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The influence of riboflavin doses on the urinary excretion of 

riboflavin and 4-pyridoxic acid was investigated in 6 young men. 

Doses of crystalline riboflavin and/or pyridoxine were administered 

on days 10 to 25 using a 6 X 6 Latin square design. The 6 

crystalline vitamin doses given were:  0.3 mg and 0.6 mg pyridoxine; 

1.2 mg and 2.4 mg riboflavin: 0.3 mg pyridoxine with 1.2 mg 

riboflavin and 0.6 mg pyridoxine with 2.4 mg riboflavin.  On day 28 

each subject received 0.06 mg riboflavin.  On days 30 to 45, 6 food 

doses of known riboflavin content were administered to the subjects 

using a 6 X 6 Latin square design. All crystalline vitamin and food 

doses were separated by two days. All subjects consumed a constant 

diet during the experimental period. Twenty-four-hour urine 

collections were made throughout the study.  Urinary riboflavin 

excretion increased in response to the 1.2 mg and 2.4 mg riboflavin 

doses but not after the 0.06 mg dose.  Urinary riboflavin excretion 

increased after the milk dose only.  Bioavailability of riboflavin in 



non-fat dry milk, which was estimated by reference  to the riboflavin 

dose response curve,  was  61+35  (mean + S.D.)  percent.     In 4 of  the 

6   subjects urinary 4-pyridoxic acid excretion was  suppressed when 

riboflavin was administered with  pyridoxine.     Additionally,   in four 

subjects  the 2.4 mg riboflavin dose depressed urinary 4-pyridoxic 

acid excretion to a level  below that  seen with  the 1.2 mg riboflavin 

dose.    These results provide additional  supporting evidence for a 

riboflavin/vitamin B-6  interaction. 
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INFLUENCE OF RIBOFLAVIN DOSES ON THE URINARY EXCRETION OF RIBOFLAVIN 

AND 4-PYRIDOXIC ACID IN YOUNG MEN 

INTRODUCTION 

Nutrition surveys based on biochemical parameters such as 

riboflavin excreted in urine or erythrocyte glutathione reductase 

activity suggest that people are either receiving diets inadequate 

in riboflavin or that the bioavailability of riboflavin in the diet 

is poor.  Lopez, Schwartz, and Coopenaan (1980) reported that 23 

percent of the 210 adolescents they studied in New York City had 

erythrocyte glutathione reductase activity coefficient (EGRAC) 

values ranging from 1.2 to 2.2.  (normal values range from 0.9 to 

1.2.) Consumption of milk or milk products is an important 

determinant of riboflavin status (Lopez et al., 1980; Yeh, Butler 

and Desai, 1977). Among the elderly in central Kentucky 54 percent 

of institutionalized and 39 percent of the non-institutionalized 

were deficient in riboflavin based on EGRAC. A vitamin B-6 

deficiency was also observed  (Chen and Fan-Chiang, 1981). 

The Nationwide Food Consumption Survey of 1977-78, in which the 

food energy and nutrient intakes of 37,785 individuals were studied, 

indicated, however, that most age groups in the United States 

received adequate riboflavin intakes (Pao and Mickle, 1981). Other 

recent surveys reported similar findings (Welsh and Marston, 1982; 

Kim et al., 1984; Polley, Willis and Folkers, 1985). 

Very little work has been done on the bioavailability of 



riboflavin. Bioavailability of a dietary nutrient may be defined as 

the extent to which that nutrient in foods can be digested, absorbed 

and utilized. It is important to have accurate data on 

bioavailability of nutrients in foods in order to ascertain their 

adequacy in the diet and to identify the foods from which each 

nutrient is most bioavailable so that their consumption can be 

encouraged. Roe et al. (1978) reported that dietary fiber promotes 

riboflavin absorption. Dietary fibers have a common effect on upper 

gastrointestinal parameters which affect riboflavin absorption: 

fibers decrease stomach emptying time which increases the duration 

of vitamin exposure at the absorption sites in the small intestine. 

Girija, Sharada and Pushpamma (1982) found that the 

bioavailability of riboflavin from green leafy vegetables was 

approximately 50 percent. Their research, which showed a large 

difference between the riboflavin content of food and biological 

availability of riboflavin, points to a need for further studies on 

bioavailability of this vitamin. Everson et al. (1948) determined 

the bioavailability of riboflavin to be 90 percent in ice cream, 42 

percent in green peas, and 39 percent in almonds. 

Thus a reasonable doubt exists about the adequacy of intake by 

or bioavailability of dietary riboflavin for certain groups of 

people. The purpose of the research presented in this thesis was to 

determine the bioavailability of riboflavin in some commonly eaten 

foods. The influence of riboflavin on the urinary excretion of 

4-pyridoxic acid, a metabolite of vitamin B-6, was also measured. 

Flavoenzymes are involved as oxidases in the metatclistp. of E-6 



vitamers (McCormick and Merrill, 1980; Anderson et al., 1971) and in 

the formation of 4-pyridoxic acid. Thus the formation of 

4-pyridoxic acid may be affected by the activity of an FAD-dependent 

aldehyde oxidase (Merrill et al., 1984). Accordingly, the 

interaction of riboflavin and vitamin B-6 was also investigated by 

measuring the urinary excretion of 4-pyridoxic acid in subjects who 

received combined doses of crystalline riboflavin and pyridoxine. 



REVIEW OF LITERATURE 

RIBOFLAVIN STRUCTURE AND PHYSIOLOGIC FUNCTION 

Riboflavin is comprised of an isoalloxazine ring attached to 

a ribityl side chain. The metabolic role of riboflavin lies in 

its conversion to the two coenzymes, flavin mononucleotide (FMN) 

and flavin adenine dinucleotide (FAD). To form these two 

coenzymes, riboflavin first reacts with ATP to produce FMN 

(riboflavin 5'-phosphate), which subsequently combines with a 

second molecule of ATP to form FAD. These three compounds which 

are presented in figure 1 are metabolically interconvertible 

(McCormick, 1975). 

Since FMN and FAD are the primary forms of riboflavin in 

tissues, it is presumed that apo-flavoenzymes are responsible for 

the binding and retention of this vitamin in the body (Merrill et 

al., 1981). Recently small amounts of flavin have beer, found 

ccvalently linked (peptide linkage) with protein. This linkage 

has been identified in a few flavoenzymes.  These ccvalently 

linked flavins are present in very small amounts as compared with 

those of dissociable flavins. The physiological and nutritional 

roles of the ccvalently bound flavins are presently under study 

(Rivlin, 1984). Limited amounts of covalently bound forms appear 

to be digested, absorbed, metabolized and excreted (Chia, Addison 

and McCormick, 1978). 

The biological importance of riboflavin is demonstrated by 
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Figure  1.     Structure of  riboflavin and the two coenzymes, 

riboflavin 5-phosphate   (FMN)  and flavin adenine dinucleotide 

(FAD). 



the involvement of flavoenzymes in many metabolic pathways and in 

energy production via the respiratory chain.  Enzymes requiring 

riboflavin function in one-electron transfer, dehydrogenation, 

reactions with sulfur-containing compounds, hydroxylation, 

oxidative decarboxylations, deoxygenations and reduction of oxygen 

to hydrogen peroxide (Merrill et al., 1981). Many aspects of 

riboflavin absorption, metabolism and function were extensively 

reviewed by Rivlin (1970, 1984), and Merrill et al. (1981). 

INTESTINAL ABSORPTION OF RIBOFLAVIN 

Most of the evidence for the mechanisms of riboflavin 

digestion and absorption has been obtained in the rat.  In 

contrast to man, however, the rat absorbs little of the vitamin 

(Jusko and Levy, 1975). Thus, due to the differences between 

species, it is not certain whether the mechanism of riboflavin 

absorption in man is similar to that in the rat. 

Riboflavin and FMN are absorbed in the proxitial small 

intestine of man by a saturable transport system. The upper limit 

of absorption under usual conditions in humans is estimated at 

approximately 25 mg of riboflavin (Jusko and Levy, 1967). 

Riboflavin absorption appears to be proportional to dose, leveling 

off at 25 mg. Jusko and Levy suggested that FMN is 

dephosphorylated in the intestinal lumen, rephosphorylated in the 

intestinal mucosa to form FMN, which is subsequently transported 

to the liver where it is rapidly dephosphorylated. 



More recently, Akiyama, Selhub and Rosenberg (1982) showed in 

the rat that enzymes releasing riboflavin from FAD and FMK, the 

major forms of riboflavin in the diet, are concentrated in the 

brush border membrane. These authors suggest that digestion and 

absorption of riboflavin occur in two stages, in which hydrolysis 

of FMN and FAD by enzymes of the intestinal brush border is 

followed by absorption of free riboflavin. 

Ingesting crystalline riboflavin with food increases the 

amount of riboflavin absorbed by humans, probably by increasing 

the intestinal transit time which allows more time for absorption 

(Levy and Jusko, 1966). Bile salts also increase the absorption 

of both riboflavin and FMN by an unknown mechanism (Jusko and 

Levy, 1967). FMN can be administered in larger doses than 

riboflavin because it is more soluble than free riboflavin. 

URINARY EXCRETION OF RIBOFLAVIN 

Riboflavin is excreted in urine mainly as the free vitamin 

rather than as a derivative of a coenzyme.  Small amounts of 

side-chain degradation products such as lumichrcme, 

10-formylflavin and 10-(2'-hydroxyethyl) flavin, and ring-altered 

compounds are found in urine and may be formed,in part, by 

intestinal microorganisms (Merrill et al., 1981).  Recently 

Ohkawa, Ohishi and Yagi (1982) identified two new flavin 

derivatives in human urine:  7 alpha-hydroxyriboflavin and 8 

alpha-hydroxyriboflavin. Ohkawa et al. found that these hydroxy 
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derivatives constituted 36 percent of the total flavins in human 

urine, while riboflavin constituted 26 percent.  It appears that 

of the total flavins excreted in the human urine, the percentage 

of riboflavin is lower than thought earlier.  Small amounts of 

riboflavin are excreted in feces. 

Approximately 26 percent of ingested riboflavin was excreted 

in the urine of individuals consuming a diet providing 1.6 mg of 

riboflavin . Urinary riboflavin excretion increased to 33 percent 

when the diet supplied 2.15 mg of riboflavin (Horwitt et al., 

1950).  Riboflavin given orally to normal individuals can be 

recovered in urine within several hours after administration. 

About 45 percent of a 5 mg dose, 30 percent of a 10 mg dose, and 

16 percent of a 30 mg dose were recovered within 24 hours in urine 

of fasting subjects (Levy and Jusko, 1966). Urinary recovery of 

ingested riboflavin increases with age. For adults 40 years of 

age urinary recovery of ingested riboflavin was 12 percent 

compared to 6 percent in infants (Jusko, Levy and Yaffe, 1970). 

CONVERSION TO COENZYMATIC FORMS AND EFFECT OF RIBOFLAVIN 

DEFICIENCY 

The first step in the utilization of riboflavin by tissues 

(figure 2) is its conversion to FMN by flavokinase, the activity 

of which is especially high in the cytosol of liver and intestinal 

cells.  In tissues of riboflavin-deficient rats, activity of 

flavokinase decreased by 11-45 percent.  Upon repletion with 



flavekinase pyrophosphorylase 

RIBOFLAVIN  r; >     FMN     ^ ^     FAD 

phosphatase pyrophosphatase 

FIGURE 2.  Representation of the conversion of riboflavin into the 

coenzymes, FMN and FAD. 

^ 
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riboflavin, flavokinase activity returned to normal within 6-8 

hours. This decrease in flavokinase activity may be due to 

instability of the enzyme in the absence of its substrate 

(Merrill, Addison and McCormick, 1978). 

FAD synthetase (also called FAD pyrophosphorylase), which is 

widely distributed in tissues, catalyzes the conversion of FMN to 

FAD (figure 2). Its activity has been found to increase in 

riboflavin deficiency (Merrill et al. 1981). Rivlin (1970) 

proposed that increased activity of hepatic FAD synthetase may 

represent an adaptive mechanism for conserving FAD at the expense 

of FMN.  This mechanism may permit riboflavin to be used for its 

most essential functions, since more enzymes require FAD than FMN. 

FMN and FAD are hydrolyzed by phosphatases. 

Of the enzymes involved in FMN and FAD biosynthesis, the 

activity of flavokinase is depressed to 60 percent of normal in 

riboflavin-deficient animals, whereas the activity of FAD 

pyrophosphorylase is elevated to 150 percent of normal. FMN 

phosphatase, the FMN degrading enzyme, is unaffected by riboflavin 

deficiency (Fass and Rivlin, 1969). In addition to diminished 

hepatic concentrations of FMN and FAD, activities of hepatic 

enzymes with FAD or FMN as a cofactor are also depressed in 

riboflavin deficiency (Rivlin, 1970).  Marked decreases in FMN- 

and FAD-requiring enzymes are noted in tissues of deficient 

animals (Rivlin. 1984). 

The physiological responses to inadequate dietary riboflavin 

are numerous and depend on the extent and duration of the 
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deprivation. In experimental animals riboflavin deficiency causes 

congenital malfcrmations. Other features of deficiency in animals 

include loss of hair, dermatitis, cataract, anemia, impaired 

growth, cessation of the estrus cycle, degeneration of nerve 

tissue and ataxia. fatty liver, and cardiac arrhythmias 

(Goldsmith, 1975). Hepatic mitochondria are enlarged in 

riboflavin-deficient animals.  Lipid metabolism is particularly 

disturbed with a decrease in the rate of oxidation of fatty acids 

and a change in the composition of phospholipids. The 

triglyceride content in livers of riboflavin-deficient animals is 

greatly increased (Olpin and Bates, 1962a,b). 

In humans, sore throat and angular stomatitis are generally 

the first clinical signs of riboflavin deficiency. Glossitis, 

seborrheic dermatitis of the face and dermatitis over the trunk 

and extremities occur later, followed by anemia and neuropathy. 

In some subjects corneal vascularization and cataract formation 

are prominent (Rivlin, 1970). Because food sources of the B 

vitamins are similar, riboflavin deficiency is usually seen in 

conjunction with other B vitamin deficiencies.  In addition, 

riboflavin coenzymes are involved in the transformations and 

activation of a number of other vitamins, notably pyridoxine 

(Rivlin, 1984). 

REQUIREMENTS AND RECOMMENDED ALLOWANCES 

The current Recommended Dietary Allowances (RDA) for 
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riboflavin were computed on the basis of 0.6 mg/1000 Kcal for 

people of all ages (Food and Nutrition Board, 1980). The Food and 

Nutrition Board states that the recommended allowances for 

riboflavin do not need to be increased when energy utilization is 

increased.  Belko et al. (1983), however, recently concluded that 

healthy young women require more riboflavin than the 1980 RDA to 

achieve biochemical normality and that exercise increases the 

requirement for riboflavin.  Belko et al. used erythrocyte 

glutathione reductase activity coefficient (EGRAC) to measure 

riboflavin status. In a letter to the editor of American Journal 

of Clinical Nutrition regarding this report by Belko et al., 

Eorwitt (1984) pointed out that older studies measured urinary 

excretion of riboflavin, not EGRAC, to determine riboflavin 

requirements. He noted that urinary riboflavin excretion appeared 

normal at all levels of riboflavin intake in the study reported by 

Belko et al. and that these data should be given attention 

equivalent to the EGRAC data. In response, Roe and Belko (1984) 

stated that in their opinion the EGRAC is a more sensitive test of 

riboflavin status than other estimates and, therefore, based their 

conclusions on EGRAC data.  Erythrocyte glutathione reductase 

(EGR), a flavin enzyme, catalizes the reduction of oxidized 

glutathione and is commonly used to assess riboflavin status in 

humans. To determine riboflavin status EGR activity is measured 

in the presence and absence of FAD added in vitro. The 

stimulatory effect of FAD is expressed as an EGR activity 

coefficient (EGRAC): EGRAC = enzyme activity with added FAD in 



13 

vitro divided by enzyme activity without added FAD. Normal values 

range from 0.9 to 1.2. 

FOOD SOURCES OF RIBOFLAVIN 

In the United States, milk and dairy products as well as 

meat, fish and eggs are the major sources of riboflavin. Seme 

vegetables such as asparagus, broccoli and spinach are also good 

sources.  Losses of riboflavin in food can be extensive.  Exposure 

of milk to sunlight for four hours destroyed 71 percent of the 

riboflavin. Exposure to light during the cooking process also 

destroys riboflavin. Milling of grain products drastically 

reduces riboflavin content. Most white bread and all-purpose 

flour sold in the United States is enriched with riboflavin. The 

use of sodium bicarbonate in the cooking of vegetables also 

destroys riboflavin (Hunt, 1975). 

BIOAVAILABILITY OF RIBOFLAVIN 

Nutrition surveys based on biochemical parameters such as 

riboflavin excreted in urine or EGEAC suggest that people are 

either receiving diets inadequate in riboflavin or that the 

bioavailability of dietary riboflavin is poor.  Lopez, Schwartz, 

and Cooperman (1980) estimated the riboflavin status of 210 

adolescents ranging in age from 13 to 19 years in New York City. 

Twenty-three percent had EGRAC values ranging from 1.2 to 2.2. 
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Among the ethnic groups riboflavin deficiency was greatest among 

blacks.  This may be because many blacks who are lactose 

intolerant avoid milk, the primary source of riboflavin in the 

U.S. diet. An analysis of dietary histories of the group studied 

by Lopez and his associates showed that intake of milk or milk 

products was an important determinant of riboflavin status. Yeh, 

Butler, and Desai (1977) found that people with lactose 

intolerance drink less milk and may be more prone to riboflavin 

deficiency. Among the elderly in central Kentucky 53.7 percent of 

institutionalized and 39.3 percent of the non-institutionalized 

showed a deficiency of riboflavin based on EGRAC. A widespread 

vitamin B-6 deficiency in these elderly was also observed (Chen 

and Fan-Chiang, 1981). 

The Nationwide Food Consumption Survey of 1977-78, in which 

the food energy and nutrient intakes of 37,785 individuals were 

studied, indicated that most age groups in the United States 

received adequate riboflavin (Pao and Mickle, 1981). To assess 

nutritional status, this survey used 3-day dietary records based 

on recall. Other recent surveys reported similar findings (Welsh 

and Marston, 1982; Kim et al., 1984; Polley, Willis and Folkers, 

1985). The discrepancy between biochemical data which indicate a 

riboflavin deficiency among certain groups of people and dietary 

surveys which report adequate riboflavin intake points to a 

possible lack of bioavailability of riboflavin in foods. 

Very little work has been done on the bioavailability cf 

riboflavin. Roe et al. (1978) reported that dietary fiber 
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promotes riboflavin absorption.  Dietary fibers have a common 

effect on upper gastrointestinal parameters which affect 

riboflavin absorption:  they decrease stomach emptying time, which 

increases the time the vitamin is exposured to saturable 

absorption sites in the small intestine. 

Everson et al. (1948) determined the bioavailability of 

riboflavin in ice cream, green peas, and almonds.  A constant 

urinary excretion of riboflavin was established in subjects who 

were receiving an adequate diet providing an excess (2.4 mg) of 

riboflavin.  Crystalline riboflavin (1 mg) was then added to the 

diet and the increase in the excretion of urinary riboflavin was 

measured.  A test food containing an equivalent amount of 

riboflavin was given and the rise in urinary excretion of 

riboflavin was compared to the amount excreted when the 

crystalline riboflavin was given.  Each test food was fed for 4 

subsequent 3-day periods.  In each 3-day test period, the first 

day served as an adjustment interval.  On the second day, a 

24-hour urine specimen was collected to establish urinary 

riboflavin excretion when the basal diet was consumed.  On the 

third day, 1 mg of riboflavin was added to the basal diet either 

in the form of crystalline riboflavin or as that quantity of test 

food that contained 1 mg of the vitamin.  During the 7-day periods 

which separated the 3-day experimental periods all subjects 

ingested 2 mg of crystalline riboflavin in addition to their 

self-selected diets.  They found that the bioavailability of 

riboflavin was 90 percent in ice cream, 42 percent in green peas. 
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and 39 percent in almonds. 

Girija, Sharada, and Fushpamma (1982) studied the 

bioavailability of riboflavin from green leafy vegetables.  Their 

method involved the measurement of urinary excretion of riboflavin 

after oral administration of graded amounts of the crystalline 

vitamin to obtain a dose-response curve by applying the regression 

equation 

y = a + bx 

where y = urinary riboflavin excretion and x = riboflavin dose. 

The urinary excretion of riboflavin after the ingestion of a known 

test food was measured and bioavailability was calculated from the 

dose-response curve.  Each test dose of riboflavin was 

administered for 4 consecutive days. A basal diet was fed for 4 

days prior to the first riboflavin dose and for 2 days between 

doses. Estimating bioavailability from dose response curves, they 

found approximately 50 percent bioavailability of riboflavin from 

green leafy vegetables.  Earlier Rao and Ramasastri (1969) had 

suggested that the increased consumption of green leafy vegetables 

should be advocated in India as a source of riboflavin. The 

research of Girija et al. (1982), which showed a large difference 

between the riboflavin content of food and biological availability 

of riboflavin. points to a need for further studies on 

bioavailability of this vitamin. 



VITAMIn B-6 RIBOFLAVIN INTERACTION 

Vitamin B-6 metabolism has been reviewed recently by 

Henderson (1984) and Lumeng and Li (1980). The major forms of 

vitamin B-6 in the human diet are pyridoxine (PN), pyridoxamine 

S'-phosphate (PMP), and pyridoxal 5'-phosphate (PLP). Experi- 

ments in rats and humans indicate that these compounds are 

absorbed from the diet in the dephosphorylated form by simple 

passive diffusion (Yamada and Tsuji, 1980). 

These B-6 vitamers are taken up by the liver and other 

tissues where they may be converted to pyridoxal 5'-phosphate and 

pyridoxamine 5'-phosphate, the two metabolically active forms of 

the vitamin.  The three free forms of vitamin B-6, PN, pyridox- 

amine (PM), and pyridoxal (PL), are phosphorylated by pyridoxal 

kinase to form their respective phosphorylated compounds. 

Pyridoxine 5'-phosphate (PNP) and PMP are then oxidized to PLP in 

an irreversible reaction catalyzed by pyridoxine phosphate 

oxioase, an FMN-dependent enzyme (Lumeng and Li, 1980). PLP is 

either bound by cellular apoproteins, transported to the blood 

where it is attached to albumin or dephosphorylated by alkaline 

phosphatase.  The resultant PL is rephosphorylated to PLP, or 

oxidized either by a flavoenzyme aldehyde oxidase or an 

NAD-dependent dehydrogenase to 4-pyridoxic acid (4-PA), which is 

excreted in the urine (Stanulovic and Chaykin, 1971).  In the 

human liver it appears to be the FAD-dependent aldehyde oxidase 

(Merrill et al., 1984).  The metabolism of 
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VITAMIN B-6 RIBOFLAVIN INTERACTION 

Vitamin B-6 metabolism has been reviewed recently by 

Henderson (1984) and Lumeng and Li (1980). The major forms of 

vitamin B-6 in the human diet are pyridoxine (PN), pyridoxamine 

5'-phosphate (PMP), and pyridoxal S'-phosphate (PLP). 

Experiments in rats and humans indicate that these compounds are 

absorbed from the diet in the dephosphorylated form by simple 

passive diffusion (Yamada and Tsuji, 1980). 

These B-6 vitamers are taken up by the liver and other 

tissues where they may be converted to pyridoxal 5'-phosphate and 

pyridoxamine 5'-phosphate, the two metabolically active forms of 

the vitamin. The three free forms of vitamin B-6, PN, 

pyridoxamine (PM), and pyridoxal (PL), are phosphorylated by 

pyridoxal kinase to form their respective phosphorylated 

compounds. Pyridoxine 5'-phosphate (PNP) and PMP are then 

oxidized to PLP in an irreversible reaction catalyzed by 

pyridoxine phosphate oxidase, an FMN-dependent enzyme (Lumeng and 

Li, 1980). PLP is either bound by cellular apoproteins, 

transported to the blood where it is attached to albumin or 

dephosphorylated by alkaline phosphatase.  The resultant pyridoxal 

is rephosphorylated to PLP, or oxidized either by a flavoenzyme 

aldehyde oxidase or an NAD-dependent dehydrogenase to 4-pyridoxic 

acid (4-PA), which is excreted in the urine (Stanulovic and 

Chaykin, 1971). In the human liver it appears tp be the 

FAD-dependent aldehyde oxidase (Merrill, 1984). The metabolism of 
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the three free forms and their respective phosphorylated forms is 

summarized in figure 3. The conversion of PN to PLP in 

erythrocytes will be discussed later. 

PYRIDOXINE PHOSPHATE OXIDASE ACTIVITY IN THE LIVER 

The activity of PNP oxidase is significantly reduced in rats 

fed a riboflavin-deficient diet (Rasmussen et al., 1980). 

Short-term riboflavin deficiency, however, did not affect the 

level of PLP in the liver, even though pyridoxine phosphate 

oxidase in the livers of riboflavin-deficient rats was only 15 

percent of the controls (Lakshmi and Bamji, 1974). In a longer 

study, however, Lakshmi and Bamji (1975) observed that the 

concentration of PLP in the liver of riboflavin-deficient animals 

started to fall by day 32, and by day 48 the concentration of PLP 

was 73 percent of the control value. Merrill et al. (1984) noted 

that the FMN-dependent oxidase which catalyzes the oxidation of 

PMP and PNP to PLP in human liver was not fully saturated with its 

coenzyme. 

Merrill, Horiike, and McCormick (1978) suggest that product 

inhibition of pyridoxamine 5'-phosphate oxidase may regulate the 

rate of pyridoxal 5'-phosphate formation.  Protein binding and 

enzymatic hydrolysis influence cellular levels of pyridoxal 

5'-phosphate (Li, Lumeng and Veitch, 1974).  Since the degradatory 

enzyme pyridoxal (aldehyde) oxidase also competes for pyridoxal, 

it may influence levels of pyridoxal 5'-phosphate in the liver 
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Figure 3. Metabolism of vitamin B-6. PM (pyridoxamine), PL 

(pyridoxal), PN (pyridoxine), PMP (pyridoxamine 5'-phosphate), PLP 

(pyridoxal 5'-phosphate), PNP (pyridoxine 5'-phosphatae), 4-PA 

(4-pyridoxic acid), FMN (flavin mononucleotide), FAD (flavin 

adenine dinucleotide), K (kinase), P (phosphatase). Points where 

riboflavin coenzymes may influence the metabolism of vitamin B-6 

are (1) the conversion of PMP and PNP to PLP by FMN dependent 

oxidase and (2) conversion of PL to 4-PA by FAD dependent aldehyde 

oxidase (or by an NAD-dependent dehydrogenase). 
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(Merrill et al., 1984). 

INFLUENCE OF RIBOFLAVIN ON PNP OXIDASE ACTIVITY IN THE RED CELL 

The riboflavin-pyridoxine relationship has been investigated 

extensively in the red cell. In vitro synthesis of pyridoxal 

phosphate by erythrocytes obtained from riboflavin-deficient human 

subjects was lower than in vitro synthesis by erythrocytes from 

normal control subjects.  When the human subjects were treated 

with 5 mg of riboflavin daily for a period of 10 days, in vitro 

synthesis of PLP by red blood cells improved markedly (Lakshmi and 

Bamji, 1976). The activity of erythrocyte pyridoxal phosphatase 

was also depressed in these riboflavin-deficient subjects.  In 

response to treatment with riboflavin, phosphatase activity 

increased. These data suggest that riboflavin deficiency imposes 

a constraint on pyridoxal 5'-phosphate synthesis, but the effect 

may be diminished due to the lower pyridoxal phosphatase activity. 

In erythrocytes pyridoxine 5'-phosphate oxidase is the key 

enzyme in the conversion of pyridoxine to pyridoxal 5'-phosphate 

(Anderson et al., 1971). Clements and Anderson (1980a) reported 

that oxidase activity was closely correlated with the conversion 

rate of pyridoxine to pyridoxal phosphate in whole blood of 35 

healthy subjects. Riboflavin given orally to four subjects who 

initially had low oxidase activity resulted in a marked increase 

in activity of the enzyme and a corresponding increase in the 
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conversion of pyridoxine to pyridoxal phosphate. 

Riboflavin is converted in the red cell to FMN and FAD. The 

formation rate of FMN, the coenzyme for the vitamin B-6 oxidase, 

could be the factor controlling oxidase activity and, therefore, 

also the conversion of pyridoxine to pyridoxal phosphate in the 

red cell. To investigate this Clements and Anderson (1980b) 

studied the red cell enzymes glutathione reductase (FAD-dependent) 

and pyridoxine phosphate oxidase (FMN-dependent) in 34 healthy 

subjects. Activity of both enzymes was stimulated after the 

ingestion of riboflavin.  The correlation between the activities 

of these two enzymes was 0.672, P less than 0.001. This response 

to riboflavin suggests that the oxidase activity is limited by the 

availability of the cofactor rather than by the level of the 

apoenzyme. 

Erythrocytes from patients who are homozygous or 

heterozygous for beta-thalassemia have a reduced in vitro 

conversion rate of pyridoxine to pyridoxal and pyridoxal phosphate 

(Anderson et al., 1976) When a patient with beta-thalassemia was 

given oral supplements of riboflavin (20 mg/day), the rate of 

pyridoxine conversion increased to normal within three weeks. 

Perry, Anderson and Dodd (1980) investigated the effect of 

oral riboflavin (24 mg daily for 5 weeks) on red cell metabolism 

of vitamin B-6 in patients with beta-thalassemia and normal 

subjects.  They found that riboflavin increased the conversion 

rate of pyridoxine and pyridoxamine to PLP in both normal subjects 

and patients with beta-thalassemia. 
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POSSIBLE INFLUENCE OF ALDEHYDE OXIDASE ACTIVITY ON URINARY 4-PA 

EXCRETION 

Although 4-pyridoxic acid is the predominant metabolite of 

vitamin B-6 excreted in urine (Reddy, Reynolds and Price, 1958) no 

one has determined how riboflavin affects the formation and 

excretion of this metabolite. An aldehyde oxidase in human liver 

which requires FAD as a coenzyme has been shown to catalyze the 

formation of 4-pyridoxic acid in vitro (Schwartz and Kjeldgarrd, 

1951) and in vivo (Stanulovic and Chaykin, 1971). Animal studies 

indicate that an NAD+-dependent aldehyde dehydrogenase also 

catalyzes this reaction (Stanulovic et al., 1976). In animals it 

appears that aldehyde dehydrogenase is the enzyme regulating the 

degradation of vitamin B-6. However, Merrill et al. (1984) 

observed that in human liver, formation of 4-pyridoxic acid from 

pyridoxal was not NAD+-dependent.  Since it apppears that in 

humans an FAD-dependent oxidase catalyzes the formation of 

4-pyridoxic acid, at least in the liver, the excretion of the 

metabolite may also be affected by riboflavin status or intake. 



23 

MATERIALS AND METHODS 

Six young adult men of normal weight and physical activity 

participated in this experiment.  Their ages, heights and weights 

are listed in table 1. All were in apparent good health as 

determined by a questionnaire and a chemical screen test on serum 

obtained from each subject.  All subjects responded normally to 

the D-xylose absorption test (Henry, Cannon and Winkleman, 1974), 

a measure of intestinal carbohydrate absorption.  The purpose and 

design of the experiment was fully explained to the subjects. 

Each subject signed a consent form before participating in this 

experiment which was approved by the Oregon State University Human 

Subjects Committee. 

During a 3-day preliminary period the subjects were fed a 

constant diet (table 2) which was adequate in riboflavin (1.74 mg) 

and low in vitamin B-6 (1.08 mg).  The purpose of this preliminary 

period was to bring the subjects into similar nutritional status 

with respect to these two vitamins and to shorten the time 

required for them to adjust to the constant diet used during the 

experimental period. 

Following this preliminary period the subjects were fed a 

constant diet (table 3) containing 2.1 mg of vitamin B-6 and 2.0 

mg of riboflavin during the remaining 41 days of the study. 

Vitamin B-6 in the constant diet was determined by using 
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Table 1. Descriptive data on subjects participating in the study. 

Subject Age Height Wei •ght 

(no) (yr) (cm) (kg) 

Begin End 

1 21 177.6 73.2 72.3 

2 24 167.6 60.9 60.0 

3 32 174.0 93.6 91.4 

4 34 176.4 74.1 73.6 

5 22 175.2 66.4 65.0 

6 25 165.4 64.1 64.1 
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Table 2: Diet low in vitamin B-6 (1) consumed during the 
preliminary period, days 1 to 3. 

Breakfast: Weight 
(grams ) 

Grapefruit juice, canned 170 
Shredded wheat cereal 45 
Milk, whole 100 
Bread, white enriched 50 
Jelly variable (2) 
Margarine variable 

Lunch: 
Bread, white enriched 50 
Bologna 60 
Dill pickle 25 
Lettuce leaf 10 
Peaches, canned 100 solid 

20 syrup 
Mayonnaise 15 

Dinner: 
Lean ground beef (before cooking) 100 
Rice, white unenriched (before cooking) 60 
Lettuce 50 
French dressing 10 
Green beans, canned 100 solid 

10 liquid 
Bread, white enriched 25 
Pears, canned 100 solid 

20 syrup 
Ice cream, vanilla 75 

Snack: 
Sandwich type cookies 
Popcorn, popped 

40 
30 

(1)  1.08 mg vitamin B-6 as determined by microbiological method 
(AOAC, 1980) using Saccharomyces uvarum as the assay organism. 
Diet was adequate in riboflavin (1.74 mg) as determined by 
fluorometric procedure.  (2) To maintain weight. 
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Table 3: Constant diet (1) consumed throughout the 41-day 
experimental period. 

Breakfast: Weight (grams) 

Orange juice, reconstituted froz. 170 
Shredded wheat 45 
Milk, whole 200 
Bread, whole wheat 50 
Raisins 60 
Jelly variable (2) 
Margarine variable (2) 

Lunch! 

Cheese, cheddar 
Bread, whole wheat 
Dill pickle 
Lettuce leaf 
Carrots, raw 
Pears, canned 

Corn chips 
Mayonnaise 
Popcorn, popped 

56 
50 
25 
10 
50 
100 solid 
20 syrup 
20 
10 
30 

Dinner: 
Rice, brown (before cooking) 
Turkey, white meat, cooked 
Lettuce 
French dressing 
Green, beans, canned 

Peaches 

Ice cream, vanilla 
Milk, whole 
Cookies 1 plain. 

45 
100 
50 
10 

100 solid 
10 liquid 

100 solid 
20 syrup 
75 

200 
1 sandwich 

(1)  2.1 mg vitamin B-6 as determined by microbiological method 
(AOAC, 1980) using Saccharomyces uvarum as the assay organism and 
2.0 mg riboflavin as determined by fluorometric method (AOAC. 
1980).  (2) To maintain weight. 
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Saccharcmyces uvarum as the assay organism (AOAC, 1980 with the 

chromatography step omitted)(l). The riboflavin content of the 

diet was determined by a fluorometric method (AOAC. 1980). The 

experimental diet was nutritionally adequate in all nutrients 

known to be required by man according to the Recommended Dietary 

Allowances (RDA) (Food and Nutrition Board, 1980). The subjects, 

who weighed themselves each morning before breakfast, ate 

margarine, jelly, and sugar in addition to the constant diet to 

maintain their body weight.  Sugar was limited to 50 grams per day 

because carbohydrate loading decreases plasma PLP levels (Leklem, 

1984). Each subject recorded the amounts of these additional 

foods as well as the tea, coffee, and Diet Coke (Coca-Cola 

Company, Atlanta, Georgia 30301) they consumed. All of the 

subjects' meals were prepared, served and consumed under the 

supervision of a nutritionist in the metabolic unit of the O.S.U. 

Department of Foods and Nutrition. 

The experimental period was divided into two parts: during 

days 10 to 28, crystalline doses of pyridoxine and riboflavin were 

administered in addition to the constant diet; and during days 30 

to 45, food doses of known vitamin B-6 and riboflavin content were 

administered in addition to the constant diet. Two 6x6 Latin 

square designs (figures 4 and 5) were used to determine the order 

in which these doses were given to the subjects. 

The doses of crystalline vitamins given on days 10 to 28 

were:  0.3 mg pyridoxine; 0.6 mg pyridoxine; 1.2 mg riboflavin; 

1. The assay was performed by Karin Hardin. 
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2/22 

2/25 

2/28 

3/2 

3/5 

3/8 

Subject  number 

3 4 

0.3 mg 
B6 

0.6 mg 
B6 

1.2 mg 
B2 

2.4 mg 
B2 

0.3 mg B6 
1.2 mg B2 

0.6 mg B6 
2.4 mg B2 

0.6 mg 
B6 

0.6 mg 
2.4 mg 

B6 
B2 

2.4 mg 
B2 

1.2 mg 
B2 

0.3 mg 
B6 

0.3 mg B6 
1.2 mg B2 

1.2 mg 
B2 

2.4 mg 
B2 

0.3 mg B6 
1.2 mg B2 

0.6 mg 
2.4 mg 

B6 
B2 

0.3 mg 
B6 

0.6 mg 
B6 

2.4 mg 
B2 

0.3 mg 
B6 

0.6 mg B6 
2.4 mg B2 

0.3 mg 
1.2 mg 

B6 
B2 

1.2 mg 
B2 

2.4 mg 
B2   | 

0.3 mg B6 
1.2 mg B6 

1.2 mg 
B2 

0.3 mg 
B6 

0.6 mg 
B6 

0.6 mg B6 
2.4 mg B2 

2.4 mg 
B6 

0.6 mg B6 
2.4 mg B2 

0.3 mg 
1.2 mg 

B6 
B2 

0.6 mg 
B6 

0.3 mg 
B6 

2.4 mg 
B2 

1.2 mg 
B2   | 

Figure 4.     6X6 Latin  square design for assigning order  in which 
crystalline doses or  riboflavin  (B2)  and vitamin B-6  (B6) were 
administered.     One-third dose was administered at each meal. 

Oo 



Date 

Subject Number 

3/13 

3/16 

3/19 

3/22 

3/25 

3/28 

potato TJ(1) 0J(2) cereal carrot milk 

TJ milk cereal OJ potato carrot 

OJ cereal carrot milk TJ potato 

cereal potato milk carrot OJ TJ 

carrot OJ potato TJ milk cereal 

milk carrot TJ potato cereal OJ 

Figure 5.     6X6  Latin  square design  used  for  assigning  food  doses 

One-third dose was administered at  each meal.    Amounts given are 

presented  in table 4. 

(1).     TJ   (tomato  juice)     (2).       OJ   (orange   juice) 

SO 
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2.4 mg riboflavin; 0.3 mg pyridoxine with 1.2 mg riboflavin; and 

0.6 mg pyridoxine with 2.4 mg riboflavin.  One-third of each dose 

was administered at each meal. All doses were separated by two 

days. A 0.06 mg dose of crystalline riboflavin was administered 

to all the subjects on day 28. 

During the second part of the experiment (days 30 to 45) six 

test foods containing known amounts of riboflavin and vitamin B-6 

were administered. Administration of the food doses was similar 

to that of the crystalline doses: one-third of the dose was 

administered at each meal and each dose was separated by two days. 

Amounts, method of preparation, as well as riboflavin and vitamin 

B-6 content of the food doses are presented in table 4.  (The 

primary purpose of this study was to determine bioavailability of 

vitamin B-6 in these foods. Those data will be reported 

elsewhere. Riboflavin bioavailability was measured in addition to 

vitamin B-6.) 

SAMPLE COLLECTION AND PREPARATION 

Daily 24-hour urine specimens were collected under toluene 

and refrigerated.  Urine was analyzed immediately for total 

vitamin B-6 (data presented elsewhere) and creatinine, or stored 

frozen for later determination of 4-PA and riboflavin. 

Completeness of urine collections was monitored by the 

determination of creatinine. 

Each week composites were made of one day's meals. The diet 
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Table 4. Quantity and riboflavin and vitamin B-6 (B-6) content of 
food doses (1). 

Food Quantity Riboflavin   B-6 
g       mg       mg 

Frozen concentrated orange 
juice, reconstituted 

Raw grated carrots (2) 

Fortified wheat flakes (3) 

Canned tomato juice (4) 

Nonfat dried milk solids (5) 

Potatoes instant granules (6) 

(1) One-third dose was administered at each meal.  (2) 
Sufficient carrots for all doses were scraped, ground in a food 
grinder, mixed and frozen.  (3)  12 ounces of Wheaties (General 
Mills, Minneapolis, MN) were crushed and mixed.  (4) Tomato juice 
from the same lot number.  (5) Forty grams of milk solids were 
mixed with 133 grams of whole milk from the constant diet and 210 
ml of water to make one-third dose.  (6) Twenty-one grams of 
instant potato granules were mixed with 110 ml water and heated by 
microwave before serving for each one-third dose. 

892 0.202 0.50 

304 0.121 0.50 

19.9 0.306 0.50 

622 0.144 0.50 

120 1.860 0.50 

62 0.086 0.50 
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composites, separated into animal, dairy and plant fractions, were 

prepared by blending together food items in the amounts given to 

the subjects (tables 2 and 3) in a food blender. Well homogenized 

samples of the food composites were frozen for later analyses. 

Portions of test food doses were also frozen. 

ANALYTICAL METHODS 

Urinary 4-PA was determined by the method of Reddy, 

Reynolds and Price (1958). After separation of 4-PA from 

interfering compounds by ion-exchange chromatography, 4-PA was 

determined by fluorescence (2).    Creatinine in urine was 

determined on a Technicon Autoanalyzer (Technicon Corporation, 

Tarrytown, NY) by an automated modification of the Jaffe reaction 

(Pino, Benotti and Gardyna, 1965). 

Urinary riboflavin was determined by a modification of the 

method of Baker and Frank, 1975 (Appendix table I). Riboflavin in 

foods was determined by a fluorometric procedure (AOAC, 1980). 

DETERMINATION OF RIBOFLAVIN/VITAMIN B-6 TREATMENT EFFECTS 

To determine the effect of the administration of riboflavin 

doses on urinary 4-PA excretion, multivariate analysis of variance 

(MANOVA) was performed using the Statistical Package for the 

Social Sciences (SPSS) (Nie et al., 1975). P-values equal to or 

2. Linda Barstow helped in the determination of 4-PA. 
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less than 0.05 were considered statistically significant. 

DETERMINATION OF BIOAVAILABILITY OF RIBOFLAVIN 

The percent bioavailability of riboflavin from each food dose 

was calculated from individual dose response curves.  The urinary 

excretion of riboflavin after the administration of three graded 

doses of the pure vitamin (0.06, 1.2, 2.4 mg) was used to obtain 

dose response curves for each subject by applying the regression 

equation, 

urinary riboflavin excretion ■= intercept + (slope) (riboflavin 

intake). 

The urinary excretion of the riboflavin after the ingestion of the 

test food was used to calculate bioavailability from dose response 

curves.  The percentage bioavailability was calculated by dividing 

the ug values obtained for urinary excretion by reference to the 

standard response curve by the riboflavin measured in the food 

test dose as follows: 

A ^    X 100 

B pg 

where:    A jig = values obtained for urinary riboflavin excretion by 

reference  to  standard response curve and B jig = food riboflavin 
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content. 
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RESULTS 

RIBOFLAVIN BIOAVAILABILITY 

During the four days before test doses were given (days 6-9 

of the experimental period) urinary excretion of riboflavin by 

subjects was relatively constant (table 5). Among the six 

subjects the mean urinary excretion of riboflavin ranged 

three-fold, from 308 to 1120 ug per day.  Subject 5 showed a 

characteristically high excretion of the vitamin, 48 percent of 

the ingested riboflavin being eliminated in urine.  In contrast, 

subject 3 excreted approximately 16 percent of the dietary 

riboflavin in urine. The coefficient of variation in urinary 

riboflavin excretion ranged from 13 percent for subject 2 to 31 

percent for subject 3. Our results are similar to those reported 

by Roe and Belko (1984) for subjects receiving between 1.36 and 

2.09 mg of riboflavin daily. 

Following ingestion of 0.06 mg of crystalline riboflavin, 

urinary excretion of the vitamin was no greater than the mean 

urinary excretion during the 4 days immediately preceding the 

administration of the pure vitamin doses. Urinary excretion of 

riboflavin increased in response to the medium (1.2 mg) and large 

(2.4 mg) doses of crystalline riboflavin (figure 6). In their 

response to the three doses, the subjects excreted widely 

different amounts of riboflavin in urine. 

The changes in percent of the test dose excreted as urinary 
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Table 5. Mean urinary excretion of riboflavin by the subjects, 

days 6 to 9, when they received the constant diet containing 2.0 

mg riboflavin and no loading doses. 

Riboflavin Excretion, pg/24 hr 

subject   mean     CV (1)    range   dietary intake 

1    846±115 (2)  13.5    714-989     42 

2    738* 95     13.0    621-839     37 

3    327+101     31.0    208-455     16 

4    582+122      21.0    410-680      29 

5    9/3+136     14.0    860-1130    48 

6    592+139      24.0    406-718     20 

(1) Coefficient ot variability.  (2) Mean + standard deviation. 



37 

Figure 6.  Urinary excretion of riboflavin (ug/24 hr) in response 

to three doses of riboflavin; 0.06, 1.2, and 2.4 mg (——) and 

two doses of pure riboflavin with pyridoxine; 1.2 mg riboflavin 

with 0.3 mg pyridoxine and 2.4 mg riboflavin with 0.6 mg 

pyridoxine (---). The mean urinary excretion of riboflavin plus 

or minus the standard deviation when the subjects received the 

constant diet (CD.) containing 2.0 mg riboflavin and no loading 

doses, days 6 to 9, is also presented. 
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riboflavin are shown in table 6. A lower percent of riboflavin 

was excreted in the urine in response to the 1.2 mg test dose of 

riboflavin than to the 2.4 mg test dose. 

The effect of the food doses on urinary riboflavin excretion 

is shown in table 7. Milk and cereal were the only food doses 

that produced an increment in urinary riboflavin excretion above 

basal excretion (table 5). The other foods produced no increase 

in urinary riboflavin excretion. The milk dose produced an 

increment in riboflavin excretion above the pre-dose mean in 5 of 

the 6 subjects; the cereal dose produced an increment in 

riboflavin above the pre-dose mean in only one subject. The 

percent bioavailability of riboflavin in non-fat dry milk, as 

estimated from the dose response curves (figure 6) was 120 percent 

for subject one; 67 percent, 60 percent, and 69 percent, 

respectively, in subjects 2, 3, and 6; and 23 percent and 26 

percent, respectively, in subjects 4 and 5. The mean 

bioavailability for the non-fat dry milk dose was 61 percent + 35 

percent (table 8).  Subject two had 285 percent bioavailability 

for the cereal food dose. 

In all subjects except numbers 3 and 6 urinary riboflavin 

excretion was less with the combination riboflavin/vitamin B-6 

doses than with the riboflavin doses alone (figure 6). 

URINARY 4-PYRIDOXIC ACID EXCRETION 

IN RESPONSE TO THE CONSTANT DIET.  Figure 7 shows the mean 
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Table 6. Percent of crystalline riboflavin test doses excreted in 
urine as riboflavin. 

riboflavin    basal     after test 
subject   dose     excretion (1)   dose 

)ig/24 hr )ig/24 hr )ig/24 hr 

% test dose 
excreted (2) 

1 60 846+115 525 0 
1200 1026 15 
2400 1421 24 

2 60 738+95 706 0 
1200 942 17 
2400 1710 40 

3 60 327+101 368 68 
1200 840 43 
2400 1470 45 

4 60 582+122 394 0 
1200 1118 45 
2400 1552 40 

5 60 973+136 612 0 
1200 1097 10 
2400 1914 39 

6 60 592+139 439 0 
1200 641 4 
2400 1041 19 

mean 60 
1200 
2400 

11+28 
22+17 
34+10 

1. Mean urinary excretion of riboflavin by subjects when they 
were receiving the constant diet containing 2.0 mg riboflavin and 
no loading doses.  2. Calculated by subtracting the mean basal 
excretion value from the test dose value and dividing by the 
riboflavin dose. 



Table 7. Effect of food doses (1) on urinary riboflavin excretion. 

Subject carrot potato tomato orange milk cereal 
number juice 

Jig/day 

juice 

1 566 538 385 406 1377 355 

2 690 754 732 616 1125 975 

3 299 347 302 208 845 376 

4 456 377 434 380 610 *(2) 

5 545 382 416 403 778 512 

6 302 264 292 "  333 719 612 

(1)  Quantity of riboflavin in the food doses:  carrot, 121 jig; 
potato, 86 jig; tomato juice, 144 yg; orange juice, 202 jig; milk, 1860 
jig; cereal, 306 pg.  (2) No value. 



kz 

Table 8. Bioavailability of riboflavin from milk and cereal food 

doses as determined from individual dose response curves. 

Subject    milk      cereal 

% % 

1 120 0 

2 67 285 

3 60 0 

4 23 *(2) 

5 26 0 

6 69 0 

61+35 (1) 

(1) Mean + S.D.  (2) Missing data. 
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Figure 7. The urinary excretion of 4-PA (umole/24 hr) 

in response to 0.2 and 0.6 mg pyridoxine (B6) alone; 1.2 

and 2.4 mg riboflavin (B2) alone; and the B2&B6 

combination doses, low (1.2, 0.3) and high (2.4, 0.6). 

The mean urinary excretion of 4-PA plus or minus the 

standard deviation when the subjects received the 

constant diet (CD.) and no doses (days 4 to 9) is also 

given for each subject. 
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urinary excretion of 4-PA by each subject during the 4 days 

immediately preceding the administration of the test doses and 

after the subjects had received the constant diet for 5 days 

(pre-dose period). During this pre-dose period the subjects' 

urinary 4-PA values varied from day to day, as indicated by the 

large standard deviation of the mean, and did not show a 

consistent decrease or increase with time. For each subject, the 

urinary excretion of 4-PA between dose days was just as variable 

as during this pre-dose period. 

IN RESPONSE TO THE PURE PYRIDOXINE TEST DOSES. Although the 

subjects excreted more 4-PA following the high PN dose than after 

the low PN dose, this difference was not statistically 

significant. Figure 7 shows that the difference in urinary 4-PA 

excretion in response to the two PN doses was greater in some 

subjects than in others.   Additionally, figure 7 shows that in 

subjects 3, 4 and 5, the administration of the low (0.3 mg) 

pyridoxine (PN) dose did not result in an increase in urinary 4-PA 

excretion beyond the range excreted during pre-dose period. 

Administration of the high (0.6 mg) PN dose, on the other hand, 

caused an increase in urinary 4-PA above that seen in the pre-dose 

period in all subjects except number 3. 

IN RESPONSE TO THE PURE RIBOFLAVIN TEST DOSES.  In subjects 

1,3,4 and 5, urinary 4-PA concentrations were lower following 

the high (2.4 mg) riboflavin dose than the medium (1.2 mg) 

riboflavin dose. The converse was observed in subjects 2 and 6. 
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Figure 7 shows that the urinary excretion of 4-PA in response to 

the riboflavin doses was frequently within the range of that 

excreted during the pre-dose period. 

IN RESPONSE TO THE COMBINED RIBOFLAVIN AND PN DOSES. As 

expected, the urinary excretion of 4-PA was higher in response to 

the 0.6 mg PN plus 2.4 mg riboflavin (high combination) dose than 

to the 0.3 mg PN plus 1.2 mg riboflavin (low combination) dose in 

4 subjects (numbers 1, 2, 3, and 4). In two subjects (numbers 5 

and 6), however, it was lower. 

RESPONSE TO PN VERSUS COMBINATION DOSES.  Compared to the PN 

dose alone, less 4-PA was excreted in response to both combined 

doses by subject 1,4, and 6 and after the high combination dose 

by subject 5. Only two subjects (number 2 and 3) excreted more 

4-PA in response to the two combined doses than to the two PN dose 

alone. 

RESPONSE TO RIBOFLAVIN VERSUS COMBINATION DOSES.  The low 

combination dose produced a higher 4-PA excretion in 4 subjects 

(numbers 2, 3, 5, and 6) than the low riboflavin dose alone; in 

two other subjects urinary 4-PA excretion was lower.  In all 

subjects, except number 6, urinary excretion of 4-PA was greater 

after the high combination dose than after the high riboflavin 

dose. 
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DISCUSSION 

RIBOFLAVIN BIOAVAILABILITY 

We were able to measure bioavailability of riboflavin in 

non-fat dry milk only. When non-fat dry milk served as the test 

food a rise occurred in the quantity of vitamin appearing in the 

urine (table 4) of 5 of the 6 subjects.  Bioavailability of the 

non-fat dry milk ranged from 26 percent to 120 percent. Three of 

the 6 subjects responded similarly to the non-fat dry milk dose 

with an average 64 percent bioavailability. Two showed a smaller 

percent bioavailability, 23 and 26 percent, respectively, and one 

subject had 120 percent bioavailability. The wide range in 

bioavailability of vitamins from foods has also been reported in 

other studies (Babu and Srikantia, 1976) (Everson et al. 1948). 

Everson et al. found an average 90 percent bioavailability of 

riboflavin in ice cream. It is interesting to speculate why we 

obtained a mean of 61 percent bioavailability of riboflavin from 

non-fat dry milk while Everson et al. obtained 90 percent for ice 

cream. Differences between the present study and the one by 

Everson et al. may be partially responsible. The 8 female 

subjects studied by Everson et al. received a diet which supplied 

2.4 mg of riboflavin daily, compared to the diet in this study 

which provided 2.0 mg per day. In addition, their subjects were 

given a 2 mg supplement of riboflavin for 6 days before each test 

dose. Differences in the composition of these two dairy products 

may also affect bioavailability.  If stomach emptying time is a 
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factor, as has been suggested (Jusko and Levy, 1975; Roe et al. 

1978), the higher bioavailability of riboflavin from ice cream as 

compared to non-fat dried milk may be due to the higher fat 

content of ice cream which causes slower stomach emptying. 

The 285 percent bioavailability of cereal determined from the 

dose response curve for subject 2 seems excessive. The 

bioavailability result suggests almost three times more riboflavin 

in the cereal than was determined from the laboratory analysis. 

The five other subjects showed no change in urinary riboflavin 

excretion when the cereal food dose was administered.  It is 

likely that the urinary riboflavin value used to determine 

bioavailabity of the cereal dose for subject 2 was inaccurate. 

When carrots, potatoes, tomato juice or orange juice was used 

as the food dose, all six subjects excreted less riboflavin or 

only slightly more riboflavin than they had when they received the 

constant diet (table 7). With the cereal dose four subjects 

excreted less riboflavin than they had on the constant diet and 

subject 2 excreted slightly more. These differences in the 

urinary excretion of the vitamin may indicate that the riboflavin 

occurring in these foods was not available, or that the addition 

of such small amounts of riboflavin (table 4) to a diet containing 

adequate but not excess riboflavin was not sufficient to increase 

the urinary excretion of riboflavin.  Furthermore, the food doses 

may need to be administered for a few days as had been done in 

other bioavailability studies (Babu and Srikantia, 1976; Girija et 

al., 1982) to allow the subjects to adapt to such large volumes of 
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food. 

What caused the slight decrease in urinary riboflavin 

excretion when five of the six food doses were given? Urinary 

excretion of riboflavin has been shown to increase when food was 

administered along with crystalline doses of riboflavin greater 

than 10 mg (Jusko and Levy, 1975). Roe et al. (1978) found that 

dietary fiber increased urinary excretion in subjects receiving 15 

mg loading doses of crystalline riboflavin. While the addition of 

food and fiber enhanced the absorption of relatively large amounts 

of crystalline riboflavin in these two investigations, this may 

not apply to the absorption of riboflavin occurring naturally in 

food. Everson et al. (1948) found riboflavin less available in 

green peas (41.5 percent) and almonds (38.7 percent) than in ice 

cream (90.4 percent). Everson et al. (1952) suggested that 

incomplete digestion might account for this lower bioavailability. 

It is possible that the absorption of riboflavin found in food is 

less complete than the absorption of crystalline riboflavin. which 

requires no digestion. The quantity of the food doses may account 

for the decrease in urinary riboflavin excretion. The riboflavin 

in our food doses, except the milk dose, was in low concentration. 

Riboflavin is bound to protein in nature and may be incompletely 

digested.  In addition, the subjects' gastrointestinal tract may 

not have adjusted to the large volume of food doses consumed on 

test days. 

In the present study, one 24-hour urine sample was collected 

for each test dose day. It would be useful to repeat the 
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crystalline riboflavin and food doses to determine if the subjects 

respond consistently to these doses. Hegsted et al. (1956) noted 

that single urine samples provide a poor estimate of the average 

excretion rate of riboflavin.  In addition the amount of 

riboflavin in the food doses was smaller than 1.2 mg, except for 

the milk which contained 1.86 mg of riboflavin.  Such small 

amounts of dietary riboflavin may not be accurately reflected in 

the urinary excretion of the vitamin. The 0.06 mg dose of 

crystalline riboflavin was not recovered in the urinary excretion 

of any of the subjects.  Since the 0.06 mg dose was used to 

determine the dose response curve from which bioavailability was 

estimated, the percent bioavailability calculated from the dose 

response curve may not be accurate. 

All the subjects in this study excreted 300 \xg  or more of 

riboflavin per 24-hours, which indicates an adequate intake of 

riboflavin (Horwitt et al. 1950). There was a large inter-subject 

variation in urinary riboflavin excretion (table 5). Subject 3 

consistently excreted less than the average of the group, but his 

urinary riboflavin values do not indicate a deficiency of the 

vitamin.  If a supplement had been given in addition to the 

constant diet as has been done in other studies, we would have 

seen a larger urinary riboflavin excretion.  Based on the RDA 

(Food and Nutrition Board, 1980) of 0.6 mg of riboflavin per 1000 

Kcal, all subjects were receiving adequate riboflavin in their 

diet. 
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URINARY 4-PA EXCRETION IN RESPONSE TO RIBOFLAVIN DOSES 

If riboflavin has an effect on vitamin B-6 metabolism, it 

could possibly be reflected by a change in urinary excretion of 

4-PA since an FAD-dependent enzyme (Merrill, et al. 1984) may be 

involved in its formation along with an NAD-dependent 

dehydrogenase (Stanulovic et al. 1976). Although the subjects' 

responses were variable, our results suggest that riboflavin 

suppressed urinary 4-PA excretion in 4 subjects (figure 7). 

Reduced urinary 4-PA excretion occurred not only when the subjects 

were given riboflavin along with PN, but also when riboflavin was 

given alone.  Since liver oxidation of PL in humans is presumably 

FAD-dependent (Merrill et al., 1984), we had expected to find a 

higher excretion of 4-PA when the combined doses of riboflavin and 

vitamin B-6 were given, even though it is not exactly known how 

much 4-PA is produced as a result of aldehyde oxidase or aldehyde 
IT 

dehydrogenase activity. 

Although none of the changes in urinary 4-PA excretion in 

response to the crystalline vitamin doses were statistically 

significant, the trend suggests that since less 4-PA was formed 

when the combination dose was given than when PN was administered 

alone (figure 7), possibly less PL was available for conversion to 

4-PA. Flavoenzymes are involved in two steps in vitamin B-6 

metabolism (figure 3) and other factors in addition to riboflavin 

may affect vitamin B-6 metabolism.  Pyxidoxamine 5'-phosphate 

(PMP) and pyridoxine 5'-phosphate (PNP) are converted to pyridoxal 
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5'-phosphate (PLP) through the action of pyridoxine (pyridoxamine) 

phosphate oxidase (figure 3). It appears that this oxidase is 

only partially saturated with its cofactor, FMN. When pyridoxine 

oxidase from human liver was assayed without FMN added in vitro, 

the activities ranged from 44 to 90 percent of those obtained when 

FMN was added in vitro to the assay medium (Merrill et al., 

1984). Increasing the availability of the cofactor by giving 

riboflavin could increase the activity of this enzyme even in a 

well-nourished individual, which would result in an increased 

formation of PLP.  Since PLP inhibits PNP oxidase activity (Li, 

Lumeng and Veitch, 1974), however, it is possible that the 

concentration of PLP would not increase. The PLP that is formed 

can be bound by cellular apoproteins or transported to blood 

attached to albumin which protects PLP from dephosphorylation by 

alkaline phosphatase. 

The pyridoxal resulting from dephosphorylation by alkaline 

phosphatase can be rapidly oxidized to 4-PA, presumably by 

pyridoxal oxidase, an FAD-dependent enzyme.  Merrill et al. (1984) 

did not observe an NAD-dependent formation of 4-PA in human liver. 

Stimulated pyridoxal oxidase activity could result in considerable 

conversion of pyridoxal to 4-PA.   However, since the activity of 

the pyridoxal kinase could possibly be 10 fold greater than the 

activity of the phosphatase under physiological conditions 

(Merrill et al., 1984), there may not be an increase in the 

substrate of the pyridoxal oxidase. PLP may also be protected 

from conversion to 4-FA by binding to protein, which Lumeng and 



53 

Veitch (1974) suggest may be a major determinant of PLP levels in 

tissues. 

In this study no information was collected on plasma PLP 

concentrations in the subjects.  In future studies plasma PLP 

should also be measured to determine if vitamin B-6 parameters 

other than urinary 4-PA are affected by riboflavin.  The lower 

4-PA excretion seen in some subjects might be due to more PN being 

converted to PLP. The observation that 4-PA excretion was lower, 

although not significantly, after the high riboflavin dose than 

after the medium riboflavin dose in 4 subjects (figure 7) also 

suggests that riboflavin suppressed 4-PA formation..  It isn't 

known if the pyridoxal oxidase activity can be increased by 

additional FAD. Possibly more PLP was formed, but less was 

available for conversion to 4-PA. 

It is also suggested that, compared to the protocol of the 

present study, giving larger doses of PN and riboflavin for a 

longer period of time would produce more clear cut results.  In 

addition, due to intra-individual variation, the biochemical 

measurements should be repeated in the subjects. The sizes of the 

PN doses used in the present study were small, 0.3 mg and 0.6 mg. 

Wozenski, Leklem and Miller (1980) found that a 0.5 mg pyridoxine 

loading dose did not increase the urinary excretion of 4-PA in 

five healthy young men on a controlled diet containing 1.1 mg of 

vitamin B-6 on the test days. Prior to test days the subjects 

received 1.6 mg vitamin B-6 in their diets. They concluded that a 

dose of at least 1 mg of PN was necessary to obtain measurable 
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changes in vitamin B-6 metabolism.  In the present study the PN 

doses were probably too small to produce any significant changes 

in urinary A-PA excretion. The difference in urinary 4-PA 

excretion between 0.3 and 0.6 mg of PN was not statistically 

significant (figure 7). The purpose of the present study was to 

determine if a bigger response in urinary 4-PA excretion could be 

observed with the smaller PN doses if they were divided into three 

portions. Distributing the 0.3 mg and 0.6 mg doses over the day, 

one-third at each meal, did not increase urinary excretion of 4-PA 

over that observed by Wozenski et al. 

The riboflavin doses may not have had an immediate effect on 

riboflavin or vitamin B-6 metabolism.  In addition, a larger dose 

of riboflavin may be required to show an effect on vitamin B-6 

metabolism. Anderson et al. (1976) saw a 20 percent increase in 

the in vitro conversion of pyridoxine to PLP in the red cells of a 

normal subject who had been receiving 20 mg of riboflavin daily 

for one week. By the end of three weeks of riboflavin 

supplementation, the rate of conversion of PN to PLP had increased 

54 percent. Hence, the length of time riboflavin is consumed and 

the size of the dose are important factors to consider. 
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CONCLUSION 

In order to detennine riboflavin bioavailability a dose 

response curve was obtained by measuring urinary riboflavin 

excretion in 6 subjects after the administration of 0.06, 1.2 and 

2.4 mg doses of crystalline riboflavin.  Six test food doses were 

than administered to the subjects and urinary riboflavin excretion 

was measured. The results of the bioavailability study suggest 

that 0.06 mg of riboflavin in addition to a diet adequate in 

riboflavin does not increase urinary riboflavin excretion. The 

1.2 mg and 2.4 mg doses of crystalline riboflavin produced an 

increase in urinary riboflavin excretion. When non-fat dry milk 

served as the test food dose (containing 1.86 mg riboflavin), 

there was a marked increase in the quantity of riboflavin 

appearing in the urine. The mean bioavailability of riboflavin in 

non-fat dry milk was 61 percent.  The lack of an increase in 

urinary riboflavin excretion in the remaining test food doses may 

have been due to the small quantity of riboflavin in the food 

doses (0.086 mg to 0.306 mg) or to a too-short test period. 

The interaction of riboflavin and vitamin B-6 was also 

investigated by comparing the urinary excretion of 4-PA in 

subjects who received crystalline doses of riboflavin, pyridoxine, 

and riboflavin with pyridoxine. Although there were no 

statistically significant differences in urinary 4-PA excretion 

between the pyridoxine doses, the riboflavin doses and the 

combination doses, there were trends in the data suggesting that 
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riboflavin suppressed urinary 4-PA excretion.  In 4 of the 6 

subjects urinary 4-PA excretion was suppressed when riboflavin was 

administered with pyridoxine.  Urinary 4-PA excretion also 

declined with increasing doses of riboflavin alone.  These results 

point to a riboflavin vitamin B-6 interaction, but further 

research is needed to confirm the trends that were seen in the 

present study. 



57 

BIBLIOGRAPHY 

Agricultural Research Service.  (1975) Agriculture Handbook, No 
8, Composition of Foods.  USDA, Washington, D.C. 

Akiyama, T, J Selhub and IH Rosenberg.  (1982) FMN phosphatase 
and FAD pyrophosphatase in rat intestinal brush borders: role in 
intestinal absorption of dietary riboflavin.  J Nutr 112, 263-268. 

Anderson, BB, CE Fulford-Jones, JA Child, MEJ Beard, CJT Bateman. 
(1971) Conversion of vitamin B6 compounds to active forms in the 
red blood cell. J Clin Invest 50, 1901-1909. 

Anderson, BB, M Saary, AD Stephens, GM Perry, IC Lersundi, and JE 
Horn.  (1976) Effect of riboflavin on red-cell metabolism of 
vitamin B6. Nature 264, 574-575. 

Association of Official Analytical Chemists.  (1980) Official 
Methods of Analyses. 13th ed. AOAC, Washington, D.C. 

Babu, S, and SG Srikantia.  (1976) Availability of folates from 
some foods. Am J Clin Nutr 29, 376-379. 

Baiter, H and 0 Frank (1975) in Riboflavin. Richard Rivlin, 
editor, pp 59-52. Plenum Press, New York. 

Belko, AZ, E Obarzanke, HJ Kalkwarf, MA Rotter, S Bogusz, D 
Miller, J Haas, DA Roe.  (1983) Effects of exercise on riboflavin 
requirements of young women. Am J Clin Nutr 37, 509-517. 

Chen, LH and WL Fan-Chiang.  (1981)  Biochemical evaluation of 
riboflavin and vitamin B6 status of institutionalized and 
non-institutionalized elderly in central Kentucky.  Int J Vitam 
Nutr Res 51, 232-238. 

Chia, CP, R Addison and DB McCormick.  (1978) Absorption, 
metabolism, and excretion of 8 alpha-(amino acid) riboflavins in 
the rat.  J Nutr 108, 378-381. 

Clements, JE and BB Anderson.  (1980a) Pyridoxine (pyridoxamine) 
phosphate activity in the red cell.  Biochem Biophys Acta 613, 
401-409. 

Clements, JE and BB Anderson. (1980b) Glutathione reductase 
activity and pyridoxine (pyridoxamine) phosphate oxidase activity 
in the red cell.  Biochem Biophys Acta 632, 159-163. 

Everson, G, E Wheeler, H Walker and WJ Caulfield.  (1948) 
Availability of riboflavin of ice cream, peas, and almonds judged 
by urinary excretion of the vitamin by women subjects.  J Nutr 35, 
209-223. 



58 

Everson, G, E Pearson, and R Matteson.  (1952) Biological 
availability of certain foods as sources of riboflavin.  J Nutr 
46, 45-53. 

Fass, S and RS Rivlin.  (1969) Regulation of 
riboflavin-metabolizing enzymes in riboflavin deficiency. Am J 
Physiol 217, 988-991. 

Food and Nutrition Board, National Research Council:  (1980) 
Recommended dietary allowances.  Ninth edition. National Academy 
of Sciences, Washington, D.C. 

Girija, V, D Sharada, and P Pushpamma.  (1982) Bioavailability of 
thiamine, riboflavin and niacin from commonly consumed green leafy 
vegetables in the rural areas of Andhra Pradesh in India.  Int J 
Vitam Nutr Res 52, 9-13. 

Goldsmith, GA (1975) in Riboflavin.  R.S. Rivlin, editor, pp 
221-244. Plenum Press, New York. 

Hegsted, DM, SN Gershoff, MF Trulson, and DH Jolly.  (1956) 
Variation in riboflavin excretion.  J Nutr 60, 581-597. 

Henderson, L.M. (1984) in Present knowledge in nutrition.  Fifth 
edition, pp. 303-317.  The Nutrition Foundation, Inc., 
Washington, D.C. 

Henry, RJ, DC Cannon, and JW Winkleman.  (1974) Clinical 
cnemistry principles and technics, p 1309. Harper and Row. 
Hagerstown, Maryland. 

Horwitt, MK, CC Harvey, OW Hills, E Liebert.  (1950) Correlation 
of urinary excretion of riboflavin with dietary intake and 
symptoms of ariboflavinosis.  J Nutr 41, 247-264. 

Horwitt, MK.  (1984) Comments on methods of estimating riboflavin 
requirements. Am J Clin Nutr 39, 159-161. 

Hunt, Sara M. (1975) in Riboflavin.  R.S. Rivlin, editor, pp. 
199-219. Plenum Press, New York. 

Jusko, WJ and G Levy.  (1967) Absorption, metabolism, and 
excretion of riboflavin-5'-phosphate in man.  J Pharm Sci 56, 
58-62. 

Jusko, WJ and G Levy (1975) in Riboflavin.  R.S. Rivlin, editor, 
pp. 99-152. Plenum Press, New York. 

Jusko, WJ, G Levy, and SJ Yaffe.  (1970) Effect of age on 
intestinal absorption of riboflavin in humans.  J Pharm Sci 59, 
487-490. 



59 

Kim, WW, J Kelsay, JT Judd, MW Marshall, W Mertz and ES Prather. 
(l984)  Evaluation of long-term dietary intakes of adults 
consuming self-selected diets. Am J Clin Nutr 40, 1327-1332. 

Lakshmi, ALV and MS Bamji.  (1974)  Tissue pyridoxal phosphate 
concentration and pyridoxamine phosphate oxidase activity in 
riboflavin deficiency in rats and man.  Br J Nutr 32, 249-255. 

Lakshmi, AV and MS Bamji.  (1975)  Pyridoxal-S'-phosphate- 
dependent enzymes in riboflavin deficiency.  Indian J Biochem 
Biophys 18, 136-138. 

Lakshmi, AV and MS Bamji.  (1976)  Regulation of blood pyridoxal 
phosphate in riboflavin deficiency in man.  Nutr Metabol 20, 
228-233. 

Leklem, JE.  (1984; Personal communication. 

Levy, G and WJ Jusko.  (1966)  Factors affecting the absorption of 
riboflavin in man.  J Pharm Sci 55, 285-289. 

Li, T, L Lumeng, and RL Veitch.  (1974) Regulation of pyridoxal 
5'-phosphate metabolism in liver.  Biochem Biophys Res Commun 61, 
627-684. 

Lopez, R, JV Schwartz, and JM Cooperman.  (1980; Riboflavin 
deficiency in an adolescent population in New York City. Am J 
Clm Nutr 33, 1283-1286. 

Lumeng, L and TK Li (1980) in Vitamin B6 Metabolism and Role in 
Growth.  GP Tryfiates, editor, pp 27-51.  Food and Nutrition 
Press, Westport, CT. 

McCormick, DB (1975) in Riboflavin.  RS Rivlin, editor, pp 
153-198.  Plenum Press, New York. 

McCormick, DB and AH Merrill, Jr. (1980) in Vitamin B6 Metabolism 
and Role in Growth.  GP Tryfiates, editor, pp 1-26.  Food and 
Nutrition Press, Westport, CT. 

Merrill, AH, R Addison and DB McCormick.  (1978)  Induction of 
hepatic and intestinal flavokinase after oral administration of 
riboflavin to riboflavin-deficient rats.  Proc Soc Exp Bio Med 
158, 572-574. 

Merrill, AH Jr, JM Henderson, E Wang, BW McDonald and WJ Millikan. 
(1984; Metabolism of vitamin B-6 by human liver.  J Nutr 114, 
1664-1674. 

Merrill, AH., K Horiike, and DB McCormick.  (1978)  Evidence for 
the regulation of pyridoxal 5'-phosphate formation in liver by 



60 

pyridoxamine (pyridoxine) 5'-phosphate oxidase.  Biochem Biophys 
Res Commun 83, 984-990. 

Merrill, AH Jr, JD Lambeth, DE Edmondson, and DB McCormick. 
(1981) Formation and mode of action of flavoproteins. Ann Rev 
Nutr 1, 281-317. 

Nie, NH, CH Hull, JG Jenkins, K Steinbrenner and DH Dent.  (1975) 
Statistical Package for the Social Sciences. McGraw-Hill, NY. 

Olpm, SE and CJ Bates.  (1982a) Lipid metabolism in 
riboflavin-deficient rats.  Br J Nutr 47, 577-588. 

Olpm, SE and CJ Bates.  (1982b) Lipid metabolism in 
riboflavin-deficient rats.  Br J Nutr 47, 589-595. 

Ohkawa, H, N Ohishi and K Yagi.  (1982) New metabolites of 
riboflavin appear in human urine.  J Biochem 258, 5623-5628. 

Pao, EM and SJ Mickle.  (1981) Problem nutrients in the United 
States. Food Technology. September, 58-79. 

Perry, GM, BB Anderson, and N Dodd.  (1980) The effect of 
riboflavin on red-cell vitamin B6 metabolism and globin synthesis. 
Biochem Med 33, 36-38. 

Pino, S, J Benotti, and H Gardyna.  (1965) An automated method 
for urine creatinine which does not require a dialyzer module. 
Clin Chem 11, 664-b66. 

Polley, DC, RA Willis and K Folkers.  (1985; Dietary vitamin B-6 
in college students. Nutr Rept Intl 31, 281-285. 

Rao, PS and BV Ramasastri.  (1969) Riboflavin and nicotinic acid 
content of some foods of plant origin.  J Nutr & Dietet 6, 
218-223. 

Rasmussen, KM, PM Barsa, DB McCormick, and DA Roe.  (1980) Effect 
of straiu, sex and dietary riboflavin on pyridoxamine (pyridoxine) 
5'-pnosphate oxidase activity in rat tissues.  J Nutr 110, 
1940-1946. 

Reddy, SK, MS Reynolds, and JM Price.  (1958) The determination 
of 4-pyridoxic acid in human urine.  J Biol Chem 233, 691-696. 

Rivlin, RS.  (1970) Riboflavin metabolism. New Engl J Med 283, 
463-472. 

Rivlin, BIS (1984) in Present Knowledge in Nutrition. Fifth 
edition, pp.285-302. The Nutrition Foundation, Inc,. Washington, 
D.C. 



61 

Roe, DA, K Wrick, D McLain, and P Van Soest.  (1978) Effects of 
dietary fiber sources on riboflavin absorption. Fed Proc 37, 756, 
Abstract. 

Roe, DA and AZ Belko.  (1984) Reply to letter by Horwitt. Am J 
Clin Nutr 39, 161-163. 

Schwartz, R and NO Kjeldgaard.  (1951; The enzymic oxidation of 
pyridoxal by liver aldehyde oxidase.  Biochem J 48, 333-337. 

Sharada, D and MS Bamji.  (1972) Erythrocyte glutathione 
reductase activity and riboflavin concentration in experimental 
deficiency of some water soluble vitamins.  J Vitam Nutr Res 42, 
43-49. 

Stanulovic, M and S Chaykin.  (1971) Aldehyde oxidase: catalysis 
ot the oxidation ot N-methylnicotinamide and pyridoxal. Arch 
Biochem Biophys 145, 27-34. 

Stanulovic, M, V Jeremic, V Leskovac, and S Chaykin.  (1976) New 
Pathway of conversion of pyridoxal to 4-pyridoxic acid. Enzyme 
21, 357-369. 

Ting-Kai, L, L Lumeng and RL Veitch.  (1974) Regulation of 
pyridoxal 5'-phosphate metabolism in liver.  Biochem biophys Res 
Comm 61, 627-b34. 

Welsh, SO and RM Marston.  (1982; Review of trends in food use in 
the United States, 1909 to 1980. J Am Diet Assoc 81, 120-125. 

Wozenski, JR, JL Leklem, and LT Miller.  (1980) The metabolism of 
small doses of vitamin B-6 in men.  J Nutr 110, 275-285. 

Yamada, R and T Tsuji (1980; in Vitamin B6 Metabolism and Role in 
Growth.  GP Tryfiates, editor, pp.335-355. Food and Nutrition 
Press, Westport, CT. 

Yeh, GC, LC Butler, and RM Desai.  (1977) The relationship of 
riboflavin nutriture to lactose malabsorption, milk consumption 
and nutrient intake in adolescents. Am J Clin Nutr 30, 641 
abstract. 



APPENDIX 



62 

Appendix Table 1. Modification of fluorimetric assay for 

riboflavin 

Reagents 

1. Acetic acid, glacial. 

2. Potassium permanganate, 5%. Dissolve 5.0 g KMn04 in 100 

ml water, agitate in hot water to effect solution, and filter. 

Prepare fresh daily. 

3. Hydrogen peroxide, 3%. Dilute 1 ml of 30% H202 

(Superoxol, Merck) with 9 ml water. 

4. Na2S04 (granular, anhydrous, reagent grade). 

5. Butanol-pyridine mixture.  To 8 ml glass-redistilled 

pyridine (Reagent Grade, Mallinckrodt, Inc.) add 92 ml 

glass-redistilled n-butanol (A.C.S., Fisher Scientific Company). 

6. Fluorescein.  Dissolve 10 mg sodium fluorescein in 1 

liter distilled water.  For use, dilute 1:200. 

7. Riboflavin standard.  Stock solution: Dissolve 50 mg 

riboflavin, previously dried and stored in dark in desiccator in 

0.02 N HOAc to make 500 ml.  Store under toluene at ca 100C. 

Intermediate solution: Dilute 100 ml stock solution to 1 L with 

0.U2 N HOAc.  Store under toluene at ca 10"C.  Working solution 

contains 1 microgram per ml:  Dilute 10 ml intermediate solution 
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to 100 ml with water.  Prepare fresh for each assay. 

Equipment 

Fluorometer. Aminco Bowman spectrophoto fluorometer 

(American Instrument Co., Silver Springs, MD) with activation set 

at 370 and fluorescence set at 510.  Slit width starting at cell 

slot one: 3/16, 1/8, 3/16, 1/16, 1/8, 1/8. 

Irradiation. MacBeth light (Killmorgen Corporation, 

Newburgh, NY) or window sunlight. 

Procedure.  All operations should be conducted in dim light. 

1. Pipette 1 ml glacial acetic acid into glass-stoppered 

thiamin test tubes labelled A, B, and C. 

2. To A and B add 2 ml urine. Add 2 ml water to C (blank). 

3. Add 1 ml of water to A and C. Add 1 ml riboflavin 

standard (1 ml =  1 pg) to tube B (internal standard). 

4. Add 1 ml 5% KNm04 to each tube, mix, and let stand 1 

minute exactly. 

5. Add 1 ml 3% H202 to each tube and mix gently. 

6. Add 10 ml butanol-pyridine solution to each tube. 

7. Shake well for 30 seconds. 

8. Immerse tubes in warm water to bring contents  to 

temperature of at least 40"C. 

9. Add approximately 3 g Na2S04 using a small powder funnel. 
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10. Shake for 30 seconds and cool two minutes at room 

temperature. 

11. Shake vigorously and centrifuge for 4 minutes. 

12. Decant the clear supernatant into cuvettes (Disposable 

fluormetric, Markson, Phoenix AZ) and read in the 

spectrophotofluorimeter. 

13. Place the cuvettes into the sunlight or a MacBeth light 

for a time sufficient to destroy between 80 and 95% of the 

riboflavin. 

14. Redetermine the fluorescence in the fluorimeter. 

Calculations 

1. A-A' (after irradiation) = deflection due to riboflavin 

destruction in unknown. 

2. B-B' (.after irradiation) = deflection due to ribof lavin 

destruction in recovery. 

3. C-C (after irradiation) = change in reagent blank 

fluorescence induced by irradiation. 

4. (A - A') - (C - C) divided by [(B - B') - (C - C')] - 

[ (A - A') - (C - C)] multiplied by 1.0 equals micrograms of 

riboflavin in tube. 

The reagent blank C usually has no change in fluorescence; 

hence, in most cases, it can be ignored in calculations. 


