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4-Pyridoxic acid is the major metabolite of all forms of 

vitamin B,  in mammalian species.     The determination of 4-pyridoxic 
o 

acid,  therefore,   is important in the investigation of vitamin B. 

metabolism and for the establishment of human requirements for the 

vitamin. 

Although 4-pyridoxic acid is itself fluorescent,   Huff and 

Perlzweig (1944) developed a classic method for its determination 

based on the conversion of the metabolite to the even more highly 

fluorescent lactone. 

Sarett in 1951 recognized that there are many substances in 

urine other than 4-pyridoxic acid which are fluorescent and which 

may interfere with its determination. His atterapts to remove the 

extraneous fluorescent compounds with Decalso or with charcoal 



were not entirely satisfactory.    He proposed,   therefore,   the adminis- 

tration of a test dose of 4-pyridoxic acid to subjects whose urine was 

to be analyzed for the metabolite of vitamin B ,,   thus rendering the 

foreign fluorescence less significant by dilution.    In 1955,   Fujita and 

associates employed ion exchange chromatography as a means of 

separating 4-pyridoxic acid from other fluorescent compounds in 

urine and in 1958 Reddy,   Reynolds and Price developed a chromatog- 

raphic method using Dowex 1 (Cl  ),   a strongly basic anion exchange 

resin and Dowex SOW (H  ),   a strongly acidic cation exchange resin 

for the separation of 4-pyridoxic acid from extraneous fluorescent 

materials in urine.    Eluates from the latter of the two columns, 

used in sequence,   were subjected to a chemical procedure to 

oxidize the 4-pyridoxic acid to the more highly fluorescent lactone 

form.     The Reddy,   Reynolds and Price procedure has provided the 

means for achieving more valid results than had been possible 

previously. 

Because of the importance of this procedure, the dynamics of 

the ion exchange method of Reddy and associates was investigated. 

Standards of 4-pyridoxic acid,   or 4-pyridoxic acid lactone,   and of 

urine were subjected to ion exchange chromatography using their 

procedure.    Conversion of the 4-pyridoxic acid to the lactone was 

accomplished by means of the microprocedure of Woodring,   Fisher 

and Storvick (1964).    Effluent,   wash,   and eluate fractions were 



collected to determine the pattern of elution of the 4-pyridoxic acid, 

as well as to determine the effect of interfering fluorescence from 

the resins and from reagents. 

Eluates of urine from the second in the series of two Dowex 

ion exchange resins were subjected to paper and thin layer chroma- 

tography along with standards of 4-pyridoxic acid and the lactone 

of 4-pyridoxic acid.    Eluates from influents of hydrolyzed urine 

produced highly fluorescent zones which did not correspond to those 

of standards of 4-pyridoxic acid or its lactone. 

A tryptophan load test is often used to diagnose vitamin B. 

deficiency but some of the metabolites of tryptophan are highly 

fluorescent and may interfere with the fluorometric measurement 

of 4-pyridoxic acid even after its conversion to the more fluorescent 

lactone.     To study the effect of the presence of tryptophan metabolites 

on the determination of 4-pyridoxic acid in urine,   a test dose of 

L-tryptophan was administered to one subject and the subsequent 

24-hour urine collection was treated according to the chromatographic 

procedure of Reddy et aL    The final eluate was analyzed for 4- 

pyridoxic acid using the raicroprocedure of Woodring and associates. 

Readings of fluorescence indicated that much foreign fluorescence 

remained even after the lactonization procedure.    Recovery of 4- 

pyridoxic acid was  65.5 percent.    Therefore,   for the determination of 

4-pyridoxic acid following a test dose of L-tryptophan,   a recovery 



curve would have to be used for calculation of 4-pyridoxic acid 

excretion. 

It was made emphatically clear that there are highly fluorescent 

compounds present in the resin itself,   even after extensive treatment, 

which cannot be removed.    The results of this study emphasize the 

great importance of maintaining a constant rate of flow, and thus a 

constant rate of leaching,   during chromatography to minimize the 

effect of the interfering fluorescence. 

4- 
Dowex SOW (H  ) will not retain 4-pyridoxic acid well unless 

the resin has been rendered strongly acidic.    It was ascertained that 

this procedure should be accomplished just before use. 

4-Pyridoxic acid and the lactone of 4-pyridoxic acid are eluted 

almost at once from the Dowex 1 resin but are released in the middle 

fractions during elution from freshly activated Dowex 50W,   with 

50 ml.   of elutriant. 

It was determined that chromatography could be undertaken at 

a relatively rapid flow rate,   thus allowing the entire chromatogtaphic 

procedure and analysis of eluates to be completed in one day. 
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THE DETERMINATION OF 4-PYRIDOXIC ACID IN URINE.    AN 
INVESTIGATION INTO THE RECOVERY OF 4-PYRIDOXIC 
ACID AND THE LACTONE OF 4-PYRIDOXIC ACID FROM 

TWO DOWEX ION EXCHANGE RESINS 

INTRODUCTION 

The major end product of the metabolism of all forms of 

vitamin B. is thought to be 4-pyridoxic acid (Huff and Perlzweig, 

1944; Rabinowitz and Snell,   1949; Sarett,   1951; Storvick et al. , 

1964).    The analysis of urine for this metabolite,  if carried out with 

relative ease and with validity,  would provide a useful diagnostic pro- 

cedure with a wide spectrum of application.    Because 4-pyridoxic 

acid and its oxidized form,  the lactone,  are highly fluorescent, 

analysis of urine for concentration of the metabolite is accomplished 

by fluorometric means.    There are,  however,  other fluorescent sub- 

stances in urine which interfere with the a.ccuracy of the results. 

For this reason it is necessary to subject samples of urine to chro- 

matography with two resins which have demonstrated good results 

in separating 4-pyridoxic acid from much of the extraneous fluores- 

cent material in urine. 

There are many questions which remain unanswered regarding 

the dynamics of the chromatography process.    Therefore,  this series 

of studies was conducted to analyze fractions of effluents and eluates 

from resin columns through direct reading of fluorescence,  and after 

conversion of the 4-pyridoxic acid in the fractions to the more 



fluorescent lactone form by the procedure of Woodring,   Fisher and 

Storvick (1964).     These studies yielded information pertinent to the 

effect of pH on recovery of 4-pyridoxic acid and to the pattern of 

elution of 4-pyridoxic acid from the resins used. 

This study is a segment of a larger investigation into proce- 

dures for the identification and quantitative determination of all mem- 

bers of the vitamin B,  group and their chief metabolite in human 

blood,  urine and tissue. 



REVIEW OF THE LITERATURE 

Historical Background 

Vitamin B, has now emerged from the shadow of other mem- 

bers of the vitamin B complex,   and from the confusion regarding its 

nature and function,  to hold a position of singular importance in the 

metabolic processes of man. 

By 1927 it was recognized that the vitamin B complex was 

composed of an anti-neuritic factor,  vitamin B   ,  together with an 

anti-pellagra factor which was given the designation,  vitamin B? 

(Gyorgy,   1964; Gyorgy,   1956).    Soon this pellagra^-preventative fac- 

tor was found to encompass riboflavin,  and the further presence of 

several other entities was suspected.     GyBrgy,   in 1934,  demonstrated 

that the "rat acrodynia factor" (Chick and Copping,   1930) functioned 

as a vitamin distinct from the other antidermatitic factors of vitamin 

B0, and named the factor vitamin B, . 

The isolation and identification of vitamin B,  was accomplished 
o 

at nearly, the same time by five independent groups  (Harris,  Sita, 

and Stecher,   1953).    Following its identification as a pyridine 

derivative,   3-hydroxy-4,   5 dihydroxymethyl-2-methylpyridine,  the 

vitamin was given the trivial name,   "Pyridoxine" (American Medical 

Association,   1940). 



Snell,   Guirard and Williams  (1942),  using the lactic acid 

bacterium,  Streptococcus lactis,   determined that pyridoxine was not 

a single entity.     This led to the recognition of the occurrence of the 

vitamin in three free forms,   pyridoxine,  pyridoxal,   and pyridoxamine 

(Snell,   Guirard,   and Williams,   1942; Snell,   1944; Harris,  Heyl,   and 

Folkers,   1944),   and a subsequent change in the official name from 

pyridoxine to vitamin B,   (American Institute of Nutrition,   1949). 
6 

Free vitamin B, in natural materials of animal origin occurs 

principally as pyridoxal and pyridoxamine with negligible amounts 

of pyridoxine,  while in plant materials pyridoxine is found in 

amounts equal to,   or greater than,  the other two entities  (Rabinowitz 

and Snell,   1948). 

Most of the vitamin B, in natural materials is now known to be 
6 

present in the phosphorylated form (Snell,   1963; Braunstein,   I960). 

Since 1944,   when Gale and Epps described a codecarbaxylase common to 

L-tyrosine and L-lysine,   a large number of investigations have been 

made into the metabolic function of phosphorylated forms of vitamin 

B,  (Braunstein,   I960). 

It is now known that vitamin B. functions biocatalytically as a 

coenzyme,   principally as pyridoxal phosphate,  bound to various 

apoenzymes,   each of which lends  specificity to about 50 known 

enzymatic reactions dependent upon vitamin B,   (Braunstein,   I960; 

Florkin and Stotz,   1964). 



The major metabolic end-product of all forms of vitamin B- 

is 4-pyridoxic acid (Huff and Perlzweig,   1944; Rabinowitz and Snell, 

1949; Sarett,   1951).    Several methods have been developed for the 

quantitative determination of this metabolite in urine since Singal and 

Sydenstricker (1941) first reported an unknown fluorescent substance 

in urine which increased markedly following the ingestion of pyridox- 

ine hydrochloride. 

Huff and Perlzweig (1944) identified this fluorescent compound 

as 2-methyl-3-hydroxy-4-carboxy-5-hydroxy-methylpyridine,   or 

4-pyridoxic acid,  and developed a simple fluorometric method for 

the quantitative estimation of the metabolite in the lactone form. 

This method is still used although refinements have been made which 

increase its specificity by the removal of extraneous fluorescent 

substances. 

Miller (1951) followed the Huff and Perlzweig method for the 

conversion of 4-pyridoxic acid to its lactone,  but obtained a blank 

by delactonizing the sample after the reading of fluorescence of the 

lactone form.    Fluorescence remaining in the sample following 

delactonization was assumed to be due to substances other than 4- 

pyridoxic acid. 

Sarett (1951) recognized that substances in urine other than 

4-pyridoxic acid or its lactone contributed fluorescence which inter- 

fered with measurement of 4-pyridoxic acid by the Huff and Perlzweig 



method,   and that the unlactonized blank used by them did not com- 

pensate for interfering fluorescence.    He suggested,  therefore,  that 

a test dose of vitamin B,  should be administered to permit dilution 
o 

of the interfering fluorescent substances. 

In attempting to remove interfering substances from urine with 

Decalso,  Sarett found that while most of the substances which fluo- 

resce in an acid medium were removed,  there was poor adsorption 

of 4-pyridoxic acid and of its lactone at a pH range of 2 to 5. 

Subsequently,   Fujita,   Fujita and Fujino (1955) 'attempted to 

separate 4-pyridoxic acid from pyridoxal by subjecting samples to 

ion exchange chromatography using Amberlite IRA-410,  a strongly 

basic anion exchange resin which selectively retained the metabolite 

on the resin,  and from which it could be eluted easily. 

Reddy,   Reynolds and Price (1958) developed a sophisticated 

procedure for the removal of interfering fluorescent compounds from 

urine through the use of ion exchange chromatography.    The use of a 

strongly, basic anion exchange resin followed by a strongly acidic 

cation exchange resin successfully removed 40 to 70 percent of the 

extraneous fluorescent material of urine and allowed quantitative 

recovery of 4-pyridoxic acid with a reliability, previously unattained. 

The measurement of 4-pyridoxic acid was accomplished by an 

adaptation of the Huff and Perl2weig procedure but with the addition 

of the use of a delactonized blank for the eluate. 



Because the Reddy,   Reynolds and Price procedure requires 

relatively large amounts of sample and reagents,  it was deemed 

essential in our laboratory, to develop a microprocedure to allow the 

determination of 4-pyridoxic acid in the urine of infants and small 

animals where the sample is frequently very small in volume.    The 

Woodring,   Fisher and Storvick microprocedure (1964) utilized the 

chromatographic removal of interfering fluorescence developed by 

Reddy,   Reynolds and Price and simplified the lactone procedures of 

Fujita,   Fujita and Fujino (1955), and of Reddy et al.   (1958), utilizing 

the best features of each. 

Chemical Properties of Vitamin B. 

The general term,  vitamin B,,  is applied to all members of 

the group which exhibit vitamin B. activity.    The interrelationships 

of these compounds and formulas for the metabolites of vitamin B, 

are shown in Figure 1.    The International Union of Pure and Applied 

Chemistry, Commission on the Nomenclature of Biological Chemistry 

(I960) recently established new rules for the nomenclature of the 

members of the vitamin B.  group which were designed to eliminate 

confusion when references are made to the individual entities that 

comprise the vitamin. 

Pyridoxol is the new term reserved for the free alcohol form 

of vitamin B..    Pyridoxal refers to the aldehyde form,  while 
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Figure 1.     The  vitamin B.   group,   interrelationships and  metabolites 
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pyridoxamine applies to that form which incorporates an NH    group 

at position 4, 

The term,  pyridoxine,  which was used originally for vitamin 

B, by the American Medical Association Council on Pharmacy and 
6 

Chemistry (1940),   and reaffirmed by the American Institute of 

Nutrition (1949),   was for some 20 years reserved for the alcohol 

form alone,  while the general term,  vitamin B, ,   was used for non- 

specific description of the vitamin. 

Under the new terminology,   pyridoxine will be synonymous 

with the general name,  vitamin B,.    There will continue to be nomen- 

clature under the old system in the literature as the habits of twenty 

years are often difficult to alter.    Because the literature in this 

country continues to use the older terminology,  this pattern will be 

followed in this paper.    Pertinent to the research reported in this 

paper are the properties of 4-pyridoxic acid and its lactone. 

4-Pyridoxic Acid 

4-Pyridoxic acid forms white,  wedge-shaped crystals with a 

melting point of 247-248    C.     These crystals are insoluble in ether 

and in aqueous acid solution but are readily soluble in aqueous 

alkaline solution and slightly soluble in water,  alcohol,  and pyridine. 

The molecule incorporates two acidic groups,  one phenolic group 

with a pK value of 9. 75,   and the other a carboxylic group with a pK 
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value of 5. 50 . 

In aqueous solution under ultraviolet light,  4-pyridoxic acid 

exhibits a characteristic bright blue fluorescence which is pH 

dependent,  with a maximum fluorescence at pH 3 to 4 (Huff and 

Perlzweig,   1944; Harris,  Sita and Stecher,   1953; Korte and 

Bannuscher,   1958). 

4-Pyridoxic acid is stable to boiling with alkali,  but when 

heated with acid of 0. 5 N or greater for 15 minutes it is   converted to 

the lactone form (Reddy,   Reynolds and Price,   1958). 

4-Pyridoxic Acid Lactone 

The lactone of 4-pyridoxic acid is more water soluble than is 

4-pyridoxic acid and possesses one weakly acidic group with a pK 

value of 7.05.    The lactone of 4-pyridoxic acid exhibits a maximum 

fluorescence at pH 8. 6 to 10.0,  and according to Huff and Perlzweig 

(1944),  the intensity of fluorescence is 25 times greater than that of 

4-pyridoxic acid at its maximum intensity.    Korte and Bannuscher 

(1958),   however,  found the intensity of the fluorescence of the 

lactone t o be. maximum from pH 10 to 11, and that at pH 11 it was 10 

times that of 4-pyridoxic acid at pH 3. 

The lactone of 4-pyridoxic acid reverts spontaneously to 4- 

pyridoxic acid on standing (Reddy,   Reynolds and Price,   1958). 

Sarett (1951) recommended the preparation of stock solutions of the 



11 

lactone of 4-pyridoxic acid in 0. 1 N HC1,  and found that even under 

refrigeration in an acid medium,   about 10 percent of the lactone 

reverted to 4-pyridoxic acid within 2 to 3 months.    Korte and 

Bannuscher (1958) found that the lactone of 4-pyridoxic acid stabilizes 

within several weeks to 85 percent lactone.    Heating a lactone solu- 

tion in acid lactonizes any 4-pyridoxic acid present and is a neces- 

sary precautionary procedure before using a 4-pyridoxic acid 

lactone solution.    Conversely,   when heated 5 minutes in an alkaline 

solution the lactone ring is ruptured and the lactone is  converted to 

4-pyridoxic acid (Reddy et al. ,   1958).    Korte and Bannuscher (1958) 

reported quantitative formation of 4-pyridoxic acid from the lactone 

when heated with 0. 1 N NaOH. 

Metabolic Functions of Vitamin B. 
• — "■  6 

A brief discussion of the known metabolic functions of vitamin 

B, will serve to emphasize the importance of this ubiquitous vitamin 

in metabolism.     This  should emphasize the importance of procedures 

designed to determine the amount of the metabolic end product,   4- 

pyridoxic acid,   present in urine,   which can be useful in clarifying 

the etiology of many of the problems of clinical nutrition related to 

vitamin B.. 
6 

Vitamin B,  is essential for normal growth and seems to be 
6 

required by all species of animals  (Harris,  Sita and Stecher,   195 3). 
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The members of the vitamin B,  group are converted in vivo to 
o   

pyridoxal-5-phosphate which is a coenzyme for reactions essential 

to a wide spectrum of biochemical processes related to the metabo- 

lism of carbohydrates,  proteins and lipids,  and to pyridoxamine 

phosphate,  which recently has been found to function as a coenzyme 

for transaminases (Snell,   1964).    These broad categories encompass 

such a variety of intricately, interrelated biocatalytic reactions 

necessitating the presence of pyridoxal-5-phosphate,  that it becomes 

apparent that it is intrinsic to life. 

Protein Metabolism 

Vitamin B. is essential to normal protein metabolism and 
6 

synthesis and,   consequently,  is a vital thread necessary to the entire 

tapestry of biochemical reactions of the living organism.    It is not 

surprising therefore,  that there is evidence that a high dietary 

intake of protein increases the requirement for vitamin B. 

(Sauberlich,   1964). 

Among the vitamin B,  dependent reactions involving proteins 

are amino acid decarboxylation, transamination,   racemization, 

deamination,  dehydration and desulfhydration (Braunstein,   I960; 

Holtz and Palm,   1964; Meister,   1965, p.   375-413). 
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Amino Acid Decarboxylation 

The enzymatic removal of a carboxyl group from certain 

amino acids results in several amines of biological importance in 

mammalian metabolism.    Most,  and perhaps all,  amino acid 

decarboxylases require vitamin B, as a coenzyme (Bessey,   1957). 

Histamine 

Three distinct decarboxylases occur in mammalian tissue 

capable of forming histamine,  a vasodilator,  from the amino acid 

histidine by direct decarboxylation (Udenfriend,   1964). 

Norepinephrine 

In the conversion of the amino acid tyrosine to norepinephrine, 

a vasoconstrictor, the decarboxylation of DOPA (3, 4-dihydroxy- 

phenylalanine) requires pyridoxal phosphate as a coenzyme 

(Udenfriend,   1964). 

Serotonin 

Following hydroxylation of tryptophan to 5-hydroxytryptophan, 

pyridoxal phosphate dependent decarboxylation results in the forma- 

tion of serotonin (5-hydroxytryptamine),  a vasoconstrictor,  which 

stimulates the central nervous system (Udenfriend,   1964; Tower, 
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1956). 

Trans amination 

Animal transaminases are activated by pyridoxal phosphate. 

Trans amination is accomplished by the exchange of amino groups 

with a corresponding keto acid (Umbreit,   1954).    After deamination, 

the metabolites may be interconverted to fats or to carbohydrates, 

as well as to other amino acids. 

Racemization 

D-amino acids can be deaminated with the aid of pyridoxal 

phosphate to the corresponding keto-acid,  and then transaminated 

to an L-amino acid (Holtz and Palm,   1964). 

Oxidative Deamination of Amines 

The oxidative deamination,  and subsequent inactivation of 

amines,   is an important part of the mechanism of detoxification and 

is dependent upon pyridoxal phosphate as a coenzyme (Holtz and 

Palm,   1964; Braunstein,   I960). 

Desulfhydration and Transsulfuration 

Desulfhydration resulting in the conversion of cysteine to 

pyruvate,  hydrogen sulfide,  and ammonia involves pyridox;al phosphate, 
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and enzymes responsible for the activation of sulfur transfer are 

markedly activated by the dietary addition of minute amounts of 

pyridoxal phosphate (Binkley,   Christensen and Jensen,   1952; Holtz 

and Palm,   1964). 

With adequate intake of vitamin B,,   the amino acid cysteine 

is metabolized to taurine.    In cases of vitamin B,  deficiency the 

urinary excretion of taurine ceases,   but returns to normal when the 

diet is supplemented with vitamin B..    Therefore,   the quantitative 

determination of urinary, taurine provides one method for the inves- 

tigation of vitamin B,  deficiency (Holtz and Palm,   1964). 

Dehydration 

The dehydration of serine and threonine to glycine and the 

corresponding aldehydes is accomplished by vitamin B,  dependent 

dehydrases  (Holtz and Palm,   1964; Meister,   1965). 

Carbohydrate Metabolism 

Pyridoxal phosphate is an essential constituent or coenzyme 

of glycogen phosphorylase,   catalyzing the initial step of glycogen 

catabolism.    Possibly half of all the vitamin B.  in the body is in the 

form of muscle phosphorylase,   perhaps serving as a reservoir of 

the vitamin in time of deficiency (Krebs and Fischer,   1964). 
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Fat Metabolism 

Fat metabolism is closely associated with protein metabolism 

and, although it is still debatable whether or not fat metabolism is 

directly related to vitamin B, ,  there is strong evidence that the 

members of the vitamin B, group function indirectly as a coenzyme 

in the transport of fatty acids and cholesterol (Mueller,   1964; Tower, 

1956).    Vitamin B,  seems to be essential for the conversion of 
6 

linoleic to the more unsaturated arachidonic acid (Witten and Holman, 

1952; Mueller and lacono,   1963). 

Manifestations.of Vitamin B, Deficiency 

The integrity, of the central nervous system is related to 

vitamin B,  (Udenfriend,   1964).    Roberts,  Wein and Simons en (1964) 

have found a strong suggestion that vitamin B,,  as pyridoxal 

phosphate,  is a coenzyme for glutamic acid decarboxylase which 

brings about the conversion of glutamic acid to  y -amino-butyric 

acid, a substance which occurs uniquely in the vertebrate central 

nervous  system and seems to be concerned with the inhibition of 

neuronal excitability at the synaptic level (Holtz and Palm,   1964). 

One of the earliest clues as to the importance of vitamin B, 

to the integrity of the central nervous system was found in the 

reports of convulsive seizures and mental retardation of infants on a 
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vitamin B. deficient diet (Coursin,   1956; Coursin,   1964; Bessey, 
b 

Adam and Hansen,   1957; Scriver,   I960). 

Evidence exists that vitamin B, is indirectly related to 
, o 

epilepsy,  phenylketonuria and mongolism,  the latter two through 

inhibition of the function of pyridoxal phosphate by excessive amounts 

of abnormal metabolites (Coursin,   1964). 

The nausea which may occur during the first trimester of 

pregnancy is related to low blood levels of urea which are restored 

to normal by the administration of vitamin B,.    Pregnant women 

show increased xanthurenic acid excretion following a tryptophan 

load test (Wachstein,   1964), which may indicate an increased need 

for vitamin B, during this period of active fetal growth. 

Vitamin B- deficiency seems to be involved in a number of 

other widely diversified physiologic conditions.    The formation of 

renal calculi (Gershoff,   1964),  and increased dental caries (Hillman, 

1964) a,re examples.    Vitamin B. is indicated as having a beneficial 

effect in combating the symptoms of radiation sickness (Holtz and 

Palm,   1964),  if administered in conjunction with an antihistarnine 

(Kalmykova,   I960).    Vitamin B, plays an important role in 

hematopoeisis  (Harris and Horrigan,   1964; Bottomly,   1962). 

There seems to be a relationship between vitamin B, deficiency 

and impairment in the production of circulating antibodies.    Since 

the success of a homotransplant requires a "state of immunological 
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inertness," i.e. ,  impaired antibody production,  vitamin B, defi- 

ciency has been induced to render the host tolerant to a transplant 

(Axelrod and Trakatellis,   1964). 

Vitamin B/ Antimetabblites 

There are a number of compounds which are structural analogs 

of vitarnin B, group members and which function biochemically as 

antagonists,  interfering with normal metabolism of the vitamin   and 

resulting in manifestations of vitamin B, deficiency (Harris,  Sita 

and Stecher,   1953; Rosen,  Mihich and Nicho.1,   1964). 

A large number of commonly used drugs are known to promote 

vitamin B, deficiency through inhibition of coenzyme synthesis or by 

chemical inactivation of pyridoxal phosphate or by competitive 

displacement by structural analogs (Holtz and Palm,   1964).    Among 

these is isonicotinic acid hydrazide (INH) or isoniazid, used in 

tuberculosis therapy.    Shortly after isoniazid was introduced it was 

noted that convulsions, neuritis,  and other manifestations of severe 

vitamin B, deficiency resulted in some patients.    The hydrazide 

forms an inactive complex with pyridoxal phosphate (Vilter,   1964). 

Deoxypyridoxine,  which has been used in cancer therapy, 

competes with pyridoxal phosphate by replacing the coenzyme in a 

host of different enzymes.    Since deoxypyridoxine is incapable of 

functioning coenzymatically, there may be symptoms of deficiency 
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although vitamin B. is present in amounts which are adequate when 

deoxypyridoxine is not administered (Rosen,  Mihich,  and Nichol, 

1964). 

Tryptophan Metabolism 

Role of Pyridoxal Phosphate 

The significance of vitamin B,  in the metabolism of tryptophan 

is of great importance.    Pyridoxal phosphate acts as a coenzyme in 

at least two separate reactions involving the amino acid,  tryptophan. 

One of these is concerned with the condensation of indole with the 

amino acid serine to form tryptophan (Wood,   Gunsalus and Umbreit, 

1947) and the other is concerned in the degradation of tryptophan to 

indole,  pyruvic acid and ammonia (Umbreit,  Wood and Gunsalus, 

1946). 

One of the earliest means of detecting vitamin B.  deficiency 

was the measurement of the abnormal metabolite,  xanthurenic acid, 

in the urine following the administration of a loading dose of L- 

tryptophan (Greenberg et al. ,   1949; Wiss and Weber,   1964).     This is 

based on the fact that several pyridoxal phosphate dependent enzymes 

are necessary for the metabolism of tryptophan through normal 

pathways  (Figure 2). 

In vitamin B . deficiency the normal metabolites of tryptophan 
o 

are reduced in amounts since their formation is dependent on two 
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pyridoxal dependent enzymes,  namely,  kynureninase,   responsible 

for the formation of anthranalic acid and alanine,  and kynurenine- 

a -ketoglutarate transaminase,   responsible for the formation of 

nicotinic acid.    Because of this impairment in the normal metabolism 

of tryptophan,  an abnormal metabolite,   i. e. ,  xanthurenic acid is 

formed. 

Tryptophan Load Test 

Because tryptophan metabolism is so dependent upon the 

coenzyme activity of pyridoxal phosphate,  the administration of a 

loading dose of L-tryptophan will reveal vitamin B, deficiency very 

early in the etiology of the aberration (Wachstein,   1964).    Not only 

is the tryptophan load test of primary, importance in the diagnosis of 

aberrations of vitamin B. metabolism,  but it is of some interest in 

connection with the determination of the metabolite of vitamin B, o 

since there is evidence that the presence of the highly fluorescent 

metabolites of tryptophan interfere with the lactone procedure for 

the determination of 4-pyridoxic acid. 

The load dose of tryptophan has now been standardized.    It is 

essential to use L-tryptophan rather than the racemic form (Price, 

1958; Price,  Brown and Yess,   1965) and amounts range from 50 mg. 

per kg.   of body weight in infants to a maximum of 2 gm.  total in 

adults.     The recommended dose for an adult is two grams,  although 
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this may be increased to a maximum of 5 gm.   if it is desired to 

study the excretion of metabolites of the 5-hydroxytryptamine path- 

way,  since only one percent of tryptophan is metabolized in this 

direction (Coursin,   1964).    The test load is administered with 

breakfast after which urine is collected for a 24-hour period (Price, 

Brown and Ellis,   1956).    No ill effects result from this amount of 

L-tryptophan administered with a meal,  to healthy subjects  (Price, 

Brown and Yess,   1965). 

Following a 2 gm.   dose of L-tryptophan, normal subjects may 

excrete 2 percent of the amino acid in the urine in the form of 

metabolites,   leaving 98 percent unaccounted for (Price,   1958).    The 

normal subjects tested excreted no more than 30 mg.   of xanthurenic 

acid in 24 hours.    Amounts up to 50 mg.   per 24 hours are considered 

normal by some investigators (Wachstein,   1964).    Patients suffering 

from vitamin B,  deficiency,  however,  may excrete from  10 to 25 

times the normal amount of metabolites following a load dose of 2 gm. 

of L-tryptophan (Price,   1958). 

Human Requirement for Vitamin B, 

That vitamin B, is essential in human nutrition becomes 
b 

obvious when one examines the extensive catalogue of its functions. 

This premise has been reinforced many times in studies of humans 

in which severe deficiency of the vitamin has been produced 
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experimentally (Sauberlich,   1964). 

The amount required by man and the amount present in the food 

he eats cannot yet be stated with assurance although there have been 

attempts to do so by. extrapolation of vitamin B,  requirement from 

dietary, intakes or from, the requirements of thiamine and riboflavin 

(Leitch and Hepburn,   1961).    Babcock,   Brush and Sostman (I960), 

using xanthurenic acid excretion and serum transaminase activity 

as criteria,   estimated the average daily intake of vitamin B, by 

man to be 1. 5 mg.  per day and considered an intake of 1. 5 to 2. 0 

mg. to be adequate for normal subjects consuming a diet consisting 

largely of natural foods.    Baker    etal. ,   (1964),  however,   stated 

that experimentally produced dietary deficiency, as determined by 

xanthurenic acid excretion following a tryptophan load test,  has not 

been successful in establishing a definite requirement for vitamin 

B, for normal humans on a normal diet. 

The requirement for vitamin B. is increased as the amount of 

protein in the diet is increased.    A daily, intake of 1.25 mg.   of vita- 

min B,   seems to be adequate for subjects on a low protein diet 

providing. 30 grams of protein per day.    On a high protein intake of 

100 grams daily,   1.5 mg.   of vitamin B, appears to be the daily 

minimum while 1. 75 to 2.0 mg.   is considered optimum (Baker 

etal.,   1964). 

So far as evaluation of dietary intake of vitamin B, is concerned 
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it would appear that,  through chromatographic and fluorometric 

procedures,   Toepfer and Polansky (1964) have developed a satis- 

factory method for the determination of vitamin B, in foods.    From 

their food analyses,  assessment of the dietary intake of the vitamin 

can be made with validity. 

As has been discussed above,  urinary xanthurenic acid and 

serura transaminase activity have been used as criteria of vitamin 

B, deficiency,  but now that reliable methods for the determination 

of urinary 4-pyridoxic acid are at hand (Reddy et al. ,   1958; 

Woodringet al. ,   1964), measurement of this metabolite may provide 

the most reliable tool for assessing.nutritional status with respect 

to vitamin B .. 
o 

Chromatography 

Several chromatographic procedures were used in the course 

of this  study.    Interfering fluorescence in urine samples was 

removed by chromatography with ion exchange resins,  and eluates 

from the ion exchange columns were subjected to thin layer and to 

paper chromatography. 

Basically,   chromatography, is a procedure facilitating the 

separation of mixtures of molecules in solution into concentrated 

zones by the selective distribution of the components along a 

stationary phase.     This separation is essentially, brought about by 
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the relative solubility of the molecular or ionic components of the 

mixture in the mobile phase (solvent system) and by their relative 

affinities for the forces of attraction inherent in the stationary 

phase (Block,  Durrum and Zweig,   1958; Cassidy,   1957, p.   7-75; 

107-131; 285-317). 

Ion Exchange Chromatography 

Ion exchange is a reversible,   stoichiometric exchange of ions 

between a solid and a liquid phase in which there is no significant 

change in the nature of the solid phase.    The solid phase is the resin 

particle which incorporates an immobile,   polymeric ion and a 

labile ion which is available for exchange when the resin is hydrated. 

Only those compounds which yield ions in solution are subject to this 

form of chromatography.    In a stoichiometric exchange,  a gram 

equivalent of ion from the resin must be replaced by a gram equiv- 

alent of ion of like charge from the influent,   or solution introduced 

onto.the column (The Dow Chemical Company,   1964). 

Ion exchange resins are man-made by the copolymerization 

of styrene and divinylbenzene (DVB).    The styrene chains are held 

together by cross-linkages of DVB.    The greater the percentage of 

cross-linkage,  the more rigid the resin will be,  that is,  it will 

resist swelling and decrease in porosity.    As porosity decreases 

there is a comparable decrease in the ability to pass large molecules. 
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Such highly cross-linked resins decrease the rate of chromatography 

but increase its efficiency.    Labile ions, capable of exchange are 

attached to the DVB cross-linkages.    The nature of the labile ion 

will largely determine the function of the resin. 

The mesh size refers to the size of the round,   discrete parti- 

cles in the wet or swollen form,   which may range in size from 1 

millimeter to less than 0.04 millimeters in diameter.    200-400 mesh 

particles have a diameter of 0.0 74 to 0.0 38 millimeters,   or 74 to 

38 microns  (The Dow Chemical Company,   1964).    Very fine mesh 

resins have particles in the colloidal size range and have a great 

degree of surface activity which renders them highly efficient. 

Paper Chromatography 

In paper chromatography,   as the mobile phase (solvent system) 

moves over the stationary phase (paper) there is a constant, 

dynamic interchange of the components of each.    A similar inter- 

change takes place between the sample and the stationary and the 

mobile phases.     One phase moves against the other in a differential, 

counter cur rent manner (Cassidy,   1957).    Movement of a component 

of the solution applied to the paper ceases when an equilibrium is 

achieved.    When a solution containing a mixture of molecules is 

applied to the paper,   and this paper is then immersed into a solvent 
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system,  the individual components of the mixture of molecules will 

differ in their attraction to molecules or ions in both the solvent 

and in the water-saturated mat of cellulose fibers of which the paper 

is comprised.    This difference results in a separation of components 

which is characteristic for a given solvent system and paper under 

the same physical conditions, thus allowing quantitative analysis by 

some suitable means for each separate zone or component. 

Paper chromatography,  then,  is based on the reversible 

molecular interaction or physical attraction and repulsion between 

molecules or ions.    The relative movement of a component in a 

solution will depend on its solubility/in the solvent system used, 

and also on its affinity for the paper.    The electric charge of a 

molecule,  its relative polarity,  its ability to form hydrogen bonds, 

all affect the degree of movement during chromatography. 

Thin Layer Chromatography 

Thin layer chromatography (TLC) permits the separation of 

components of a solution by elution as a mobile phase (solvent) 

passes over a stationary phase,  a dry layer of hydrophilic slurry 

deposited 250^ thick on a rigid support. 

The extreme thinness of the stationary phase facilitates the 

completion of the chromatographic separation of a mixture of 

compounds within a relatively short time since the substances in 
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solution pass back and forth between the mobile and stationary phases 

during the time the solvent is travelling (Bolliger,   1965). 

Fluorescence 

Fluorescence is the result of an emission of energy in the form 

of a photon of light produced when a molecule or atom returns to a 

normal state after having been raised to an excited,   or higher energy, 

state by the absorption of radiant energy (White,   1952; Udenfriend, 

1962, p.   1-99).    The difference between the energy of the initial 

state and the final state determines the energy or degree of fluores- 

cence.    The exciting light is in the ultraviolet portion of the spectrum, 

usually between 300 and 400 m|j,   and the radiated light is usually in 

the visible region (Oser,   1965,  p.   987-1010). 

All compounds which adsorblight are capable,  theoretically, 

of fluorescence, but often the amount of fluorescence is too low to 

be detected by present means and quenching frequently reduces 

fluorescence to very low levels.    Quenching is due to the interaction 

of the fluorescing compound with other molecules present in the 

solution (Udenfriend,   1962). 

Light must be absorbed before fluorescence can occur. 

Absorption of light results in a transfer of energy from the light to 

the medium.    If the absorption is too great,  as in an opaque medium, 

quenching will occur.    If there is no absorption,   light will pass 
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completely through the solution with little effect on the energy state 

of the molecules of the solution (Udenfriend,   1962; Oser,   1965). 

When fluorescence readings are plotted against concentration, 

the intensity of fluorescence is related to the concentration of the 

solution and is proportional to the amount of monochromatic light 

absorbed (White,   1952). 

Readings of fluorescence of concentrated solutions must be 

made quickly and are difficult to obtain.    Dilution is usually needed 

for valid results.    This is due to the fact that the great concentration 

of atoms or molecules nearest the exciting light source absorb 

light while those in the remainder of the solution receive little or 

no excitation,   resulting in an inner filter effect.    In dilute solutions, 

on the other hand,  fluorescence is uniformly distributed (Udenfriend, 

1962). 

Fluorescence is dependent on pH with substances thg.t are 

capable of ionization (Udenfriend,   1962).    This is pertinent to the 

analysis of solutions of 4-pyridoxic acid.    4-Pyridoxic acid has a 

maximum fluorescence at a pH range of 3 to 4.    The more highly 

fluorescent lactone of 4-pyridoxic acid has a maximum fluorescence 

between pH 8.5 to 10.0 (Huff and Perlzweig,   1944).    Fluorescence 

of the lactone of 4-pyridoxic acid is negligible at a pH of 0. 0, but the 

same solution will become increasingly fluorescent as the pH is 

adjusted toward 9. 
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EXPERIMENTAL 

The basic procedures followed in this investigation are as 

follows: 

1. Preparation of a standard curve for 4-pyridoxic acid to be 

used in the determination of the concentration of this 

metabolite of vitamin B-  in the urine samples. 

2. Removal of interfering fluorescent substances in urine 

through the use of column chromatography with two Dowex 

ion exchange resins. 

3. Collection of effluents and eluates following the application 

of standard solutions of 4-pyridoxic acid to Dowex 1  (Cl ) 

and Dowex SOW (H  ) columns.    Collections were made in 

40-drop fractions using the fraction collector and drop 

counter. 

4. Reading of fluorescence with a fluorometer. 

a. Direct reading of fluorescence of fractions of effluents or 

eluates from resin columns,  before and after adjusting 

the pH to 9+0.3. 

b. Conversion of the 4-pyridoxic acid in the aliquots of 

effluents and eluates to the lactone form,  using the 

microprocedure of Woodring,   Fisher and Storvick (1964). 

5. Chromatography of eluates from Dowex 1  (Cl  ) and Dowex 
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SOW (H  ) columns. 

a. Paper chromatography 

b. Thin layer chromatography 

Ion Exchange Chromatography 

Method 

Equipment 

Ion Exchange Columns 

For each column a glass tube 20 cm.   long with an outside 

diameter of 1. 2 cm.  was joined to a 200 ml.   round bottomed flask 

which served as a reservoir at the top.    This is a modification of 

the columns designed by Reddy,   Reynolds,  and Price (1958).    To 

the bottom of this tube was fixed a glass tube containing a Teflon 

stopcock with a needle valve.    This tube ended in a fine tip.     The 

stopcock and the fine tip of the tubing made it possible to regulate 

the flow from the column with ease,   even at very slow rates of 

flow.    To the fine tip of the column was fitted a length of fine Tygon 

tubing,   shaped into a coil.     This could be connected to the dropper 

of the fraction collector when necessary. 
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Drop Counter and Fraction Collector 

Misco Drop Counter and Fraction Collector (Microchemical 

Specialties Company,  Berkeley,   California) with a 15 inch reel 

accommodating 96 tubes. 

Test Tubes 

6 x ll/l6 inches,   without lip, for the fraction collector reel. 

Resins 

Two resins were used to remove interfering fluorescent sub- 

stances from the solutions to be analyzed: 

Dowex 1  (Cl"),   10% crosslinkage,  200-400 mesh 

This is a strongly basic anion exchange resin with quaternary 

ammonium functional groups.    It is capable of exchanging anions 

over the entire pH range. 

This resin was mixed with an equal portion of redistilled 

water and the resin was allowed to settle.     The supernatant solution 

was discarded and the procedure of washing the resin was repeated 

6 or 7 times to remove any fine particles.    The washed Dowex 1  (Cl  ) 

resin was then stored in a closed jar with an equal amount of 

redistilled water until needed. 
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Dowex SOW (H  ),   12% crosslinkage,   200-400 mesh 

This resin is a strongly acidic sulfonated cation exchange 

resin capable of exchanging cations over the entire pH range. 

This resin was washed in the same manner as the Dowex 1 

(Cl ) resin.    After this treatment the Dowex SOW was transferred 

to a large column (wrapped with paper tape to avoid shattering) for 

the necessary activation with a series of reagents to make it strongly 

acidic.    The following reagents were added in sequence to 200 ml. 

of the resin:    1  L.of 2 N NaOH,   1  L.   of redistilled water,   5 L.   of 

8 N HCl,   2. 5 L.   of 4 N HCl, and finally,  2. 5 L.   of redistilled water. 

This activated resin was then stored with an equal amount of 

redistilled water in a closed glass jar. 

The Dowex SOW resin must be washed again immediately 

before use with 50 ml.   of 4 N HCl followed by. 50 ml.   of redistilled 

water after it is placed in the chromatography, column described 

below. 

Preparation of the Columns 

In previous work,   a bed for the resin in a column was prepared 

using glass wool.     This did not prove to be satisfactory due to the 

difficulty of avoiding or removing all air bubbles.    During the early 

phases of this present work,   a 2 x 2 inch single thickness of surgical 
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gauze was used in the place of the glass wool.     This did not prove 

to be satisfactory when the flow rate was rapid.    At a flow rate of 

48 drops  per minute,   some resin was.lost.     The major portion of 

such loss was during the critical elution stage of the procedure. 

Therefore,  a small piece of sterile cotton was placed on a 

2x2 inch single thickness of gauze in redistilled water in a crystal- 

lizing dish.    The cotton was well soaked with the water and air 

bubbles were gently pressed out.    The four corners of the gauze 

square were brought together,   enclosing the cotton.    This gauze- 

wrapped cotton was inserted into a chromatography column which 

was filled with redistilled water to the level of the reservoir.    The 

cotton plug was gently pushed to the bottom of the column with a 

glass rod of such diameter that it will just fit within the column. 

As the pledget is pushed into the column it assumes the shape of 

the tube and forms a bed of approximately 1  l/2 cm.   in depth. 

Care must be taken to avoid packing the cotton into the column. 

The major portion of the cotton should remain loose and fluffy; the 

top should be tamped lightly to provide a smooth surface for the 

resin.     Tight packing of either gauze-cotton or resin can result in 

altered flow rate and inadequate recovery of 4-pyridoxic acid.    A 

resin of 200-400 mesh does not usually require backwashing since 

capillary action prevents draining of the bed,   and the fineness of the 

particles minimizes channelling. 
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Solutions 

Since great care must be taken to eliminate any possible 

extraneous fluorescent substances,   all solutions,   including those 

used for the treatment of the resins,   were prepared with redistilled 

water.    Stock solutions were prepared and dilutions were made 

from these stock solutions. 

4-Pyridoxic Acid 

These were protected from light and were stored under 

refrigeration. 

Stock standard.    50 mg.   of 4-pyridoxic acid were dissolved 

and diluted to 500 ml. with redistilled water (1 ml.   = 100 |j.g. ). 

Working standard. . 5 ml,   of stock standard were diluted to 

100 ml.   with redistilled water (1 ml.   = 5 |J.g.). 

Standards for standard curve.    Prepared by diluting the 

working standard ( 1 ml.   = 5 |ag. ) with 2 N HC1 as follows: 

0. 5 ml.   (2. 5 |j.g.) of the working standard diluted to 100 ml. 

(1 ml.   = 0.025 jig.). 

1 ml.   (5 (jig. ) of the working standard diluted to 100 ml. 

(1 ml.   = 0.05 |ag.). 

From Dr.   S.  A.   Harris,   Merck and Company,   Rahway, 
New Jersey. 
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2 ml.   (10 |jLg. ) of the working standard diluted to 100 ml. 

(1 ml.   = 0. 10 ^g.). 

3 ml.   (15 (Jig.) of the working standard diluted to 100 ml. 

(1 ml.   = 0. 15 jig. ). 

4 ml.   (20 jig. ) of the working standard diluted to 100 ml. 

(1 ml.   = 0. 20 jig. ). 

5 ml.   (25 jig. ) of the working standard diluted to 100 ml. 

(1  ml.   = 0.25 jig.). 

6 ml.   (30 jig. ) of the working standard diluted to 100 ml. 

(1 ml.   = 0. 30 jig.). 

8 ml.   (40 jig.) of the working standard diluted to 100 ml. 

(1 ml.   = 0.40 jig. ). 

4-Pyridoxic Acid Lactone 

Stock solution.    50 mg.   of 4-pyridoxic acid lactone dissolved 

and diluted to 500 ml.  with 0. 1 N HC1 (1 ml.   = 100 jig.).    Just before 

using the stock solution,  a little more than the amount needed was 

treated 15 minutes in a water bath at 100    C. to lactonize any 4- 

pyridoxic acid formed spontaneously from the lactone during storage. 

Dilution of stock solution.     1 ml.   (100 jig. ) of stock solution 

(heated and cooled) diluted to 100 ml,   with redistilled water (1 ml. 

= 1 ng.)- 
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Preparation of Urine Samples 

Unhydrolyzed Urine 

Twenty-four hour urine collections were refrigerated under 

toluene in amber bottles.    Portions were transferred to 50 ml. 

tincture bottles and frozen at 0     C.   until needed for analysis.    An 

aliquot of the frozen urine representing 4 percent of the 24^hour 

collection was delactonized by adjusting to pH 10. 6 with 2 N NaOH 

and then filtered through "Whatman No.  42 filter paper.    Aliquots of 

this filtrate equal to 1 percent of the 24-hour collection were trans- 

ferred to each of three 50 ml.   stoppered red graduate cylinders. 

Five jag.   of 4-pyridoxic acid were added to one of the three cylinders 

to provide a means of determining the recovery, of the metabolite. 

To all three cylinders were added 1.5 ml.   of 1. 5 N NH  OH.    The 

contents of each cylinder were diluted to 40 ml.   with redistilled 

water and mixed well.    The samples were then carefully introduced 

onto the prepared Dowex 1 columns and chromatography proceeded 

as described later. 

Hydrolyzed Urine 

100 ml.   of urine from a 24-hour collection and 500 ml.   of 

0. 1 N HC1 were placed in an Erlenmeyer flask which was covered 

with a watch glass and autoclaved for 30 minutes at 15 pounds 
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pressure.    After cooling,   the urine solution was delactonized by 

adjusting the pH to 10.6 with 2 N NaOH,   and then divided into two 

equal portions.     The hydrolysate can be refrigerated at this point. 

Unboiled.    One half of the hydrolyzed and cooled urine sample 

at pH 10. 6 was filtered and to an amount equal to 1 percent of the 

24-hour collection were added 1.5 ml.   of 1.5 N NH.OH.     This 
—        4 

solution was then subjected to chromatography with Dowex 1 and 

Dowex SOW resins. 

Boiled.    The second half of the hydrolyzed urine sample at 

pH 10. 6 was placed in a beaker and boiled over direct heat for 5 

minutes,   then cooled and filtered.    To an amount equal to 1 percent 

of the 24-hour collection were added 1. 5 ml.   of 1. 5 N NH  OH,   and 

this solution was subjected to chromatography with Dowex 1 and 

Dowex SOW resins. 

Chromatographic Procedure 

During chromatography the columns and the solutions of 4- 

pyridoxic acid or the lactone of 4-pyridoxic acid should be protected 

from light since these compounds are unstable. 

When introducing a solution onto a resin column,   a small 

portion of the solution should be carefully and slowly introduced 

through a long stemmed funnel and the resulting slurry in the column 

should be allowed to settle before the remainder of the solution is 



39 

added.    This procedure will minimize disturbance of the resin bed. 

The flow rate should be adjusted quickly and maintained at a 

constant rate throughout the entire chromatographic procedure.    A 

constant flow rate will help to minimize the effect of leaching of 

fluorescent substances from the resin since the rate of leaching 

will be constant also. 

Effluents and eluates from the resin columns can be collected 

either in fractions or in a single container. 

While the solution to be analyzed is flowing through the resin 

column,   the graduate cylinder which contained the solution,   its 

stopper,   and the funnel should be rinsed with 10 ml.   of redistilled 

water.    This is poured onto the column as soon as the influent has 

reached the top of the resin bed.    A second 10 ml.   portion of 

redistilled water is then used to rinse the original container and 

this,  too,   is added to the first portion of wash in the column. 

Effluents or eluates which must be held for a period of time before 

reading of fluorescence should be refrigerated.    It is preferable, 

however,   to read them immediately. 

Some difficulty has been experienced by other investigators 

in completing the chromatography of urine samples within a reason- 

able time without the use of suction.    Suction or pressure is to be 

avoided,   if possible,   since these procedures pack the resin in the 

column.    The flow of a urine sample or a 4-pyridoxic acid standard 
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solution through the resin should be at a controlled drop rate to 

provide quantitative retention and elution of the metabolite and to 

minimize the effect of the leaching of foreign fluorescent substances 

from the resin.    Equipment should be designed and placed to mini- 

mize the effect of changes in hydrostatic pressure during the 

chromatographic process.    The round reservoirs of the chromatog- 

raphy columns used were designed to minimize change in hydro- 

static pressure.    During the time the top level of the liquid has left 

the reservoir and is in the stem of the column there will be changes 

in pressure resulting in a slowing of the flow rate,   becoming more 

pronounced as the level of the solution nears the surface of the 

resin.    Close attention must be paid to the control of the flow rate 

during this time. 

Previous chromatography. in this laboratory,utilized a rather 

slow rate of 6 drops per minute.    With a screw clamp this was a 

difficult rate to establish or maintain and a day was required to 

complete the chromatographic procedure.    A Teflon needle valve 

facilitated the adjustment of the flow rate.     Faster flow rates of 

12 to 48 drops per minute can be used for expediency without 

sacrificing reliability of the results when resins of 200-400 mesh 

are used.     The small particle size (74-38 microns diameter) pro- 

vides a large surface area and is highly efficient. 

During chromatography the 4-pyridoxic acid in a urine sample 



41 

or a standard is first bound to the resin and then is eluted with HC1. 

4-*Pyridoxic acid is eluted from Dowex 1 with 0.05 N HC1 and from 

Dowex 50W with 2 N HC1.    The eluate from a Dowex 1 column should 

be introduced onto a Dowex 50W column without delay and the entire 

chromatographic process should be carried out without interruption. 

Analysis of fractions of effluents and eluates from Dowex 

resins provides information regarding the pattern of elution of 4- 

pyridoxic acid and also provides a means of determining the com- 

pleteness of elution of the metabolite from the resin used. 

The Tygon tubing attached to the ion exchange column was, 

in turn,   attached to a drop counter.    The drop counter was set to 

provide 40-drop fractions.    With the effluents and eluates of 4- 

pyridoxic acid solutions,   each 40-drop fraction was 1.4 ml. ,   suf- 

ficient volume for the procedures used for analysis of each fraction. 

To determine the volume of a 40-drop fraction,   15 ml.   graduated 

centrifuge tubes were used.    These centrifuge tubes were placed in 

the reel of a fraction collector in the place of the test tubes. 

Because the counting of each drop is achieved by the use of 

a photoelectric cell,  it is necessary, to protect this cell from 

extraneous bright light,   as this was found to affect the drop count. 

The sensitivity control of the drop counter should be set at the lowest 

possible setting which will register a double click with each drop. 

It may be necessary to change the sensitivity during.chromatography 
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if there are changes in the intensity of the room lighting.    A color- 

less solution will require a higher sensitivity setting than will the 

slightly colored urine eluates.    The dropper should not be touched or 

jarred during chromatography or an inaccurate count may result. 

Color coded test tubes were placed in the reel of the fraction 

collector.     Tubes were numbered with yellow marking pencil to 

indicate effluent and with red to indicate eluate fractions. 

The operation of the fraction collector is automatic but,  never- 

theless,   it must be closely attended during chromatography.    This 

is especially important during changes from one row of the fraction 

collector to another.    As the dropper moves from inner to outer 

rows,  it may be necessary to adjust the position of the reel to com- 

pensate for the greater arc as the diameter of the reel increases. 

Care should be taken to remove any drops of liquid from the inside 

of the glass tubing of the dropper before beginning chromatography. 

This can be accomplished with a, small piece of gauze. 

Four replicate 100 \il.  aliquots of each fraction were trans- 

ferred to 10 x 75 mm.  non-optical tubes for lactonization using the 

procedure of Woodring et al. 

For direct reading of fluorescence,   the remaining portion of 

each fraction was transferred quantitatively to a 10 x 75 mm.   optical 

tube,  using a Pasteur pipet.    The same pipet can be used for all 

fractions if the transfer is done in sequence,   beginning with fraction 



43 

1.    If,   at any time,   solution is drawn into the rubber tubing attached 

to the pipet,   a clean pipet and clean rubber tubing must be used 

since rubber tubing is a source of interfering fluorescent substances. 

Analysis of Effluents and Eluates 

Equipment 

Motor Mixer 

A l/20 h. p.   electric motor with a slightly bent external shaft 

which whips as it rotates was used.     Tubes should be held firmly 

in the hand and allowed to come into contact with the shaft.     The 

contents of the tube should vibrate until a whirlpool effect is 

achieved. 

Micropipets 

100,   200,   600,   and 800 fj.1. 

Syringe Pipet 

2 ml. ,   Northern Tool and Instrument Company,   Flushing 58, 

New York,   a holder for a hypodermic syringe which can be adjusted 

to deliver a predetermined amount of solution repeatedly. 
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Test Tubes 

10 x 75 mm. ,   optical and non-optical.    The 10 x 75 mm. 

optical glass test tubes used as cuvettes for the reading of fluores- 

cence,   and the non-optical tubes as well,   should be rinsed and 

placed in beakers and filled with 50 percent nitric acid,  then 

covered and boiled for 20 minutes in a water bath.    This treatment 

should be followed by rinsing ten times with distilled water.    The 

tubes should be filled with redistilled water and boiled 20 more 

minutes.    All tubes should be air dried,   never oven dried.    This 

treatment is important in preventing fluorescent contamination. 

Teflon Stoppers 

12 mm.   Teflon rods were cut into appropriate lengths and 

tapered to fit loosely into 10 x 75 mm.  tubes. 

Metal Racks 

A Dubnoff shaking incubator rack was cut in half to provide 

two racks to hold 10 x 75 mm.  tubes in a water bath. 

Farrand Photoelectric Fluorometer,   Model A 

This instrument was purchased from the Farrand Optical Co. , 

Inc.,   Bronx Boulevard and E.   238th Street,   New York. 66,   New York. 
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The Farrand Photoelectric Fluorometer utilizes an AH-3 

mercury arc lamp,   with an auto-transformer,   as a light source to 

provide ultraviolet and visible radiation.    Quartz lenses focus the 

exciting light onto the sample in the optical glass test tubes and 

focus the resulting fluorescent beam on the cathode of a photomul- 

tiplier tube which provides a high degree of sensitivity (Udenfriend, 

1962; Farrand Optical Company,   1948). 

Pasteur Pipets 

Fine tipped,   non-calibrated,   constricted,   glass tubes used to 

transfer solutions from one tube to another. 

Beckman Model G pH Meter 

The adjustment of pH was accomplished at all times with a 

Beckman Model G pH meter.    The adjustment of a pH range of 

+^0. 3 necessitates the use of an instrument of high sensitivity and 

reliability.    A microadapter was available for samples of one ml. 

or less. 

Solutions and Reagents 

Quinine Sulfate Standards 

Care must be taken when preparing quinine sulfate solutions 
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to avoid spilling the solutions in an area where work with 4-pyridoxic 
i 

acid is being done.    Quinine sulfate solutions are highly fluorescent 

and could lead to contamination of 4-pyridoxic acid solutions. 

Quinine sulfate standards should be protected from light and stored 

under refrigeration. 

Stock standard.    100 mg.   of quinine sulfate were dissolved and 

diluted to 1 liter with 0. IN H SO    (1 ml.   = 100 ^g.). 

Intermediate standard.    1 ml.   of stock standard (100 (j.g.) was 

diluted to 100 ml.   with 0. 1  N H  SO    (1 ml.   = 1 \ig. ). 

Standards for setting the galvanometer.   The lowest possible 

concentration of quinine sulfate in 0. 1 N H.SO    should be used to set 

the galvanometer of the fluorometer and will have to be determined 

by comparison with the solutions being analyzed.    The more con- 

centrated the quinine sulfate standard,  the more difficult will be the 

setting of the galvanometer,   since high concentrations of quinine 

sulfate cause marked deflections in the galvanometer with only 

slight movement of the sensitivity knob.    For the majority of the 

readings in this work a standard with a concentration of 0.05 |j.g. 

per ml.   was the most satisfactory. 

0.5 ml.   (0.5 |j.g.) of the intermediate standard was diluted to 

10 ml.  with 0. 1 N H2SO    (1 ml.   = 0.05 jig.). 

5 ml.   (500 (jig.) of the stock standard were diluted to 200 ml. 

with 0. 1 N H SO    (1 ml.   =2.5|ig.). 
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300 |JL1.   (30 jig. ) of the stock standard were diluted to 100 ml. 

with 0. 1 N H2SO    (1 ml.   =0.3 fig.). 

Ammonium Hydroxide,   6 N 

404 ml.   of concentrated ammonium hydroxide were diluted to 

1 liter with redistilled water.     This solution was used in the pro- 

cedure of Woodring et al.   (1964) to adjust the pH of solutions of 4- 

pyridoxic acid lactone and stabilize the lactone for the reading of 

fluorescence. 

L-Tryptophan,   2 grams,   (1319F) 

General Biochemicals,   Laboratory Park,   Chagrin Falls,   Ohio. 

Procedure 

The Procedure of Woodring,   Fisher and Storvick 

The microprocedure of Woodring and co-workers (1964) pro- 

vides a simplified adaptation of the Reddy,   Reynolds and Price 

method using smaller volumes of samples,   standards,   and reagents- 

This makes it useful for analysis of small amounts of sample. 

To prepare a standard curve using the microprocedure,   the 

following standard solutions of 4-pyridoxic acid were prepared in 

2 N HCl:    0.025,   0.05,  0.10,   0.15,   0.20,   0.25,   0.30,  and0.40fjLg. 
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per ml.     (See Experimental,   Method).    One blank and three replicate 

samples were used for each standard.    Micropipets were used for 

accurate delivery of reagents.     The standard curve is shown in 

Figure 3. 

Delactonization.    100 |xl.   of each standard or sample were 

pipeted into each of four 10 x 75 mm.  tubes.    200 |xl.   of 2 N NaOH, 

followed by 800 \xl.  of redistilled water were then added.    The con- 

tents were mixed by agitating with the motor mixer,  the tubes were 

capped loosely with Teflon stoppers,   and heated five minutes in a 

water bath at 100    C.    This was followed by cooling. 

Lactonization and Adjustment of pH.    Blanks (not lactonized). 

For the blank,   to one of each set of the 4 tubes,   200 |il.   of 6 N HC1 

were added followed immediately by 600 |xl.   of 6 N NH  OH.     These 

tubes were capped with Teflon stoppers,   agitated with a motor mixer, 

then allowed to stand at room temperature until the samples were 

ready for reading of fluorescence.    Once the solutions are well 

mixed with the NH   OH they remain stable for several hours. 

Samples.     To each of the 3 sample tubes in each set were 

added 200 |JL1.   of 6 N HC1 and the tubes were agitated with the motor 

mixer,   capped loosely with Teflon stoppers,   and heated 15 minutes 

at 100     C.   in a water bath to bring about lactonization.    After 

cooling,   600 (JLI.   of 6 N NH  OH were added without delay to bring the 

pH to 9 + 0. 3. 
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0.025 0.05   0.10     0.15     0.20    0.25   0.30    0.35    0.40   0.45   0.50 

4- Pyridoxic Acid (jig per ml.) 

Figure 3.     Standard curve for 4-pyridoxic acid 
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Reading of Fluorescence.    Samples and blanks were transferred 

to optical tubes and fluorescence was read with a Farrand Fluoro- 

meter with Corning No.   5860 as the primary filter,   and,   as the 

secondary filter,   Corning No.   3389 and Corning No.  4308,   separated 

by a Wratten gelatin filter 2A.    The diaphram was set at the smallest 

aperture,   No.   6,   and a specially made cuvette carrier was used to 

permit the reading of small amounts of solution.    This carrier had 

slits with a width of 0. 35 cm.   located 1. 5 cm.  from the bottom. 

The galvanometer was set at 90 with a quinine sulfate standard of 

0. 05 (j.g.  per ml.  in 0.1 N H SO  . 

Direct Reading of Fluorescence 

It is simple,   and sometimes convenient,  to read the fluores- 

cence of fractions of effluents or eluates directly without subjecting 

aliquots of these fractions to the lactonizing procedure of Woodring 

et al.    This direct reading is possible if the concentration of 4- 

pyridoxic acid in the sample is sufficient and when the pH of the 

fractions is optimum for the production of maximum fluorescence of 

the 4-pyridoxic acid. 

The optimum pH for the reading of fluorescence of 4-pyridoxic 

acid is between 3 and 4 while that of the lactone form is 9+^0.3 

(Huff and Perlzweig,   1944).    The eluates from Dowex 1 columns 

have a pH of about 1.4 which is suitable for the reading of 
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fluorescence of 4-pyridoxic acid directly.    The pH of eluates from 

Dowex SOW columns,   however,   is 0.0,   or below. 

It is necessary to take the pH of each fraction before direct 

reading since there is a great difference in pH among fractions 

delivered from the ion exchange column at different times during the 

chromatography process.    Early fractions tend to have a high pH 

due to a residual presence of wash in the resin.    After two or three 

fractions are delivered,   the pH tends to stabilize quickly in the 

acid range appropriate to the elutriant being used. 

Determination of pH is facilitated by making the readings in 

sequence beginning with fraction 1.    When this is done it is not 

necessary,   in studies of this kind,  to.rinse the microadapter between 

fractions. 

Appropriate concentrations of NH  OH were used to adjust the 

pH from the acidic range to the optimum pH desired.    For strongly 

acidic fractions 6 N NH  OH was used,   and for less acid fractions, 

concentrations of 1. 5 and 0.015 N NH.OH were used.    It was con- 
—        4 

venient to use a 1 ml.  graduated pipet for the delivery, of the 

NH.OH into each fraction. 
4 

When aliquots of each fraction were to be lactonized according 

to the procedure of Woodring et al. ,   these portions had to be 

removed before the pH of the fraction was adjusted,   for direct 

reading,   since the lactonizing procedure requires a strongly 
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acidic pH. 

Results 

Time Required for Chromatography of a Urine Sample 

The time required for the completion of the chromatography 

of a urine sample using Dowex 1 and Dowex SOW resins is of impor- 

tance since it is advisable that the analysis of the final eluate be 

completed during the same day.    Investigators in other laboratories 

had reported some difficulty, in eluting urine samples from the 

Dowex 1 and Dowex 50W resins without the use of pressure. 

To determine the time required for chromatography a urine 

sample,   MLF,   frozen July 1,   1963,  was treated as described 

above (See Experimental,   Method) and applied to a prepared Dowex 

1 (Cl ) column.    The flow rate was adjusted to 12 drops per minute. 

The effluent was discarded and the 4-pyridoxic acid was eluted 

with 50 ml.   of 0.05 N HC1 into a 50 ml.   stoppered,   red graduate 

cylinder. 

This eluate was then applied to a Dowex 50W (H ) column 

which had been washed just previously with 50 ml.   of 4 N HC1 

followed by 50 ml.   of redistilled water.    The effluent was discarded 

and the eluate,   which was obtained with .50 ml.   of 2 N HC1 as the 

elutriant,   was collected in a red 50 ml.   stoppered graduate cylinder. 
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Total time required for the entire chromatographic procedure 

using the two columns,   at a flow rate of 12 drops per minute was 

10 hours.    No suction was required. 

The concentration of 4-pyridoxic acid in the urine sample 

was determined by the microprocedure of Woodring,   Fisher and 

Storvick (1964).    Standards of 4-pyridoxic acid in concentrations 

of 0.10,   0. 20, 0. 25 and 0.40 \x.g.  per ml.   in 2 N HC1 were prepared 

also to provide a standard curve. 

The concentration of 4-pyridoxic acid in urine sample MLF, 

as read from this standard curve,   was 0.23 |j.g.   per ml.    The con- 

centration of this sample as published by Woodring and associates 

(1964),   was 0.20 (ag.per ml. 

To determine the effect of a faster rate of flow on the recovery 

of 4-pyridoxic acid from urine using these Dowex 1 and Dowex SOW 

columns,   two urine samples MJW,   frozen July 1963,   were prepared 

as described above (See Experimental,   Method).    One of the samples 

was subjected to the chromatographic procedure at a flow rate of 

12 drops per minute and the other at 48 drops per minute.    The total 

time required for the chromatographic procedure using the rate of 

12 drops per minute was 8 hours.    When a rate of 48 drops per min- 

ute was used,  the procedure took 2 hours. 

The eluates were analyzed for concentration of 4-pyridoxic 

acid using the procedure of Woodring.et aL    The concentration of 
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4-pyridoxic acid in sample MJW at 12 drops per minute,   as deter- 

mined.by. the standard curve,   was 0. 20 3 |j.g.   per ml.    At 48 drops 

per minute,   concentration of 4-pyridoxic acid determined by the 

standard curve was 0.205 fig.  per ml.     The concentration of 4- 

pyridoxic acid in sample MJW (Woodring et al. ,   1964,  p.  484),   was 

0.21 |jig.   per ml.    These results indicated that the two Dowex 

resins were able to retain 4-pyridoxic acid during application and 

to release it during elution.even at a rapid flow rate of 48 drops 

per minute.    Results at the two flow rates are comparable and agree 

closely with the published results.    The freezing and thawing of the 

samples and the storage time of two years did not affect the results. 

It is not known if there is any loss   of resin at the slower 

flow rate.    However,   there may have been loss,   even at a rate of 

12 drops per minute,   since the 200-400 mesh resin particles are 

minute.     It was felt,  therefore,   that a flow rate somewhat slower 

than 48 drops per minute would provide a margin of safety in regard 

to the recovery of the metabolite in the eluates while still retaining 

the advantage of a relatively fast rate of flow.    A rate of 30 drops 

per minute was decided upon since this was a convenient flow rate 

to time with a stop watch and was about the rate of flow desired.    At 

30 drops per minute,   the total time for chromatography of a urine 

sample using Dowex 1 and Dowex SOW resins was about 4 hours. 

This allowed a sample to undergo chromatography during the 
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morning and to be available for analysis in the afternoon,  thus 

allowing the complete chromatographic and analytical procedures 

to be completed in a single day. 

Collection of Effluents and Eluates of Standards in Fractions 

Standard solutions of 4-pyridoxic acid and of the lactone of 

4-pyridoxic acid were subjected to chromatography with Dowex 1 

(Cl ) and Dowex SOW (H ) resins to determine the nature of the 

retention and elution of these metabolites of vitamin B, during the 

chromatographic procedure of Reddy and coworkers (1958).    In 

analysis of the fractions the microprocedure of Woodring et al.   (1964) 

was used.    In some cases the effluents were not analyzed since 

previous studies in this laboratory had established that there was 

no 4-pyridoxic acid lost in the effluent. 

Results with Dowex 1  (Cl ) 

Recovery of 4-pyridoxic acid standards from Dowex 1  (Cl  ) 

in 40-drop.fractions at a flow rate of 30 drops per minute.    Influent 

not delactonized:     One ml.   (5 \xg.) of the 5 ^.g.  per ml.   standard of 

4-pyridoxic acid was diluted to.40 ml.  with redistilled water in a 

stoppered red graduate cylinder,   mixed well by inverting,   and 

applied to a prepared Dowex 1  (Cl ) column.    Chromatography was 

carried out as described (See Experimental,   Method). 
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The effluent and wash were discarded and the 4-pyridoxic acid 

was eluted from the resin with 50 ml.  of 0.05 N HC1 and was col- 

lected in 40-drop fractions of 1.4 ml.   each,  using a drop counter. 

Each of the 38 fractions obtained was transferred to an optical tube 

using a Pasteur pipet.    The fluorescence of each of the 38 fractions 

was determined by direct reading using a Farrand fluorometer. 

The elution curve shown in Figure 4 showed the maximum fluores- 

cence in fraction    9.     Reading of fluorescence of the fractions 

indicated all of the 4-pyridoxic acid had been eluted from the resin 

with .50 ml.   of elutriant. 

To facilitate the quantitative transfer of 4-pyridoxic acid for 

adjustment of pH,   the contents of each optical tube was transferred, 

with a Pasteur pipet,   to the corresponding.collecting tube.    With 

the aid of a syringe pipet,   1.4 ml.   of 4 N HC1 were delivered into 

the empty optical tubes.    The contents were transferred to the 

corresponding collecting tubes,   and mixed.    The use of a syringe 

pipet served two functions.    The delivery of the acid was. rapid and 

accurate and the force of delivery of the acid into the optical tube 

was sufficient to wash out the remaining drops of sample with the 

acid.    The function of the 4 N HC1 was to adjust the normality of 

the acid to 2 N HC1 to correspond with that of an eluate from a 

Dowex SOW column.    This normality is necessary for valid results 

when aliquots of each fraction are lactonized by the procedure of 
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Woodring et al.   (1964).    Four 100 (il.   replicate aliquots were taken 

from each of the 38 fractions and analyzed following the procedure 

of Woodring.et al.   (1964).    The maximum fluorescence was obtained 

in fraction 9,   and all of the 4-pyridoxic acid was eluted from the 

resin.    Reading of fluorescence corrected for delactonized blanks 

resulted in the elution curve shown in Figure 4. 

Influent delactonizecj:     One ml.   (Sjig.) of the 5 |j.g.   per ml. 

standard of 4-pyridoxic acid was diluted to 20 ml.   with redistilled 

water in a stoppered red graduate cylinder,  mixed well,   then 

adjusted to pH 10. 6 for delactonization.    After adjusting the sample 

to pH 10. 6,   1.5 ml.  of 1. 5 N NH .OH were added and the volume was 

brought to 40 ml.   with redistilled water.    Following this,   the 

sample was introduced onto a Dowex 1  (Cl ) column for chromatog- 

raphy. 

The effluent and wash were discarded and the 4-pyridoxic acid 

was eluted from the resin in fractions.    Each.fraction was trans- 

ferred to an optical tube and the fluorescence was read directly. 

The maximum fluorescence was obtained in fraction 10 and all of the 

4^pyridoxic acid was eluted from the column with the 50 ml.   of 

elutriant.     The results are shown in Figure 4. 

Each fraction was acidified with 1.4 ml.   of 4 N HC1 and four 

100 [xl.  aliquots of each fraction were lactonized.    The fluorescence 

of each of the triplicate aliquots and of a delactonized blank was 
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determined for each fraction.     The results,   shown in Figure 4, 

indicate that the maximum fluorescence was in.fraction 10,   as 

was the case with the fractions read directly. 

Recovery of 4-pyridoxic acid lactone standards from Dowex 1 

(Cl ) in 40-drop fractions at a flow rate of 30 drops per minute. 

Influent not delactonized:     100 |JL1.   (0. 1 jxg.) of the working standard 

of 4-pyridoxic acid lactone were pipetted into a stoppered red 

graduate cylinder and diluted to 40 ml.  with redistilled water.    After 

mixing well,   the solution was introduced onto a Dowex 1  (Cl ) 

column.    Fractions were collected of the effluent,   wash,   and eluate. 

The fluorescence of each of these fractions was read directly.    The 

pH of the unadjusted fractions of the effluent,   wash,   and eluate 

ranged from 4.72 to 1.38.    The readings for these fractions were 

low,  similar to those of blanks. 

To provide the pH for the maximum fluorescence of the 

lactone,   each fraction of effluent,   wash,   and eluate was adjusted 

to pH 9+^0.3 with the least possible amount of NH  OH.    Following 

the adjustment of pH there was a negligible increase in fluorescence 

in fractions of the effluent and wash,  but the readings of the fractions 

of the eluate produced a curve with a peak in fraction 4,  as seen in 

Figure 5.    The greatest part of the lactone was eluted in fractions 

4 and 5 with nearly all recovered by fraction- 10. 

Influent delactonized:    100 |JL1.   (0. 1 fj-g.) of the working 
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standard of 4-pyridoxic acid lactone were diluted to 20 ml.  with 

redistilled water in a stoppered red graduate cylinder.    The pH was 

adjusted to 10. 6 with 2 N NaOH for delactonization,   1. 5 ml.   of 

1.5 N NH,OH were added and the volume was brought to 40 ml.  with 
—        4 0 

redistilled water.    After mixing,   the solution was introduced onto 

the Dowex 1  (Cl  ) column and fractions of effluent,   wash,   and 

eluate were collected. 

Direct readings were made to determine the fluorescence of 

each fraction before and after the adjustment of the pH to 9 _+ 0. 3, 

The fractions of the effluent and wash read as blanks both before and 

after the pH adjustment,   but the fractions of the eluate produced a 

peak fluorescence reading in fraction 6.    Nearly all of the lactone 

had been recovered from the column by. fraction 10.    The results 

are shown in Figure 5. 

Results with Dowex SOW (H  ) 

Recovery of 4-pyridoxic acid standards from Dowex 50W (H ) 

in 40-drop fractions at a flow rate of 30 drops per minute.    Resin 

allowed to stand overnight in 4 N HC1 before use:    A bed of Dowex 

50W (H  ) resin was prepared in a column and was activated by 

introducing 50 ml.   of 4 N HC1 to render the resin strongly acidic. 

About 20 ml.  of the acid was allowed to flow through the resin and 

then the stopcock was closed.     The acid remained in contact with 
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the resin overnight.    The next morning,   about 15 hours after the 

stopcock had been closed,   the remainder of the acid was allowed 

to flow through the resin.    Following this,   50 ml.   of redistilled 

■water were added to wash the resin. 

One ml.   (5 [ig. ) of the 4-pyridoxic acid working standard was 

diluted to 50 ml.  with 0.05 N HCl to make it comparable to an eluate 

from a Dowex 1  column.    This solution was introduced onto the 

activated Dowex SOW column just after the wash had passed through 

the resin bed.    The effluent and wash were discarded.    The eluate 

containing the 4-pyridoxic acid was collected in 40-drop fractions. 

Direct readings were made of each fraction of eluate after it 

had been transferred to an optical tube.    Following the direct 

readings,   100 \il.  aliquots of each fraction were analyzed for 
i 

fluorescence by the procedure of Woodring et al.   (1964). 

In the case of the direct reading,   all fractions produced very 

low readings.    Following the lactonization of the aliquots of each 

fraction,   however,   a bell-shaped curve was obtained with the 

maximum fluorescence in fraction 18.     The results are shown in 

Figure 6. 

Resin activated just before use;     The Dowex SOW (H  ) resin 

bed was activated just before use by passing.50 ml.   of 4 N HCl 

through the column at a rate in excess of 30 drops per minute.    The 

acid was followed at once by 50 ml.   of redistilled/water and the 
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sample,   i. e. ,  the influent,   was applied to the column just before 

the wash reached the surface of the resin.    The influent was pre- 

pared by diluting 1 ml.   (5 (ig. ) of 4-pyridoxic acid working standard 

to 50 ml.  with 0.05 N HC1. 

The effluent and wash were discarded and the eluate was 

collected in fractions.    Direct readings of the fluorescence of 

fractions read as blanks.    The lactonized aliquots of each fraction 

produced a rounded curve with the peak of fluorescence in fraction 

13.    The results are shown in Figure 6. 

Recovery of 4-pyridoxic acid lactone standards from Dowex 

SOW (H ) in 40 -drop fractions at a flow rate of 30 drops per minute. 

The Dowex 50W (H ) resin was activated just before use with 50 ml. 

of 4 N HC1 followed by 50 ml.   of redistilled water. 

100 |j.l.   (0.1 (Jig.) of the working, standard of 4-pyridoxic acid 

lactone were diluted to 50 ml.  with 0.05 N HC1 in a stoppered red 

graduate cylinder and after mixing,   the contents were introduced 

onto the freshly activated Dowex SOW column. 

The effluent and wash were collected in fractions and the 4- 

pyridoxic acid lactone was eluted from the Dowex SOW column with 

75 ml.  of 2 N HC1 and collected in fractions.    75 ml.  of elutriant 

were used rather than the usual 50 ml.   since in preliminary work 

there was some evidence that the lactone was not completely eluted 

with 50 ml.   of 2 N HC1. 
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The fluorescence of each fraction of effluent,   wash,   and eluate 

was determined directly and again after the adjustment of the pH of 

each fraction to 9 + 0. 3 with NH  OH.    The direct readings of 

fluorescence of all fractions read as blanks.    After adjusting the 

pH of each fraction to 9/_+ 0. 3,  the readings of the fractions.of the 

effluent and wash remained low but the readings of the eluate frac- 

tions produced a bell-shaped curve with the peak in fraction 21. 

All of the lactone seemed to have been eluted from the resin well 

within the first 50 ml.  of elutriant.    The results are shown in 

Figure 7. 

Collection of Urine Eluates in Fractions 

The experimental procedures using standards of 4-pyridoxic 

acid and its lactone were repeated using urine samples. 

Results with Dowex 1  (Cl ) 

A frozen urine sample was thawed and prepared for chroma- 

tography as described under Experimental,   Method.    The sample 

was applied to a Dowex 1  (Cl  ) column and the flow rate was 

adjusted to 30 drops per minute.    The effluent and wash were 

discarded and during the elution of the 4-pyridoxic acid with 50 ml., 

of 0.05 N HC1,   40-drop fractions were collected. 

The fluorescence of each fraction was first determined by 
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direct reading.    After the acidification of each fraction with 1.4 ml. . 

of 4 N HCl,   100 |JL1.  aliquots of each fraction were lactonized in 

triplicate.    The fluorescence of these replicate aliquots was deter- 

mined and corrected by subtracting the reading of an unlactonized 

blank. 

The direct readings resulted in extremely high values in 

fractions 10 through 18 and the final fraction also had a high fluores- 

cence reading.    After lactonizing aliquots of each fraction,   however, 

and correcting the readings with the corresponding delactonized 

blank,   a peak was obtained in fraction 12 and the final fractions 

read as blanks.    The results are shown in Figure 8. 

+ 
Results with Dowex SOW (H ) 

Another portion of the same urine sample that had been used 

for the chromatography with Dowex 1  (Cl  ) was thawed and prepared 

for ion exchange chromatography then applied onto a Dowex 50W (H ) 

column which had been activated with 4 N HCl and washed with water 

just before use.     The flow rate was adjusted to 30 drops per minute 

and fractions were collected of the eluate. 

Direct readings of fluorescence of the fractions of the eluate 

were high,   although considerably below those obtained from the 

fractions from the Dowex 1 column.    After lactonizing 100 |xl. 

aliquots of each fraction,   a skewed curve resulted with a peak in 
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fraction 7.    Initial fractions.had high readings and final fractions 

read as blanks.    The results are shown in Figure 9. 

Results with Dowex 1  (Cl") Followed by Dowex 50W (H ) 

A third portion of the same urine sample used with the Dowex 1 

and Dowex 50W columns was thawed and prepared for ion exchange 

chromatography and first applied to a Dowex 1 (Cl ) column.    The 

eluate was collected in a 50 ml.   graduate cylinder. 

During the time the sample was undergoing chromatography 

with Dowex 1,  the Dowex 50W resin was activated with 50 ml.   of 

4 N HC1 followed by a wash of 50 ml.  of redistilled water.    The 

50 ml.  eluate from the Dowex 1 column was introduced onto this 

freshly activated Dowex 50W column without delay.    The effluent 

and wash were discarded and the 4-pyridoxic acid was eluted from 

the Dowex 50W resin with 50 ml.   of 2 N HC1.    The eluate from this 

column was collected in 40-drop fractions also. 

Direct readings of fluorescence revealed a high degree of 

fluorescence present with a peak in fraction 5.    Both the initial and 

the final fractions contained a relatively large amount of fluorescent 

material.    After lactonizing 100 [xl.   aliquots of each fraction and 

correcting each with a delactonized blank,  fluorescence readings 

revealed a bell-shaped curve with a rounded peak in fractions 19 

through 22.    Initial and final fractions read as blanks.    These results 
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are shown in Figure 10. 

Collection of Reagent Blanks in Fractions 

In order to determine what contribution toward the fluorescence 

readings of the samples was attributable to the reagents used and to 

the leaching of fluorescent substances from the resins,   chromatog- 

raphic procedures involving the two Dowex resins,  both individually 

and in sequence,   were followed using reagents in lieu of the sample. 

Results with Dowex 1  (Cl ) 

Influent not delactonized.    75 ml.   of redistilled water repre- 

senting 4 percent of a typical 24 hour urine collection were prepared 

for ion exchange chromatography and applied onto a Dowex 1 column. 

The effluent and wash were discarded and the eluate was collected 

in 40-drop.fractions. 

The fluorescence of each eluate fraction was read directly. 

Following this,   each fraction was acidified with 1.4 ml.   of 4 N HC1 

and lactonized according to the procedure of Woodring et al.   (1964). 

Direct reading produced a curve with a peak in fraction 6 and 

readings at the beginning and end of the elution process were com- 

parable to those of blanks.    After lactonizing,   all fractions read as 

very low blanks.    The results are shown in Figure 11. 

Influent delactionized.    The procedure described above was 
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followed except that the solution was adjusted to pH 10. 6 with 

2 N NaOH and 1.5 ml. of 1.5 N NH OH were added prior to chro- 

matography.    The filtered sample of redistilled water which 

represented 1 percent of a 24-hour urine collection was diluted to 

40 ml.  with redistilled water and applied to a Dowex 1 column. 

Chromatography was carried out and the effluent and wash were 

discarded.    The eluate was collected in fractions.    The results are 

shown in Figure 12 and show the readings of fluorescence obtained 

by both direct reading and after lactonization of acidified samples. 

These readings indicated the presence of highly fluorescent sub- 

stances when direct readings werernade,   but after lactonization all 

fractions had very low readings. 

Results with Dowex 50W (H ) 

The Dowex 50W (H ) resin was activated just before use.    -. 

50 ml.  of 0.05 N HCl were applied to the column in lieu of an eluate 

from a Dowex 1 column.    The flow rate was adjusted to 30 drops 

per minute and effluent and wash were discarded.    50 ml.   of 

2 N HCl were used for elution and this eluate was collected in 40- 

drop fractions.    Direct readings of the fluorescence of each fraction 

revealed low readings in all fractions.    After lactonizing aliquots 

of each fraction,  no significant change in readings was found.    The 

results are shown in Figure 13. 
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Results with Dowex 1  (Cl") Followed by Dowex SOW (H  ) 

75 ml.   of redistilled water were adjusted to pH 10. 6 with 

0.05 N NaOH and filtered through Whatman No.   42 filter paper.    To 

18 ml.   of this filtrate,   representing 1 percent of a typical 24-hour 

urine collection,   1.5 ml.   of 1. 5 N NH  OH were added.     The volume 

was then brought to 40 ml.   with redistilled water.    This solution 

was applied to a Dowex 1 column and the flow rate was adjusted to 

30 drops per minute.    The effluent and wash were discarded and the 

eluate,   which was obtained with 50 ml.   of 0.05 N HCl,   was collected 

in a 50 ml.   graduate cylinder.    This eluate was then transferred 

quantitatively to a Dowex 50W column which had been freshly activated 

with 50 ml.   each of 4 N HCl and water. 

The effluent and wash were discarded and the eluate was 

collected in fractions.    Direct readings of fluorescence were made 

of each fraction.     These consistently read like very low blanks. 

After lactonizing 100 fil.  aliquots of each fraction,   readings  remained 

very low.     The results are shown in Figure 14. 

Single Batch Collection of Eluates from Standards of 4-Pyridoxic 
Acid and 4-Pyridoxic Acid Lactone 

Standards of 4-pyridoxic acid and the lactone of 4-pyridoxic 

acid were subjected to chromatography with Dowex 1  (Cl  ) and 

Dowex 50W (H  ).     The eluates were collected in a single container 
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rather than in fractions.    The results are summarized in Table 1. 

Results with Dowex 1  (Cl  )' 

4-pyridoxic Acid.   Influent not delactonized:    One ml.   (5 |a.g. ) 

of the 4-pyridoxic acid working standard was diluted to 40 ml.   with 

redistilled water and subjected to chromatography with the Dowex 1 

resin.    Effluent and wash were discarded and the eluate was. col- 

lected in a stoppered red graduate cylinder. 

This eluate was mixed well and direct readings of the fluores- 

cence of 1. 4 ml.  aliquots were made.    After the acidification of the 

eluate with an equal volume of 4 N HCl,   100 |j,l.  aliquots were 

lactonized and the fluorescence determined. 

For comparison,  a standard was prepared by diluting 1 ml. 

(5 jig. ) of the working standard of 4-pyridoxic acid to 50 ml.  with 

0.05 N HCl.    To this were added 50 ml.   of 4 N HCl.    100 jil.  aliquots 

of this acidified solution of the standard were lactonized and readings 

of fluorescence were corrected with a delactonized blank. 

Influent delactonized:    One ml.   (5 |j.g.) of the 4-pyridoxic acid 

working standard was delivered into a stoppered red graduate 

cylinder,   diluted to 20 ml.   with redistilled water,  then adjusted to 

pH 10. 6 with 2 N NaOH.    1.5 ml.   of 1. 5 N NH  OH were added and 

the volume was brought to 40 ml.   with redistilled water.    After 

introducing the solution onto a Dowex 1  (Cl ) column,   the flow rate 



Table 1.     Recovery of Standard Solutions of 4-Pyridoxic Acid and 4-Pyridoxic Acid Lactone From 

Dowex 1   (Cl") and Dowex SOW (H  ) Resins 

Resin Influent 

Reading of Fluorescence 
Eluate Standard 

Treatment       Concentration of PIC** Concentration of PIC** 
of Influent [i- g. /ml. from fJ- g. /ml. from 

standard curve standard curve 

% 

Recovery 

Dowex 1(C1 ) 5.0 ^g. PIC** Not delactonized 0.050 

Dowex l(Cf) 5.0 ^g. PIC Delactonized 0.053 

Dowex l(cf) 0.1   ^Lg. 
Lactone 

PIC 
Not delactonized 0.075 

Dowex HCl") 0.1 n g. 
Lactone 

PIC 
Delactonized 0.050 

Dowex SOW(H+) 5. 0 \j, g. PIC Not delactonized 0.100 

Dowex 50W(H+) 0. 1 |JL g. 
Lactone 

PIC 
Not delactonized 0.056 

Dowex 1(C1 ) 
and Dowex 50W(H+) 5.0^ g. PIC Not delactonized 0.093 

Dowex l(Cl") 
and Dowex 50W(H+) 5.0 |J. g. PIC Delactonized 0,095 

0.048 

0.048 

0.083 

0.083 

0.110 

0.056 

0.102 

0.105 

104 

110 

90 

60 

91 

100 

91 

91 

*No column treatment 

**PIC = 4-Pyridoxic Acid 00 
O 
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was adjusted to 30 drops per minute.    Following chromatography, 

direct readings of fluorescence were obtained.    The eluate was then 

acidified with an equal volume of 4 N HC1,   and 100 ^1.   aliquots of 

this acidified eluate were lactonized and the fluorescence was deter- 

mined.    The reading of fluorescence of each aliquot was corrected 

with a delactonized blank. 

Recovery of 4-pyridoxic acid as shown in Table 1 was  104 per*- 

cent in the case of the influent not delactonized before chromatog- 

raphy,  and 110 percent for the influent delactonized before chromatog- 

raphy.     (Table 1) 

4-Pyridoxic Acid Lactone.    Influent not delactonized:    100 |j.l. 

(0. 1 (ig. ) of the working standard of 4-pyridoxic acid lactone were 

placed in a 40 ml.   graduated centrifuge tube then diluted to 40 ml. 

with redistilled water and applied onto a Dowex 1  (Cl  ) column and 

the eluate was collected in a stoppered graduate cylinder.    After 

mixing,   1,4 ml.  aliquots of the eluate were transferred to optical 

tubes,  the pH was adjusted to 9 +_ 0. 3 with NH   OH and the fluores- 

cence determined.     (Table 1) 

Influent delactonized:    100 (il.   (0. 1 ^j.g. ) of the working standard 

of 4-pyridoxic acid lactone were diluted to 20 ml.  with redistilled 

water and adjusted with 2 N NaOH to pH 10. 6.    1.5 ml.   of 

1.5 N NH.OH were added and the solution diluted to 40 ml.   with —        4 

redistilled water,   then applied onto a Dowex 1  (Cl  ) column.    After 
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mixing well,   1.4 ml.  aliquots of the eluate were adjusted to pH 

9 + 0. 3 with NH,OH and fluorescence was determined. 
— 4 

For comparison,  a standard was prepared by diluting 100 (j.g. 

of the working standard of 4-pyridoxic acid lactone to 50 ml.   of 

4 N HCl to bring the normality to that of an eluate from a Dowex 

SOW column.    100 (il.  aliquots of this acidified standard were 

lactonized according to the procedure of Woodring and associates 

and were corrected with a delactonized blank.    In this case there 

was a great discrepency between the reading of the standard not 

subjected to chromatography and the reading of the aliquots of 

eluate.    This, discrepency was due to the   delactonization of the 

lactone at pH 10. 6.    The standard had not been delactonized and 

retained the characteristics of the more fluorescent lactone.  (Table 1) 

Results with Dowex SOW (H  ) 

4-Pyridoxic acid.     The Dowex SOW resin was activated just 

before use.     1 ml.   (5 |j,g.) of the 4-pyridoxic acid working standard 

solution was diluted to 50 ml.   with 0.05 N HCl and this solution was 

applied to the prepared Dowex SOW column.    The eluate was col- 

lected in a stoppered graduate cylinder.    After mixing well,   100 (xl. 

aliquots were lactonized.    The readings, of fluorescence from the 

eluate were in close agreement with those of the standard which 

had not been subjected to chromatography.    (Table 1) 
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+ 
4-Pyridoxic acid lactone.    The Dowex.50W (H ) resin was 

activated just before use.    100 \il.   (0. 1 |jLg. ) of the working standard 

of 4-pyridoxic acid lactone were transferred to a 50 ml.   graduate 

cylinder and diluted to 50 ml.  with 0.05 N HC1.    This solution was 

then introduced onto the prepared Dowex SOW column.    The eluate 

was collected in a stoppered graduate cylinder.    After mixing well, 

1.4 ml.   aliquots of this eluate were transferred to optical tubes and 

the pH of each was adjusted to 9 +_ 0. 3 with NH  OH.    The readings 

of fluorescence of the eluates adjusted to optimum pH for fluores- 

cence and those of the standard adjusted to the same pH but not 

subjected to chromatography were in close agreement.    (Table 1) 

Results with Dowex 1 (Cl") Followed by Dowex 50W (H ) 

4-Pyridoxic acid not delactonized.    One ml.   (5 \j.g.) of 4- 

pyridoxic acid working, standard was diluted to 40 ml.   with redistilled 

water and applied to a Dowex 1 column.    The eluate was applied onto 

a.freshly activated Dowex SOW column.    The eluate from the 

Dowex SOW column was collected in a stoppered graduate cylinder. 

After mixing well,   100 (0.1.  aliquots were lactonized.    The readings 

of fluorescence of the eluate were slightly lower than those of a 

standard not subjected to column.chromatography.    The recovery of 

4-pyridoxic acid from the resins was 91 percent. 

4-Pyridoxic acid delactonized.    One ml.   (5 \ig.) of the working 



84 

standard of 4-pyridoxic acid was diluted to 20 ml.   with redistilled 

water and adjusted to pH 10. 6 with 2 N NaOH.     1.5 ml.   of 

1. 5 N NH .OH were added and the volume was brought to 40 ml.  with 
—        4 " 

redistilled water.    This was subjected to chromatography with 

Dowex 1 followed by Dowex SOW.    The average reading of the 

lactonized 100 |jil.   aliquots of the eluate from the Dowex 50W column 

■was slightly lower than that of a standard treated similarly but not 

subjected to chromatography.     The recovery of 4-pyridoxic acid frort> 

both resins was 91 percent. 

Quantitative Analysis of 24-Hour Urine Collection 

Urine Not Hydrolyzed Before Chromatography 

A 4 percent portion of a 24-hour urine collection which had 

been frozen two weeks was prepared for ion exchange chromatog- 

raphy as described above.    Three aliquots of this pH-adjusted and 

filtered urine sample were placed in 50 ml.   stoppered red graduate 

cylinders,    1.5 rfil.  of 1. 5 N NH  OH were added to each aliquot. 

Then,  to one aliquot was added 1 ml.   (5 ^.g. ) of the working standard 

of 4-pyridoxic acid to provide a means of determining the recovery 

of added 4-pyridoxic acid from the two Dowex resin columns.    Each 

of the three aliquots was diluted to 40 ml.   with redistilled water 

and mixed well.    Following, chromatography with Dowex 1  (Cl  ) and 
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+ 
then with Dowex SOW (H  ),   aliquots of each of the three final eluates 

were lactonized and fluorescence was determined.    Results,   as 

shown in Table 2,   indicate very  good recovery when compared with 

the fluorescence of a lactonized standard of 4-pyridoxic acid not 

subjected to column chromatography. 

Urine Hydrolyzed Before Chromatography 

100 ml.  of the same 24-hour urine collection described 

immediately above were hydrolyzed as described above.    After 

cooling,   the hydrolysate was refrigerated overnight.    The pH of this 

hydrolysate was 1. 7 and the metabolite of vitamin B/  is stable at 

this pH. 

The hydrolyzed urine was adjusted to pH 10. 6 with 2 N NaOH. 

Half of the adjusted urine was transferred to a beaker and boiled 

over direct heat for 5 minutes,   then cooled.     The other half of the 

pH-adjusted hydrolysate was left unboiled. 

Unboiled urine hydrolysate.    The unboiled hydrolysate was 

filtered through Whatman No.  42 filter paper and an aliquot of this 

filtrate,   the equivalent of  1  percent of the 24-hour collection,   was 

transferred into each of three 100 ml.   stoppered red graduate 

cylinders.     To each aliquot was added 1.5 ml.   of 1.5 N NH  OH. 

To one aliquot was added 1 ml.   (5 jig. ) of the working standard of 

4-pyridoxic acid.    After mixing,   each aliquot was applied to a 
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Table 2.    4-Pyridoxic 
Ion Exchang 
Dowex SOW 

Acid in Fresh 
e Chromatogra 
(H  ) Resins 

and 
phy 

Hydrolyzed U 
with Dowex 1 

rine Following 
(Cl") and 

Fluorescence 
G = 90 

Concentration 
^g/ml 
from 

Standard Curve 
Percent 

Recovery 

Unhydrolyzed Urine 

Eluate 1 
Eluate 2 
Eluate 3* 
Standard** 

34.3 
33.0 
64.4 
32.2 

0. 110 
0.108 
0.201 
0. 100 

92.0 

Hydrolyzed Urine 
A.    Unboiled 

Eluate 1 
Eluate 2 
Eluate 3* 
Standard** 

32.0 
29.3 
.61.6 
32.0 

0.100 
0.095 
0.200 

. 0.100 
105.0 

B.    Boiled 

Eluate 1 32.8 0.100 
Eluate 2 34.6 0.101 
Eluate 3* 61.9 0.200 
Standard** 32.0 0.100 

Tryptophan Load Test 

Eluate 1 55.6 0.188 
Eluate 2 54.9 .0.185 
Eluate 3* 81.5 0.252 
Standard** 32.0 0. 100 

94.5 

65.5 

*5 |ig.  4-pyridoxic acid added 

**No column treatment.    Standard « 5 (j.g.  PIC 
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Dowex 1  (Cl  ) column and chromatography with the two resins was 

+ 
carried out.    Aliquots of the eluates from the Dowex 50W (H ) 

columns were lactonized and the results were compared with a 

lactonized standard of 4-pyridoxic acid not subjected to column 

chromatography.    The results are shown in Table 2 and indicate 

excellent recovery. 

Boiled urine hydrolysate.     The boiled hydrolysate was filtered 

through Whatman No.  42 filter paper and an aliquot of this filtrate 

equivalent to 1 percent of the 24-hour urine collection was trans- 

ferred to each of three 100 ml.   stoppered graduate cylinders. 

To each aliquot were added 1. 5 ml.   of 1. 5 N NH  OH and to one of 

the three aliquots was added 1 ml.   (5 jag.) of the working standard 

of 4-pyridoxic acid.    Chromatography with Dowex 1 (Cl ) and 

Dowex 50W (H ) resins was carried out.    Aliquots of the eluates 

from the Dowex BOW columns were lactonized and fluorescence was 

determined.    These results were compared with those of a standard 

of 4-pyridoxic acid not subjected to column, chromatography.     The 

results are shown in Table 2 and indicate excellent recovery. 

Tryptophan Load Test 

Two gms.  of L-tryptophan were ingested with breakfast by a 

healthy adult subject.    A 24-hour collection of urine was obtained 

following the dose of the amino acid.    This urine was prepared for 
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ion exchange chromatography as described above.     Three aliquots 

of the urine sample were prepared and to one of the three aliquots 

was added 1 ml.   (5[xg. ) of the working standard of 4-pyridoxic acid. 

The contents of each of the three graduate cylinders was brought 

to 40 ml.   with redistilled water and then applied onto a Dowex 1 

(Cl ) column.    Chromatography with the Dowex 1 followed by. the 

Dowex SOW resin was carried out.    Aliquots of the eluates from 

the Dowex SOW columns were lactonized and the fluorescence deter- 

rfiined.    The results were compared with those obtained with a 

lactonized standard of 4-pyridoxic acid not subjected to chromatog- 

raphy.    The results are shown in Table 2 and reveal the presence 

of an extremely high degree of fluorescence indicative of interfering 

compounds even after chromatography and lactonization.    Since the 

recovery of added 4-pyridoxic acid is low,   calculations should be 

based on a recovery curve. 

Paper and Thin Layer Chromatography of Eluates 

Method 

Equipment 

1.    Thin Layer Chromatography Sheets:   a poly(ethylene 

terpthalate) base coated with silica gel with polyvinyl 

alcohol as a binder.    Eastman Chromatogram Sheets 
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K 301 R2 (without fluorescent indicator),   20 x 20 cm. , 

Distillation Products Company,   Division of Eastman Kodak 

Company,   Rochester,   New York. 

2. Chromatogram Chamber Plate Set:   Distillation Products 

Industries,   Rochester,   New York.     Two bossed glass 

plates with ground glass edges on three sides designed to 

sandwich a.20 x 20 cm.   thin layer chromatography sheet; 

a solvent trough and a support. 

3. Chromato-Vue Model C-3:   Ultra Violet Products,   Inc. , 

San Gabriel,   California,   a viewing chamber for the 

visualization,   in either long or short wave ranges,   of 

fluorescent substances separated by thin layer or paper 

chromatography. 

4. Ultra Violet Hand Lamp:   Ultra Violet Mineralight Model 

SL 3660,   Ultra-Violet Products,   Inc. ,   South Pasadena, 

California.    For viewing the movement of fluorescent sub- 

stances during chromatography. 

5. Microliter Syringes:   Hamilton Company,   P.   O.   Box 307, 

Whittier,   Califoynia.    25,   50,   100 |il. 

6. Chromatography Chamber for Paper Chromatography. 

7. Whatman No.   1 Filter Paper. 

8. Disposable Plastic Gloves:   Handgards,  Plasticsmith, 

Inc. , Pittsburg, California.. 
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9.    Nitrogen Gas. 

Solutions 

Standards for Paper and Thin Layer Chromatography 

4-Pyridoxic acid.    Prepared by diluting the stock standard of 

4-pyridoxic acid (1 ml.   = 100 fjtg. ) with redistilled water as follows: 

2 ml.   (200 jxg. ) of the stock standard were diluted with redistilled 

water to 5 ml.   (50fil.   = 2 jxg.) 

4-Pyridoxic acid lactone,   acidified standard.    One ml.  of the 

stock standard of 4-pyridoxic acid lactone (100 (J-g. ) and 1 ml. 

4 N HC1 were heated 30 minutes in a water bath at 100    C. ,   then 

cooled and evaporated to dryness under nitrogen.    When dry,  the 

4-pyridoxic acid lactone was dissolved in 2 ml.   of redistilled 

water.    (20 |JL1.   = 1 |j.g.) 

Procedure 

Eluates obtained following ion exchange chromatography with 

+ 
Dowex 1  (Cl  ) and Dowex SOW (H  ) were subjected to paper and 

thin layer chromatography along with standards of 4-pyridoxic acid 

and the lactone of 4-pyridoxic acid. 

+ 
The eluates from the Dowex.SOW (H  ) columns were unsuitable 

for chroraatography without preliminary treatment since the pH was 
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so low that the fluorescence of the metabolite of vitamin Bz was far 
6 

from maximum in either of its forms.    It was also necessary to 

concentra.te the eluates of urine samples to allow the chromatography 

with the application of a reasonably small sample. 

10 ml.  aliquots of the strongly acidic eluates of Dowex SOW (H ) 

were transferred to centrifuge tubes and evaporated to dryness 

under nitrogen gas.    The 4-pyridoxic acid was taken up in 1 ml.   of 

redistilled water and stored under refrigeration until needed.    It 

is advisable to carry out the evaporation of the eluates in semi- 

darkness and it is necessary to evaporate the solutions without the 

assistance of heat to preserve the metabolite.    During the evapora- 

tion of the eluates,  the nitrogen should play upon the surface of the 

solution gently to avoid splashing and loss or possible contamination 

of the solution,   and a hood should be used to carry off the strong 

acid. 

Paper Chromatography 

Chromatograms of urine eluates and of standards of 4- 

pyridoxic acid and of 4-pyridoxic acid lactone were prepared by 

ascending and descending techniques.    Urine eluates had been treated 

according to the procedure described above. 

Descending;    50 |JL1.   each of the prepared eluates were used. 

One sample each of eluates from urine which had been frozen,   of 
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hydrolyzed urine boiled before column treatment,   and of hydrolyzed 

urine subjected to column chromatography without boiling were 

used along with standards of 50 (j.1.   (2(j.g.) of 4-pyridoxic acid and 

10 (j.L   (1 |j.g.) of 4-pyridoxic acid lactone. 

A 17 l/2 x 7 l/2 inch sheet of Whatman No.   1 filter paper was 

prepared by folding 3 cm.   and then 6 cm.   from the top edge.    A 

base line was lightly pencilled 3 era.  from the second fold. 

Each sample of urine eluate or 4-pyridoxic acid standard was 

applied to this base line using a separate microliter syringe for each 

solution.    The syringe was held at right angles to the paper and 

minute amounts of solution were applied at a time to prevent 

excessive spreading of the spot on the paper.    The sample was dried 

thoroughly each time before a second application was made. 

The prepared chromatograms were developed in a chromatog- 

raphy chamber in which the atmosphere had been saturated with 

solvent before use.    n-Butanol:acetone:H_0 (4:1:2) was used as the 

solvent system.    All volatile solvents used for paper and thin layer 

chromatography, were either redistilled to remove impurities, or 

were of spectrofluorometric quality.    Development was carried out 

for eight hours and during that time the solvent front moved 27 cm. 

Visualization of the fluorescent zones was accomplished by 

placing the dry sheet of paper in a Chromato-Vue viewing chamber 

and using either long or short wave ultraviolet light,   or the two 
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together.     Visualization during chromatographic development was 

achieved with a long wave ultra-violet hand viewer. 

Ascending.    A sheet of Whatman No.   1 filter paper 24 cm.  x 

26 cm.   was prepared with a line pencilled 2. 5 cm.   from the bottom. 

50 |j.l.   samples of the three urine eluates used for the descending 

chromatogram described above were applied at the origin in 

separate zones using a separate microliter syringe for each 

sample. 

One 50 jil.   (2|jLg.) application of the standard of 4-pyridoxic 

acid was made.    Two separate applications of the 4-pyridoxic acid 

lactone standard were made.    The first of these was identical to 

that used for the descending chromatogram and consisted of stock 

solution of 4-pyridoxic acid lactone in 0. IN HC1 which had been 

heated 30 minutes in a boiling water bath,   then cooled.    Ten |JL1. 

(I [i.g. ) of the lactone was applied in this instance.     For the second 

application an acidified lactone standard was prepared as described 

above and 20 (jil.   were applied. 

Chromatography was carried out in a battery jar which had 

been saturated with solvent prior to use.     The solvent system, 

n-butanol:acetone:H O (4:1:1),   was placed in the bottom of the jar 

and the filter paper was placed in the solvent in such a manner that 

the applied zones of standards and eluates were about 2 cm.   above 

the surface of the solvent.    Development was carried out for 4 hours 
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and the solvent front migrated 17 cm.  during this time. 

Thin Layer Chromatography 

Eastrnan thin layer chromatography sheets. 20 x 20 cm. ,   with- 

out fluorescent indicator,   were washed 4 times in redistilled acetone 

to remove interfering.fluorescent substances.    Activation was not 

required. 

The application of each sample was made with a microliter 

syringe on a base line 2.5 cm.  from the bottom,  and 5 cm.  apart. 

Single 20 x 20 cm.   sheets and 4 x 20 cm.   strips cut from the 20 x 

20 cm.   sheets were used for chromatography,   the 4 x 20 cm.   strips 

being convenient for preliminary,   exploratory work. 

Standard of 4-pyridoxic acid and the lactone of 4-pyridoxic acid 

were applied to a thin layer chromatography sheet along with aliquots 

from urine eluates from the two Dowex resin columns.    These were 

identical with those described above.    50 \xl.   each of the three 

eluates of urine (frozen,   hydrolyzed and boiled,   and hydrolyzed 

and unboiled) following evaporation under nitrogen,   were applied 

along with the standards of 4-pyridoxic acid and 4-pyridoxic acid 

lactone.    50 fil.   (5 \xg. ) of the working standard of 4-pyridoxic acid 

were used and 10 \xl.   (l(JLg. ) of the standard of 4-pyridoxic acid 

lactone were prepared by heating the stock solution in a water bath 

at 100    C:  for 30 minutes.    A second lactone standard was prepared 
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by acidifying before heating as described above.    20 |j,l.   (1 |i,g. ) of 

this standard were also applied to the thin layer chromatography 

sheet. 

Development was carried out between two bossed glass plates 

with an Eastman chromatogram developing apparatus.    The solvent 

was n-butanol:acetone:H?0 (4:1:1).    Development was carried out 

for 4 hours during which time the solvent front migrated 17 cm. 

Results 

Paper Chromatography 

Chromatograms to be developed by descending and ascending 

methods were prepared and developed as described above. 

Descending 

The development was carried out for 8 hours and the solvent 

front migrated 27 cm.    In the completed chromatogram the two 

samples of hydrolyzed urine produced identical,   rapidly moving, 

brightly blue fluorescent zones near the solvent front.    These zones 

were about 7.5 cm.   ahead of the zones resulting from the applica- 

tion of the standards of 4-pyridoxic acid and the lactone of 4- 

pyridoxic acid. 

The standard of the lactone produced two separate zones of 
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fluorescence,   one having the same R   value as that produced by the 

4-pyridoxic acid standard.    A large amount of impurity interfered 

with the movement of the samples applied. 

Ascending 

The development was carried out for 4 hours and the solvent 

migrated 17 cm.    Once again,   extremely bright blue zones of 

fluorescence were obtained near the solvent front with both samples 

of hydrolyzed urine.    A very faint zone of fluorescence appeared 

with the same R   value as was obtained with an eluate of unhydrolyzed 

urine. 

In all cases,   the urine eluates separated into several discrete 

zones rather than appearing as a single spot.    The acidified standard 

of the lactone again separated into two zones,   one corresponding 

to that produced by the standard of 4-pyridoxic acid.    The results 

were more discrete,   however,  than those produced by the unacidified 

lactone standard,   which also separated into two zones. 

Thin Layer Chromatography 

Thin layer chromatograms were prepared and developed as 

described above.    Development was carried out for 4 hours and the 

solvent migrated 17 cm.     The results were identical with those 



97 

obtained with the paper chromatogram developed by the ascending 

technique. 
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DISCUSSION 

Eluates or effluents collected in fractions were obtained from 

urine samples,   from standard solutions and from reagent blanks. 

Eluates collected in a single container were obtained with urine 

samples.    Analysis of these solutions provided insight into the 

nature of the chromatographic procedure. 

The relative fluorescence of a solution was determined by 

several means.    Direct readings were made of each fraction col- 

lected,   or of an aliquot of a solution collected in a single container. 

Aliquot s of these same solutions were lactonized or,   in the case of 

standards of the lactone of 4-pyridoxic acid,   were simply adjusted 

to pH 9 + 0. 3 with NH  OH. 

The presence of the ubiquitous foreign fluorescence must be 

considered when making an evaluation of the results of direct 

reading of fluorescence.    Very high values are frequently obtained 

on direct reading,   but not following lactonization of aliquots of the 

solution,   or upon adjusting the pH to 9 +^0.3. 

In the analysis of urine to determine the concentration of 4- 

pyridoxic acid,   it must be remembered that the lactone form, is 

much more fluorescent than the metabolite itself.    Readings of 

fluorescence of low concentrations of 4-pyridoxic acid may be 

obscured by those of highly fluorescent contaminants.     Readings 
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taken following the lactonization of the metabolite,   provide a true 

picture regarding the concentration of 4-pyridoxic acid.    When a 

lactonized solution is compared with that of a delactonized aliquot 

of the same solution,   the fluorescence attributable to the 4-pyridoxic 

acid can be determined. 

The optimum pH for the fluorescence of the lactone is 9+^0. 3. 

It can be assumed that some of the 4-pyridoxic acid may be in the 

lactone form following chromatography since the elutriants used are 

highly acidic.    High direct readings of fluorescence of eluates from 

Dowex BOW columns cannot be interpreted as being indicative of the 

concentration of 4-pyridoxic acid,   but direct readings made following 

the adjustment of the eluate to 9'_+ 0. 3 do have a high degree of 

correlation with the concentration of the 4-pyridoxic acid present. 

Detailed analyses into the dynamics of ion exchange chroma- 

tography of solutions containing 4-pyridoxic acid have established 

several facts which will be helpful in future work pertaining to the 

analysis of urine for the metabolite of vitamin B.. 
o 

Rate of Flow During Chromatography 

Time Required to Complete Chromatography 

The Dowex 1 and Dowex SOW resins used in this study have a 

great capacity for binding and releasing 4-pyridoxic acid during 
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ion exchange chromatography.    When urine samples and standards 

were subjected to chromatography at a flow rate of 48 drops per 

minute the recovery of the metabolite was equivalent to that obtained 

at the tedious rate of 12 drops per minute.    At an intermediate flow 

rate of 30. drops per minute,   recovery was.close to 100 percent as 

shown in Tables 1 and 2. 

There are several factors which contribute to the feasibility 

of a relatively fast rate of flow.    Both the anion exchange resin, 

Dowex 1  (Cl ),   and the cation exchange resin,   Dowex SOW (H  ), 

function effectively, over the entire pH range.    This range in pH is 

essential since the alternate retention and elution of 4-pyridoxic 

acid by each resin is dependent on the use of solutions of carefully 

controlled pH over a wide range.    The original influent containing 

the metabolite is adjusted to a strongly alkaline pH of 10. 6,   and 

following the addition of 1. 5 N NH  OH,   the pH is about 11.6.    The 

function of the NH  OH is to increase the ionization of the 4-pyridoxic 

acid to the anionic form to facilitate its retention on the Dowex 1 

(Cl  ) column (Reddy,   195 7).    Elution is accomplished with HC1 of 

such normality as to afford the release of 4-pyridoxic acid from 

the resin.     The pH of the final eluate is 0.0 or below. 

A second factor contributing to the ability of the resins used 

to function effectively at 30 or more drops per minute is  related 

to the size of the particles.     The resins used are of 200-400 mesh 
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size.    Each resin particle is. round and of minute size,   thus assuring 

a maximum surface area available for ion exchange.    The speed of 

exchange of ions during chromatography is,  to a large extent,   a 

function of the total surface area available. 

The percentage of cross-linkage of the resins used is high. 

This results in a resin of low porosity and,   consequently,   provides 

longer exposure of the influent to the surface of the individual resin 

particles.     The styrene chains which form the skeleton of Dowex 

SOW (H ) are more highly cross-linked with 12 percent DVB. 

The combination of fine particle size-and a high degree of 

cross-linkage makes it possible to use a relatively small quantity 

of resin in a column,   as well as to permit a reasonable rate of flow. 

Effect of a Constant Rate of Flow 

Although the resins used are of Chromatographic Grade,   a 

term used for Chemically Pure (CP) resins of fine mesh size,   there 

are still some impurities present.     These are usually such metals 

as copper,   iron,   and nickel,   and are probably residues from the 

catalysts necessary for the formation of the polymeric styrene-DVB 

chains and the associated active group that provides the mobile ion 

available for exchange.    These substances,   although present in 

relatively minute quantities,  frequently fluoresce and may leach out 

of the resin and thus lead to erroneous  results. 
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This leaching of fluorescent substances from the resin is one 

of the major problems of concern in the chromatographic separation 

of 4-pyridoxic acid from interfering substances in urine.    Results 

obtained with standards collected in fractions from each column, 

and from the two columns in sequence,   showed the influence of this 

foreign fluorescence.    Improper attention to the control of leaching 

can lead to high readings of fluorescence which bear little relation-^ 

ship to the fluorescence derived from 4-pyridoxic acid. 

The leaching of fluorescent substances from the resin cannot 

be prevented although it is minimized during preparation of the 

resin.    There is a constant amount of fluorescence released from 

the resin during chromatography if it is carried out at a constant 

rate of flow.    Even monetary fluctuations in the rate of flow have 

been shown to produce a corresponding.fluctuation in the amount of 

fluorescence released by the resin.    It was also demonstrated that 

whenever there was a pause in the chromatographic procedure,   as 

when the stopcock was closed fpllowing the wash and before the 

elutriant was added,  the fluorescence of the first subsequent fraction 

was greatly increased.    Whenever a solution remained in stationary 

contact with the resin early subsequent fractions were high in 

fluorescence since the opening of the stopcock released this solution 

which had been in longer contact with the resin.     Final fractions 

also tended to be higher in fluorescence since the drop in hydrostatic 
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pressure resulting when the level of elutriant fell to the stem of the 

column made it almost impossible to maintain a constant flow rate. 

The columns used were designed to minimize fluctuations in flow 

rate during.the time when there was influent in the reservoir. 

Effect of the Concentration of 4-Pyridoxic Acid on the Flow Rate 

Whenever an influent containing a high concentration of 4- 

pyridoxic acid was used,   the flow rate was noticeably slowed and 

it was difficult to maintain a constant rate of flow at 30 drops per 

minute.    This occurred during the chromatography of urine samples 

to which 5 jig.   of 4-pyridoxic acid had been added prior to chroma- 

tography.    The greatest decrease in rate of flow was observed 

during the chromatography of hydrolyzed urine. 

Preparation of the Column 

Preparation of Resin Bed 

In preliminary work much difficulty was experienced in 

retaining the resin in the column.    Loss of resin slowed the rate of 

flow and made it impossible to maintain a steady drop rate and the 

presence of resin in the fractions collected resulted in invalid 

readings. 

The loss of resin was caused by two factors,   the fast    rate of 
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flow and the unique behavior of the resin.    200-400 mesh resin is 

extremely, fine and it is possible that some resin loss had been 

experienced in the past without being noticed.    The relatively large 

amounts of resin lost at 48 drops per minute called this possibility 

of contamination of effluents with resin to the attention of the workers 

in this laboratory. 

It was interesting to note the behavior of the resin during 

chromatography.    No noticeable leakage of resin,   even at 48 drops 

per minute,   was noted with Dowex 1  (Cl ) and the drop rate was 

easy to maintain during the time that either the sample or the wash 

were flowing through the column.    As soon as the 0.05 N HC1 was 

applied,   however,   the drop rate decreased,  the count became 

erratic,   and resin was lost.    This probably was due to a shrinkage 

of the resin at the lower pH of 0. 05 N HC1,  allowing particles of 

resin to flow through the gauze,   facilitated by the greater pressure 

at 48 drops per minute than was true at 12 drops per minute. 

Because of this loss,   a new procedure was adopted using a small 

ball of cotton wrapped with a single thickness of gauze as a base for 

the resin bed.    This proved to be very satisfactory and no leakage 

of resin was found after this method was incorporated into the pro- 

cedure. 
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+ 
Activation of Dowex SOW (H  ) 

The experimental work with fractions of eluates of 4-pyridoxic 

acid standard solution from Dowex SOW columns seemed to reveal 

that while activation with 4 N HCl is necessary for good results,   this 

acid should not remain in contact with the resin for any length of 

time,  unless the resin is washed further with fresh 4 N HCl and 

water before use.    It is essential that the resin be freshly activated 

just before use. 

It was noted that the resin whiclj had been in contact with 

4 N HCl for 16 hours shrank markedly,  and released a fluorescent 

substance in the wash during the activation procedure.    Erratic 

results were obtained with columns treated in this manner and 

indicated that if the resins were allowed to stand in 4 N HCl overnight 

an additional 50 ml.   each of 4 N HCl and water are required to 

remove these impurities. 

A second point of major importance concerns the relationship 

between the method of activation and the speed with which 4-pyridoxic 

acid is eluted from the resin. When the resin is in contact with the 

4 N HCl for a long period the 4-pyridoxic acid is more tightly bound 

to the resin than when activation is carried out just before use, and 

is released later during the elution procedure. This could lead to 

incomplete recovery with the 50 ml.   of elutriant used in this 



106 

procedure. 

Preparation of Influents for Chromatography 

Effect of Freezing of Urine Samples on the Determination 
of 4-Pyridoxic Acid 

The urine samples frozen for two years before analysis gave 

results in good agreement to those for the same urine analyzed just 

after collection.    No difficulty was experienced in thawing,   filtering 

or ion exchange chromatography using frozen urine. 

Delsictonization of Influent Before Chromatography 

Early experimental results   indicated that delactonization 

treatment prior to chroraatography may have been an unnecessary 

step.    Lactonization seems to occur spontaneously on the column and 

the results are very pronounced with the eluate from the highly acidic 

Dowex SOW column. 

However,  further investigation using eluate fractions made it 

clear that the delactonization procedure prior to chromatography 

is essential.    The lactone of 4-pyridoxic acid is eluted from Dowex 

1  (Cl ) columns within the first 7 ml.   while the 4-pyridoxic acid 

does not leave the resin until 14 ml.   of elutriant   have passed through 

the resin.    All of the lactone had been.eluted after 14 ml.   but the 

4-pyridoxic acid is released in a gradually diminishing amount until 
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40 ml.  of eluate have been collected.    The release of the lactone 

from Dowex 1  (Cl  ) occurs simultaneously with the release of the 

fluorescent impurities from the resin. 

Use of 2 N NaOH to Adjust the pH of a Sample to pH 10. 6 in 
the Delactonization Procedure 

It was found that 2 N NaOH could be used to adjust the pH of 

an influent to 10.6 before introducing it onto a Dowex 1 column.    This 

was less harsh than the saturated NaOH used in the Reddy et al.   pro- 

cedure and made it simpler to attain the desired pH more slowly and 

precisely. 

Elution Curves 

The elution curves obtained with the fluorescence readings of 

each 1.4 ml.  fraction of eluate from a resin column    were instru- 

mental in providing insight into the dynamics of the chromatographic 

procedures. 

Results with Reagent Blanks 

4-Pyridoxic acid-free influents containing only those reagents 

used for the chromatographic procedure were subjected to chroma- 

tography to determine the amount of fluorescence attributable to 

resin impurities or to the reagents themselves. 
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The results on fractions of effluents,  wash,   and eluates 

indicated some leaching of fluorescent substances,   primarily in the 

initial fractions,   from a Dowex 1  (Cl  ) resin column.    Since the 

readings following lactonization were so low,   it is clear that care- 

fully prepared reagents do not contribute toward fluorescence.    It 

is likely that all of the fluorescence detected through direct readings 

of these fractions was due to leaching from the resin.    This conclu- 

sion is reinforced by the fact that the most fluorescence was found 

in the early fractions from Dowex 1.    These fractions to a large 

extent were composed of solution which had been on the column for 

some time since the resin must be covered with redistilled water 

before use to prevent drying of the resin particles.    Readings taken 

of redistilled water effluents obtained after a period of contact with 

the resin were high.    Because of this,   it would be advisable to 

initiate the chromatographic procedure by washing the Dowex 1 

resin with 50 ml.   of redistilled water,   and to apply the influent as 

soon as the water has reached the top of the resin bed.    With this 

procedure the relatively large amount of interfering fluorescence 

noted in early fractions from Dowex 1  columns is eliminated. 

The initial fractions of Dowex.SOW columns did not produce 

such a high level of fluorescence,   and even after adjusting.the pH 

to 9+^0. 3,   the peak fraction was found near the middle of the curve 

and was considerably lower than that obtained from Dowex 1  resin. 
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The Dowex BOW resin was always activated just before use with 

4 N HCl,   followed by 50 ml.  of redistilled water as a wash.    As a 

result,  the initial fractions contained wash which had not had lengthly 

contact with the resin. 

Results with Standards of 4-Pyridoxic Acid and of 
4-Pyridoxic Acid Lactone 

Several interesting facts were learned, from the elution curves 

obtained with standards: 

a. Both 4-Pyridoxic acid and the lactone are eluted from 

+ 
Dowex 1  (Cl ) earlier than from Dowex SOW (H  ). 

b. The lactone of 4i-pyridoxic acid is eluted from Dowex 1 

earlier than is the 4-pyridoxic acid.    Elution from Dowex 

SOW is accomplished in the same fractions as with Dowex 1, 

c. It is essential to activate the Dowex SOW resin with 

4 N HCl to render it strongly acidic to insure retention of 

4-pyridoxic acid by the resin. 

d. Dowex SOW resin which has been exposed to the 4 N HCl 

for a long period or time,   such as overnight,   will retain 

4-pyridoxic acid more strongly ^.nd the elution will be 

delayed.     This delay could result in incomplete recovery 

with 50 ml.   of elutriant,  the amount commonly used.    It 

was concluded,  therefore,  that the activation should occur 
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just before use,   or the resin washed further with 50 ml. 

each of 4 N HC1 and water. 

e. 50 ml.   of elutriant are sufficient for complete elution of 

4-pyridoxic acid from the resins if the proper precautions 

regarding the activation of the resins are taken. 

f. Effluents were found to be free of 4-pyridoxic acid or the 

lactone of 4-pyridoxic acid,   as were the washes used. 

This indicates that the resin is able to retain these sub- 

stances completely,   even at rapid flow rates. 

g. There is a great difference in the pH of each fraction as it 

is eluted from the column.     The pH of initial fractions is 

influenced by the nature of the solution in preliminary 

contact with the resin.    After some fractions have been 

collected the pH stabilizes at that of the elutriant. 

Results with Urine 

The results of the collection of eluates of urine samples from 

Dowex 1 and Dowex SOW columns provided the following information: 

a. Eluates from Dowex 1  columns exhibited a high degree of 

fluorescence,   both on direct reading and after lactonization 

of aliquots of each fraction. 

b. Eluates from Dowex SOW columns exhibited a high degree 

of fluorescence on direct readings,   although about half that 
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resulting from the Dowex 1 columns. After the lactoniza- 

tion of aliquots of each fraction, a high degree of fluores- 

cence was still present. 

c. Direct readings of fluorescence on eluates obtained after 

chromatography with Dowex 1 followed by Dowex 50W 

produced a skewed curve with a high peak.    After lac- 

tonizing aliquots of each fraction a lower bell-shaped 

curve resulted in contrast to the curve obtained on direct 

reading.    This indicated that the fluorescence measured 

on direct reading was not attributable to the 4-pyridoxic 

acid alone. 

d. It is necessary to use both Dowex 1  (Cl  ) and Dowex SOW 

(H  ) resins to remove some of the interfering fluorescent 

substances from urine.    Although extraneous fluorescence 

is still present in the eluate from the Dowex SOW column, 

a clear picture of the concentration of 4-pyridoxic acid is 

obtained through the use of the lactonization procedure. 

e. Delactonized blanks obtained from the eluates of urine 

samples give relatively, high readings.    These are due to 

the presence of fluorescent compounds other than 4- 

pyridoxic acid in urine,   or to fluorescent substances 

leached from the resin.    This blank serves as a gauge of 

the background fluorescence. 
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Batch Collection of Eluates of g,ta.ndajr4.s. pf-4~Pyri-doxic Acid,   of 
4-Pyridoxic Acid Lactone,   and of Urine 

Recovery, of Standards 

Dowex 1  (Cl") 

4-Pyridoxic Acid 

The recovery of standards of 4-pyridoxic acid from Dowex 1 

was 110 percent in the case of the delactonized influent and with the 

influent which was not delactonized before chromatography,   recovery 

was 104 percent. 

4-Pyridoxic Acid Lactone 

The recovery of the lactone of 4-pyridoxic acid from Dowex 1 

was 90 percent when the influent was not delactonized,  but was only 

60 percent when the influent was delactonized before chromatography. 

This poor recovery was attributed to the fact that the standard used 

for comparison had not been subjected to delactonization and was 

still in the more highly fluorescent lactone form. 

Dowex SOW (H"1") 

4-Pyridoxic Acid 

The recovery of 4-pyridoxic acid from Dowex 50W was 91 

percent.    The influent was not delactonized in this case,   in order to 
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simulate an acidic eluate from a Dowex 1 column which is normally 

applied onto a Dowex SOW column. 

4-Pyridoxic Acid Lactone 

The recovery of the lactone of 4-pyridoxic acid from Dowex 

BOW was 100 percent. 

+ 
Dowex 1  (Cl  ) Followed by Dowex SOW (H  ) 

4-Pyridoxic acid standards were subjected to chromatography 

with the two Dowex resins.    When the influent was not delactonized 

the recovery was 91 percent.    The recovery was 91 percent when 

the influent was subjected to delactonization prior to chromatog- 

raphy,  also. 

Urine 

Unhydrolyzed 

The recovery of 4-pyridoxic acid from urine which had not 

been subjected to hydrolysis prior to chromatography was 92 percent, 

indicating that most of the metabolite had been recovered from the 

resins.    (Table 2) 



1.14 

Hydrolyzed 

The recovery of 4^pyridoxic acid from hydrolyzed urine in 

this study was not significantly different from the recovery from 

urine samples from the same 24-hour collection not subjected to 

hydrolysis before chromatography.    The recovery of the 4-pyridoxic 

acid added to one of the replicate influents was  105 percent.     Boiling 

the hydrolyzed urine following delactonization,  but before chroma- 

tography,   lowered the results slightly. 

Tryptophan Load Test 

Following a stress load of tryptophan,   large amounts of 

xanthurenic acid as well as other metabolites of tryptophan,   are 

excreted in the urine (Wachstein and Lobel,   1956; Price,   Brown 

and Yess,   1965).     Therefore,   the use of ion exchange chromatog- 

raphy for the determination of 4-pyridoxic acid in the presence of 

these metabolites is of great significance. 

Dowex 1 and Dowex 50W ion exchange resins have been used 

in the study of tryptophan metabolites  (Price,   1954; Vivian.£t al. , 

1965).    Ion exchange chromatography using acidified Dowex 50W (H  ) 

followed by Dowex 1  (Cl ) removes most of the fluorescent sub- 

stances in urine with the exception of pyridone (N-methyl-2-pyridone- 

5-carboxamide),   according to Price (1954).    Kynurenic and 
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xanthurenic acids are eluted simultaneously from Dowex SOW (H  ) 

"with water.    Kynurenic acid has a maximum fluorescence at pH 7 or 

below,  but xanthurenic acid has a maximum fluorescence at pH 9 

(Satoh and Price,   1958).    Since xanthurenic acid exhibits its 

maximum fluorescence at the same pH as.does 4~pyridoxic acid, 

the presence of xanthurenic acid in large quantities could be a 

problem in fluorometric analysis of urine for the metabolite of 

vitamin B ,. 
o 

The results of this study seem to indicate that the use of 

Dowex 1  (Cl  ) and Dowex 50W (H  ) resins may not completely 

remove xanthurenic acid or other tryptophan metabolites from urine. 

Another possible source of interfering fluorescence could be 

attributed to.the resin bed.    Almost the entire amount of resin in 

the column darkened in color to shades ranging from light brown to 

nearly black.    It is possible that an increase in the depth of the resin 

bed would increase the removal of interfering.fluorescence. 

Paper and Thin Layey Chromatography 

The application of eluates following chromatography with both 

resins,  to paper or to thin layer sheets provided further insight into 

the problems related to the determination of 4-pyridoxic acid in urine. 

Eluates are highly acidic and must be evaporated to dryness and then 

taken up in redistilled water before satisfactory chromatograms can 
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be made. 

The lactone of 4-pyridoxic acid is highly unstable during paper 

or thin layer chromatography and some spontaneous reversion to 

4-pyridoxic acid occurs.    The 0. 1 N HC1 used to prepare the 4- 

pyridoxic acid lactone stock standard solution apparently is not 

acidic enough to prevent spontaneous delactonization on standing,   . 

and this process seems to be accentuated during the development 

of chromatograms.    It might be well to prepare the stock standard 

of the lactone in HC1 of higher normality. 

Paper and thin layer chromatograms provide nearly the same 

results and in about the same period of time when urine eluates 

from resin columns are applied and developed as. described in the 

Experimental section.    With both thin layer and paper chromatograms, 

eluates from hydrolyzed urine produced zones with the same R 

values as the standards of 4-pyridoxic acid and the lactone.    Also 

produced were brightly fluorescent zones near the solvent front that 

bore no. relationship to either standard.    One wonders if this could 

be indicative of the presence of 5-pyridoxic acid.     The same results 

-were obtained with hydrolyzed urine that had been boiled.     The 

fluorescent zones which were developed during chromatography 

with paper or thin layer were of two types,  bright zones of blue 

fluorescence and dark areas,   discretely round.    The lactone 

standard always divided into two zones of fluorescence,   even after 
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heating of acidified samples.    Walters and co-workers (1955) noted 

that the raetabolites of normal tryptophan-niacin metabolism produce 

dark spots with R   values closely approximating those observed in this 

laboratory. 

Sakuragi (1959) reported that the various interconvertible forms 

of vitamin B, are excreted as 4-pyridoxic acid and as a complex of 

unknown structure. 

In this regard,   Sauberlich (1965) obtained similar results 

following the administration of labeled pyridoxine.    Eluates of urine 

from these subjects,   following chromatography with Dowex 1  (Cl  ) 

and Dowex 50W (H  ),   when applied to thin layer,   produced three 

separate zones which exhibited labeled fluorescence and which could 

be lactonized.    One of these zones contained 80 percent of the 

metabolite while the other two contained 10 percent each. 

Hais and Macek (1963,  p.   666-667) give R   values for the 

several forms of vitamin B, as well as for the 4-pyridoxic acid,  the 
o 

lactone form,   and for 5-pyridoxic acid as well.    Different solvent 

systems provide results with greatly different R   values for the same 

compound.    None of the three solvents listed was like that used for 

this study.    It is not possible to compare R   values without exactly 

duplicating the conditions of the studies reported by Hais and Macek 

(1963,  p.   666-667).    It is significant,also,  that there are substances 

other than the principal metabolite of the vitamin and its lactone that 
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can make quantitative determination by these means inaccurate. 

Another problem encountered was the difficulty in achieving 

round discrete zones.    Frequently the fluorescent metabolites moved 

slowly and with difficulty through interfering compounds,   probably 

salts.    This  resulted in streaking and tailing.    The zones that were 

obtained -with 4-pyridoxic acid standards and more markedly,   with 

the lactone standard,   were almost always crescent shaped with the 

rounded edge as the leading edge.    This may have been due to the 

behavior of the fluorescent compounds during application of the 

samples to the paper or thin layer sheet.    As a solution was applied 

the fluorescent constituents flowed to the outer edge leaving the 

center of the spot at the origin free from fluorescence.    As develop- 

ment proceeded,  the solvent flowed around the zone and the fluores- 

cence that had been at the bottom of the ring moved first. 
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FUTURE INVESTIGATION 

Although there is now a more complete understanding of the 

dynamics of the ion exchange chromatography. of standards of 4- 

pyridoxic acid and the lactone of 4-pyridoxic acid,   and of urine 

samples,   questions remain to be answered regarding the chromatog- 

raphy of eluates from ion exchange columns using paper or thin layer 

procedures. 

The presence of chloride resulting from the HC1 used as 

elutriants during ion exchange using these two resins seems to inter- 

fere with the movement of 4-pyridoxic acid and with the fornaation of 

discrete zones on the paper or thin layer sheets.    Methods for the 

removal of chloride in the final eluate should be explored. 

The identity of the brightly fluorescent zones at the solvent 

front when samples of hydrolyzed urine eluates are applied to paper 

or thin layer sheets should be investigated.    Urine not subjected to 

hydrolysis did not produce such zones.    The possibility remains that 

5-pyridoxic acid may be produced from phosphorylated vitamin B, 

or from 4-pyridoxic acid during hydrolysis.    Spectrophotofluoro- 

metric analysis of such eluates may provide insight into the 

identities of the fluorescent metabolites of vitamin B,  in hydrolyzed 
o 

urine eluates resulting from treatment with both resins.. 
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SUMMARY 

4-Pyridoxic acid is the major metabolite of all forms of vitamin 

BV in mammalian species.    The determination of 4-pyridoxic acid, 

therefore,   is important in the investigation of vitamin B, metabolism 

and for the establishment of human requirements for the vitamin. 

Although 4-pyridoxic acid is itself fluorescent,   Huff and 

Perlzweig (1944) developed a classic method for its determination 

based on the conversion of the metabolite to the even more highly 

fluorescent lactone. 

Sarett in 1951 recognized that there are many substances in 

urine other than 4-pyridoxic acid which are fluorescent and which 

may interfere with its determination.    His attempts to remove the 

extraneous fluorescent compounds with Decalso or with charcoal 

were not entirely satisfactory.    He proposed,   therefore,   the adminis- 

tration of a test dose of 4-pyridoxic acid to subjects whose urine was 

to be analyzed for the metabolite of vitamin B,,   thus rendering the 

foreign fluorescence less significant by dilution.    In 1955,   Fujita and 

associates employed ion exchange chromatography as a means of 

separating 4-pyridoxic acid from other fluorescent compounds in 

urine and in 1958 Reddy,  Reynolds and Price developed a chromato- 

graphic method using Dowex 1 (Cl  ),   a strongly basic anion exchange 

resin and Dowex SOW (H ),   a strongly acidic cation exchange resin 
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for the separation of 4-pyridoxic acid from extraneous fluorescent 

materials in urine.    Eluates from the latter of the two columns, 

used in sequence,  were subjected to a chemical procedure to 

oxidize the 4-pyridoxic acid to the more highly fluorescent lactone 

form.    The Reddy,   Reynolds and Price procedure has provided the 

means for achieving more valid results than had been possible 

previously. 

Because of the importance of this procedure,  the dynamics of 

the ion exchange method of Reddy and associates was investigated. 

Standards of 4-pyridoxic acid, or 4-pyridoxic acid lactone,   and of 

urine were subjected to ion exchange chromatography using their 

procedure.    Conversion of the 4-pyridoxic acid to the lactone was 

accomplished by means of the microprocedure of Woodring,   Fisher 

and Storvick (1964).    Effluent,  wash,   and eluate fractions were 

collected to determine the pattern of elution of the 4-pyridoxic acid, 

as well as to determine the effect of interfering fluorescence from 

the resins and from reagents. 

Eluates of urine from the second in the series of two Dowex 

ion exchange resins were subjected to paper and thin layer chroma- 

tography along with standards of 4-pyridoxic acid and the lactone 

of 4-pyridoxic acid.    Eluates from influents of hydrolyzed urine 

produced highly fluorescent zones which did not correspond to those 

of standards of 4-pyridoxic acid or its lactone. 
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A tryptophan load test is often used to diagnose vitamin B, 

deficiency but some of the metabolites of tryptophan are highly 

fluorescent and may interfere with the fluorometric measurement 

of 4-pyridoxic acid even after its conversion to the more fluorescent 

lactone.     To study the effect of the presence of tryptophan metabolites 

on the determination of 4-pyridoxic acid in urine,   a test dose of 

L-tryptophan was administered to one subject and the subsequent 

24-hour urine collection was treated according to the chromatographic 

procedure of Reddy et al.     The final eluate was analyzed for 4- 

pyridoxic acid using the microprocedure of Woodring and associates. 

Readings of fluorescence indicated that much foreign fluorescence 

remained even after the lactonization procedure.    Recovery of 4- 

pyridoxic acid was 65. 5 percent.     Therefore,  for the determination 

of 4-pyridoxic acid following a test dose of L-tryptophan,   a recovery 

curve would have to be used for calculation of 4-pyridoxic acid 

excretion. 

It was made emphatically clear that there are highly fluores- 

cent compounds present in the resin itself,   even after extensive 

treatment,   which cannot be removed.     The results of this study 

emphasize the great importance of maintaining a constant rate of 

flow,   and thus a constant rate of leaching,   during chromatography 

to minimize the effect of the interfering fluorescence. 

Dowex 50W (H ) will not retain 4-pyridoxic acid well unless 
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the resin has been rendered strongly acidic. It was ascertained that 

this procedure should be accomplished just before use. 

4-Pyridoxic acid and the lactone of 4-pyridoxic acid are eluted 

almost at once from the Dowex 1 resin but are released in the middle 

fractions during elution from freshly activated Dowex SOW,  with 

50 ml.   of elutriant. 

It was determined that chromatography could be undertaken at 

a relatively rapid flow rate,  thus allowing the entire chromatographic 

procedure and analysis of eluates to be completed in one day. 
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