 1.01 293 1440 0.20 1.08 k11 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 1.05 349 1240 0.28 1.08 401 1115 0.36 0.84 4278 1681 2.55 1.05
22 L 258 1750 0.15 1.08 306 1k454 0.21 1.21 377 743 0.51 0.88 5557 1469 3.78 1.18
23 5 278 1751 0.16 1.09 349 1040 0.34 1,12 399 1030 0.39 0.93 4318 1999 2.16 1.16
24 6 225 1527 0.15 1.04 420 1084 0.39 1.12 k26 1243 0.34 0.93 5321 1429 3.72 1.11
25 7 345 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 1.10 554 1850 0.30 1.15 339 1131 0.30 0.82 k172 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 10 284 1270 0.22 1.05 419 1085 0.39 1,06 399 1273 0.31 0.87 L2722 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 Ly 2300 0.19 1.12 361 1364 0.26 1.97 Lsh 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
boflavin Excreted
n Urine Expressed
n Termg of Per Cent
f Intake 32 30 34
—e o= - Y
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URINARY EXCRETION OF RIBOFLAVIN

FIGURE 2

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 DAYS IN 1950

SERUM RIBOFLAVIN (TOTAL}
MCG. PER CENT

4 1

SERUM RIBOFLAVIN (FREE +FMN)
MCG. PER CENT
~N
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| 23465676889

* DATA ARE NOT AVAILABLE
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Table 12

DAILY CONCENTRATION OF TOTAL AND FREE (+ FMN) RIBOFLAVINY IN THE SERUM OF FOUR SUBJECTS
MAINTAINED ON A CONTROLLED DIET FOR 30 DAYS IN 1951

[Pay of
Exper- ’ '
iment MLW HAL CAS _ i RED
Serum Hiboflavin___ Serum Riboflavin —__Serum Riboflavin _ — Serum Hiboflavin _
Total | Free (+ FUN) | Total | Free (+ FiN) Total Tee (+ FMN) | Total | Preec (= FUN
MCE. 5 neg. % mCg. 5 " MGEe 5 meg. $ mncg. 5 BCE. B | BCR. B
2 20 , 2.49 0.73 3.49 147 2.37 1,80 » 1.98 0.45
3 21 2.5 0.71 3.30 1.84 2,40 1,73 1.73 0.51
L 22 2.52 0.79 3.36 1.63 2.36 - 1.86 2.20 0.1
5 23 2.39 0.63 3,19 149 2.6 1.60 . 1.7% 0.33
7 25 2.16 0.75 3.36 1.63 2.50 2,02 . 2.19 0.79
8 26 2.23 0.78 2,61 1.75 2.57 1.87 1.83 0.57
9 27 2.66 0.6L 3.29 1.73 3.33 1.2 2.43 0.59
10 28 2.57 0.73 3.26 1.h5 3.07 2,06 2.51 0.51
1n 2 2.52 0.82 3,12 1,55 3.00 - 1.60 2.57 0.56
13 31 2.51 0,67 3.54 1.28 2.67 1.74 2.16 0.24
1 2~ 1-1951 2.29 0.66 3.52 1.32 2.88 1.53 2.23 0.21
15 2 2.12 0.77 3.35 1.kL5 2.94 1.75 2.16 0.32
16 3 2.74 0.83 3.70 1.39 2.94 1.52 2.46 0,h6
17 L 2.87 0.56 3.62 1.38 2.79 1,48 2.96 0.57
18 4 2.87 0.67 3.52 1.2h 3.21 1.54 ‘ 2.30 0.43
19 6 2.86 0.60 3.58 1.22 3.01L 1.kl ' 2.64 0.38
20 7 2.61 0.68 3,58 1.1, 2.85 1.51 ' 2.69 0.36
21 8 2.92 0.56 , 3.54 1.17 3.01 1.50 2.62 0.39
22 9 2073 Onéh 3036 1929 ’ 3-09 10&7 . 2051‘ 0032
23 10 2.84 0.76 3.47 1.39 2.93 1.3 : 2.52 0.35
2 11 2.78 0.68 3.63 1.48 2.89 1.58 2.65 0.59
25 12 2.86 0.78 3.4k 1.k 3.1 1.68 . 2.4h9 0.46
29 16 2.57 0.78 3.25 1,35 2.73 1.71 2.28 0.49
30 17 2.96 0.66 3.73 1.1 3.01 1.25 ‘ 2.36 o1
Average 2.61 0.72 © 3.3 1.l 2.86 1,63 2.36 0.L7




Table 13

DAILY EXCRETION OF RI3OFLAVIN AND CREATININE IN THE URINE, THE EXCRETION OF RIBOFLAVIN IN TERMS OF MCG. PER ML.
OF URINE AND THE VOLUME OF URINE EXCRETED BY FOUR SUBJECTS MAINTAINED ON A CONTROLLED DIET FOR 30 DAYS IN 1951

Day of
Exper-
iment Date
Previous
Dey 1-18-1951
1 19
2 20
3 21
4 22
5 23
6 24
7 25
8 26
9 27
10 28
11 29
12 30
13 3
14 2- 1-1951
15 2
16 3
17 4
18 5
19 6
20 7
21 8
22 -9
23 10
24 11
25 12
26 13
27 14
28 15
29 16
30 17
Aversage®*

Ribvoflavin Excreted
in Urine Expressed
in Terms of Per Cent
of Inteke

MLW HAL CAS RBD
Urinary Urine Urinary Urinary Urinary Urine Urinary Urinary Urinary Urine Urinary Urinary Urinary Urine Urinary Urinary
| Riboflavin Volume Riboflavin Creatinine | Riboflavin Volume Riboflavin Creatipine | Riboflavin Volume Riboflayin Creatinine bofleyipn__Volume Ribofleyipn _Creatinipel
mcg. per ml. per mcg. per gm. per mcg. per ml. per mcg. per gm. per mcg. per ml., per mceg. per gm. per mcg. per ml. per mcg. per gn. per
24 hrs. 24 hre. nl. 24 hrs. 24 hre. 24 hrs. ml, 24 nhrs. 24 hre. 24 hrs. ml, 24 hrs. 24 hrs. 24 hrs. ml, 24 hrs.

787 957 0.82 1.10 788 806 0.98 1.18 1326 1727 0.77 1.51 1843 1200 1.54 1.08
4oy 1645 0.30 1.05 615 1829 0.34 1.21 1076 2086 0.52 1.55 1417 952 1.49 1.07
593 1163 0.51 1.13 532 2162 0.25 1.24 748 2309 0.32 1.54 397 601 0.66 1.06
390 1587 0.25 1.03 506 1918 0.26 1.28 651 2171 0.30 1.54 467 1217 0.28 1.13
310 1754 0.18 1.01 433 1642 0.26 1.28 578 2571 0.23 1.50 463 1456 0.32 1.01
K15 1257 0.33 1.11 372 1511 0.25 1.25 =* =* -* -* sh? 1703 0.32 1.10
466 5] 0.32 1.12 = = =* = sh2 3284 0.17 1.52 517 2052 0.2%5 1.10
429 1858 0.23 1.12 423 1485 0.29 1.20 505 2632 0.19 1.42 550 1745 0.32 1.11
432 1180 0.37 1.12 480 1720 0.28 1.26 472 2861 0.17 1.45 628 1563 0.40 1.09
375 1289 0.29 1.12 423 1933 0.22 1.23 L7y 2050 - 0.23 1.46 627 1331 0.47 1.10
382 1652 0.23 1.13 373 1945 0.19 1.21 518 2678 0.16 1.45 600 1626 0.37 1.09
371 1157 0.32 1l.14 356 1694 0.21 1.28 398 2211 0.18 1.47 510 1505 0.34 1.08
358 1474 0.24 1.21 321 1622 0.20 1.28 Lo8 2303 0.18 1.53 580 1361 0.43 1.16
L1s 1270 0.33 1.15 291 1833 0.16 1.26 312 2421 0.13 1.53 L4o3 1199 0.234 1.18
295 1346 0.22 1.16 269 2083 0.13 1.25 310 1721 0.18 1.51 310 1290 0.24 1.09
261 1451 0.18 1.18 252 1471 0.17 1.29 323 2292 0.14 1.50 356 - 1563 0.23 1.04
249 1535 0.16 1.15 251 2350 0.11 1.27 295 2733 0.11 1,48 Lsh 1611 0.28 1.24
321 1320 0.2k 1.17 232 2092 0.11 1.29 294 2387 0.12 1.51 620 1915 0.32 1.08
312 1651 0.19 1.13 203 1648 -0.12 1.29 315 2563 0.12 1.57 336 533 0.63 1.08
291 1277 0.23 1.10 200 1855 0.11 1.27 313 2127 0.15 1.59 356 1580 0.22 1.12
315 1362 0.23 1.10 207 2095 0.10 1.27 295 2805 0.11 1.57 329 145 0.23 1.08
224 1526 0.15 1.07 156 2161 0.07 1.28 269 2719 0.10 1.56 325 1408 0.23 1.08
265 1633 0.16 1.12 198 1942 0.10 1.27 291 2767 0.11 1.56 361 1717 0.21 1.10
264 1872 0.14 1.13 191 2360 0.08 1.27 278 2723 0.10 1.56 - - - -*
255 1216 0.21 1.09 215 2392 0.09 1.35 267 2697 0.10 1.55 385 1529 0.25 1.11
246 1640 0.15 1.14 243 2323 0.10 1.32 281 2792 0.10 1.62 L3 1306 0.34 1.12
240 769 0.31 1.13 263 2308 0.11 1.26 277 2265 0.12 1.58 Lok 1646 0.28 1.08
180 1496 0.12 1.09 253 2055 0.12 1.31 261 2420 0.11 1.54 255 1326 0.19 1.07
195 1547 0.13 1.13 300 2082 0.14 1.35 246 2282 0.11 1.56 311 1569 0.20 1.10
246 1867 0.13 1.07 292 2432 0.12 1.28 253 2406 0.11 1.53 261 1894 0.14 1.04
250 1949 0.13 1.11 277 2335 0.12 1,32 254 2550 0.10 1.48 265 1973 0.13 1.06
328 0.23 1.12 315 0.17 1.27 393 0.16 1.53 467 0.35 1.10
28 27 33 ko

®* The samples were spilled and data were not available.
*%* Anslyeis made prior to the diet was not included in the calculation.
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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 DAYS IN 195
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TOTAL AND FREE (+FM) RIBOFLAVIN IN THE SERUM DURING TWO PERIODS
O DIFFERENT LEVELS OF THIAMINE INTAKE

The mean concentration for each subject of total and free
(+PY) riboflavin in the serun during two poriods on different
levels of thiamine intake as well as the differences between the
perieds are presented in Tables 1k and 15. The mean was calcu~
lated from the data for the last ten daya,on]__.ye of each period.
Values for the first five days were omitted in order to 2llow for |
adjustment to the new level of thiamine intake, During the first
pericd the thiemine intoke was approximately 500 mege per 1000
caloxrieg; that of the socond period was approximately 300 meg. per
1000.ealories, . Higher valuss for total se‘ruxz; riboflavin were
observed for all subjects in this second period. For HHY who had
becn taking vitamin pills every day during the study, values for
both. serun and for urinary riboflavin were omitted 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 %o b.93 meg. per cent, However, the concentration of
free (+F1) riboflavin in the serum, in six out of the seven sub-
jects was lower in the second period. The mean differences for
free (+FIW) riboflavin, botwsen the two periods for MI¥:, KD, SWW,
MLW, HAL, CAS; and RBD were +0.03, -0.02, +0.01, ¢+0,.11, +0.20,
+0.27, end 40,30 meg. per cent, respectively, Although _ythe CON~
centration of free (+FMN) riboflavin inereased when the thiamine

inteke was decreased, the differences apparently were small and

¥ LW was & subject for both the 1950 and 1951 studies,



Table 14
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MEAN SERUM RIBOFLAVIN [TOTAL AWD FREE (+ FM\I)] I’OR THREE SUBJECTS
ON 4 CONTROLLED DIET WITH TWO LEVELS® OF THIAMINE INTARE
FOR 15 DAYS EACH IN 1950

. ww _ KD . Sww
Serum Riboflavin | Serum Ribeflavin { Serum Riboflavinr
Total [Free ( FM)|Total [Free ( FulN)|Total [Free ( F%'n\ﬂ
meg. neg . meg . meE. Beg. B MCZe
First period 2.6L 1.00 2.71 1.20 .82 3.56
Second period | 3.27 0.97 3.18 1.22 5.75 3.55
Difference
between two
periods «0,63 +0.03 047 -0.02 ~0,93 +0.01

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

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



Table 15

MEAN SERUM RIBOFLAVIN [TOTAL AND FEEE (+ FMN)]POR FOUR SUBJECTS ON A CONTROLLED
DIET WITH TWo LEVELS OF THIANINE% INTAKE FOR 15 DAYS BACH IN 1951

HLW HAL ~CAS RED
Serum Riboflavin Serum Riboflavin Serum Riboflavin Serum Riboflavin
Total |Free (+ FiN) Total |Free (+ FiN) Total |Free (+ FM) Total |Free (+FLIY
meg. 3 MCZ. B mege & meg. %l meg. & mCE. B MEE. % MCE. %
First Period 2.39 0.77 3.32 1.54 2.90 1.75 2.27 0.47
Second Period 2.77 0.66 3.55 1.3k 2,96 1.48 2.48 0.k
Difference
Betwesn 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 1020 meg. of thiamine daily.
During the second 15 days each subject received a total of 628 meg. of thiamine daily,

29
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insignificant.

Supplee et al. (1942) found that thiamine mobilized riboflavin
from the tissues to the liver. Sure and Ford (1942) reported a
marked increase in the output ot ribeflavin in rats when the dist
was restricted in thi_a;nine. Davie et al. (1946), on the econtrary,
fotmd a highey pm,rceﬂmge of return of the test dose in the periocd
of higher intake of thiamine. In the study reported in this thesis,
the irnterrelationship of these two vitamins in motabolism appeared
to be thuss the lower the thiamine intaks, the less the nced for

riboflavin and the higher its retention in the serum,
RIBOFLAVIN CONTENT OF THE SERUM QF 29 NORMAL ADULTS

For comparison with the data on the subjects on the controlled
diet, serum samples of a group of 29 normal studemts and faculty
members of Qregon State College were analyzed for riboflavin content
(Teble 16). Analyses were made in triplicate f;br free (sFMN) and
total serum riboﬂavié. |

The mean values for free (+FMN) and total serum riboflavin
reported by Burch et al, {19L8) for 13 subjects and those obtained
in this laboratory for 29 subjects as well as those for the gube
jecte on the controlled diet may be seen in Table 17,



Table 16

CONCENTRATION OF TOTAL AND PEEE &PFIN) RIBOFLAVIH
AND FAD OF THE SERUM OF 29 NORMAL ADULTS

Serum Riboflavin
Subject No. “Total Frec @) |  FAD
meg., . meg, mcg. %
2 5.67 0456 5.1
L 3.07 Oull 2466
5 2439 0423 2,16
6 3.16 1.81 1.35
7 3,63 0.55 3,08
8 2.0k 047 1,57
9 2,63 1.30 1.33
10 2,57 ~ 0.80 1.77
1 2,23 0637 1.86
12 2,23 0.51 1.72
13 2,93 0.64 2.29
1 2,15 0.75 1,40
15 Lo67 3.12 1.55
16 2.66 1.17 149
17 Sl 3,87 1,62
18 2.13 0.32 1.8
19 5.19 1,72 3.7
20 2,36 0485 1,51
21 1.91 0,60 1.31
22 2,06 1.40 0,66
23 1,60 0.73 0.87
2l 2,34 0.55 1,79
25 3.09 1,08 2,01
26 1.58 0.10 1.148
27 3,76 2.40 1.36
28 2,05 0,68 1.37
29 3.04 1.38 1.66
Average 2.89 1.01 1.89
Range 1058“5 067 0 ..10”3 .12 0.66-5 011




Table 17

CO¥PARISON OF DATA FOR SERUM RIBOFLAVIN VALUES OBTAINED
IN THIS LABORATORY WITH THOSE REPORTED
EY BURCH et 21, (1948)

Serun Riboflavin
“Total Free (+FiN)

Studies Mean ' ‘ e Yean 0

meg. » | Bege & BCE. % neg. %
13 Subjects (Burch et al., 19L8) 3.2 2,6=3.7 _ 0.8 - 0e3=1.3
29 Subjects (Study in this 1ab5mtery). 2.89 1,58-5.6% 1,01 0.10-3,12
7 Subjects (‘Stu@ on the controlled 3.22 2.36-5.30 1.43 -Oeli7=3450

diet in this laboratory) .

£9
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- INTERPRETATION OF STATISTICAL ANALYSES

'From ﬁhé é%afistical amalyses presented in Tables 20, 21, 22,
aﬁd 23 (iﬁythe appéndi#), %hé indication is that the éifferénces
amcng th@ indiv1dunl persans in respect to the content of ribo=
flavin in the serum ar@ signifzcant. This is tru@ for both the
frse (aFMN) an& the %otal form,
| Th@ ghange of the thiamine intake did not affect %he concen=
tiatian of free (ﬁﬁﬂﬁ) riboflavin in the serus significantxy, but it
aid affecé the total riboflavin of the serun gignificantly.

There was no signifiéant day-to-day variation in the total
and free riboflevin valuves of ihe serum during any one level of
thiamine intake,

Eavi# et al., (1946) observed from their studies on the urinary
exeretion of riboflavin, that approximately 10 days were required
to adjust to a new level of inteke, with the excoption of one sube
jeet who required 6 weeks to make a similar adjustment. In the
1951 study (Figure 3) the data indicated that a lomger period of
time might have been needed for the adjustment to the new level of
thiamin@ intake since a downward trend was noted wntil the lith day,
with urine riboflavin values fbr gubjest RBD showing sharp peaks
gvery fow days. Subject RED, however,; suffered occasionally from
migraine headaches during the experiment. BRefore thg_experiment,
she took BEXEL {multiple vitamin pills containing :ii-on) and
Brew@}'s yeast tablets every day for approximately two months, She

stopped taking the vitamin pills, eighteen days before the beginning
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of the study and tho Brewert's y@ast‘ tablets, three days before the
experimm began. During the study (January 19) she sufferecd from
a h@adacn@ ami vomted her breakfast and the vitamin By snpplement.
She spen{c the reminder ef tho day in bed, e&tlng only her por%ions
'cf pears and x?eat. Gﬂ Jammy 30, she developod a slight cold whieh
resulted in. a sore throms on January 31 and Pebruary 1, f‘ebruary k,
she was 411 vrith nausea and: diarrhea and vomited after lunch. On
February ‘JE.B , she suffered from a migraine headache, again, For
these ressons, a statistical andlysis of the date of the Zh-Hour
.urinamy riboflavin values for the two levels of thismine intaoke

right not constitute a valid comparison.
URINARY EXCRETION OF RIBOFLAVIN

fThe near daily urinery excretion of riboflavin for three sub=-

jects during the entire period in the 1950 study was 382 meg. ranging
from 358 to LO7 meg.; the mesn riboflavin excretion for the four
subjects in the 1951 study was 376 meg., ranging between 315 to U6T
mege The mean riboflavin output for all was 32 per cent of the ine
teke during the 1950 and 1951 studies.

Hathawey et al. {19L6) found that, when the inteke of ribo-
flavin was 1330 meg. per day, the urinary excretion on a matural
diet ranged ffom 17k to 229 meg. Davis et al, (19L6) observed that,
when the daily ribeflavin infak@ was 660 ‘m‘cg. per 1000 calories,
the average 2hi-hour excretion of 6 subjects ranged between 21L to
345 meg. Swaninathan (19h2) estimated the daily wrinary riboflavin



68
excretion, on an intake of 1200 to 1500 meg. per day, to be 25 to
30 per cent of riboflavin ingested.

The mean urina:y riboflavin éxeration per gram of creatinine
for each of the seven subjects i recorded in Table 18 The means
ranged between 2U8 to LTL meg. per gram of creatinine, According
to Aykroyd ot al. (1948) if the exeretion of riboflavin ie loss
thaﬁ 200 m;g. per gram of creatinine, the intake 6f ribpflayin may
be considered wnsatisfactory. The mean urinary riboflavin values
of all seven subjects were above this level.

Feder, Lewis, and Alden (19Lh) stated that the amount of ribo-
flavin per ml, of urine showed less variation than the total amount
excreted, but Hathaway and Lobb (1946) found that urinary ribo-
flavin excretion showed no relation to urinary vclume; The results
reported in this thesie are in agreement with those of Ehthaway‘and
Lebb, |

RESPONSE TO 2 UG. ORAL DOSE OF RIBOFLAVIN

The results of the regponse of four subjects to & 2 mge oral
dose of riboflavin indicated that the peak of total riboeflavin in
the serum occurred between one-half hour and ome hour after the
doss was taken. An inorease of 97 to 147 per cent was noted in the
concentration of total riboflavin in the serum (Table 19 and Figure
L), However, for frec (+FiI¥) riboeflavin, the peak, for ;11 four
subjects, cccurred one-half hour after the test dose was taken, or
a 29 to 393 per'cent increase. The highest output of ribof;aviﬁl

in the urine occurred at the end of the first hour (Table 23 and
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Table 18

THE MEAN URINARY EXCRETION OF RIBOFLAVIW, OF CREATININE
AND OF RIBOFLAVIN PER GRAM OF CREATININE
FOR EACH OF SEVEN SUBJECTS

lean Urinary Excretion_; _ |
Riboflavin per gram|
[Bubjects Riboflavin . Creatinine of creatinine
meg, per 24 hr, gm. per 24 hr, mege
Vi 382 1,05 364
KD 358 1.09 328
SWw Lo? 0.86 L4
ML 328 1,32 293
HAL 315 1,27 ' 248
cAS 393 : 1,53 257
RED k617 1.10 Lal

% NIV in the 1950 study.
#t ML in the 1951 study.



Table 19

OF FOUR SUBJECTS FOLLOWING A 2 MG. ORAL DOSE OF RIBOFLAVIN

CONCENTRATION OF TOTAL AWD FREE (+FMN) RIBOFLAVIN IN THE SERUM AND URINARY EXCRETION OF RIBOFLAVIN

MLY HAL CAS RBD
Serum Riboflavin Riboflavin Serum Riboflavin Riboflavin Serum Riboflavin Riboflevin Serum Riboflavin Riboflavin]

Time Total Free (+FMN) Excreted Total |Free (+FMN) Excreted Total [Free (+FMN) Excreted Total ﬁ‘ree (+FP) Excreted
in Uripe in Urine in Uripne in Urine
meg. % | meg. % mcg. per meg. #| meg. % mcg. per mcg. $| meg. % mcg. per mce. mcg. % meg. per
hr, hr. hr, hr.
Fasting 7:00 A.M. 2.73 1.15 12 3.46 1.61 14 2.68 1.60 15 2.60 1.01 36

7:30 A.M, 5.27 4, 64 139\ 6.83 5.62 56I 6.15 6.08 147 1 5.75 4.98 152
Ly3 316 423 } 497

8:00 A.M. 5.56 2.57 304 | 6.09 3.4 260 | 5.0 3.17 276 ) . 6.42 3.6 45
9:00 A.M. L, 8l 1.34 385 5.22 1.95 185 L,68 1.85 7 L4.20 1.55 355
10:00 A.M. 3.09 1.42 115 k.19 1.98 78 3.83 2.07 67 3.71 1.66 198
11:00 A.M. 3.26 0.99 53 L.43 1.71 51 k.03 2.24 s 3.05 1.02 149
12:00 A.M. 3.08 0.84 48 3.90 1.70 L6 3.51 1.72 | 50 2.92 0.99 64
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FIGURE 4

INTHE SERUM AND THE URINARY EXCRETION OF RIBOFLAVIN
FOR FOUR SUBJECTS FOLLOWING A 2 MG.ORAL DOSE OF

CONCENTRATION OF TOTAL AND FREE #FMN) RIBOFLAVIN
RIBOFLAVIN

AND) B OON

(1V101) NIAV 14081d WNY3S

ANID) Hid OIN

(NW4+3344) NIAV 140814 WNH3S

E &8 8 8§ 8 -
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HOURS AFTER TEST DOSE
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Fiéure L). The values for both serum and urinary riboflavin showed
an ‘abrup;c aecrease after the peak hed been reached. At the end of
the 5th hoﬁr, the riboflavin values for serum and urine were almost
at the original level,
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CHAPTER V

. SUIMARY

The daily micro determination of free (+MIN) and total ribo
flavin in the serum and the daily macro determination of riboflavin
in 2j-hour collectionsg of urine of eight normal women cn a con-
trolled diet for the studies of 1950‘and 1951 are described.

The mean concentration of free (+FMV) éerum riboflavin for
seven of the eight subjects was 1.43, and ranged from 0.47 to
3.50 meg. per cent; the méan concentration of total serum riboflavin
was 3.22, and ranged from 2.36 to 5.30 meg. per cent, The data for
one subject (HHY) who received some supplements and medications were
not included in calculating the mean values or in the ranges given.

The mean concentration of free (+FMN) riboflavin in the serum
was slightly lower in the periods of restricted thiamine intakes howe
ever, the difference was not statistically significant, 7Ths in
crease (0.43 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 ﬁtilization of riboflavin in metabolism;
i.e., 8 decrease in thiamine intake decreases the requirement for
riboflavin and is reflected in an incrsased 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
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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 mean daily urinary ribe-
flavin oxcretion of throe subjects in the 1950 study was 382 meg.
per day, end that of four subjects in the 1951 study was 376 meg.
per day. The riboflavin output was about 32 per cont of the
ingescted vitamin in both years' studies, The riboflavin excretion

per gram of ereatinine ranged from 248 to LTh mecg.
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DIRECTIONS FOR THE EXPERIMENTAL SUBJECTS IN THE 1950 STUDY

The study will begin officially on Saturday, A.M. April 8 be-

tween 6:15 and 6:30 A.M. Each per.son will report to the

laboratory at that time déily. If all goes well, the exper-

iment will end with the completion of analyses on lMay 8, 1950.

The study will be divided into 2 parts of 15 days each,

Period I. Supplements of crystalline thiemine 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 II, The bassl diet ﬁill not be supplemented this period,
Each person will, therefore, receive 300 micrograms
of thiamine for every 1000 calories consumed.

The total daily ascorbic acid intake will meet the National

Research Council Recommended Allowance,

The basal diet contains aboﬁt. 1000 calories. No foods {except

coffee or tea without cream and sugar) will be allowed ad

1ibi tum, |

Blood samples will be taken daily.

Urine collections for 2h-hour pericds will begin after the

first volding on the first day and will include the first

voiding on the following day. You will preserve one-half
each collection with 2 per cent, by volume, of glacial acetic

acid, This preservative is stable,



F. Do not take aspirin, vitamin pills or any medicine during the
course of the entire expsriment.
(Subject HHY is taking some medication and supplements
| by prescripﬁion.and a]_.though her rogime will not be th‘eﬂ
same aé the others, it will be recoided thrf;ugﬁout the

study.)



A,

B.

c.

D.

DIERCTIONS FOR THME EXPCRIMENTAL SUBJECTS IN THE 1951 STUDY

The study will begin officielly on Friday, A.M. Janvary 19

between 6:15 and 6:30 A.M. Each person will report to the

laborgtory at that time daily. If all goes well, the expere

iment will end with the completion of analyses on Sunday,

Pebruary 18, (For Rachel Dube and Mei-ling Wu, on February

19.)

The study will be divided into 2 parta of 15 days each,

Period I, Supplements of crystalline thiamine will be given
each day to bring the total thiamine intake up to
the vecommended allowance of the National Research
Council, The bagal diet will contain 300 micro-
groms por 1000 calories.

Pericd II, The basal diet will not be supplemented during
this period, Each person will, therefore, rece
ceive 300 micrograms of thiamine for every 1000
calories consumed,

The total daily ascorbic acid intake will meet the National

Research Council Rscommended Allowance,

The basal diet plus 2 units contains about 2000 calories, No

foods (except coffee without croam and sugar) will be allowed

ad libitum,

Elood samples will be taken daily.
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Urine collections for 2L-hour pericds will begin after the first

voiding on the first day and will include the first voiding on



the following day. You will preserve each colleqtion with 2
per cent, by volume, of glacial acetic acid. This preserv-
atiﬁe is étable. Ploase use tampons to prevént contamination
of urine ﬁith blood during menstrusl periods.

F. Do not teké aspirin, vitamin pills or any medicine dufing the

course of the entire experiment,
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STATISTICAL ANALYSES

SERIAL CORRELATION

The serial rqq;?r@lation is a method of testing the i'andonmese of a
set of obgervations. The serial correlation éoﬁficienﬁ ig the corre-
lation coefficienf, ‘between ,adjacenﬁ observations sﬁch as the yields of
adjacont plots or the observations made at adjacent tixﬁe periods. Let

Xjs X9y eees % be the N observations of a sample, where x3 is the ith

observation, The gerial corrclation coofficient of this sample is

R= 2 (xi= X)(Xiss ~ %) = 2 X Xi+l —(ZX)?%I
=2
2(x-%) T x2 -(30%4

The serial correlation coefficient measures the randomnesc of a
sequence of observations. It }ran.gea from -1 to+1. A high negative
serial correlation coefficient indicates that the observations go
above and below their mean too frequently. A high positive correlatien
indicates that the observations follow a downward or upward trend. A

low coefficient indicates randomness.



TAHLE OF 5% AND 1% POINTS OF DISTRIBUTION OF SERIAL
COEFFICIENTS OF RANDOM SAMPLES DRAWN FROM NORMAL
POPULATION

e s e
5 ~0.798 ~0.753 0.253 0.297
| 6 ~0.863 -0.708 0,345 0. 147
7 «0.799 =0.67h | 0.370 0.510
8 0.6k | ~0.625 | oan | o.5:
9 =0, 737 -0.593 0.366 0.533
10 ~0,705 -0,56l 0.360 0.525
1 ~0.679 ~0.539 0.353 0.515
12 ~0,655 «0.516 0.3L8 0.505
13 ~0.634 =0.497 0.3l 0.495
1k ~0,615 ~0.479 0.335 0.485
15 0597 =0,162 0.328 0.L75
20 ~0.52L ~0.399 0.299 0.432
25 -0.473 -0.356 0.276 0.398

The 5% and 1% points are used for 10% and 2%
significance levels for two-tailed tests,
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SERTAL CORRELATION
(1950 STUDY)
SUBJECT MLW
First Period
Total Riboflavin
‘The correction tem =(g§i%3;)2: 69.85U45

_ 70,7860 - 69,8 _ 0,9315 _
R= “Tzz‘éé%n.s 25 = =-=§l-ﬂl. =F = 0.616

Pree (+FMN) Riboflavin
2
The correction term = (-9-:;%2) = 9.9800

R = 104117h - 9.9800 _ 0.137L _ 0,620

Second Period
Total Riboflavin
2
The correction term = (2.?.%9.) = 106,9290

— 107.0574 - 106,9290 _ 0.1284 _ A -
R= 107.5576 - 106,9290 ~ 0,62 = 0.20k

Free (+FMN) Riboflavin
The correction term = (.5%%9.)2; 9.,3316

9,305k = 9.3316 _ -0.0262 _
R= 2“%%%"‘9. 3 9".335"'31 = 0.5780 = ~0.095



SERIAL CCREELATION
(1950 STUDY)

SUBRJECT KD
First Period
Total Riboflevin -
The correction term — (27-08)2 7343326

-.-zg%- 0,089

-

Free (+FMN) Riboflavin
2
The correction term = (12:{22) 1L, 4480

Oh 00 = 1 [ .0 20 )
%——2-58——%79 0355 = 0.120

Second Period
Total Riboflavin
/ )2
The correction term — (-.3.3:%22) — 101,2512

101,3029 - 101,2 12 _
R= 101.9 - 101, = 0.070

Free (+FIIN) Rivoflavin

2
The correction term = (}_gi%li) = 14,9818

R — .00 o98.|.8 "008.!. = =0
B= *SE18 = ooggos - oeMs
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SERIAL CORRELATION
(1950 STUDY)
SUBJECT SWH
First Penod
Total Riboflavin
The correction term = (h8 18) = 232.1312

+7203 _ o a:
010 =0,331

Free (+FMN) Riboflavin
The correction term = (ig,é_gé)z__, 11L,2048

_ 114,4509 - 114,20L8 _ 9, 21:61 -
= §12.3008 = 11L.20L8 ~ 1.1760 — 0+209

Second Period
Total Riboflavin
The eorrection term — (57 -52) — 330.8550

R= 3%0.8021 - 330.8550 _-0 0529 _ -0,0
332.0330 - 330. 1.1780 L
Free (+FMN) Riboflavin
2
The eorrection tern = (22;132) = 125,732

_ 125,7388 - 125.7412 _ -0.0024 _
R= 122.1%73 - 12%.7%2 0,42 ﬁ =-0,006

g1
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SERIAL CORRELATION
(1951 STUDY)
SUBJECT MLW
First Period
Total Riboflavin

) - 2
The correction term — (%%hi,) = 57.312)

— 57°5h53 i 57-31214 - 002329 - Q
B 57.7120 - 57.322% = 0.3996 0.5%3

FPree (+FUN) Riboflavin

V2
The correction term — (Zi%i) = 5.9598
— o 8 e 99 98' - "000017 —_ d
k= %oog T5e0508 = 5.118g — ~0+015

Second Period
Total Riboflavin
2
The correction tem = @Z.i%é) = 76,8953

— 6Q8 80 - 6.89 P 0.0087J — ~
R= 7740331 - 73’«59%3 ~0.378. 7 0.020
Tree (+TMN) Riboflavin

2
The correction term — (%:%2) = L3560

— =0.,0209 _
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SERIAL CORRBLATION
(1951 STUDY)
SURJECT HAL
First Period
Total Riboflevin

The corroction term — (32 26) — 10L.,0708

10L,0205 - 10L.0708 _ 0,0503
R= 10L.71k8 < 10L4.0708 — Goélte =9 678

Free (+FMN) Riboflavin
The correction term = (15°38) — 23,654k

- T2 - 265l _ 01220 _

Soecond Period
Total Riboflavin ﬂ
The correction term = (35 h?) = 12%8.8121

125,52 - 125.8121 . ~0.,2877 _
R= 2 255__’&___%3__089 T — 03068 = 1%
Free (+FIY) Riboflavin
2
The correction teim = (}.g.i.g;q) = 17,9560

8= },8:3022% = 'jf%%% = %:.g%g = 0,407



SERIAL GORRELATION
(1951 STUDY)
SUBJECT CAS
First Period
Total Riboflevin
The correction term = (32.{%1&)2= 8l.3322

3322 _ 0.0727 _
3322  0.7116 0.102

Free (+FUil) Riboflavin
2
The correction term = (muigh) = 30,7652

R= 0.6290 - 0.76 2 =~001362 = ° 7
31,1320 - 30.73§2 = o368 = 0

Second Period
Total Ribeflavin
2
The correction term = (gg.igg) = 87.73Lk

_ 87,7042 - 87.73hL _ -0.0302 _
n= glefil=JlIoin =008 = 0.265
Free (+FMN) Riboflavin

2
The correction term — (.;1}.4%2) = 21,9632

2 _=0.1 - ]

b



SERIAYL CORBELATION
(1951 STUDY)
SURJECT RED
Pirst Period
Total Riboflavin
The correction term = (22‘71) = 51.57hh

16907 = 51.574h _ 0.1163 '_ o m
1.5919 =~ SL.57 ®

Freo (+FMV) Riboflavin
\ 2
The correction term = (}_}%é) = 2,2568

2,14057 ~ 2,2168 _ 01589 _ 4.
R=35 27l = 2.2165 o.z%‘% 0,566

Second Poriod
Totzl Riboflavin

2 .
The correction term = @%%2) = 61,6529

— =0.125) _.
=035 =0.382

Froe (+IMi1) Riboflavin
2
The correction term = (mhigi) = 1.9272

-2 0353 - 1.9272 o 1073. ¢

25



SERUM RIBOFLAVIN (FREE+FVIy) OF THREE SUBJECTS MAINTAINED ON A CONTROLLED DIET

Table 20

ANALYSIS OF VARIANCE CALCULATIONS

WITH TWo LBVELS OF THIAMINE INTAKE FOR 15 DAYS EACH IN 1950

Preliminary Calculations

(1) (2) (3) (L) (5) (6)
Source Total No. of | Observa-| Total of Squares Sum of
of of items | tions per| per Qbservation Squares
Variation Squares Squared | Squared (2) = (L) (5)-correction|
Item
[Correction 10592.526l 1 Sh 196,1579 0
Diet 5296,3650 2 27 196,1617 0.0038
Person 4,828,509k 3 18 268,2505 72,0926
Sub-class 241y,5932 6 9 268,2881 72.1302
Individual cobservations 271,0332 Sk b 271.0332 74.8753
Day 1179.,9806 9 6 196.6634 0.5055
D-d, sub-class 593.8L454 18 3 197.9485 1.7906
P-d, sub—class 538.4932 27 2 269,266 73.0887

9%



Table 20 (continued)

Analysis of Variance

[~ Variation ~ Sum of Squares Degrees Hean Remarks

Due to: of Square

Freedom

Diet 0.0038 1 0.0038 Not eignificant
Person 72,0926 2 36,0463 Significant
Day 0.5055 8 0.0632 Not significant
Diet vs. person 0.0338 2 0.0169
Diet vs. day- 1,2813 8 0.1602
Person vs, day 0.L4906 16 0.0307
Error 0.4677 16 0,0292
Total 74.8753 53

46




Table 21

ANALYSIS OF VARIANGCE CALCULATIONS

SERUY RIBOFLAVIN (TOTAL) (F THFEE SUBJECTS LAINTAINED ON A CONTROLLED DIET
WITH TWO LEVEZLS OF THIAMINE INTAKE POR 15 DAYS EACH IN 1950

Prelimin Calculations

() (2) {3) (L) (5) (6)
Source Fotal Ho. of | Observe- | tobal of oquares Sum of
of of tems | tions per | per Observation Squares
Variatien Squares Squared | Sguared (2) = (L) {5)=correction
Iten
Correction 50055.1129 1 60 834.2519 )
Diet 2523L4.6177 2 30 841.1539 6.9020
Person 18138.0569 3 20 906.9028 72,6509
Sub-class 9143.5365 6 10 914.3537 80.1018
Individual observations 925,2525 60 1 925.2525 91.0006
Day 5016.8381 10 é 836.1397 1.8878
D-d, sub-class 2547.2291 20 3 849.076k 1L.82485
P-d, sub-clase 1820.5369 30 2 910.2685 76.0166
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Pable 21 (continued)

inalysis of Variance

' Vefiat.’ibn

" Sum of Squares

Remarks

Degrees Mean

Due to: of Square

- Freedon _
Diet 6.9020 1 6,9020 Significant -
Person 7246509 2 36,3255 Significant
Day 1,8678 9 0.9098 Not significant
Ipiet vs. person 0.5489 2 042745
Diet vs. day 6.03L7 9 0.6705
Person vs, day 1.4779 18 0.0821
Brror 1.4984 18 0.0832
Total 91,0006 59

66



Table 22
ANALYSIS OF VARIANCE CAILULATIONS

SERUM RIBOFLAVIN (FREE +FUN) OF FOUR SUBJECTS MAINTAIRED ON A CONTRCLLED DIET
WITH TWO LEVELS OF THIAMINE INTAKE FOR 315 DAYS EACH IN 1951

Prelimingry Caleulations

o8 (2) 3) | W (5) (6)
Source Total Re. of | Obsexrva= | Total of Squares Sum of
of of itemg | ticns per | per CObservation Squareg
Variation Squares Squared | Squared (2) = (L) {5 )}~correction
Item
Correction 7155 . L1682 1 80 89.4l3L o
Diet 3596.7685 2 Lo 89,9192 0.4758
Person 2163,8773 b 20 108.1939 18.7505
Sub~-class 1088.2865 8 10 108.8287 19,3853
Individual observations 110,L587 80 1 110,k587 21,0153
Day 718,5863 10 8 89.8233 0.3799
D-d, sub-clags 362.8349 20 b 90.7087 14,2653
P«.ﬁ, gub=clags 217.9013 ho 2 108 09507 19 05073

00T



Table 22 (continued)

Analysis of Variance

[ Variation “Sum of Squares Dogrees Tiean Remarks
Due to: of Squars
Freedon
Diet 0.L4758 1 0.L4758 Wot Significant]
Person 18,7505 3 6.,2502 Bignificant
Day 0.3799 9 0.0422 Hot Significant
Diet vs, person 0.1590 3 0.0530
Diet vs. day 0,4096 9 0.0485
Person vs, day 0.3769 27 0.0140
Error 0,4636 27 0.0172
Total 21,0153 79

10T



Table 23

ANALYSIS OF VARIANCE CALCULATIONS

SERUM RIDOFLAVIN (TOTAL) OF FOUR SUBJECTS MAINTAINED ON A CONTIROLLED DIET
WITH TWO LEVELS OF THIAMINE INTARE FOR 15 DAYS FACH IN 1951

Preliminary Calculations

(1) " (2) (3) (L) (5) (6)
Source T Total Wo. of | Obgerva-| Total of Squarcs Tum of
of of itemg | tiens per | per Observation Squares
Variation Squares Squared | Squared (2) = (b) (5)=correction|
Item _ _
Gorrection 50895.,3600 1 80 636.1920 0
Diet 2548h,7250 2 Lo 637.35681 1.1761
Person 129551890 L 20 67,9095 11,7175
Sub-class 6493 .84L0 8 10 6L49.38L4L 13,192}
Individusl observations 652.5342 80 1 652,5342 16,3422
Day 5095,7670 10 8 636.9709 07789
D-d, sub-class 2556.1396 20 ly 639.1099 2.9179
P-d, sub-class 1298.8286 Lo 2 649 J1k3 13,2223

201



Table 23 (continued)

Analysis of Variance

Variction TS of Squares Tegrees Toan Romorks
Due tos of Squarc
Frecden

et 11761 1 1.1761 Significant
Person 117175 3 3.9058 Significant
Day 0.7789 9 0.0865 Not significant
Diet vs. person - 0.2968 3 0.0996
Diet vs. day 0.9629 9 0.1629
Person ve. day 0.7259 27 0.0269
Brror 0.6821 27 0.0253
Total 16,3422

€0t





