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INTRODUCTION 

Marked progress has been made in recent years in the development of new 
approaches and modified biochemical techniques for assessing nutritional 
status of humans of all ages. Biochemical measurements furnish objective 
assessments of nutriture that often provide preclinical or subclinical informa­
tion . There are now microtechniques and automated procedures that are applic­
able to the small blood samples obtainable from infants and children. With the 
advent of automated procedures, radioassays, and other methodologies, prac­
tical nutritional assessment services have become more widely available in 
clinical laboratories and no longer are restricted to the researcher. 
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378 SAUBERLICH 

This review is limited to discussion of the laboratory methods that have been 
developed since 1974 for assessment of thiamin , riboflavin, niacin, vitamin B6, 
and folic acid nutriture. Most developments prior to that date have been 
reviewed elsewhere (187). The literature cited is focused on reports that have 
direct or indirect applications in nutritional assessment or have the potential to 
be developed into techniques useful for this purpose. 

THIAMIN (VITAMIN B 1) 

The most commonly used procedure for assessing thiamin nutriture has been 
the measurement of erythrocyte transketolase (EC 2.2.1. 1) activity and its 
stimulation in vitro by the addition of thiamin pyrophosphate (TPP effect) 
(234) . Although its usefulness has been demonstrated, the measurement of 
erythrocyte transketolase activity is difficult. Recently, Waring et al (233) 
published a detailed description of a semiautomated, continuous-flow proce­
dure for erythrocyte transketolase activity. The procedure provides values for 
both unstimulated and TPP-stimulated transketolase activity that are expressed 
in international units of enzymic activity. The incorporation of dialyzers into 
the system eliminates hemoglobin interference and thereby increases the sensi­
tivity, reliability, and precision of the method. The procedure uses an NADH­
coupled indicator reaction and measures the glyceradehyde-3-phosphate pro­
duced by the transketolase enzyme reaction. This also permits the use of 
glyceradehyde-3-phosphate to standardize the system and enables improve­
ments in quality control between laboratories. 

Duffy et al (59) used an Abbott ABA-lOO biochromatic analyzer to provide 
semiautomated measurement of the stimulation of erythrocyte transketolase by 
thiamin pyrophosphate. The system, based on the manual method of Smeets et 
al (207), can analyze 30 samples per hour. This procedure yields results only in 
terms of the TPP effect. 

During the past decade, numerous other modifications or evaluations of 
measurement of erythrocyte transketolase activity as a means of assessing 
thiamin nutritional status have been reported (11, 13, 21, 29, 59, 107, 113, 
115, 117, 135, 172, 188, 229, 251). Particularly significant is the report of 
Bayoumi & Rosalki (13) , which describes in detail a manual optimized, 
ultraviolet spectrophotometric procedure for determining erythrocyte trans­
ketolase activity. Several studies have demonstrated a relationship between 
erythrocyte transketolase activity and urinary excretion of thiamin (107, 188, 
251). 

Basu et al (11) described a micromethod for the measurement of transketo­
lase activity in human blood that can be readily applied to children because only 
a finger prick is necessary to provide the required 50 tJ.I of whole blood. The 
sedoheptulose formed during the transketolase reaction is measured col-
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orimetrically. Boni et al (21) evaluated a modification of the method of B rin 
(25) with various human subjects. In patients suffering from Wernicke's 
encephalopathy, the TPP effect varied from 28-67% . Several other modified o r  
simplified procedures have been reported to measure erythrocyte transketose 
activity (128,247) . Buttery et al (29) reviewed these methods and noted several 
shortcomings that could result in erroneous erythrocyt� transketolase activity 
values . 

Reijnierse et al (172) described a novel radiochemical method for measuring 
transketolase activity in erythrocytes. Hemolysates of erythrocytes were incu­
bated with radioactive [1-14C]ribose-5-phosphate. The radioactive sedoheptu­
lose-7-phosphate formed during the reaction was isolated on anion-exchange 
columns and eluted, and the radioactivity measured . The procedure compared 
favorably with colorimetric methods in terms of sensitivity and analytical time. 
At present a serious disadvantage of the method is the high cost of the 
radioactive ribose-5-phosphate required as a substrate. 

Kimura & Itokawa (113) published a prel iminary report on the use of 
high-performance l iquid chromatography (HPLC) to measure the amount of 
transketolase enzyme in blood. Transketolase and other thiamin-binding pro­
t eins in b lood w ere treated w ith potassium hexac yanoferrate to form 
fluorophores. The reacted proteins were separated by HPLC and detected with 
a spectrofluorimeter. S ince the procedure measures the amount of transketolase 
enzyme present rather than enzyme activity, its usefulness as a nutritional 
evaluation technique will require further development and validation . 

As an alternative to erythrocyte transketolase assay for assessing thaimin 
nutritional status, Cheng et al (39) investigated leukocyte trans keto lase activity 
in the rat. The results indicated thatleukocyte transketolase activity responded 
to dietary intakes of thiamin and appeared to be a sensitive and specific 
indicator of thiamin status in the rat. Recent simplified procedures for the 
isolation of leukocytes may permit the assay of leukocyte transketolase activity 
to become a useful procedure for humans. 

Leukocyte pyruvate decarboxylation rates were studied in thiamin-deficient 
rats as another possible method to evaluate thiamin status (91) . Pyruvate 
decarboxylation rates were determined by assaying 14C02 production by leuko­
cytes acting on [1-14C]pyruvic acid in vitro. Although leukocyte pyruvate 
decarboxylation rates were depressed after 21 days of thiamin deficiency, only 
7 days of deficiency were required to produce an effect on eythrocyte transketo­
lase activity. Thus, l eukocyte pyruvate decarboxylase activity measurements 
will not l ikely prove useful for assessing thiamin status in humans. 

Some disease conditions may influence erythrocyte transketolase activity 
independent of thiamin status (115). Patients with diabetes mellitus had low 
erythrocyte transketolase activity values, apparently because of a reduced 
apoenzyme level that results from the disease. Polyneuritis patients also had 
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380 SAUBERLICH 

low erythrocyte transketolase activity values. In contrast, patients with perni­
cious anemia all had highly significant elevations in erythrocyte transketolase 
activity values. Recently, it was demonstrated that human erythrocyte trans­
ketolase enzyme is heterogeneous (106). The basis for using the erythrocyte 
transketolase assay to evaluate thiamin status is the assumption that the affinity 
of thiamin p yrophosphate for erythrocyte transketolase is constant. Whether 
this heterogeneity of the enzyme intluences the TPP effect and the interpreta­
tion of thiamin nutritional status is a subject for future research . 

Thiamin levels in serum, erythrocytes, whole blood, and urine have been 
used to evaluate thiamin nutritional status. However, the blood thiamin deter­
minations have not been satisfactory primarily because of limitations in meth­
odology, as the decreases in blood thiamin during deficiency are not great, e . g .  
6.96 ± 1.26 v s  2.29 ± 1.06 j..Lg thiamin/dl o f  blood for normal subjects vs 
beriberi patients, respectively (108). In the past few years , numerous attempts 
have been made to improve the methods used to measure thiamin and its 
phosphorylated forms in food and biological materials (56,58,61,62,88, 154, 
155,158,159,163,169,174,175,181,186,232, 235); more recently, H PLC 
has been used to provide more specific, rapid, and sensitive methods for 
measuring thiamin and related compounds (87, 97, 101, Il l ,  112, 178, 183, 
191). However, in only a few instances have the modified methods been 
applied to human serum, blood, or urine samples or to the assessment of 
thiamin nutriture (58, Il l ,  163, 178, 191). Most methods reported are varia­
tions of the classical tluorimetric thiochrome procedure. 

Roser et al (178) determined thiamin in urine with the use of H PLC. Some of, 
the interfering compounds in urine were removed by Decalso cation-exchange 
column treatment. Thiamin eluted from the column was converted to the 
tluorescent thiochrome derivative with alkaline potassium ferricyanide (58). 
The isobutanol e xtract of the reaction mixture was measured for its thiochrome 
content with an HPLC system that incorporated fluorescent detection . In a 
comparison study using a similar HPLC system, the values obtained with 
human urine samples were comparable to those obtained by applying Lactoba­
cillus viridescens microbiological assay for measuring thiamin; (M. H .  Dong, 
J. H. Skala, H. E. Sauberlich, unpublished data). 

Hilker & Clifford (97) separated thiamin, thiamin monophosphate, thiamin 
diphosphate , and thiamin triphosphate using HPLC. The procedure was ap­
plied to a breakfast food item and to a urine sample. The samples required a 
cleanup treatment prior to analysis. Disposable CI8 reversed-phase columns 
were used for this purpose. Because ultraviolet detection is used, the sensitivity 
of this method is low. 

Schrijver et al (191) developed a semiautomated HPLC procedure for 
measuring total thiamin in plasma and whole blood. Thiamin was converted to 
thiochrome and detected tluorometrically. Approximately four hours were 
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required to complete one analysis; this included sample preparation and assay 
time. Reproducibility and recovery of added thiamin pyrophosphate were 
good. Erythrocytes contained approximately 80% of the thiamin present in 
whole blood. 

Kimura et al (111) also used HPLC for the measurement of total thiamin in 
whole blood. Blood was deproteinized, and the thiamin phosphate esters were 
converted to free thiamin by treatment with Takadiastase (EC 3. 4. 23. 6; Asper­
gillus oryzae carboxyl proteinase) . The thiamin in a sample aliquot was 
separated by HPLC, and thiamin in the effluent was converted on-line to 
thiochrome, which was measured with a spectrofluorometer. This is a sensitive 
and highly reproducible method for determining thiamin in as little as 0. 1 ml of 
blood. 

Kimura et al (112) also described an HPLC procedure for separating and 
measuring thiamin, thiamin monophosphate, thiamin diphosphate, and thiamin 
triphosphate. The compounds were separated with HPLC, postcolurnn con­
verted to fluorophores with alkaline hexacyanoferrate, and measured with a 
spectrofluorimeter. The chromatogram could be completed within 15 min at a 
sensitivity of 0.05 pmol for each thiamin compound, but it is not known 
whether the procedure was successfully applied to biological samples. 

Sanemori and associates (100, 101, 183) used HPLC to separate thiamin and 
the thiamin phosphate esters. The thiamin compounds were converted to their 
thiochrome derivatives, extracted, and subjected to HPLC separation. Initially, 
straight-phase HPLC was used (100) and applied to measure thiamin, thiamin 
monophosphate, thiamin pyrophosphate, and thiamin triphosphate in rat tis­
sues (101). However, difficulties were encountered in the measurement of 
thiamin pyrophosphate. Sanemori et al (183) subsequently used reversed-phase 
HPLC for an improved method. With some rat tissue samples, however, an 
interfering compound was present in the thiamin pyrophosphate peak that 
required blank peak correction. 

Few studies have correlated blood thiamin pyrophosphate with erythrocyte 
transketolase activity. Kuriyama et al (122) observed that total thiamin level in 
whole blood and erythrocyte transketolase activity were significantly lower in 
beriberi patients than in normal subjects; however, TPP effect on erythrocyte 
transketolase activity was the most useful parameter in distinguishing beriberi 
patients from normal subjects. 

Warnock et al (235) observed that erythrocyte thiamin pyrophosphate levels 
in thiamin-deficient rats fell before changes in erythrocyte transketolase activ­
ity occurred. Erythrocyte thiamin pyrophosphate was measured by a sensitive 
procedure employing the thiamin pyrophosphate�ependent yeast pyruvic de­
carboxylase apoenzyme. Reaction mixtures containing 0. 2-1. 5 ng of thiamin 
pyrophosphate could be measured. Normal human erythrocytes contain 50-
150 ng of thiamin pyrophosphate per ml of packed cells. With the availability 
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382 SAUBERLICH 

of more sensitive and reliable methods for measuring erythrocyte thiamin 
pyrophosphate, new attention should be given to this approach for evaluating 
thiamin nutritional status. 

In recent years it has become difficult to use the Official Analytical Chem­
ists' procedure and similar procedures for measuring thiamin in foods and urine 
because of the discontinuation of commercial preparations of Decalso, used in 
purifying samples, and of Clarase and Mylase P, used in converting the 
phosphorylated forms of thiamin to free thiamin (62, 169). Takadiastase 
remains available for the treatment of the phosphorylated forms of thiamin, 
although not all batches are active. Bio-Rex 70 ion exchange and Amberlite 
CG50 cation exchange resins appear to be possible replacements for Decalso 
(62, 174). 

Attempts to use gas chromatography to measure thiamin have had limited 
success (60). The low sensitivity obtained even with a nitrogen-phosphorus 
detector limits the applicability of this technique to such items as pharmaceuti­
cal preparations. 

A fluorometric reaction rate method was described for the determination of 
thiamin (181). The procedure is not practical for use with biological prepara­
tions, but it may have some applicability to pharmaceutical or multivitamin 
preparations. Similarly, colorimetric and fluorometric determinations of 
thiamin that use an automated discrete-sampling techniques are applicable only 
to pharmaceutical preparations (154) . 

Electrophoretic fluorometric methods have been described for measuring 
thiamin and its phosphorylated forms in plasma and tissues (155, 158, 160, 
163). The procedures are rather involved and time-consuming, and poor 
sensitivity limits their use to measurements of plasma and blood. 

RIBOFLAVIN 

The procedure most commonly used to evaluate riboflavin nutriture is still the 
measurement of erythrocyte glutathione reductase (EGR) activity and the 
stimulation of this activity by flavin adenine dinucleotide (FAD) added in vitro. 
Numerous recent reports have but further validated the usefulness of the 
procedure for this purpose (13, 22, 107, 118, 165, 166, 189, 217, 247). 
Readers planning to undertake EGR assays may find the papers of Bayoumi & 
Rosalki (13) and Thurnham & Rathakette (217) instructive. Although EGR 
activity is usually measured by means of enzyme-coupled kinetic assays, 
colorimetric methods have been described and applied in studies of humans 
(70, 121). In attempts to simplify the assay procedure, whole blood has been 
used instead of erythrocytes (70, 74). Garry & Owen (70) developed an 
automated procedure to measure glutathione reductase activity colorimetric ally 
in whole blood that uses the reaction of 5 ,5' -dithiobis-2-nitrobenzoic acid with 
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glutathione that has been regenerated from oxidized glutathione by the enzyme 
reaction. Samples from more than 600 children from 6 to 60 months old were 
examined using this procedure. 

The EGR activity is commonly expressed in terms of "activity coefficient" or 
in terms of per cent stimulation, both of which are derived from the stimulating 
effect of FAD added in vitro to the enzyme reaction. The validity of expressing 
results in these terms may need further evaluation. Although it has been 
reported that a chronic deficiency of riboflavin in the human does not change 
the level of apo-erythrocyte glutathione reductase, some animal studies suggest 
that certain deficiencies,  such as vitamin B6, may reduce the apo-enzyme level 
( 198, 230). Age of subjects appears to influence the glutathione reductase 
activity of the erythrocyte. Age of the erythrocyte may have an influence, 
because in studies with fractionated erythrocytes, EGR activities declined with 
the age of the cells ( 12 ,  164). The validity of measuring EGR activity to 
evaluate riboflavin status in subjects with low erythrocyte glucose-6-phosphate 
dehydrogenase (EC 1 . 1 . 1 .49) activity has been questioned, and additional 
investigation is needed (167). 

Little information is available concerning the glutathione reductase activity 
of the human white cell . A study with riboflavin-deficient rats suggests that the 
measurement of the activation coefficient of white cell glutathione reductase 
activities may be a useful indicator of riboflavin status ( 150a). With the recent 
advent of more simple and efficient means of isolating leukocytes,  this 
approach may receive attention as a possible technique for assessing riboflavin 
nutriture. 

Attempts have been made to relate riboflavin levels in erythrocytes or blood 
to riboflavin status.  Some laboratories have observed no relationship (9), while 
others report a significant correlation (74). Recently, new analytical 
approaches for measuring riboflavin in blood, urine, and other samples have 
been reported (71 ,  1 16, 136, 209, 2 19). Knobloch et al ( 1 16) described and 
used a microspectrofluorimetric method to measure riboflavin in the blood of 
newborn babies and their mothers. The method required the treatment of 
0.5-1 .0 mI of blood with trichloracetic acid; the treated blood was then purified 
on a Florisil column. The procedure had a sensitivity of 0.01 j.Lg riboflavin/mI, 
which is fully adequate for measuring riboflavin in blood. Newborn babies 
showed an average riboflavin value of 17 . 1 ± 2.4 j.Lg/dl of blood. 

Riboflavin levels in urine have generally been determined by microbiologi­
cal assay or by somewhat tedious fluorometric methods .  Recently, several new 
procedures have been developed that should enhance the efficacy of measuring 
riboflavin in urine. Smith (209) used HPLC with a fixed-wavelength spectro­
fluorometer for detection. Untreated urine samples were injected directly onto a 
reversed-phase microparticulate CIS column. The limit of sensitivity was 0.05 
j.Lg riboflavin/mI of sample. Subsequently, Gatautis & Naito (71 )  reported on 
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384 SAUBERLICH 

an improved HPLC procedure to measure riboflavin in urine. Urine was 
injected directly into the system and quantitated by fluorometric detection (450 
nm excitation and 530 nm emission). Concentrations of riboflavin as low as 
0.01 �g/ml were readily detected. Both of the above HPLC procedures require 
further evaluation to ensure that urine specimens do not contain spurious 
compounds that may give falsely high riboflavin values. 

Riboflavin has also been measured in urine and other samples by means of a 
competitive binding protein procedure. Bashor & Tillotson (219) isolated 
riboflavin-binding protein from chicken egg white. Using the purified apopro­
tein, they developed a method for quantitatively determining urinary riboflavin 
levels by measuring the change in fluorescence in the sample or standards 
before and after titration with the apoprotein. The method was rapid and 
sensitive, and no treatment of the urine samples was required prior to analysis. 
Values obtained by microbiological assay, however, were 15-25% lower than 
those obtained by the fluorometric apoprotein titration method. The nature of 
this discrepancy requires further investigation. 

Lotter et al ( 136) also used the riboflavin-binding protein prepared from 
chicken egg white in their radioisotopic competitive binding assay. The proce­
dure is based on the observation that the riboflavin-binding protein binds tightly 
to DEAE-cellulose but free riboflavin does not. A solution of [2-14C]riboflavin 
was diluted with varying amounts of a standard unlabeled riboflavin solution or 
an unknown sample, mixed with a quantity of the aporiboflavin binding 
protein, and then washed through a small DEAE-cellulose column. The pro­
tein-bound riboflavin was eluted from the column into scintillation vials and 
counted, and the unknown samples were compared to a standard curve. The 
procedure suffered from a lack of sensitivity that could be improved by the use 
of radioactive riboflavin with a higher specific activity. 

NIACIN (NICOTINIC ACID) 

Niacin deficiency, which results in pellagra, continues to occur in certain 
maize-eating populations, such as those of South Africa and Egypt, and in 
those parts oflndia where jowar is a dietary staple. In the United States, clinical 
cases of pellagra may occur in association with alcoholism. 

Few laboratory procedures are available for assessing niacin nutriture in 
humans. The general procedure is to measure one or more urinary excretion 
products of niacin metabolism; metabolites most commonly measured are 
NI-methylnicotinamide (N1-MN) and 2-pyridone (NI-methyl-2-pyridone-5-
carboxylamide). The excretion ratio of 2-pyridone to N1-methylnicotinamide is 
the most reliable indicator of niacin nutritional status ( 1 87). Unfortunately, 
technical problems in the measurement of these metabolites have resulted in 

. time-consuming procedures and variable results. 
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Recently, HPLC techniques have been applied to plasma and urine samples 
to measure nicotin ic acid, nicotinamide, and their metabolites. This has led to 
simple,  sensitive, and accurate methods of measuring 2-pyridone and NI-
methyl nicotinamide . 

A number of the HPLC procedures measure only nicotinic acid, nicotin­
amide, and nicotinuric acid in plasma and urine (57, 94, 212) . Measurements 
of these compounds have not proven useful or reliable for assessing niacin 
nutritional status. 

Mrocheck et al (150) used liquid chromatography to separate and quantitate 
n ic otinuric acid, NI-methyl-2-pyridone-5-carboxamide, NI-methyl-4-
pyridone-3-carboxamide, N I-methylnicotinamide, and nicotinamide-N I-oxide 
in human urine. The procedure involved a long elution time and the use of a 
special high-resolution liquid-chromatographic ultraviolet-analyzer. 

Shaikh et al (195) used HPLC in determining NI-methylnicotinamide in 
urine. H owever, the column chromatographic step required to purify the 
sample prior to HPLC analysis resulted in an overall procedure that took seven 
to eight hours per urine sample . Subsequently, Shaikh & Pontzer (194) reo 
ported a simplified method of measuring NI-methylnicotinamide in urine . 
Urine s amples, w ithout pretreatment, were injected directly onto a reversed­
phase HPLC column operating in the soap chromatography phase. The system 
used a hydrophilic eluent containing methanol as an organic modifier and a 
small concentration of a detergent (sodium dodecyl sulfate), which forms an 
ion-pair with an ionized form of a solute . The procedure appears to provide a 
s im p le ,  r ap id ,  and spec ific meth od for the d irect as say of N 1-
methylnicotinamide in urine . H owever, it was used on only a few rat and 
human urine samples, and further verification is desirable. 

Kutnink et al (123) have also described a simple HPLC procedure for 
determining NI-methylnicotinamide in urine samples. Human or rat urine 
samples can be analyzed directly without need for prior extraction or ion 
e xchange c leanup. The procedure was used during a three-month period to 
conduct over 1000 determinations, and there was no reduction in column 
performance or efficiency. 

Rec e n t ly, several  H PLC procedures for determin ing b oth N 1-
methyl nicotinamide and 2-pyridone have been described (31, 143, 182, 214) . 
S andhu & Fraser (182) extracted the metabolites of niacin from the urine 
specimen into chloroform after adding isonicotinic acid to the urine as an 
internal standard . The chloroform was removed by evaporation, and the residue 
was dissolved in methanol and injected into the HPLC system with ultraviolet 

. detection. Each chromatographic run required 30 min to perform. The proce­
dure was sensitive to as little as 10 ng of either metabolite . 

C arter (31) quantified 2-pyridone and NI-methylnicotinamide in urine using 
isocratic reversed-phase HPLC with ultraviolet detection. The procedure used 
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386 SAUBERLICH 

simple anion-exchange column cleanup of the samples. The prepared samples 
were then analyzed for N1-methylnicotinamide followed by a repeat analysis 
for 2-pyridone. The two analyses were performed in approximately 20 min. 
This reviewer and associates have successfully used the method to measure the 
two niacin metabolites in numerous human and rat urine samples. 

The procedure of Terry & Simon (214) required extensive ion-exchange 
preparation of the urine samples prior to HPLC quantitation. The purified 
samples could undergo simultaneous HPLC quantitation of 2-pyridone and 
NI-methylnicotinamide. The authors reported an average 2-pyridone:N1 -
methyl nicotinamide ratio of 3.60± 1. 06 (range 1.76-5. 90) for 50 normal 
adults. 

McKee et al (143) util ized HPLC for the quantitation of nicotinamide, 
nicotinic acid, n icotinuric acid, NI-methylnicotinamide, and 2-pyridone in rat 
and human urine samples. The untreated urine samples were injected directly 
into the HPLC system. The system employed a linear ion-pair mobile-phase 
gradient. Temperature of the system was critical for satisfactory separation of 
the compounds. It appears that the procedure must be applied with care in the 
quantitation of niacin metabolites in urine; human urine frequently contains 
unknown compounds that may interfere in the separa�ion of niacin metabolites .  
The investigators noted that "often there was overlapping of peaks of unknown 
components w ith one or more of the five compounds studied." 

Automated methods have been proposed for the measurement of N1_ 
methyl nicotinamide in urine (156) and for nicotinic acid in serum (176). The 
procedures appear to have limitations ,  and hence have received little applica­
tion in other laboratories. 

There have been several reports on the use of modified microbiological assay 
procedures for determining the biologically  active forms of niacin in plasma 
and blood (76, 110) . The radiometric microbiologic assay of Kertcher et al 
(110) requires use of tracer amounts of a radioisotope and a commercially 
available item of equipment, but it is unique because colored or turbid materials 
do not interfere with the assay. 

For laboratories lacking HPLC equipment, an exceedingl y  sensit ive 
fluorimetric procedure has been reported for the measurement of N1_ 
methylnicotinamide and nicotinamide in serum (40, 41). The procedure per­
mits detection of as l ittle as 5 pmol N1-methylnicotinamide/ml of the final 
fluorescent solution . 

Recently, Arienti et al (5) observed an elevation in the activity of nicotinic 
acid mononucleotide pyrophosphorylase in erythrocytes of niacin-deficient 
pigs .  They suggested that this measurement might serve as a functional test for 
evaluating niacin nutritional status. However, the activity of nicotinic acid 
mononucleotide pyrophosphorylase was not elevated in the erythrocytes of 
n iacin-deficient rats (H . Vannucchi, M. A. Kutnink, and H .  E. Sauberlich, 
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unpublished data). Whether the enzyme is elevated in the erythrocytes of 
human pellagrins remains to be evaluated . 

In practice, laboratory assessment of niacin nutritional status is still limited 
to the measurement of niacin metabolites in urine. The availability of HPLC 
simplifies the process and enhances the speed, accuracy, and sensitivity of 
determining 2-pyridone and N1-methylnicotinamide in urine and thus more 
reliable 2-pyridone:N1-methylnicotinamide ratios. 

VITAMIN B6 

In the past decade, the interest in vitamin B6 nutrition and metabolism has 
increased greatly , as is  reflected by the number of publications concerned with 
the nutrient. Vitamin B6 nutriture has been assessed primarily by plasma 
pyridoxal phosphate levels, erythrocyte aminotransferase measurements, tryp­
tophan load tests, and urinary excretion of 4-pyridoxic acid or of intact vitamin 
B 6  (185). Of the numerous reports on vitamin B6 assessment methodology, 
most have been concerned with improvement, validation, or application of 
existing techniques. Few new procedures have appeared. 

The newest approach has involved attempts to separate and quantitate 
vitamin B 6 c ompounds using HPLC (77, 79, 80, 129, 192, 220, 222-224, 226, 
246). The initial procedures were of limited practical use because of low 
sensitivity (222, 246). Subsequently, Vanderslice et al (223) improved the 
sensitivity of their earlier HPLC method by adding semicarbazide to the buffer 
system,  whereby pyridoxal and pyridoxal-5-phosphate were converted to their 
highly fluorescent oximes. The somewhat complicated system required the use 
of two different columns to enhance separati on of the vitamers and employed 
changes in excitation and emission wavelengths to enhance sensitivities. The 
investigators used their method to analyze several samples of human plasma 
and milk for vitamin B6 levels (221, 223). However, even with appropriate 
pretreatment of samples, a 3-ml plasma quantity and approximately 90 min 
were required to complete a single chromatographic run . 

Coburn & Mahuren (43) recently attempted to provide a simpler procedure 
for measuring vitamin B 6  forms in plasma and other biological materials. A 
single column and one fluorometer setting were used to measure pyridoxal 
phosphate, pyridoxic acid, pyridoxamine phosphate, pyridoxal , pyridoxine, 
pyridoxamine, and pyridoxine phosphate in 0.25 ml of serum. The procedure 
required 40 min . Undoubtedly further investigations will yield a simpler and 
more versatile chromatographic procedure for analyzing the various forms of 
vitamin B 6  in biological fluids (43, 224). 

Gregory & Kirk have described HPLC procedures for measuring pyridoxal-
5-phosphate (77), 4-pyridoxic acid (79), and other vitamin B6 compounds (80). 
Pyridoxal-5-phosphate was extracted from samples with perchloric acid and 
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then converted to the pyridoxal-5-phosphate-semicarbazone and quantitated 
with the use of HPLC (77). Although the procedure was adequate to measure 
pyridoxal-5-phosphate in liver, it was not sensitive enough for use on plasma. 

Schrijver et al ( 192) successfully measured pyridoxal-5-phosphate in whole 
blood with an automated HPLC procedure. The pyridoxal-5-phosphate was 
extracted from blood samples with trichloroacetic acid and purified by HPLC. 
The pyridoxal-5-phosphate was reacted on-line with semicarbazide to form the 
semicarbazone derivative and was quantitated by fluorescence measurement. 
Use of a higher pH increased the sensitivity of the procedure to as low as 5 
nmoVliter. The procedure could also measure pyridoxal during a run, but the 
concentration of this form of vitamin B6 is very low in blood. Each run required 
approximately 20 min, but with automation, considerable numbers of samples 
could be analyzed in 24 hours. With normal adult subjects, pyridoxal-5-
phosphate ranged from 50 to 120 nmoVliter of whole blood, with a mean of 80 
nmoVliter. 

Lim et al (129) readily separated pyridoxine, pyridoxamine, and pyridoxal 
by HPLC, but the procedure was applied to only a single sample of mille 
Further evaluation will be needed to determine the usefulness of this method for 
use on other biological samples and its freedom from the effects of interfering 
compounds. 

The analysis of 4-pyridoxic acid in urine by HPLC has been particularly 
successful (4, 79, 226). Urine samples merely require treatment with trichlo­
roacetic acid and a brief centrifugation to remove proteins. Aliquots are then 
injected directly onto the HPLC system and fluorometrically detected. With the 
mininal sample preparation and short elution time «6 min), numerous samples 
can be analyzed readily. The amount of 4-pyridoxic acid present in the urine 
correlates with the dietary intake of vitamin B6 (203 , 204, 226). In urine 
samples stored at -20°C, 4-pyridoxic acid remained stable for at least 20 
months (4). Simon et al (204) also found 4-pyridoxic acid in urine samples to be 
stable. 

Lumeng et al ( 137) described a microassay for pyridoxal phosphate using 
tyrosine apodecarboxylase. The procedure, actually a modification of pre­
viously available methods, has resulted in a more sensitive and reliable 
method. Based on experiments with rats, Lumeng et al ( 138) considered 
plasma pyridoxal-5-phosphate levels to be a sensitive, reliable indicator of 
vitamin B6 nutritional status. 

An exceedingly sensitive procedure for measuring pyridoxal-5-phosphate 
was described by Yang et al (253).  It is based on the activation effect of 
pyridoxal-5-phosphate on apoasparate aminotransferase purified from pig 
heart. Aspartate aminotransferase activity was measured, through coupling to 
malate dehydrogenase, by spectrophotometrically monitoring the disappear­
ance of NADH at 340 nm. 
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Shin-Buehring et al ( 199,200) described an exceedingly sensitive enzymatic 
method for the determination of pyridoxal-5-phosphate in blood, urine, and 
tissues. The method involved the reaction of tyrosine apodecarboxylase and 
[3H]tyrosine to form [3H]tyramine. A simplified sample extraction procedure 
reduced the destruction of pyridoxal-5-phosphate. Pyridoxal-5-phosphate was 
observed to be stable in whole blood samples stored at -20°C for at least 
several months; plasma stored at -20°C, however, lost over 50% of its 
pyroxidal-5-phosphate within a week. Pyridoxal-5-phosphate levels were high 
in infants and fell with age. An effect of age on plasma pyridoxal-5-phosphate 
levels was observed also by Rose et al ( 177) . , 

Bhagavan et al  ( 19) have improved their previously reported methods for 
measuring pyridoxal-5-phosphate in plasma and other biological materials. 
Their microenzymatic method, which also utilizes tryosine apodecarboxylase 
and L-[1-14C]tyrosine, is rapid, highly sensitive, and specific. 

Camp et al (30) described a further modification of the tyrosine apodecar­
boxylase procedure for measuring pyridoxal-5-phosphate in plasma. The 
[3H]tyramine formed from the pyridoxal-5-phosphate-dependent enzyme reac­
tion on [3H]tyrosine was isolated by extraction into ethyl acetate rather than by 
column chromatography (199, 200), and this was followed by scintillation 
counting. The procedure avoided the need to remove proteins from plasma 
samples before analysis. These investigators found pyridoxal-5-phosphate to 
be stable for at least 10 days in plasma stored at -80°C; this is in contrast to the 
losses reported when plasma was stored at -20°C ( 199). 

Meadows et al (146) utilized the pyridoxal-5-phosphate-dependent apoen­
zyme tyrosine phenol-lyase purified from Erwinia herbicola. Pyridoxal-5-
phosphate was quantitated spectrophotometrically in a coupled reaction with 
lactate dehydrogenase and NADH. An analysis could be completed within 20 
min. However, with an assay range of 0. 1-1 .0 /oLg pyridoxal-5-phosphate/ml, 
the procedure is less sensitive than other available methods. 

Chauhan & Dakshinamurti (36, 48) separated pyridoxal, pyridoxamine, 
pyridoxine, pyridoxal-5-phosphate, and pyridoxamine-5-phosphate by ion­
exchange chromatography. The separated compounds were quantitated 
fluorometrically as cyanohydrin derivatives, which permitted a detection range 
of 10-50 ng/ml. Five milliliters of serum were required per analysis, and one 
analysis required six hours to perform. However, with a battery of columns, 
analysis of 10-15 samples could be accomplished daily. 

Yasumoto et al (254), also described an ion-exchange system for measuring 
pyridoxal, pyridoxine, and pyridoxamine. However, the colorimetric detection 
procedure lacks sensitivity, which limits the applicability of the method with 
biological materials. 

Smith et al (208) recently measured pyridoxal and pyridoxal-5-phosphate in 
human leukocytes and plasma by using a cation-exchange chromatography 
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isolation procedure. The procedure involved enzymatic conversion of pyridox­
al-5-phosphate to pyridoxal . The isolated pyridoxal was converted to the 
4-pyridoxolactone, which was measured by fluorimetric assay. Although the 
method was sensitive for determining pyridoxal-5-phosphate, it seems more 
time-consuming than other available methods.  

As noted in this review, there are numerous procedures available for measur­
ing pyridoxal-5-phosphate in plasma. Although some of the procedures appear 
to have advantages, no direct comparison of methods has been made . 

The use of the radioimmunoassay, or enzyme-linked immunosorbant assay, 
is a novel approach to measuring phosphorylated forms of vitamin B6 in 
biological samples (225, 228). Although as described, the procedure is not an 
acceptable assay procedure for forms of vitamin B6, the investigators have 
demonstrated the production of the necessary antibodies . Further development 
could provide a highly specific, sensitive procedure for measuring the indi­
vidual forms of vitamin B6• 

Guilarte and associates (82-86) described a radiometric-microbiological 
assay using Kloekera brevis as the assay organism for the measurement of total 
vitamin B6 in plasma and food samples. An advantage of the procedure is that 
colored, turbid, or precipitated material did not interfere. Although the assay 
may be performed manually, special, commercially available item of equip­
ment is required for efficient use of the procedure. Using this relatively 
expensive instrument, this reviewer has found the procedure suitable for the 
assay of vitamin B6 in plasma, urine, and food samples. Guilarte et al (84, 
86) reported that the K. brevis yeast responded equally to pyridox­
ine, pyridoxamine, and pyridoxal; significantly different growth responses to 
these forms were obtained with Saccharomyces uvarum, the yeast commonly 
used for vitamin B6 assays. In contrast, Gregory (78) found unequal growth 
responses of K. brevis to equivalent molar concentrations �f pyridoxine, 
pyridoxamine, or pyridoxal. In the experience of others including this review­
er, S. uvarum has been observed to respond equally to these three forms of 
vitamin B6. Strain differences may exist, but more importantly, specific culture 
maintenance is required to obtain the equivalent growth response in this 
organism. 

Some workers have considered the tryptophan load test inappropriate for 
evaluating vitamin B6 status in women receiving oral contraceptives ( 14, 27). 
Alternative procedures are the use of the methionine load test ( 132) and the 
more expensive kynurenine load test ( 15, 27, 250). A vitamin B6 deficiency in 
the human results in a substantial increase in the urinary excretion of cys­
tathionine following a methionine load ( 127, 1 32, 147). 

Measurements of erythrocyte alanine aminotransferase (ALT; EC 2.6. 1 .2) 
and asparate aminotransferase (AST; EC 2.6. 1 . 1) activities, along with the in 
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vitro stimulation effect of pyridoxal-5-phosphate , have been commonly used to 
evaluate vitamin B6 status (185) . Colorimetric methods or coupled-enzyme 
spectrophotometric procedures are generally employed. These methods have 
lacked in specificity and sensitivity or have suffered from matrix effects of the 
hemoglobin present in the rea:ction mixture (206). In recent years , optimization 
of analytical conditions for measuring aminotransferases in serum has been 
emphasized (16-18, 28, 105, 168) . Serum samples are free of the problems 
associated with erythrocyte preparations, but measurements of aminotrans­
ferases in serum have not proven useful for evaluating vitamin B6 nutritional 
status. 

Skala et al (206) have studied in detail the conditions necessary for automati­
cally measuring both stimulat�d and unstimulated erythrocyte aspartate amino­
transferase and alanine aminotransferase activities through the use of a centri­
fugal analyzer. The sample requirements were exceedingly small and an 
analysis could be completed within 10 min, but some difficulties were still 
encountered in measuring erythrocyte alanine aminotransferase activity due to 
the sample matrix. The same authors described a procedure that uses an 
automated continuous flow analyzer to measure erythrocyte aspartate amino­
transferase activities (206) . An important feature of the system was the incor­
poration of a dialyzer to minimize the matrix effects. Approximately 50 
samples could be analyzed per hour. Further modification has produced an 
automated continuous flow procedure for simultaneous determination of ala­
nine aminotransferase and aspartate aminotransferase enzyme activities in 
hemolysates or plasma (205) . Pyridoxal-5-phosphate cofactor-stimulated or 
-unstimulated activities could be measured. Erythrocyte asparatate aminotrans­
ferase in samples stored at -70°C was stable for at least 76 days. Erythrocyte 
alanine aminotransferase in samples stored at -70° was stable for at least 60 
days (206). Kishi & Folkers (67) found erythrocyte asparate aminotransferase 
in lyophilized erythrocyte hemolysates stable for up to 7 days. 

Others have evaluated or modified the methods used to measure erythrocyte 
aspartate aminotransferase (13, 67, 114, 125, 126) . Leinert et al (125, 126) 
reported in detail a semiautomatic method to determine the stimulation effect of 
in vitro addition ofpyridoxal-5-phosphate on erythrocyte aspartate aminotrans­
ferase activity. The investigators found no indication of differences in erythro­
cyte aminotransferase activity between men and women. Oral contraceptives 
and riboflavin status have little if any influence on enzyme activity. However, 
various other drugs and disease conditions have been reported to influence 
serum aminotransferases (68, 255) , and little is known about their effects on 
erythrocyte aminotransferases. Erythrocyte alanine aminotransferase enzyme 
activities were higher in the young cells and decreased with the age of the. cells 
(99). 
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FOLIC ACID (FOLACIN, FOLATE) 

Folic acid deficiency is relatively common as a result of poor dietary intakes, 
excessive alcohol consumption, pregnancy, and other influences such as oral 
contraceptive agents and medication (3, 6-8, 23, 46, 63, 72, 95, 140, 141, 
153, 161, 162, 184, 202). Consequently, measurements to assess fol ic acid 
status are performed in many cl inical laboratories (3). When macrocytic 
anemia is encountered, measurements for serum and red cell fol ic acid and 
serum vitamin BI2 are essential to evaluate the cause (201). If a vitamin BI2 
deficiency is indicated, a Schilling test or plasma vitamin B 12 uptake test is 
necessary for evaluation of the cause of the anemia (34). 

A number of investigators have recently used HPLC to separate folate 
compounds (2, 3, 24, 32, 35, 42, 55, 64-66, 119, 124, 144, 145, 170, 171, 
173, 186, 196, 210, 211). Most of the reports have discussed the use of HPLC 
to purify fol ic acid reference standards or to measure folic acid in pharm­
aceutical preparations or known mixtures. Poor limits of sensitivity in detecting 
folate derivatives restrict the applicability of HPLC with respect to biological 
specimens and food samples (35, 42, 55, 64, 65, 119, 124, 144, 196), which 
may contain more than 100 different forms of folic acid. Nevertheless , HPLC 
permits effective separation of various folate derivatives (2, 24, 170, 173) and 
of the glutamate-conjugated forms (32, 64, 65, 119, 196, 210). Use of radioac­
tively labeled folate forms and special derivatizations has led to unique applica­
tions of HPLC in folate metabolic studies (64, 65, 119, 144, 196). In some 
instances, the folate forms have been separated by HPLC and then quantitated 
by microbiological assay (144). Application of HPLC has provided preliminary 
information on folate profiles in foods (42, 55, 173). 

Lankelma et al (124) used HPLC to measure 5-methyltetrahydrofolic acid in 
plasma and spinal fluid.  The procedure involved the deproteinization ofO. 9 ml 
of plasma in the presence of ascorbic acid to prevent oxidation. The sample was 
centrifuged, and 1 ml of supernatant was injected onto a two-column HPLC 
system. The first column removed the antioxidant and concentrated the 5-
methyltetrahydrofolic acid; it also permitted the use of a large sample injection 
to increase sensitivity. A commercially available electrochemical detector was 
used to quantitate the folate compounds; electrochemical detection provides 
greater sens it ivity t han ultra violet spectrometry for measurin g 5-
methyltetrahydrofolic acid. The l imit of detection for 5-methyltetrahydrofolic 
acid was 2x 1O- 9M. However, the sensitivity of the technique to fol ic acid 
(pteroylglutamic acid) and leucovorin (Ns-formyltetrahydrofolic acid) was 
low. Other forms of the nutrient were not studied. 

C hapman et al (35) attempted to use HPLC to measure folate levels in serum. 
Their system separated fol ic acid, 5-methyltetrahydrofolic acid ,  dihydrofol ic 
acid, and NS-formyltetrahydrofolic acid. Ultraviolet detection was used, which 
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resulted in low sensitivity. The detection limit was 3 ng/50 f,Ll of injected 
sample ,  which is inadequate for normal serum samples. 

Krumdieck and associates (64, 65, 119) have isolated the folate forms 
present in tissues into three groups. The compounds present in each group were 
derivatized and their glutamate chain lengths studied by HPLC. Using azo dye 
derivatization and HPLC, Shane (196) was also able to study glutamate chain 
lengths of folates present in mammalian tissue and bacterial extracts. However, 
the procedures did not provide information on the one-carbon-substitution of 
the folates present. Others have converted the folate forms to their monogluta­
mate state and then applied HPLC to separate and quantitate the various 
monoglutamates (144) . The monoglutamates were separated on a f,LBondapak 
CI8 reversed-phase column, which permitted the separation of tetrahydrofolic 
acid, pteroylglutamic acid, dihydroglutamic acid, 5-CH3-tetrahydrofolic acid, 
5-CH O-tetrahydrofolic acid, 10-CHO-tetrahydrofolic acid, and 5,10-
methylene-tetrahydrofolic acid. The separated forms were quantitated by mic­
robiological assays, which were five times as sensitive as UV spectropho­
tometric detection. 

Some of the difficulties with folate analytical studies are the potential 
interconversion of the folate forms, folate losses, and changes in glutamate 
chain length during sample preparation and extraction or even during the actual 
conduct of the analysis. Currently, few of the HPLC applications for measuring 
folates have the potential to serve as practical means of assessing folic acid 
nutritional s tatus. 

Microbiological assays remain the standard procedure for measuring total 
folic acid activity in serum, blood, tissues, and foods. Normally, Lactobacillus 
casei is used as the growth organism because of its nearly equal response to all 
of the monoglutamate forms of folic acid. It has been important to simplify the 
microbiological assay for laboratory technologists who have minimal experi­
ence in this area. Scott et al (193) described in detail a simplified assay for folic 
acid in erythrocytes and serum. To further minimize concern over sterile 
conditions and to decrease contamination problems, chloramphenicol may be 
added to the growth medium and the assay may be conducted with a chlor­
amphenicol-res istant strain of L. easei. Because chloramphenicol has poten­
tial to produce aplastic anemia, its use in such assays has been criticized 
(248). Nevertheless, the procedure has received acceptance in numerous labor­
atories . 

A continuous-flow automated folacin assay system that accommodates a 
large number of serum samples has been described (213). The system utilizes 
L. casei as the test organism, and the incubation period is approximately four 
hours. The growth response of the organism to folate is estimated by measuring 
the rate of reduction of 2,3,5-triphenyl tetrazolium chloride. The procedure 
compared well with a standard test-tube microbiological assay for folic acid. 
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Magnus (139) also briefly described an automated microbiological assay for 
folic acid that employed a commercially available instrument. 

Use of glycerol-cryoprotected cultures to minimize contamination of mainte­
nance cultures of L. casei and to provide a uniform assay inoculum has been 
reported (81, 249). The procedure was quite simple and eliminated the need to 
prepare inoculum cultures for each assay. The L. casei was grown in a batch 
quantity of medium and supplemented with a low concentration of folic acid 
(0. 3 f.Lg/liter). Following incubation, the growth medium was diluted with an 
equal volume of glycerol. Aliquots of the diluted growth medium were placed 
in sterile screw-cap vials and stored at - 20°C for use as an assay inoculum. 
Chen et al (37) used lyophilized cultures to reduce routine maintenance and 
inoculum preparation time. 

Chen et al (37) developed a radiometric microbiological assay procedure for 
determining folic acid in plasma, blood, foods, and other materials.  The 
procedure involves the measurement of the 14C02 evolved from the metabo­
lism by L. casei of [1-14C]gluconate through the hexose monophosphate shunt. 
The production of 14C02 is related to the amount of folate present in the system. 
The sensitivity of the procedure was comparable to the standard folate micro­
biological assay, but had the advantage that any color or turbidity present in 
samples did not interfere in the assay. However, the procedure was subject to 
two common problems: bacterial contamination and the presence of antibiotics 
or antifolacins in the samples. Cost is a consideration in using the radiometric 
microbiological method, because it requires the use of a relatively expensive, 
specialized item of equipment in addition to the radioisotopes .  

Various radioassays (radiometric binding assays) have been developed to 
overcome some of the problems encountered in microbiological assays for folic 
acid (26, 73, 90, 92,102, 103, 109, 130, 134, 148, 149, 179, 180, 190, 216, 
236--240). A number of commercial radioassay kits are available for measuring 
folic acid levels in serum and erythrocytes. Although the kits are convenient 
and easy to use , some uncertainties exist about the validity of the folate values 
obtained. Hence , a number of studies have compared radioassay and micro­
biological methods for determining folates in serum and erythrocytes (I, 10, 
45,54, 89, 98, 104, 120, 142, 180, 197, 231). Most ofthe radioassays provide 
serum folate values comparable to those obtained with the microbiological 
assay (26, 104, 134, 231, 239). In some instances , however, radioassay 
yielded abnormal values or values that were consistently either lower or higher 
than those obtained by microbiological assay (10, 54, 98, 120, 142, 197, 216). 
Radioassay methods have been less reliable when applied to erythrocytes or 
whole blood (142, 149); whether this is related to sample treatment (109, 130), 
folate standards used (102, 148, 216), pH (73, 89), sources of protein binders 
(237), or other factors remains unclear. 

The most common standards used in the radioassays are N5-methyl-
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tetrahydrofolic acid and pteroyglutamic acid. In the radioassays , N5_ 
methyltetrahydrofolic acid has been reported to have a somewhat greater 
displacement ability than pteroylgutamic acid (148, 216); hence, serum or 
erythrocyte folate values would be lower when pteroylglutamic acid was used 
as the standard. Other investigators , however, observed no difference between 
the two folate standards when the radioassay was conducted at pH 9. 3 with a 
milk folate binder (1, 73, 134) . Differences may exist in the binding affinities 
of folate monoglutamates and folate polyglutamates .  Although Schreiber & 
Waxman (190) reported none, more recent observations indicate a significant 
increase in binding activity for polyglutamates (45, 197) . 

Those contemplating the use of radioassay to measure folic acid levels in 
serum and erythrocytes should carefully consider the procedure or commercial 
kit they will use . It is important that the individual laboratory establish a 
reference range of normal and deficient serum and erythrocyte folate values 
based on the procedure selected (54) . 

Evaluation of folic acid nutriture frequently must also include information on 
vitamin BI2 status; hence, simultaneous radioassays for serum folic acid and 
vitamin BI2 have been developed (38, 54, 90, 240). Recently, a semiautomated 
radioassay system for simultaneously measuring the two vitamins in serum was 
evaluated (38) . The analytical results were comparable to those obtained in the 
individual radioassays (38, 90) , but the technical time for analysis was de­
creased. 

Hendel (93) described a radioassay that was specific for the determination of 
pteroylglutamic acid in plasma, erythrocytes, and urine. The lower limit of 
detection of pteroylglutamic acid in the assay was 0. 1 f.Lg/liter. The radioassay 
was free of any significant interference from tetrahydrofolic acid,  5-
methyltetrahydrofolic acid, or methotrexate . Since little pteroylgutamic acid 
occurs naturally, this assay has only limited or special research applications. 

Radioassays for folates in foods and rat tissues have recei ved limited applica­
tion in one laboratory (75, 218) . However, in view of the large number of folate 
forms present in foods and tissues and the limited number of folate forms that 
respond in the radioassay systems, application of this technique to natural 
materials (1 97) will require caution and careful evaluations . Converting the 
folate forms present to their monoglutamate state does not ensure that the 
various one-carbon-substituted folates will react equally in the radioassays. 

Wu et al (252) demonstrated a good correlation between folate levels in 
serum, erythrocytes, and liver in a study with alcoholic patients. Serum and 
erythrocyte folate levels may be depressed in thalassemic patients (227) and 
sickle-cell patients (133) . These effects may reflect an increased requirement 
for folic acid by these patients. 

The deoxyuridine suppression test for diagnosing folic acid and vitamin B 1 2  
deficiencies (96, 241-243) has been the subject of additional evaluation and 
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modification (33, 44, 47, 49-53, 69, 152, 157, 225, 244, 245, 256). The 
deoxyuridine suppression test evaluates in vitro the ability of exogenous 
deoxyuridine to suppress  the incorporation of subsequently added 
[3H]thymidine into the DNA of bone marrow cells. The test correlates well with 
megaloblastosis (244) , and it can determine the presence of either a folate or a 
vitamin B I 2 deficiency (241). The test is sensitive and may be a better index of 
folate or vitamin B 1 2 status than either erythrocyte folate or serum vitamin B 1 2 
levels (244) . Because bone marrow cells are required to perform the test, its 
general use is restricted to clinical and research applications. 

Subsequently it was reported that the deoxyuridine suppression test could be 
conducted with PHA-stimulated lymphocytes (50-53). The test was further 
simplified so that a small amount of whole blood (0. I ml) could be used instead 
of isolated lymphocytes (53) . It should be noted that an abnormal lymphocyte 
deoxyuridine suppression test may also indicate a past folate deficiency (50, 
51); Das & Herbert (50) reported that the abnormal deoxyuridine suppression in 
the PHA-stimulated lymphocytes of patients with folic acid or vitamin B 1 2 
deficiencies persisted for up to 84 days after treatment. These observations 
must be kept in mind in using and interpreting results obtained from the 
lymphocyte deoxyuridine suppression test. It should be also noted that the 
lymphocyte deoxyuridine suppression test is still time-consuming to perform, 
because the PHA-stimulated lymphocytes require a 72-96-hour incubation 
period during the test. 

The determination of hypersegmentation of neutrophils is easily performed 
and is a useful measure of folate or vitamin B 1 2 deficiency (20, 44, '51, 162). 
However, neutrophil hypersegmentation is an unreliable indicator of folate 
deficiency during pregnancy (95). Although iron deficiency was considered to 
produce hypersegmentation , subsequent investigations revealed that it is prob­
ably the result of the existence of a masked folate deficiency (51). 

Hypersegmentation of neutrophils occurs during granulopoiesis. Henc�, the 
hypersegmentation persists for approximately two weeks after folic acid treat­
ment of folate-deficient patients (151). Several criteria have been applied to the 
interpretation of neutrophil hypersegmentation data (44) . Commonly, abnor­
mal hypersegmentation has been considered to exist when a lobe average of 3. 5 
lobes or more per cell is observed or when 5% of the cells have five lobes. More 
recently, the presence of one six-lobed polymorphonuclear neutrophil per 100 
cells was considered a reliable predictor of megaloblastosis in the bone marrow 
(44, 131, 151) . 

SUMMARY 

This review is limited to progress in the development of new or improved 
laboratory procedures to assess the nutriture of thiamin , riboflavin , niacin , 
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vitamin B6, and folic acid. There has been marked progress in this area for the 
other vitamins as well. The increased availability of radioassay techniques and 
HPLC methodologies that have application in nutrition assessment is signifi­
cant. However, for a number of the vitamins, there is still a need for additional 
methods that provide functionally interpretable preclinical information and 
give accurate assessment of body reserves of the nutrient. Often the guides used 
to interpret the information obtained are tentative and require validation or 
revision. This situation is further complicated by the frequent lack of suitable 
reference standards for quality controls and interlaboratory validation. 
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