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We compared a kinetic method (KM) and a colorimetric method (CM) for 

measuring erythrocyte aspartate aminotransferase (EAST) activity.   Twenty-three 

healthy college students including 7 men and 16 women, aged from 22 to 40 years, 

participated in this study.   Vitamin B-6 status was assessed by EAST activity 

coefficient (EAST-AC), the ratio of EAST stimulated activity by adding PLP in vitro 

(EAST-SA) to basal activity (EAST-BA).   These subjects' EAST indices (EAST-BA, 

EAST-SA and EAST-AC) were compared to their plasma PLP concentration and their 

dietary intake of vitamin B-6 as determined by the food frequency questionnaire (FFQ) 

and 3-day dietary record. 

There was a significant correlation (r=0.59, p<0.01) in EAST-BA obtained by 

the two methods, while the correlation of EAST-SA values between the two methods 

was not significant (r=0.40, p=0.06).   EAST-AC obtained with KM was linearly 

associated (r=0.57, p<0.01) to EAST-AC obtained with CM, but was 1.26 times higher 



(p<0.01) than that with CM.   Thus, the method used for the determination of the 

normal EAST-AC value needs to be noted.   None of EAST indices measured were 

significantly correlated with plasma PLP concentration. 

There was a high correlation for vitamin B-6 intake (r=0.65, p<0.01) and the 

ratio of vitamin B-6 to dietary protein (r=0.58, p<0.01) estimated between the FFQ 

and the 3-day dietary record.   The results suggested the high validity of the FFQ for 

determining vitamin B-6 intake.   Neither of these dietary methods was, however, 

correlated with any EAST activity indices or the plasma PLP concentration. 
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Comparison of Two Methods for Measuring Erythrocyte Aspartate Aminotransferase 
Activity in Humans 

INTRODUCTION 

The activities of erythrocyte aspartate aminotransferase (EAST) as well as 

erythrocyte alanine aminotransferase (EALT), two pyridoxal 5'-phosphate (PLP)- 

dependent enzymes, are commonly used as a biochemical test to assess vitamin B-6 

status in humans (Leklem, 1990).   For determining vitamin B-6 status, the activities of 

these enzymes are measured in the absence of PLP added in vitro (basal activity; a 

measure of the amount of apoenzyme saturated with PLP in vivo) and with PLP added 

in vitro (PLP-stimulated activity; a measure of total aminotransferase protein). 

Vitamin B-6 status in humans is assessed by the activity coefficient (AC) of these 

aminotransferases, which is the ratio of PLP-stimulated EAST or EALT activity to 

basal EAST or EALT activity.   Vitamin B-6 inadequacy is reflected by a higher AC. 

For example, Leklem (1990) suggests that an AC for EAST of more than 1.8 and an 

AC for EALT of more than 1.25 suggests vitamin B-6 inadequacy.   Compared to other 

methods of determining vitamin B-6 status, erythrocyte aminotransferase activity 

reflects long-term vitamin B-6 status because of the life-span of red cells. 

Erythrocyte aminotransferase activity is commonly used in clinical practice and 

nutrition surveys to evaluate vitamin B-6 status.   For example, these tests have been 

used to measure vitamin B-6 status in patients with renal disease (Porrini et al., 1989), 

obese patients after gastroplasty (Turkki et al., 1992), in alcoholic patients (Lowik et 

al., 1992) and in tuberculosis patients receiving isoniazid therapy (Standal et al., 1974), 
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as well as "apparently healthy" people including, for example, the elderly (Ribaya- 

Mercado et al., 1991; Asciutti-Moura et al., 1993) and adolescents (Korede and 

Alalade-Ajayi, 1993). 

In spite of the frequent use of this vitamin B-6 status indicator, the method for 

measuring erythrocyte aminotransferase activity is not standardized (Sauberlich et al., 

1974).   Methods for determining aminotransferase activity can be categorized as 

kinetic (KM) and colorimetric (also called end-point) methods (CM).   The KM 

measures the rate of enzymatic reaction, while CM measures the amount of end- 

product formed during a defined, uniform period of reaction.  Therefore, these two 

methods are measuring the different reflections of the transamination reaction.   KM is 

considered to be more accurate than CM because of its specificity (March et al., 1955; 

Woodring and Storvick, 1970; Guisti et al., 1969). 

The purpose of the research reported in this thesis was to compare the basal 

activity, PLP-stimulated activity and AC of EAST determined by KM and CM in 

young adults.  EAST rather than EALT was chosen for this research because EAST is 

stable in the frozen state (Leklem, 1990).  These activity indices were compared with 

the subjects' plasma PLP concentration, another commonly used method for measuring 

vitamin B-6 status in humans.   The subjects' dietary intake of vitamin B-6 was also 

compared with these activity indices.   Erythrocyte aminotransferase AC, however, does 

not correlate with dietary intake, which is usually estimated by calculating vitamin B-6 

intake from the subjects' dietary record (Turkki et al., 1992).   Since EAST reflects 

long-term vitamin B-6 status (Bender, 1987; Leklem, 1990), EAST-AC was compared 
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to dietary vitamin B-6 intake assessed by using 3-day dietary records and a food 

frequency questionnaire.   The latter method reflects long-term dietary intakes. 



LITERATURE REVIEW 

Background on Vitamin B-6 

Vitamin B-6 is a general term for the six forms of this vitamin—the three free 

vitamers are pyridoxine (PN), pyridoxamine (PM) and pyridoxal (PL); their respective 

5'-phosphates are pyridoxine S'-phosphate (PNP), pyridoxamine 5'-phosphate (PMP) 

and pyridoxal 5'-phosphate (PLP) (IUPAC-IUB Commission on Biochemical 

Nomenclature, 1973).   The structures of these vitamers are shown in Fig. 1. 

The major B-6 vitamers found in animal products are PL, PM and their 

phosphorylated forms.   In plant products, however, PN is the prevalent form (Orr, 

1969).   Pyridoxine 5,p-(D) glucoside (PNG), first identified by Yasumoto et al. (1977), 

is unique in plant foods.  The limited bioavailability of PNG in humans was reviewed 

by Leklem (1988). 

Vitamin B-6 metabolism in the liver was reviewed by Lumeng et al. (1985), 

and Leklem (1994).   Liver is the major organ where metabolism of vitamin B-6 takes 

place.   The interconversion of the B-6 vitamers and the formation of a 4-pyridoxic 

acid (4-PA), the major degradation product of vitamin B-6 in the liver, are shown in 

Fig. 1.   After intestinal digestion and absorption, the free forms of vitamin B-6 are 

transported by portal circulation to the liver where they are phosphorylated by PL 

kinase (EC 2.7.1.35).   Because of the wide distribution of PL kinase, phosphorylation 

of the free B-6 vitamers can occur in several tissues besides liver, including kidney, 

brain, skeletal muscle, spleen, large and small intestines, and red blood cells (Lumeng 



Figure 1. Chemical structure and interconversion of vitamin B-6 in the liver. 
(Adapted from Leklem, 1994).   The major end-product of vitamin B-6 metabolism is 
4-pyridoxic acid which is excreted in urine. 
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et al., 1985).  Following phosphorylation, PNP and PMP are oxidized to PLP by the 

action of PN (PM) S'-phosphate oxidase (EC 1.4.3.5) (Wada and Snell, 1961). 

(Although PN in plasma is taken up by tissues and converted to PNP, PNP is not 

sufficiently converted to PLP due to the lack of PN (PM) 5'-phosphate oxidase activity 

in many tissues.)   Circulating PLP in plasma is formed in the liver and is transported 

in blood attached to albumin.   PLP is hydrolyzed to form PL by the action of a 

phosphatase.  PL from both dephosphorylation and the diet can be ultimately 

converted in the liver to 4-PA, which is excreted in urine.  (Vitamin B-6 metabolism 

in erythrocytes is reviewed later.) 

PLP bound to glycogen phosphorylase (Krebs and Fisher, 1964) in muscle 

serves as a major body pool of vitamin B-6.   In a study on rats (Black et al., 1978), 

PLP in muscle was not mobilized during the vitamin B-6 deficiency.   In a vitamin B-6 

depletion-repletion study of men, Cobum et al. (1991) also demonstrated a relatively 

stable PLP concentration in muscle when men depleted of vitamin B-6 received a 0.98 

mmol PN-HC1 supplement daily for 6 months. 

Functions of Vitamin B-6 

PLP, the coenzymatic form of vitamin B-6, is essential for the activity of more 

than 100 enzymes (Sauberlich, 1985).  PLP plays a paramount role in amino acid 

metabolism.   Over 50 aminotransferases are PLP-(PMP)-dependent (Braunstein,1973). 

Other reactions catalyzed by PLP-dependent enzymes include the racemization, 

decarboxylation, desulfhydration, and dehydration of amino acids (Sauberlich and 



8 

Canham, 1980).   In the transamination reaction, aminotransferases require PLP to be 

activated via a Schiff base formation (Fig. 2a).   The enzyme-PLP Schiff base forms an 

amino acid-PLP Schiff base (aldimine) (Fig. 2b) with subsequent release of the 

enzyme's lysine amino group.   The aldimine then is converted to an a-keto acid and 

PMP (Voet and Voet, 1990). 

PLP is also involved in carbohydrate metabolism.   As mentioned previously, 

PLP is a component of glycogen phosphorylase (Krebs and Fisher, 1964), which 

cleaves terminal glycoside bonds of glycogens, releasing glucose-1-phosphate.  PLP 

acts as a coenzyme in this reaction, but in a unique manner compared to the other 

PLP-dependent enzymes.  In phosphorylase, PLP is covalently linked to lysine via a 

Schiff base formation in a manner similar to that described above for transamination 

reactions.   The Schiff base in PLP-glycogen phosphorylase complex, however, is not 

reduced by the presence of NaBH4 while other PLP-dependent enzymes can be 

reduced and inactivated.  Those results suggest that in the PLP-phosphorylase 

complex, only the phosphate group of PLP may be involved in the catalytic process of 

glycogen (Voet and Voet, 1990). 

As a coenzyme, PLP is also essential for the synthesis of glucose from amino 

acids.   For example, alanine aminotransferase is important in the alanine-glucose cycle 

which involves gluconeogenesis. During strenuous exercise or in the early phases of 

starvation, muscle alanine aminotransferase transaminates pyruvate, an end-product of 

glycolysis, to form alanine which is transported to the liver to be changed back to 

pyruvate by hepatic alanine aminotransferase.   By gluconeogenesis, pyruvate is 



(CH2)4 - Enzyme 
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Figure 2. The Schiff base of PLP with an aminotransferase (a) and with an amino 
acid (b). 
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transformed back to glucose in the liver. 

Vitamin B-6 is also required for lipid metabolism.   Vitamin B-6 deficiency in 

rats produced a two to three-fold increase in hepatic fat (Halliday, 1938).  This may be 

due to a decrease in carnitine synthesis resulting from vitamin B-6 deficiency (Cho, 

1987).   Carnitine is required for transferring fatty acids across the mitochondrial 

membrane for P-oxidation. 

Other roles for PLP include the synthesis of neurotransmitters such as 

dopamine, norepinephrine, serotonin, y-aminobutyric acid, histamine and taurine. 

These neurotransmitters are amines which are produced by PLP-dependent reactions 

from precursor amino acids (Metzler, 1977).   Adequate vitamin B-6 status is critical 

for the development and normal function of the nervous system.  Vitamin B-6 

deficiency in infants produces severe neurological impairment (Snyderman et al., 

1953). 

Vitamin B-6 is also important for normal immune function.   Meydani et al. 

(1991) observed a decrease in interleukin 2 (IL-2) production and peripheral blood 

lymphocyte proliferation in response to both T- and B-cell mitogens in healthy elderly 

people depleted of vitamin B-6.   Supplementation with PN improved these in vitro 

tests of immune function.   Impaired immune function in people with vitamin B-6 

deficiency may be due to inadequate synthesis of protein in response to stimulation of 

the immune system (Axelrod and Trakatellis, 1964, as cited by Meydani et al., 1991). 
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Metabolism and Functions of Vitamin B-6 in Erythrocvtes 

Erythrocytes play an important role in the transport and metabolism of vitamin 

B-6 (Snell and Haskell, 1971; Anderson et al., 1971; Lumeng and Li, 1974; Lumeng et 

al., 1974; Fonda and Harker, 1982).   However, their exact function in the overall 

metabolism of vitamin B-6 is not fully understood (Fonda and Harker, 1982). 

Erythrocytes take up PN and PL passively (Mehansho and Henderson, 1980) 

and accumulate their phosphorylated forms in vivo (Bhagavan et al., 1975) and in vitro 

(Fonda and Harker, 1982; Mehansho and Henderson, 1980).  In rats injected with 

[3H]PN, approximately 4% of the total radioactivity was observed in erythrocytes 

within 30 minutes (Fonda and Eggers, 1980). 

Fonda and Harker (1982) studied the uptake, distribution and metabolism of PN 

in human erythrocytes.   After incubating human erythrocytes with [3H]PN in an 

isotonic medium, they found approximately 80 % of the total radioactivity in the 

erythrocytes.   Moreover, 80 % of that radioactivity was hemoglobin-bound PLP. 

These findings indicate that in human erythrocytes PLP is bound mainly to 

hemoglobin and other proteins, including PLP-dependent enzymes (Lumeng and Li, 

1980) and membrane proteins (Cabantchik et al., 1975; Eger and Rifkin, 1977). 

Erythrocytes contain PN kinase which catalyzes the conversion of PN to PNP 

(Hamfelt, 1967; Lumeng and Li, 1974; Anderson et al., 1971), PNP oxidase which 

forms PLP from PNP or PMP (Lumeng and Li, 1974) (Fig. 1), and a membrane-bound 

phosphatase which regulates the PLP level in the erythrocytes (Lumeng and Li, 1974; 

Anderson et al.   1971).   Phosphorylated B-6 vitamers are not released from red cells 
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(Anderson et al., 1971).  (As mentioned earlier, PLP found in plasma originates from 

the liver (Lumeng et al., 1974).)  In erythrocytes PLP can be converted to PL by 

dephosphorylation (Anderson et al., 1971; Lumeng and Li, 1974) and released into the 

plasma (Anderson et al., 1971).   Erythrocytes, therefore, can transport and store 

vitamin B-6 (Fonda and Harker, 1982). 

Binding of PL to hemoglobin is more than two times stronger than that to 

plasma albumin, which may explain the 4 to 5 times higher distribution of PL in red 

blood cells than in plasma (Ink and Henderson, 1984).   PLP, however, is more tightly 

bound to hemoglobin than PL.  Both PLP and PL are bound to hemoglobin by forming 

Schiff bases on different sites on the hemoglobin molecule (Benesch et al.,1973). 

Vitamin B-6 affects oxygen binding in hemoglobin.   PLP bound to the p- 

chain reduces 02 affinity for hemoglobin, while the PL binding to the a-chain 

increases 02 affinity (Maeda et al., 1976).   In the synthesis of heme, PLP is the 

coenzyme of 8-aminolevulinate synthetase.  Delta (5)-aminolevulinate is a precursor 

for porphyrin, a part of heme. 

Vitamin B-6 Status Assessment in Humans 

Excellent reviews of vitamin B-6 status assessment have been written by 

Leklem (1990), Leklem and Reynolds (1981) and Sauberlich et al. (1974).   Vitamin B- 

6 status can be evaluated by direct and indirect measures which are briefly reviewed 

below.   Since many factors can affect the interpretation of these laboratory tests, 

Leklem and Reynolds (1981) suggest the use of at least two biochemical 
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measurements for proper interpretation of vitamin B-6 status in humans. 

Direct Methods 

The direct methods for assessing vitamin B-6 status include the measurement of 

one or more B-6 vitamers in plasma and erythrocytes, as well as excretion of vitamin 

B-6 and 4-PA in urine. 

Plasma PLP concentration.   This direct measurement is commonly used in 

current studies.   For the proper interpretation of this measurement, however, one needs 

to consider dietary and physiological factors which affect PLP levels in plasma.   For 

example, an increased vitamin B-6 intake results in an elevation of plasma PLP 

concentration while vitamin B-6 deficiency effects a reduction of plasma PLP levels 

(Baysal et al., 1966; Cobum et al. 1991).  Moreover, Cobum et al. (1991) 

demonstrated that PN administered to men depleted of vitamin B-6 increased plasma 

PLP concentrations from 9 nmol/L to 455 nmol/L.  Brown et al. (1975) also observed 

a positive correlation between vitamin B-6 intake and plasma PLP.   Protein intake 

influences plasma PLP level: Miller et al. (1985) reported that plasma PLP 

concentration is inversely related to protein intake.   For men who had exercised 

strenuously, Leklem and Shultz  (1983) observed transitory increases in plasma PLP 

concentration.   In contrast, Crozier et al. (1994) observed a rapid increase in plasma 

PLP concentration shortly after exercise and return to the initial plasma PLP value 

within 20 minutes.   Increasing the exercise intensity did not increase plasma PLP 
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concentration further.   Habitual cigarette smoking significantly (p<0.0001) reduces 

plasma PLP concentration (Vermaak et al., 1994).   For normal vitamin B-6 status, 

Leklem (1990) suggested that plasma PLP concentration be higher than 30 nmol/L. 

Plasma Total Vitamin B-6 Excretion.   Quantitative measurements of total 

vitamin B-6 in plasma are also used for direct status assessment.  This test is 

conducted in our laboratory in acid-hydrolyzed plasma by assay with Saccharomyces 

uvarum which responds to each of the three free B-6 vitamers.   Methodology for this 

measurement was described well by Miller and Edwards (1981).   Approximately 90% 

of the total vitamin B-6 in plasma is considered to be PL and PLP.   Leklem (1990) 

suggested that plasma total vitamin B-6 concentration higher than 40 nmol/L is 

desirable for adequate vitamin B-6 status (Leklem, 1990).   The effect of protein intake 

on plasma total vitamin B-6 concentrations is similar to that for plasma PLP 

concentration (Miller et al., 1985). 

Urinary 4-PA Excretion.   Measurement of 4-PA, a major metabolite of vitamin 

B-6 excreted in urine, is a non-invasive method for assessing vitamin B-6 intake.   This 

measurement is helpful if it is used to confirm the results of plasma PLP or another 

test of vitamin B-6 status.  Normally, 40 to 60 % of the daily vitamin B-6 intake is 

excreted as 4-PA (Miller et al., 1985).   Urinary excretion of 4-PA, however, tends to 

reflect recent dietary intake (Brown et al., 1975).  Vitamin B-6 deficiency studies in 

humans (Canham et aL, 1969) indicate that urinary excretion of 4-PA is reduced 
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before other biochemical measurements indicate vitamin B-6 inadequacy or clinical 

symptoms of vitamin B-6 deficiency develop.   Thus, urinary 4-PA excretion alone 

cannot be used for the diagnosis of vitamin B-6 deficiency.  Urinary excretion of 4-PA 

and plasma PLP concentrations decreased in young adult women who were depleted of 

vitamin B-6 (Brown et al., 1975) and men (Baysal et al., 1966).   Four-pyridoxic acid, 

like PLP concentration, is inversely related to dietary protein intake (Miller et al., 

1985).   Adequate vitamin B-6 is indicated by values for urinary 4-PA more than 3.0 

|Limol/d (Leklem, 1990). 

Urinary Vitamin B-6 Excretion.   The urinary excretion of free vitamin B-6 can 

be also measured by microbiological assay with Saccharomyces uvarum. 

Approximately 8 to 10 % of the daily vitamin B-6 intake is excreted in urine.  This 

measurement, however, is not considered to be a useful indicator.  Urinary vitamin B-6 

excretion ranging from 0.8 to 1.1 (imol/d reflects vitamin B-6 intake between 8.8 to 

13.6 jamol (1.5 to 2.3 mg)/d.   Urinary excretion of vitamin B-6 below 0.5 nmol/d 

indicates vitamin B-6 inadequacy (Leklem, 1990). 

Indirect Methods 

The most frequently used indirect methods for assessing vitamin B-6 status are 

urinary metabolites of the tryptophan pathway or methionine pathway following oral 

loading doses of these amino acids, as well as erythrocyte aminotransferase activity 

(Leklem, 1990).  Erythrocyte aminotransferases will be reviewed later in great detail. 
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Tryptophan Load Test.   The measurement of urinary tryptophan metabolites 

excreted in response to an oral tryptophan dose has been used widely to assess vitamin 

B-6 status.  Kynureninase (EC 3.7.1.3), a PLP-dependent and a rate-limiting enzyme in 

the oxidative metabolism of tryptophan, is sensitive to vitamin B-6 deficiency (Bender, 

1989).    In response to a 2-g of L-tryptophan dose, a vitamin B-6-deficient individual 

will excrete in urine increased amounts of certain metabolites in the tryptophan- 

kynurenine pathway, including kynurenic acid, xanthurenic acid and 3- 

hydroxykynurenine.   Of these metabolites, urinary xanthurenic acid (XA) is the most 

often used to assess vitamin B-6 status (Brown, 1981). 

The tryptophan load test is sensitive in detecting the effect of dietary protein on 

the development of vitamin B-6 deficiency (Miller and Linkswiler, 1967).   Abnormal 

tryptophan metabolism developed much sooner in vitamin B-6-depleted subjects who 

received a 150-g protein diet than in those who received the 54-g protein diet.   A 

supplement of 1.5 mg PN restored normal tryptophan metabolism in both groups of 

subjects. 

Estrogen conjugates act as competitive inhibitors of kynureninase.   As a result, 

both exogenous (e.g., oral contraceptive agents) and endogenous estrogens (e.g., in 

pregnancy) can cause abnormal tryptophan metabolism (Bender, 1987). 

Methionine Load Test.   Similar to tryptophan metabolism, several steps in the 

conversion of methionine to cystathionine to cysteine are PLP-dependent.   There are 

four PLP-dependent steps in the catabolism of methionine.   The step in which 
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cystathionine is catabolized by cystathionase to form homoserine and cysteine is 

particularly sensitive to vitamin B-6 deficiency.   A person with poor vitamin B-6 

status tends to excrete increased amounts of urinary cystathionine in response to an 

oral 3-g methionine load test (Shin and Linkswiler, 1974; Leklem, 1977). 

Ervthrocvte Aminotransferases  PLP, the active form of vitamin B-6, is the 

coenzyme of erythrocyte alanine and aspartate aminotransferase (EALT and EAST, 

respectively).  The overall reactions catalyzed by these two enzymes are depicted in 

Fig. 3.   Measurement of erythrocyte aminotransferase basal activity (BA) and its 

stimulated activity by PLP added in vitro (SA) is a widely used biochemical functional 

test for assessing vitamin B-6 status.   Results are expressed as erythrocyte 

aminotransferase activity coefficient (AC) or percent stimulation.   AC is the ratio of 

SA to BA.   The percent stimulated activity is calculated by dividing the difference 

between SA and BA by BA times 100.   This test reflects long-term dietary vitamin B- 

6 intake because of the life span of the erythrocyte.   AC values for EAST and EALT, 

indicating adequate vitamin B-6 status, are less than 1.8 and 1.25, respectively (or 80% 

and 25% stimulation, respectively) (Leklem, 1990). 

In whole blood or erythrocytes, the ratio of EAST activity to EALT activity 

measured in normal individuals varies somewhat among researchers: a ratio of 20:1 in 

adult men (Raica and Sauberlich, 1964): a ratio of 10:1 (Cheney et al., 1965) and 15:1 

in adult females (Donald et al., 1971). 

For the detection of minor vitamin B-6 deficiency, EAST is less sensitive 
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Figure 3. Overall transamination reactions catalyzed by alanine and aspartate 
aminotransferases (ALT and AST, respectively).  PLP is the coenzyme for both 
aminotran sf erases. 
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than EALT (Cavill and Jacobs, 1967; Turkki et al., 1992).   Turkki et al. (1992), who 

measured the activity of both EALT and EAST in obese females before and 12 months 

after gastroplasty, observed that EALT was more sensitive to changes in vitamin B-6 

intake than EAST.  This is because of the greater affinity of PLP for EAST than for 

EALT (Cavill and Jacobs, 1967).   Although the response of EAST-BA to changes in 

vitamin B-6 intake was slow, both EAST-BA and -SA correlated more consistently 

with vitamin B-6 intake than EALT (Turkki et al., 1992). 

Studies (since 1990) in which EAST indices have been used to assess vitamin 

B-6 status are summarized in Table 1.  Asciutti-Moura et al. (1993) studied the effect 

of vitamin B-6 supplementation on EAST-AC in 84 institutionalized elderly subjects 

(31 men and 53 women).  Mean dietary intakes of vitamin B-6 estimated for the men 

and women were 1.09 ± 0.36 mg and 0.94 ± 0.25 mg, respectively.   Due to the low 

vitamin B-6 intake, a 11-mg supplement of PN given daily for 30 days significantly 

(PO.05) decreased EAST-AC values from 1.85 to 1.70 for male and from 1.88 to 1.60 

for female subjects. 

Alcohol consumption can decrease EAST-AC.   Lowik et al. (1990) examined 

the effects of alcohol consumption on vitamin B-6 status in an elderly Dutch 

population.  Data were obtained from 224 men and 217 women aged from 65 to 79 

years.   A significant inverse correlation (P<0.01) was observed between alcohol intake 

and EAST-AC because EAST-SA was decreased in those who consumed more 

alcohol.   EAST-BA was not affected by alcohol consumption.   Alcoholic beverages 

can introduce significant amounts of vitamin B-6 into the diet. 
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Table 1. Current studies (since 1990) in which EAST indices are used as vitamin 
B-6 status indicator. 



Table 1. 

Studies Subjects EAST activity 
measurement 

Results 

Korede and 
Alalade-Ajayi 
(1993) 

Lowik et al. 
(1990) 

Turkki et al. 
(1992) 

Asciutti-Moura et 
al. (1993) 

Ferroli and 
Trumbo (1994) 

Evaluation of vitamin B-6 status in 
Nigerian adolescents . 

Studies the effect of alcohol 
consumption of elderly people on 
EAST-BA and EAST-SA. 

Determination of the EAST-BA and 
EAST-SA, as well as AC for obese 
females before and after gastroplasty, 
as well as the correlation between 
EAST measures and B-6 dietary intake. 

Determination of vitamin B-6 
requirement for elderly population. 

Determined the effect of aging on the 
vitamin B-6 bioavailability. 

112 healthy 
adolescents 

224 men and 217 
women (65-79 yrs). 

18 obese females (20 
50 yrs). 

31 men and 53 women 
(>65 yrs). 

20 men (10 aged 20- 
30 yrs and 10 aged 
60-70yrs). 

CM by Woodring 
and Storvick 
(1970). 

KM by 
Stanulovic et al. 
(1967)'. 

KM by Bayoumi 
et al. (1976). 

KM by Leinert et 
al. (1981)2. 

KM by SSCC & 
CP (1974). 

EAST-AC for adolescents with adequate 
vitamin B-6 status was suggested to be 
1.25 ± 0.24. Age and sex did not have 
significant effects on EAST 
measurement. 

EAST-AC for alcohol users (1.71) was 
significantly lower (P<0.01) than that 
for non-users (1.78).   The effect of 
alcohol on both EAST activities was not 
significant. 

EAST-AC increased significantly 
(PO.01) in 3 months after the 
operation. EAST-BA highly correlated 
to B-6 intake at 3 and 9 months and for 
EAST-SA at 6 and 12 months. 

At least 2.5 mg daily vitamin B-6 intake 
would be required to maintain EAST- 
AC <1.99. 

There are no differences in EAST-BA 
and AC between young and old men. 
Bioavailability of vitamin B-6 was not 
altered by aging. 

EAST-BA (EAST basal activity); EAST-SA (EAST stimulated activity); EAST-AC (EAST activity coefficient);   SSCC & CP: the Scandinavian Society 
for Clinical Chemistry and Clinical Chemistry. 
'Cited from Lowik et al. (1993). 
2Cited from Asciutti-Moura et al. (1993). 
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intake measurements, one needs to consider the bioavailability of this vitamin which 

varies among foods (Kabir et al., 1983; Gregory, 1980; Gregory and Kirk, 1978).   The 

limited bioavailability of PNG in plant-derived foods was reviewed by Leklem (1988). 

Moreover, Ribaya-Mercado et al. (1991), who measured vitamin B-6 intake in healthy 

elderly subjects by using 3-day dietary records, mentioned that the actual vitamin B-6 

intake was underestimated because of the incomplete vitamin B-6 values in nutrient 

databases. 

Methods for Measuring Ervthrocvte Aspartate Aminotransferase Activity 

EAST activity can be measured by kinetic (KM) or colorimetric (endpoint) 

methods (CM), of which many were originally designed for measuring serum AST 

activity (Sauberlich et al., 1974).   Methodology for measuring erythrocyte 

aminotransferase activity is well reviewed by Skala et al. (1981). 

Kinetic Method (KMl 

The kinetic method is also called a coupled enzyme method or a 

spectrophotometric method.   The principle reaction for the KM catalyzed by EAST is 

given in Fig. 4.   Oxaloacetate produced by AST is reduced to L-malate by the action 

of malic dehydrogenase (MDH) with the oxidation of NADH to NAD+.   Thus, the 

disappearance of NADH, which has an absorption peak at 340 nm due to its pyridine 

nucleotide, is a measure of AST activity. 

Scanner
Sticky Note
Page is misnumbered.
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EAST 
L-aspartate  + oc-ketoglutarate- 

[+/-PLP| 
Oxaloacetate 1+ L-glutamate 

Measured at 340 nm 

NAD+ 

+ Malic dehydrogenase (MDH) 

L-malate 

Figure 4. Principle reactions for EAST measurement by a kinetic method.   After a 
10-minute preincubation period for the reaction mixture (L-aspartate, hemolysate, PLP, 
NADH and MDH), a-ketoglutarate is added to the reaction mixture.   The disappearance 
of NADH is measured at 340 nm. 
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The modified KMs and their characteristics are shown in Table 2.   A KM was 

applied to human blood for the first time by Karmen et al. (1955).   Karmen introduced 

a KM to measure AST activity in human serum.  Kinetic procedures now in use for 

measuring EAST have been modified from the Karmen procedure. 

Currently, automated methods for measuring EAST activity are available.  By 

using automated kinetic analysis, a large number of samples can be analyzed at one 

time.   Skala et al. (1987) introduced an automated continuous-flow system for 

measuring erythrocyte aminotransferases.   This automated system allows one to 

analyze 80 to 100 specimens per day for both SA and BA within 5 % with the 

interassay precision ranging from 3.5 to 9.1% coefficient of variation (CV).   The 

Cobas-Bioanalyzer is another example of an automated kinetic analyzer, based on the 

KM published by Vuilleumier et al. (1990). 

Colorimetric Method (CM). 

A colorimetric procedure, used widely for the determination of aspartate 

aminotransferase (AST), was introduced by Tonhazy et al. (1950).   Although they 

measured AST activities in rat tissues, their method has been modified by several 

researchers and applied to blood.   These modified methods for measuring EAST are 

given in Table 3.   The principle of the CM introduced by Tonhazy et al. involves the 

conversion of oxaloacetate, derived from aspartate by the action of AST, to pyruvate 

by aniline citrate.   Pyruvate is then reduced with 2,4-dinitrophenylhydrazine forms 

pyruvate-dinitrophenylhydrazone, which is extracted with toluene and converted to a 
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Table  2. Methods and characteristics of kinetic methods which are used for the 
measurement of EAST activity (adapted from Skala et al., 1981). 



Table 2. 

Methods Characteristics 

Buffer Cone, in the final reaction mixture Rx temp. 

Type pH L-aspartate a-ketoglutarate PLP 
(mmol/L) (mmol/L) ([imol/L) (0C) 

Karmen et al. (1955) Phosphate 7.4 33 6.6 - Room 
temp. 

Henry et al. (1960) Phosphate 7.4 125 6.7 - 32 

SSCC & CP1 (1974) Tris 7.7 200 12.0 - 37 

Beutler (19752; 1992) Tris 8.0 10 10.0 20 37 

Bayoumi and Rosalki Tris 7.4 200 12.0 50 25 
(1976) 

Bergmeyer et al. (1978) Tris 7.8 240 12.0 100 30 
and IFCC3 (1977) 

Vuilleumier et al. (1983) 7.5 200 16.0 60 25 

'SSCC & CP: The Scandinavian Society for Clinical Chemistry and Clinical Chemistry. 
2Cited from Skala et al. (1981). 
3IFCC: International Federation of Clinical Chemistry. 
''Aspartate buffer (pH 7.5) containing 250 mmol/L of L-aspartate; 50 mmol/L of triethanolamine; 2.5 mmol/L of EDTA-Na2. 

to 
00 
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Table 3. Colorimetric methods used for the measurement of EAST activity. 



Table 3. 

Methods 

Tonhazy et al. (1950) 

Incubation 

Temp.        Time 
(T) (min) 

37 10 

Characteristics 

Note 

Cabaud et al. (1956) 26 20 Modification of Tonhazy procedure (1950). 

Reitman and Frankel 
(1957) 

Raica and Sauberlich 
(1964) 

Cavill and Jacobs (1967) 

Woodring and Storvick 
(1970) 

40 

37 

37 

37 

60 

60 

60 

60 

Modification of Tonhazy procedure (1950) by 
omitting the precipitation of protein, conversion to 
pyruvate, and the extraction. 

Modification of Cabaud et al. (1956). 

Modification of Reitman and Frankel procedure 
(1957). 

Procedure for EALT activity measurement, but 
modified procedure that had been used employed for 
the EAST measurement. 

o 
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colored compound by the addition of a strong alkali.   Cabaud et al. (1956) applied this 

method to serum AST and Marsh et al. (1955) applied it to whole blood.   Raica and 

Sauberlich (1964) measured AST in erythrocytes using a CM modified by Cabaud et 

al. (1956). 

The CM has been criticized for its lack of sensitivity and specificity.   Two, 

four-dinitrophenylhydrazine reacts not only with pyruvate, but also with other 

substances (e.g., a-keto acids, aldehydes and ketones) in blood (Marsh et al., 1955). 

This can be a source of error by giving an increased value for enzyme activity. 

In our laboratory, the CM developed by Woodring and Storvick (1970) is used 

for EAST and HALT activity measurement.  Their procedure is shown in Fig. 5. 

Brown et al. (1975) used the modified Woodring and Storvick procedure for the study 

in which EAST and EALT activities with and without PLP added in vitro were 

compared between oral contraceptive users and non-users.   Moreover, this procedure 

was used for the evaluation of vitamin B-6 status in Nigerian adolescents, in which 

EAST was employed for the vitamin B-6 assessment (Korede and Alalade-Ajayi, 

1993). 

Vitamin B-6 Intake and Food Sources 

The recommended dietary allowance (RDA) for a vitamin B-6 is 2.0 mg and 

1.6 mg/day for adult men and women, respectively.   Since vitamin B-6 is essential for 

amino acid metabolism, the requirement for vitamin B-6 is related to protein intake. 

The RDA for vitamin B-6, based on the ratio of 0.016 mg vitamin B-6 per gram of 
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Incubation for 1 hour 

L-aspartate + a-ketoglutarate 
EAST 

[ +/- PLP | 

Oxaloacetate I +  L-glutamate 

+ TCA 

11 f Protein Precipitation] 

+ Aniline Citrate 

Pyruvate 

+ DNPH 
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+ Toluene Extraction 

+ Alcoholic KOH 

[Color Development] 

ipound I 

Measured at 490 run 

Colored comt 

Figure 5. A colorimetric method for EAST activity measurement by Woodring 
and Storvick (1970).   DNPH is an abbreviation for 2,4-dinitrophenylhydrazine. 
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protein, was set for protein intakes of 126 g/day for men and 100 g/day for women. 

The average daily vitamin B-6 intake in the U.S. population, based on 24-hour recall, 

is 1.48 ± 0.01 mg (mean + SEM) for the total population, and 1.85 ± 0.02 mg for 

males and 1.14 ± 0.01 mg for females.   The Second National Health and Nutrition 

Examination Survey of 1976-1980 (NHANES II) obtained these data from 11,658 

adults aged from 17 to 74 years (Kant and Block, 1990).   According to this survey, 

men received an average of 92 % of the RDA for vitamin B-6 and women received 

about 70 %.   These data suggested that some women in the US were receiving an 

inadequate amount of vitamin B-6 in their diets. 

As mentioned previously, the bioavailability of vitamin B-6 in the different 

food sources (Kabir et al., 1983; Gregory, 1980; Gregory and Kirk, 1978) needs to be 

considered when vitamin B-6 intake is evaluated.   For example, Kabir et al. (1983) 

observed lower bioavailability of vitamin B-6 in whole-wheat bread and peanut butter 

(plant-derived foods) than in tuna (animal-derived foods).   They calculated that the 

bioavailability of vitamin B-6 in whole-wheat bread and peanut butter was 75% and 

63%, respectively.  The bioavailability in tuna was assumed to be 100%.  From 

NHANES II data, Kant and Block (1990) calculated that animal and plant sources 

supplied 48% and 52%, respectively, of the total vitamin B-6 intake in these 11,658 

subjects. 
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Comparison between the Food Frequency Questionnaire (FFQ) 
and The 3-Day Dietary Record. 

A food frequency questionnaire (FFQ) is included in the Health Habits and 

History Questionnaire (HHHQ) developed by Block in 1984 (Block et al., 1986).   This 

questionnaire measures "an individual's relative nutrient intake as well as absolute 

nutrient values" (Harlan and Block, 1990).   An advantage to using the FFQ is that the 

subjects need no specialized training (Mullen et al., 1984) and, compared to the dietary 

record, less training is required by the interviewers (Fox et al., 1992).   As mentioned 

previously, training affects the validity of nutrient intake data obtained with 3-day 

dietary records (Howat et al., 1994).  The FFQ can be used with a large population 

(Block et al., 1992).  It can be conducted by interview, which takes about 20 to 25 

minutes, or by self-administration (Block et al., 1986), which is less expensive 

compared to multiple dietary records (Block et al., 1992). 

The validity of the self-administered FFQ was evaluated by Block et al. (1992) 

by analyzing 4-day dietary records supplied by 85 men and women aged from 25 to 

50 years.    Subjects were asked to report four 4-day dietary records every three months 

for one year.   After the completion of these four 4-day dietary records for one year, 

subjects answered the HHHQ-FFQ for the last year.  Thus, the period included in the 

HHHQ and the 4-day dietary record was the same between the two methods.   In this 

study, the other B vitamins (thiamin, riboflavin and niacin) showed correlation 

coefficients for the two methods ranging from 0.49 to 0.53.   Vitamin B-6 intake was 

not evaluated.   It is assumed that the correlation coefficient between FFQ and 4-day 
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dietary record for vitamin B-6 would be close to that obtained with those other B- 

complex vitamins. 
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MATERIALS AND METHODS 

Subjects 

Twenty-three apparently healthy college students, including 7 males and 16 

females aged from 22 to 40 years (mean: 28 ± 5 years), served as subjects.   There 

were 13 Asians, 7 Caucasians and 3 Middle Easterners.   Descriptive data on the 

subjects are given in Table 4.   The criteria for selecting subjects were: non-smoker; 

not pregnant; no illness or medical condition requiring supervision of a physician; and 

no history of intestinal, renal or metabolic disorder which would affect vitamin B-6 

status (e.g., bowel surgery, colitis, diabetes and asthma).  Except for one female 

subject (no. 17) who was taking an oral contraceptive agent, none of the other subjects 

used hormones (e.g., oral contraceptive agents, corticosteroids and thyroxine) or other 

drugs which influence the metabolism of vitamin B-6 (e.g., isoniazid and 

penicillamine).   Users of vitamin or any other nutritional supplement were eligible to 

participate in this research.   Five subjects reported the occasional use of a multivitamin 

supplement containing approximately 2 mg of vitamin B-6; a sixth subject reported 

using an herbal supplement (not analyzed) during the year preceding this investigation. 

Experimental Design 

This study was approved by the Human Subjects Committee at Oregon State 

University in May, 1994. Prior to participating in this study, the subjects signed an 

informed consent form which had been approved by this committee (Appendix 1). 
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Table 4. Descriptive data on subjects. 

Subject 
No. 

Age 

(Yis) 
Sex Ethnicity1 Hematocrit 

1 
Hb cone. 

(g/L) 

Height 
(cm) 

Weight 

(kg) 

1 25 F ASN 0.42 138 163 53.6 

2 26 F ASN 0.42 147 163 51.8 

32 22 F CCS 0.46 153 162 61.4 

4 24 F ASN 0.44 149 155 48.2 

53 30 F ASN 0.45 148 153 47.7 

63 37 F ASN 0.43 147 153 54.5 

73 24 F ASN 0.40 131 160 53.6 

8 32 F CCS 0.40 131 163 56.8 

12 40 F CCS 0.43 139 170 82.7 

133 24 F CCS 0.39 132 157 50.0 

15 23 F ASN 0.41 141 152 52.3 

174 35 F CCS 0.45 153 160 49.5 

18 29 F MES 0.44 146 155 59.0 

19 27 F ASN 0.41 141 155 45.0 

20 33 F ASN 0.42 142 162 55.9 

21 27 F ASN 0.40 134 160 54.5 

Mean5 28.6 0.42 142.0 158.9 54.8 

(*=H) ±5.4 ±0.02 ±7.2 ±4.9 ±8.6 

9 29 M ASN 0.45 159 170 53.0 

10 28 M ASN 0.46 162 168 60.0 

11 25 M ASN 0.49 168 170 67.0 

14 30 M CCS 0.43 153 188 75.9 

163 22 M CCS 0.49 172 188 75.0 

22 29 M MES 0.49 178 168 63.2 

23 22 M MES 0.45 150 160 64.5 

Mean6 26.4 0.46 163.1 173.1 65.5 

(II=7) ±3.4 ±0.02 ± 10.1 ± 10.7 ±8.1 

'ASN, Asians (3 men and 10 women); CCS, Caucasians (2 men and 5 women); MES, Middle 
Easterners (2 men and 1 woman). 
2Herbal supplement user. 
3Multivitamin supplement (including vitamin B-6) user during the past year. 
4Oral contraceptive user. 
5Values are means ± SD for 16 female subjects. 
'Values are means ± SD for 7 male subjects. 
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The subjects consumed their customary self-selected diets.   They completed the 

food frequency questionnaire (FFQ) portion of the Health Habits and History 

Questionnaire (HHHQ) (Appendix 2) by Block (1986, 1989) and recorded their 3-day 

dietary intake, including one weekend day and two weekdays.   The subjects submitted 

their completed FFQ and 3-day dietary record on the same day that blood was drawn. 

The researcher reviewed these dietary records with the subjects at this time or later. 

Using the 3-day dietary record, all of the foods consumed for 3 days were classified as 

animal-derived and plant-derived foods as described by Kant and Block (1990).  The 

animal-derived foods included dairy, beef, poultry, pork, fish and some mixed dishes 

containing foods of animal origin (i.e., spaghetti and meat sauce, and macaroni and 

cheese).   Baked grain products containing eggs or dairy products were considered to 

be plant-derived.   The percentage of vitamin B-6 content in each food group was 

determined. 

Blood (5-6 ml) was obtained from fasting subjects between 8 to 10 a.m. only 

once.   It was drawn from the antecubital vein into an evacuated heparinized tube by a 

registered medical technologist.  Following centrifugation of the blood at 3000 rpm for 

15 minutes at 40C, plasma was removed and kept frozen at -20oC until it was assayed 

for PLP.   The red blood cells were washed with a volume of cold 0.85% NaCl 

solution equal to the volume of cells.   After the suspended cells were centrifuged for 

15 minutes at 3000 rpm and 40C, the saline and white cell-platelet layer were 

removed.   This process was repeated two more times. Washed red blood cells were 

stored at -20oC until they were assayed. 

The subjects' hemoglobin and hematocrit were determined by standard 
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cyanomethemoglobin and microhematocrit methods (Wolf, 1973).   All of the subjects 

had normal hematocrit values and hemoglobin (Hb) concentrations (Table 4). 

According to Wolf (1973), normal hematocrit values for men and women, respectively, 

are 0.47 ± 0.05 and 0.42 ± 0.05 and normal Hb concentrations are 160 ± 20 g/L and 140 ± 20 

g/L. 

Laboratory Analysis 

EAST activity with and without PLP added in vitro was measured using the 

colorimetric method developed by Woodring and Storvick (1970) and the kinetic 

method proposed by Beutler (1992).   Each subject's red blood cells were analyzed by 

both methods on the same day.   Storage time for samples varied from 1 to 17 days, 

except for one sample (subject no. 1) which was stored for 30 days.   (Study on effect 

of storage time on EAST activity is presented later.)  Enzyme activity was reported in 

terms of g Hb, which was determined in the hemolysate by the cyanomethemoglobin 

method (Wolf, 1973).  Plasma PLP concentrations were determined by the tyrosine 

decarboxylase method of Chabner and Livingston (1970).  Most of the reagents used 

in this investigation were obtained from SIGMA Chemical Co. (St. Louis, MO) and 

J.T. Baker Inc. (Phillipsburg, NJ). 

Kinetic Method (KM) for Measuring EAST Activity 

The KM procedure used was as described by Beutler (1992).   The hemolysate 

(1:20 dilution) which contained the EAST was added to a solution of aspartate, malic 
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dehydrogenase (MDH) and NADH with and without PLP added in vitro.   After 10 

minutes of incubation, the reaction was started by the addition of a-ketoglutarate. 

Oxaloacetate, the product of this reaction, was converted to malate by the action of 

malic dehydrogenase (from bovine heart muscle, SIGMA Chemical Co., St. Louis, 

MO) which requires NADH as a coenzyme.   Oxidation of NADH was measured at 

340 nm at 25°C with a  Shimazu 160 UV-VIS recording spectrophotometer (Shimazu 

Co., Kyoto, Japan).   One unit of EAST activity was the amount of enzyme that 

produced a decrease of 1.0 A unit per minute at 340 nm per g Hb.  EAST basal 

activity (EAST-BA) was measured without PLP added in vitro; EAST stimulated 

activity (EAST-SA) was measured with PLP added in vitro; EAST activity coefficient 

(EAST-AC) was the ratio of EAST-SA to EAST-BA. 

Colorimetric Method (CM) for Measuring EAST Activity 

The method described by Woodring and Storvick (1970) was used with two 

modifications.   A 0.033 M tris[hydroxymethyl]aminomethane (Tris)-HCl buffer, pH 7.4 

at 250C, was used instead of a 0.1 M phosphate buffer.   Tris was also used in place of 

phosphate in the aspartate substrate.   EAST activity was determined in the hemolysate 

(1:10 dilution of red blood cells) in a reaction mixture containing L-aspartate and a- 

ketoglutarate with and without the in vitro addition of PLP.   After incubating the 

reaction mixture for exactly one hour at 370C, the reaction was stopped by adding 3 

drops of 100% TCA.   The reaction mixture was treated subsequently with aniline 

citrate to convert oxaloacetate, the reaction product, to pyruvate.   The latter was 
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reacted with dinitrophenylhydrazine to form a pyruvate-dinitrophenylhydrazone 

complex.   This product was extracted with toluene and treated with alcoholic KOH to 

form a colored compound, which was measured at 490 nm with a Beckman DU-40 

spectrophotometer (Beckman, Fullerton, CA).   The quantity of pyruvate was 

determined using the standard curve, which was made every time when the samples 

were analyzed.   EAST-BA and EAST-SA were expressed in terms of mg pyruvate per 

g of hemoglobin per hour. 

Effect of Storage on EAST Activity 

It was originally planned that EAST activity would be measured the day after 

blood was drawn.  This, however, could not be done because of occasional difficulties 

with the spectrophotometers for CM.  For this reason, an experiment on storage was 

conducted. 

Erythrocytes were isolated from 10 ml of blood obtained from one person.   The 

erythrocytes were washed with normal saline solution as described above.   The washed 

erythrocytes were dispensed in approximately 0.5 ml portion into vials and stored 

frozen at -20oC.   A frozen erythrocyte aliquot was analyzed EAST-BA and EAST-SA 

at intervals over 30 days.  Temperature was at 370C rather than 250C. 

The data indicated no loss of EAST activity over the above period of time 

(Table 5).   EAST-BA and EAST-SA, measured by both methods, varied from time to 

time during the 30 days of storage and between the two methods.   No effect of storage 

on EAST-BA and EAST-SA was apparent.   Within each method, there was a variation 
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Table 5. EAST indices measured at intervals during 30 days of storage at -20oC. 



Table 5. 

Storage2 Kinetic Method3 Colorimetric Method 4 

(Day) BA (w/o) SA(w) AC BA (w/o) SA(w) AC 

0 2.62 5.72 2.19 13.6 21.8 1.60 

1 2.61 5.16 1.98 12.2 22.5 1.85 

2 2.95 5.67 1.93 11.4 20.8 1.82 

6 2.44 5.43 2.22 13.1 23.9 1.82 

30 2.73 5.85 1.89 11.5 21.8 1.89 

Mean + SD 2.67 10.19 

7.1 

5.57 + 0.27 

4.8 

2.04 + 0.15 

7.4 

12.4 ±0.97 

7.8 

22.2 ± 1.15 

5.2 

1.80 ±0.11 

CVS 6.1 

'BA (w/o), basal activity (without PLP added in vitro); SA(w), stimulated activity (with PLP added in vitro); AC, activity coefficient 
[= Stimulated activity (SA)/Basal activity (BA)]. 
2Erythrocyte sample was divided into 5 subsamples, of which 4 were stored at -20 0C until each was analyzed. 
3EAST activities with and without PLP added in vitro, measured by the kinetic method, were expressed at U/g Hb. 
■"EAST activities with and without PLP added in vitro, measured by   the colorimetric method, were expressed at mg pyruvate/g Hb/hr. 
'Coefficient of variance. 
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in EAST-BA and EAST-SA throughout storage days.   Although the EAST activity was 

different on each storage day tested, there were no trends over time. 

This consistent instability of AST activity in frozen samples was also obtained 

by Marsh et al. (1955) who analyzed the stability of AST activity using 84 different 

whole blood samples at intervals ranging from 1 to 30 days.   AST may be more stable 

in frozen erythrocytes, as in the present experiment, than in whole blood or in 

hemolysates.   Filcher and Walter (1971) reported no loss of AST activity over a 2- 

month period in stored frozen hemolysates. 

Effect of Temperature on EAST KM 

To evaluate the influence of temperature on EAST indices, EAST activities 

were measured at 250C and 370C using KM.   Two erythrocyte samples were used for 

this test: one (sample A) was the same erythrocyte sample used for the determination 

of storage effect on EAST indices described previously, the other (sample B) was one 

of the erythrocyte samples (subject no. 15) randomly chosen from the 23 erythrocyte 

samples. 

EAST indices obtained with KM at these different temperatures were also 

compared to the EAST indices (measured only at 370C) obtained with CM on the 

same day.   As mentioned before, EAST activities obtained from each subject were 

measured at 250C by KM, while those with CM were measured at 370C.   EAST 

indices obtained from these two samples showed the same trend (Table 6): EAST-BA 

and EAST-SA measured at 370C was approximately 2 times higher than those 
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measured at 250C.   The EAST-AC determined at 250C and 370C in both samples, 

however, was almost the same between these temperatures, but slightly higher when 

measured at 370C (approximately 1.1 times) than that of 25°C, indicating that either 

temperature could be used for the enzymatic reaction to calculate the EAST-AC. 

Moreover, EAST-AC measured at 370C with KM (2.22) was 1.22 times higher than 

that of CM (1.82) measured at 370C on the same day. 

Table 6. Effect of temperature on EAST indices1 obtained with KM. 

Sample A2 Sample B3 

Temperature BA SA AC BA SA AC 

250C 

370C 

1.25 

2.44 

2.61 

5.43 

2.09 

2.22 

1.48 

2.73 

2.84 

5.85 

1.93 

2.14 

370C/250C 1.95 2.08 1.06 1.85 2.06 1.09 

'BA, basal activity (without PLP added in vitro); SA, stimulated activity (with PLP added in vitro); AC, 
activity coefficient [= Stimulated activity (SA) / Basal activity (BA)]. 
2Same sample as used for the study of storage effect on EAST activity (Table 5) on the sixth day of 
storage at -20oC. 
3Erythrocyte sample of subject no 15.  This was chosen randomly from 23 erythrocyte samples and had 
been kept at -20oC for 72 days. 

EAST activities with and without PLP added in vitro, measured by the kinetic method, were expressed 
at U/g Hb. 
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Dietary Analysis 

Food Frequency Questionnaire (FFO) 

The food frequency questionnaire (FFQ) portion of the Health Habits and 

History Questionnaire (HHHQ) (Appendix 2) developed by Block et al. (1986) was 

employed for estimating the subjects' usual vitamin B-6 intake during the previous 

year.   The characteristics and the development of this questionnaire, including the food 

lists and nutrient quantities of each food, were well described by Block et al. (1986, 

1994).   In this self-administered questionnaire, the subjects indicated the frequency 

(e.g., day, week, month and year, or none) and serving size (e.g., small, medium and 

large) of foods they consumed.  Examples for completing this questionnaire were 

given to the subjects beforehand.  It took approximately 25 to 30 minutes for the 

subjects to complete this questionnaire.   The food list consists of 9 food groups 

including 98 foods (Appendix 2).  These food lists were developed based on the 

Second National Health and Nutrition Examination Survey (NHANES II) data (Block 

et al., 1986).   In addition to the originally listed 98 foods, thirteen foods eaten 

frequently by the subjects were added to the original questionnaire.   The foods added 

included tofu, mixed dishes with meat, mixed dishes with chicken, Chinese dishes, 

refried beans/burritoes, noodles, onions, other vegetables (not included in 98 food 

lists), pancakes/waffles, other desserts/sweets, low-fat cheese, low-fat ice cream and 

low-fat yogurt. 

The HHHQ-DIETSYS Analysis Software, Version 3.0 (National Cancer 
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Institute, Bethesda, MD, 1993) was used for the analysis of this questionnaire.   All of 

the responses were coded and analyzed using the DIETSYS Data Entry System in this 

program.   Codes for the excluded portion of the questionnaire in the HHHQ were 

entered as unknown.   To ensure the accuracy of coding, the Double-key function in 

this program was used after the entry of the codes.   The average daily intakes of 

vitamin B-6, protein and other nutrients were determined, using the nutrient analysis 

property of this program. 

3-day Dietary Record 

Subjects recorded their diet for three days, including one weekend 

day and two weekdays, during the week before blood was drawn.  These three days, 

chosen by the subjects, were not always consecutive.  Most of the subjects recorded 

their diet in June.  Instructions the subjects received for recording their dietary intake 

are given in Appendix 3. 

The Food Processor PLUS, Nutrition and Fitness Software, Version 5.0 (ESHA 

Research, Salem, OR, 1992) was used for analyzing the subjects' 3-day dietary records. 

This program includes the nutrient content of 5000 food items. If a subject ate a food 

that was not listed in this program, a food of similar nutritional value was substituted. 

The subjects' average daily intake of vitamin B-6, protein and vitamin B-6/protein was 

determined. 
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Statistical Analysis 

The Statistical Graphics System (Statgraphics, version 6.0) (STSC, Inc., 

Rockville, MD, 1992) was used for analyses of data.   Correlation coefficients 

(Pearson's r) were determined to establish the relations between KM and CM, FFQ and 

03-day dietary record, EAST indices and vitamin B-6 intake as well as vitamin B- 

6/protein.   Analysis of variance (ANOVA) was calculated for all the data except for 

the comparison of EAST-BA and EAST-SA between KM and CM (KM and CM were 

expressed by different units).   When ANOVA indicated a p-value less than 0.05, 

means from both groups were considered to be significantly different. 

Statistical procedures were also carried out to determine the differences in 

results between the sexes and among three ethnic groups (Caucasians, Asians and 

Middle Easterners), as well as those between vitamin B-6 supplement users and non- 

users, by using multifactor analysis of variance in Statgraphics version 6.0. 

Parameters that were examined included EAST indices determined by KM and CM, 

and plasma PLP concentration, as well as vitamin B-6 intake, protein intake and 

vitamin B-6/protein estimated using the FFQ and 3-day dietary record. 
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RESULTS 

Comparison between the KM and CM 

Individual data for EAST indices obtained by KM and CM, including SA, BA 

and AC, are given in Table 7.   Based on the multifactor analysis of variance, there 

were no statistically significant differences in EAST indices due to sex (Appendix 4) 

or ethnic groups (Appendix 5). 

EAST-BA 

There was a significant correlation (r=0.59, p<0.01) in BA obtained by the two 

methods.   Although there were interindividual variations in BA observed with each 

method (Table 7), this variation, as indicated by coefficient of variation (CV), was 

higher with CM (41%) than KM (22%).   The KM BA in the 23 subjects ranged from 

2.55 to 5.20 U/g Hb, while those obtained with CM were 13.4 to 46.6 mg pyruvate/g 

Hb/hr.   Higher KM BA tended to correspond to a higher CM BA: subject 3 had an 

extremely high CM BA (47.3 mg pyruvate/g Hb/hr) and the highest KM BA value 

(5.20 U/g Hb).   The subjects with low KM BA also tended to have a low level of CM 

BA. 

Respective mean EAST-BA values for vitamin B-6 supplement users (n=5) and 

non-users (n=18) were 4.47 and 3.51 U/g Hb for KM; 22.0 and 20.0 mg pyruvate/g 

Hb/hr for CM.   Between vitamin B-6 supplement users and non-users, the difference 



Table 7. Individual data for the EAST indices' obtained by the kinetic and 
colorimetric methods. 

50 

S4 E5 

Kinetic method2 Colorimetric method3 

Sub. # BA (w/o) SA(w) AC BA (w/o) SA(w) AC 

1 F A 2.74 4.39 1.60 29.1 43.5 1.49 

2 F A 2.60 5.58 2.15 26.2 47.3 1.81 
36 F C 5.20 8.04 1.55 46.6 56.3 1.21 

4 F A 3.54 6.96 1.97 19.4 27.4 1.42 

57 F A 4.02 7.76 1.93 17.5 30.7 1.76 

67 F A 4.73 7.90 1.67 30.9 36.6 1.18 

77 F A 5.02 7.97 1.59 28.9 41.8 1.45 

8 F C 2.95 5.91 2.00 13.4 19.2 1.44 

9 M A 3.51 5.57 1.64 15.0 20.4 1.36 

10 M A 3.23 5.71 1.77 14.4 18.1 1.26 

11 M A 3.69 6.20 1.68 15.0 18.8 1.25 

12 F C 2.94 5.93 2.02 16.4 22.0 1.34 

137 F C 4.41 6.41 1.45 18.3 20.1 1.10 

14 M c 3.59 5.86 1.63 15.8 21.6 1.37 

15 F A 2.61 5.02 1.92 13.8 20.6 1.50 

167 M C 4.15 6.49 1.56 14.5 19.8 1.38 
178 F C 3.91 5.66 1.45 17.2 21.9 1.28 

18 F M 3.59 5.65 1.57 14.6 20.0 1.37 

19 F A 3.14 5.22 1.66 16.1 21.2 1.32 

20 F A 4.57 7.48 1.64 21.4 24.1 1.13 

21 F A 2.55 5.83 2.29 14.2 19.0 1.34 

22 M M 5.07 6.96 1.37 33.5 34.8 1.04 

23 M M 3.67 5.57 1.52 17.3 23.8 1.38 

Mean 3.71 6.27 1.72 20.4 27.4 1.36 
+ SD (n= =23) 0.82 1.01 0.24 8.4 10.8 0.18 
CV 22.2 16.1 14.0 41.0 39.4 13.4 

'BA (w/o), basal activity (without PLP added in vitro); SA(w), stimulated activity (with PLP added in 
vitro); AC, activity coefficient [= Stimulated activity (SA)/Basal activity (BA)].   Significant correlations 
between the two methods are discussed in the text. 
2Unit for the EAST activity measured by the KM is U/g Hb. 
3Unit for the EAST activity measured by the CM is mg pyruvate/g Hb/hr. 
4Sex. 
5Ethnicity.  There are 13 Asians (A), 7 Caucasians (C) and 3 Middle Easterners (M). 
6Herbal supplement user. 
7Multivitamin supplement (including vitamin B-6) user during the past year. 
8Oral contraceptive user. 
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in EAST-BA obtained with KM was significant (p<0.05), while that determined by 

CM was not significant (p=0.64). 

EAST-SA 

The correlation of EAST-SA values between the two methods was not 

significant (r=0.40, p=0.06).   Interindividual variations of EAST-SA with both methods 

were high.   The magnitude of the variations was approximately two times greater with 

the CM than the KM, as represented by the CV for each method (Table 7).   The KM 

SA values ranged from 4.39 to 8.04 U/g Hb; and the CM SA values ranged from 18.1 

to 56.4 mg pyruvate/g Hb/hr.   In general, higher KM SA values tended to be related to 

higher CM SA values.   Lower KM SA values, however, were not associated with 

lower CM SA values. 

Respective mean EAST-SA values for vitamin B-6 supplement users (n=5) and 

non-users (n=18) were 7.31 and 5.98 U/g Hb for KM; 29.9 and 26.7 mg pyruvate/g 

Hb/hr, respectively, for CM.   As also observed in EAST-BA, the effect of vitamin B-6 

supplementation on EAST-SA obtained with KM was highly significant (p<0.01), 

while that determined by CM was not statistically significant (p=0.58). 

EAST-AC 

There was a significant correlation of EAST-AC between the two methods 

(r=0.57, p<0.01).   Figure 6 shows the linear correlation of the CM AC values with 
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Figure 6. Comparison of activity coefficients obtained with the kinetic (KM) and 
colorimetric methods (CM).   The dotted line indicates the 95% confident band. 
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those for the KM AC.   All of the subjects, however, had consistently higher KM AC 

values than CM AC values.   Moreover, based on two-sample analysis, the mean AC 

values were significantly different (p<0.01) between the two methods.  The KM AC 

was approximately 1.26 times higher than CM AC.  The KM AC values ranged from 

1.37 to 2.29, while CM AC values ranged from 1.04 to 1.81, indicating that the PLP 

added in vitro in the KM stimulated EAST more effectively than the CM.   The CV for 

both methods were close, 14% for KM and 13.4% for CM (Table 7). 

Respective mean EAST-AC values for vitamin B-6 supplement users (n=5) and 

non-users (n=18) were 1.64 and 1.75, respectively, for KM (p=0.4); 1.37 and 1.35, 

respectively, for CM (p=0.81).   Supplements of vitamin B-6 did not significantly affect 

EAST-AC for either method. 

Plasma PLP Concentration and EAST Indices 

The subjects' plasma PLP concentrations are given in Table 8.  Based on the 

multifactor analysis of variance, there were no significant differences in plasma PLP 

concentrations between sexes (Appendix 6) as well as among the three ethnic groups 

(Appendix 7).  High interindividual variation, indicated by a CV of 102%, was also 

observed in the subjects' plasma PLP concentrations.  Plasma PLP concentrations 

ranged from 20.6 to 427.0 nmol/L.   One female subject (no. 13) who used a vitamin 

B-6 supplement  had an extremely high plasma PLP concentration (427.0 nmol/L). 

Using the criterion for the plasma PLP concentration (30 nmol/L) between adequate 

and marginal and/or deficient nutritional status of vitamin B-6 suggested by Leklem 
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Table 8. Individual data for plasma PLP concentration. 

Sub. #        Sex      Ethnicity1 Plasma PLP (nmol/L)2 

1 F A 

2 F A 

33 F C 

4 F A 

54 F A 

64 F A 

74 F A 

8 F C 

9 M A 

10 M A 

11 M A 

12 F C 

134 F C 

14 M C 

15 F A 

164 M C 

175 F c 
18 F M 

19 F A 

20 F A 

21 F A 

22 M M 

23 M M 

56.6 

102.4 

136.8 

50.9 

67.8 

95.3 

76.6 

50.6 

54.9 

51.7 

39.4 

41.3 

427.0 

43.9 

23.4 

78.8 

48.7 

129.7 

40.0 

44.4 

45.9 

118.3 

20.6 

Mean (n=23) 80.2 
±SD ±82.1 
CV 102.0 

'There are three ethnic groups: 13 Asians (A), 7 Caucasians (C) and 3 Middle Easterners (M). 
2Twenty three frozen plasma samples were analyzed for the determination of plasma PLP concentration 
using the tyrosine decarboxylase method (Chabner and Livingston, 1970).   The measurement was done 
by Mr. Xu Wang. 
3Herbal supplement user. 
4Multivitamin supplement (including vitamin B-6) user during the past year. 
5Oral contraceptive user. 
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(1990), only two subjects (no. 15 and 23) were below this criterion (23.4 and 20.6 

nmol/L, respectively).  There was a significant difference in plasma PLP concentration 

between vitamin B-6 supplement users (n=5) and non-users (n=18) (p<0.01); the mean 

± SD was 149.1 ± 155.7 and 61.1 + 35.2 nmol/L, respectively.   When the plasma PLP value 

obtained from subject 13 (427.0 nmol/L), which was extremely high, was excluded, the mean ± 

SD for supplement users decreased to 64.4 ± 32.8 nmol/L.   Without this extremely high plasma 

PLP concentration (427.0 nmol/L), no significant difference existed in plasma PLP values 

between the users and non-users of vitamin 

B-6 supplement. 

None of the EAST indices were significantly correlated with plasma PLP concentration 

(Table 9).   Although the correlation coefficients between EAST indices and plasma PLP 

concentration were not statistically significant, plasma PLP concentration was correlated 

positively with BA and negatively with AC obtained by both methods (Fig. 7). 

Vitamin B-6 and Protein Intake by the FFO and 3-Day Dietary Record 

The subjects' vitamin B-6 and protein intake as well as vitamin B-6/protein 

ratio obtained with the FFQ and 3-day dietary record are presented in Table 10. 

Significant correlations (p<0.01) were observed for the 23 subjects for these nutrients. 

There were also no differences in the intakes of these two nutrients estimated by these 

two dietary methods based on the two-sample analysis (Table 11). 

Among the three ethnic groups, no significant differences were observed in 
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Table 9. Correlation coefficients between plasma PLP concentration and EAST 
indices determined using kinetic and colorimetric methods for the 23 subjects. 



Table 9. 

Kinetic method Coloiimetric method 

Variable BA (w/o) SA(w) AC BA (w/o) SA (w)             AC 

Plasma PLP2 

P-value3 

0.37 

0.08 

0.20 

0.35 

-0.33 

0.13 

0.21 

0.33 

0.10              -0.32 

0.64              0.14 

'BA (w/o), basal activity (without PLP added in vitro); SA(w)> stimulated activity (with PLP added in vitro); AC, activity coefficient 
[=Stimulated activity (SA)/Basal activity (BA)]. 
2Twenty three frozen plasma samples were analyzed for the determination of plasma PLP concentration using the tyrosine decarboxylase 
method (Chabner and Livingston, 1970). This measurement was done by Mr. Xu Wang. 
3P-values indicate significance of the correlation coefficients of plasma PLP concentration with the EAST indices. 

oo 
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Figure 7. Comparison of PLP concentration to EAST-AC obtained with KM (a) 
and CM (b).   An extremely high plasma PLP value obtained from subject no. 13 was 
omitted.   When this outlier was omitted, correlation coefficients of plasma PLP with 
KM AC (a) and CM AC (b) were -0.26 and -0.09, respectively. 
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Table 10. Individual data for nutrient parameters obtained with a food frequency 
questionnaire (FFQ) and 3-day dietary record. 

S' E2 

FFQ 3-day Dietary Record 

Sub. # B-6 (mg) Protein B-6/Prot3 B-6 (mg)      Protein      B-6/Prot3 

(sO (mg/g) (g)            (mg/g) 

1 F A 2.2 85.4 0.026 1.4              93.2            0.015 

2 F A 3.1 75.9 0.041 2.7              62.7            0.043 

34 F C 1.6 62.5 0.026 0.8              43.5            0.018 

4 F A 0.9 54.2 0.017 1.3             61.5            0.021 

55 F A 4.1 89.6 0.046 3.4              76.6            0.044 

65 F A 1.4 52.0 0.027 1.9             56.7           0.033 

75 F A 1.5 73.4 0.020 1.4              72.7            0.019 

8 F C 1.7 65.4 0.026 2.5              84.5            0.029 

9 M A 1.7 64.7 0.026 1.3              67.0            0.020 

10 M A 2.1 95.9 0.022 2.7             83.9           0.032 

11 M A 3.9 117.1 0.033 3.1             146.7            0.021 

12 F C 2.5 101.2 0.025 3.8              92.5            0.041 

135 F C 0.9 38.8 0.023 1.5              46.0            0.032 

14 M c 2.0 75.1 0.027 2.0             112.3            0.018 

15 F A 1.1 66.3 0.017 1.9            118.9           0.016 

165 M c 4.7 152.6 0.031 2.56           103.3            0.024 

177 F c 2.3 78.9 0.029 3.0              85.6           0.035 

18 F M 2.5 80.0 0.031 2.4               49.2           0.048 

19 F A 1.6 61.7 0.026 1.7               87.0           0.019 

20 F A 1.1 53.3 0.021 1.5              49.5           0.031 

21 F A 0.9 49.1 0.018 0.8              51.1           0.016 

22 M M 2.1 128.0 0.016 1.6               86.3            0.018 

23 M M 3.1 120.4 0.026 1.6             104.4           0.015 

Mean (n= =23) 2.1 80.1 0.026 2.0               79.8           0.026 
±SD ± 1.1 ±28.3 ± 0.007 ±0.8          ±26.3         ±0.010 

'Sexes. 
2Ethnicity.   There are three ethnic groups: 13 Asians, 7 Caucasians and 3 Middle Easterners. 
3mg vitamin B-6/g protein. 
''Herbal supplement (not analyzed) user. 
5Multivitamin supplement (containing 2.0 mg of PN) user. 
including the amount of vitamin B-6 from the multivitamin supplement (subject no. 16) during 3-day 
dietary record. 
7Oral contraceptive user. 
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Table   11.       Comparison of vitamin B-6 and protein intakes between the food 
frequency questionnaire (FFQ) and 3-day dietary record.   Supplement is included in 
the calculation for the vitamin B-6 intake. 

B-6 (mg) Protein (g) B-6/protein1 

FFQ 3-d diet FFQ 3-d diet FFQ 3-d diet 

Men (n=7) 

Mean 2.80t 2.12 107.7$ 100.6$ 0.026 0.021 

SD 1.14 0.65 31.0 25.5 0.006 0.005 

CV2 40.7 30.7 28.8 25.3 23.1 23.8 

r3 0.57 0.33 0.009 

Women (n=16) 

Mean 1.84t 2.00 68.0$ 70.7$ 0.026 0.029 

SD 0.90 0.88 16.7 21.6 0.008 0.011 

CV2 48.9 44 24.6 30.6 30.8 37.9 

r3 0.74** 0.51* 0.70** 

Total (n=23) 

2.03 80.1 79.8 0.026 Mean 2.13 0.026 

SD 1.05 0.80 28.3 26.3 0.007 0.010 

CV2 49.3 39.4 35.4 33.0 26.9 38.5 

r3 0.65** ( ).62** 0.58** 

'mg vitamin B-6/g protein. 
Coefficient of variance. 
'Pearson's r indicates the correlation coefficient between the FFQ and 3-day dietary record. 
*    PO.05. 
** PO.01. 
f   Significance of the difference between men and women (PO.05). 
$   Significance of the difference between men and women (PO.01). 
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dietary intake of each nutrient (Appendix 8).   Between men and women, on the other 

hand, there were significant differences in vitamin B-6 intake obtained with the FFQ 

(p<0.05) and in protein intakes by both methods (p<0.01) (Table 11).   With regard to 

the ratio of vitamin B-6 to protein calculated by both dietary methods, however, no 

significant difference was seen between men and women.  It is interesting to note that 

for women there was a statistically significant correlation (r=0.74, p<0.01) between the 

two methods in all of the dietary parameters, but especially for vitamin B-6 intake. 

Among the men, however, no significant correlations were seen between the two 

dietary intake methods for either nutrient or the ratio of the two. 

Interindividual variation for vitamin B-6 intake among the subjects was high, as 

indicated by the high CV (Table 11).   For vitamin B-6 intake determined by FFQ, one 

male and 7 female subjects consumed below the RDA value of 2.0 and 1.6 mg, 

respectively, while with the 3-day dietary record for the same male and 6 of the same 

females plus 2 other female subjects, their vitamin B-6 intake was below these RDA 

values. 

High vitamin B-6 intake obtained with FFQ from a male subject (no. 16) and a 

female subject (no. 5) whose respective intakes were 4.7 and 4.1 mg (Table 10) was 

due to the occasional use of a multivitamin supplement and consumption of highly 

fortified breakfast cereal. 

Using the 3-day dietary record, all of the foods consumed for 3 days were 

classified as animal-derived and plant-derived foods.   Subjects consumed 32% and 

68% of vitamin B-6 from the animal and plant sources, respectively.   Moreover, 
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women consumed plant foods predominately (74% of total) as a source of vitamin B-6. 

Among the food sources for vitamin B-6, those which contributed most to the subjects' 

vitamin B-6 consumption were fortified cereals, granola, bananas and fried chicken 

breast. 

Comparison between Biochemical and Dietary Methods 

Table 12 presents the correlation coefficients of the EAST indices and plasma 

PLP concentrations with vitamin B-6 intake and vitamin B-6/protein.   Plasma PLP 

concentration was not significantly associated with any of the nutrient parameters. 

With the two following exceptions, no significant correlations were observed between 

any of the EAST indices (BA, SA and AC) and dietary nutrient parameters.   One was 

the negative correlation of vitamin B-6 intake estimated by 3-day dietary record with 

CM BA.  The other was the positive correlation of CM AC to mg vitamin B-6/g 

protein determined using the FFQ.   The AC value normally has an inverse relationship 

to the vitamin B-6/protein ratio. 

In the individual data, a female subject (no. 21), whose vitamin B-6 intake was 

extremely low (approximately 55% of RDA) by both dietary methods (Table 10), had 

a high AC value (2.29) determined by the KM (Table 7).  Her AC value measured 

using the CM was, however, in a normal range (Table 7).  For the FFQ, 5 subjects had 

less than 60% of the RDA value for their vitamin B-6 intake (Table 10).   Of these, 3 

subjects had KM AC higher than 1.8, but they were in a normal range when the AC 

values from the CM were used (Table 7). 
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Table 12.        Correlation coefficients of EAST indices1 and plasma PLP concentration 
with dietary intake variables determined by the FFQ and 3-day dietary record for the 
23 subjects. 

FFQ 3-d dietary record 

Variable B-6 (mg) B-6/Protein B-6 (mg) B-6/Protein 

KM 

BA (w/o) -0.02 -0.09 -0.26 -0.03 

SA(w) -0.05 0.02 -0.15 0.12 

AC -0.08 0.11 0.19 0.19 

CM 

BA (w/o) -0.17 -0.08 -0.42** -0.17 

SA(w) -0.03 0.16 -0.29 -0.06 

AC 0.38 0.59* 0.32 0.25 

Plasma PLP2 -0.20 -0.01 -0.19 0.23 

'BA (w/o), basal activity (without PLP added in vitro); SA (w), stimulated activity (with PLP added in 
vitro); AC, activity coefficient [=Stimulated activity (SA)/Basal activity (BA)]. 
2Plasma PLP concentration was determined using the tyrosine decarboxylase method (Chabner and 
Livingston, 1970).   Twenty three plasma samples were kept at -20 0C until they were assayed.   The 
measurement was done by Mr. Xu Wang. 
*    P<0.05 
** PO.01 



65 

DISCUSSION 

Comparison between the KM and CM 

In this study, a kinetic (KM) and colorimetric methods (CM) for measuring 

EAST activity were compared.   There was a significant difference (p<0.01) between 

KM AC and CM AC: the activity coefficient (AC) determined using the KM tended to 

be higher than that of the CM (Table 7).   This finding indicates the possibility of 

interlaboratoiy differences in determining vitamin B-6 status with EAST-AC, since 

either KM (Lowik et al., 1990; Turkki et al., 1992; Asciutti-Moura et al., 1993; Ferroli 

and Trumbo, 1994) or CM (Korede and Alalade-Ajayi, 1993) was used to assess 

EAST activity. 

Units for the KM and CM of EAST-BA and -SA are different, because the unit 

for KM is based on the rate of transamination reaction and subsequent oxidation of 

NADH by malate dehydrogenase (MDH), while that for CM represents the quantity of 

the end-product formed from the transamination reaction.   Thus, EAST activities 

obtained from these methods are not comparable (Wroblewski and Cabaud, 1957). 

AC, the ratio of SA to BA, however, should be comparable between the methods due 

to the cancellation of units.   The SA includes BA and the activity of the apoenzyme 

stimulated by the addition of PLP in vitro.   Due to this inclusion of BA in SA, AC 

would be largely affected, in general, by SA rather than BA.  In other words, 

differences in AC obtained from KM and CM would be caused by the difference in 

conditions for activating apo-AST when PLP is added in vitro. 
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The mean AC obtained by the KM was 1.26 times higher than that of the CM, 

possibly indicating that EAST by KM was more effectively stimulated by the in vitro 

addition of PLP than in the CM.   Moreover, this may also suggest that KM is more 

sensitive and specific to the reaction than CM (Guisti et al., 1969; Woodring and 

Storvick, 1970). 

The critical causes of higher stimulation by the in vitro addition of PLP 

observed in the KM than that of CM could be the difference in the conditions for 

binding apo-AST with PLP between the two methods.  In the KM we used in this 

study, there is a 10-minute preincubation period for the reaction mixture (including L- 

aspartate, MDH, NADH, PLP, hemolysate and Tris buffer) before adding oc- 

ketoglutarate to start the enzymatic reaction.   This incubation period before addition of 

a-ketoglutarate may help to stabilize the apoenzyme by binding PLP via a Schiff base 

formation.  Masugi et al. (1973) reported an inhibitory effect of a-ketoglutarate on the 

binding of PLP-albumin to apo-AST.  In their study, EAST activity in serum was 

measured in a reaction mixture that had been preincubated with PLP-albumin (1:1) 

complex and apo-AST.   AST activity reached maximum after 20-minute of 

preincubation.   When a-ketoglutarate was added to the reaction mixture during the 

preincubation period, the AST activity was approximately 75% lower than when AST 

activity was measured with no a-ketoglutarate in the preincubation mixture. 

Therefore, incubation of PLP without addition of a-ketoglutarate in the KM that we 

used may have contributed to the effective stabilization of EAST with PLP. 

The other substrate, L-aspartate, may also influence the PLP binding with apo- 
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AST.   Filcher and Walter (1971) examined the reactivation of apo-AST and PLP after 

incubation under the following two conditions: 1) the reaction mixture including L- 

aspartate, MDH, NADH, apo-AST and potassium phosphate buffer was incubated 120 

minutes before adding oc-ketoglutarate to start the reaction; 2) after the incubation of 

PLP and apo-enzyme for 90 minutes, L-aspartate, hemolysate, MDH and NADH were 

added and incubated for 30 minutes, and a-ketoglutarate was added to start the 

reaction.   Between these two conditions there were no differences in EAST-SA.   Thus, 

no effects of L-aspartate in the reaction mixture during the incubation period would be 

expected on the binding of PLP with apo-AST.  For the CM we used in this 

investigation, on the other hand, PLP for the SA was added with the substrates (L- 

aspartate and a-ketoglutarate) and hemolysate at the same time, and incubated for an 

hour.   Thus, the enzymatic reaction was started without preincubation of PLP with 

apo-AST. 

Enzymatic reaction in the KM was carried out at 250C, while the CM reaction 

temperature was 370C.   One might consider that the higher AC values of KM than 

those of CM can be due to the different reaction temperatures for EAST between the 

methods.   Previous study of the influence of temperature on EAST indices obtained 

with the KM we used, however, showed no differences in AC values measured at 250C 

and 370C (Table 6).   Moreover, KM AC (2.22) was calculated to be 1.22 times higher 

than CM AC (1.82) when both were measured at 370C (Table 6).   The study of storage 

effect on EAST indices also demonstrated that the AC determined by KM, when 

measured at 370C, was consistently higher than the AC determined by CM throughout 
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the study (Table 5).   The mean AC determined by KM was 1.14 times higher than 

CM.   Therefore, this elevated AC observed in KM appeared not to be due to the 

difference in the temperatures in the reaction mixture between the methods (Table 6). 

Possibly the higher percent EAST stimulation in KM than in CM may be due 

to the amount of PLP added in vitro to the assay medium.  The amount of PLP in the 

reaction mixture per mg of hemoglobin, however, was higher (approximately 1.25 

times) in the CM than in the KM. 

For both methods, a tris(hydroxymethyl)aminomethane (Tris) buffer was used 

rather than phosphate buffer, because AST has a lower activity in phosphate buffer 

than in Tris buffer.   Phosphate has an inhibitory effect on the recombination of the 

apo-enzyme with PLP (Bergmeyer et al., 1978).   Originally the CM of Woodring and 

Storvick (1970) used phosphate buffer (pH 7.4, at 250C).   To obtain maximum EAST 

activity, however, the pH of the buffer may be more important than the type of buffer 

used.  Filcher and Walter (1971) measured EAST-BA at pH 6.3, 7.4 (using potassium 

phosphate buffer) and 8.4 (Tris buffer).  The highest AST activity was observed at pH 

7.4 in potassium phosphate buffer.   The optimum pH reported using serum AST 

activity determined by Bergmeyer et al. (1978) ranged from 7.4 to 8.0.   The KM of 

Beutler (1992) uses Tris buffer at pH 8.0 at 250C. 

One other interesting finding was observed when EAST indices were compared 

between vitamin B-6 supplement users and non-users.   There were significant 

differences in EAST-BA  (p<0.05) and EAST-SA (p<0.01) obtained with KM, while 

those with CM did not differ between the supplement users and non-users.   AC values 
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of the users and non-users, however, were not significantly different using either 

method. 

Marsh et al. (1955) as well as Woodring and Storvick (1970) have been pointed 

out that AST activity measured by CM is less sensitive and less accurate than the KM. 

With CM used in this investigation, dinitrophenylhydrazine (DNPH) can react with 

other substances (e.g., a-keto acids, aldehydes and ketones) which may exist in the 

reaction mixture, producing inaccurate EAST activity measurements as suggested by 

Marsh et al. (1955).   In addition, there are potential errors in the CM because of the 

number of steps involved in the procedure, especially in extracting the colored 

compound used to measure enzyme activity (Fig. 5).   Furthermore, the amount of end- 

products formed as the result of transamination reaction was determined using a 

standard curve.   The several steps in obtaining the EAST activity with CM which can 

lead to errors may be the reason for higher interindividual variations (approximately 

two times) in both BA and SA obtained with the CM compared to those for the KM. 

Further studies will be needed to prove this unspecificity and inaccuracy of the CM. 

The AC reflected the holo-AST level in the hemolysate rather than erythrocyte 

in situ holo-AST level.   Therefore, it is necessary to have similar erythrocyte 

preparation procedures and conditions for preparing the hemolysate to reduce the 

interlaboratory differences (Yagi et al., 1991).   Accordingly, for the comparison of 

EAST-AC among different laboratories, the EAST measurement should be carried out 

by the same method and under similar conditions.  This would be especially true when 

one's goal is to establish a normal value of vitamin B-6 status for a certain population. 
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For example, in the study of healthy adolescents aged from 10 to 19 years, Korede and 

Alalade-Ajayi (1993) suggested that an AC less than 1.5 indicated nutritional adequacy 

of vitamin B-6.   They used the modified CM of Woodring and Storvick (1970) for 

EAST activity measurement.   This AC value might have differed if the KM had been 

used.   The use of AC is generally suggested for assessing vitamin B-6 status in order 

to reduce the influence of differences in methods on EAST-BA measurement and the 

variation of EAST activities among the individuals (Sauberlich et al., 1972).   In this 

current study, however, AC was affected by the methods.  Furthermore, the AC values 

for the KM ranged from 1.37 to 2.29 (Mean ± SD: 1.72 ± 0.24), while those obtained 

by the CM were from 1.04 to 1.81 (Mean + SD: 1.36 ±0.18) (Table 7).  Based on the 

normal AC value for EAST of less than 1.80 suggested by Leklem (1990) (method for 

determining EAST activity not given), 7 subjects were below this value in the KM, 

while in the CM only one subject was in this category.   Therefore, notation of the 

method used for determining the normal value must be included.   King (1969), who 

studied the methods used for serum AST (SAST) measurement, showed the normal 

values of SAST activities for KM and CM separately. 

Due to the small number of subjects in the current study, no significant 

differences were observed among the three ethnic groups (13 Asians, 7 Caucasians and 

3 Middle Easterners) (Appendix 5).   In contrast, Solomon and Hillman (1978) 

demonstrated significant differences in EAST-SA among the three ethnic groups, 

including 27 Asians, 27 Caucasians and 14 African Americans.   Caucasians had 

significantly lower EAST-SA than Asians (p<0.001) and African Americans (p<0.02), 
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and higher percent saturation (percent holo-AST) compared to Asians (p<0.02) and 

African Americans (p<0.025).   This indicated Caucasians had lower amount of apo- 

AST to be stimulated by the addition of PLP in vitro as compared to the other ethnic 

groups.  In the current study, Asians had the highest mean AC (1.81), followed by 

Caucasians (1.67) and Middle Easterners (1.49), using the AC values obtained with the 

KM (Appendix 5).   This trend was also seen in the mean AC values determined by the 

CM: AC for Asians (1.41), Caucasians (1.30) and Middle Easterners (125).   From 

these observations, Asians tended to have low percent saturation and Middle 

Easterners tended to have higher.   Although this was not statistically significant, racial 

difference may need to be considered for the interpretation of the AC.  EAST-BA, on 

the other hand, was not significantly different among ethnic groups (Solomon and 

Hillman, 1978), as was also observed in the current study.  This suggested that EAST- 

BA is similar among races, although the affinity of PLP to apo-AST or apoen2yme 

itself may be different in races. 

Because of a variety of factors affecting SA mentioned above, not only the 

studies determining AC for assessing vitamin B-6 status, but also studies determining 

SA will be greatly influenced by the methods for measuring EAST activity.   For 

example, the study by Yagi et al. (1989), who evaluated percent saturation of EAST 

(percent holoenzyme level) after the treatment with PL, PN and PM, might have 

different results and interpretation, if they used a different method for measuring 

EAST activity.   Thus, each laboratory needs to have its own standard method and 

establish its own normal range for measuring EAST activities. 
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Plasma PLP Concentration and EAST Indices 

Plasma PLP concentration correlated positively with EAST-BA and EAST-SA, 

and negatively with EAST-AC obtained with both KM and CM (Table 9).   Although 

these were not statistically significant (Table 9), these trends observed between plasma 

PLP and EAST indices were reasonable. 

A strong correlation between plasma PLP concentration and EAST-AC, 

however, may not be found, except in a metabolic study, many of which were vitamin 

B-6 depletion and repletion studies where the subjects' diet is strictly controlled.   As 

mentioned earlier, plasma PLP is a short-term vitamin B-6 status indicator, while 

EAST indices reflect long-term status of this vitamin (Leklem, 1990).  Many other 

factors can also affect the plasma PLP level.  Plasma PLP can decrease with 

increasing protein intake (Miller et al., 1985) and glucose intake (Leklem and 

Hollenbeck, 1990).   Exercise can elevate the plasma PLP value (Leklem and Shultz, 

1983).   Smoking can also reduce the plasma PLP concentration (Vermaak et al., 1994), 

but none of the subjects in this study smoked.  Vitamin B-6 supplement intake can 

notably increase the plasma PLP concentration (Cobum et al., 1991; Brown et al., 

1975).   In the study by Cobum et al. (1991), plasma PLP concentrations increased 

from 9 nmol/L to 455 nmol/L, when PN-HC1 supplement (200 mg) was administered 

to men depleted of vitamin B-6.   High interindividual variations of plasma PLP 

concentration (20.6 to 427.0 nmol/L) (Table 8) may be related to the factors above. 

Plasma PLP concentration of 427.0 nmol/L is extremely high and rare.   This subject 

may have taken a vitamin supplement containing vitamin B-6 shortly before blood 
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drawing, even though she was instructed not to do this. 

Non-significant correlation of plasma PLP values with EAST-AC may be 

because normally AC range is narrow compared to plasma PLP values which have a 

large range.  In the study by Lowik et al. (1989), AC values had low variations at high 

plasma PLP concentration, indicating that it would be necessary to have high vitamin 

B-6 intake to produce constant EAST-AC values in order to see the correlation with 

plasma PLP concentration. 

Vitamin B-6 and Protein Intakes by the FFO and 3-Day Dietary Record 

One of the interesting findings in this study was the significant correlation 

(r=0.65, pO.Ol) of vitamin B-6 intake and vitamin B-6:protein ratios (r=0.58, p<0.01) 

estimated by the food frequency questionnaire (FFQ) and 3-day dietary record.  These 

correlations suggested the potential of using the FFQ from the Health Habits and 

History Questionnaire (HHHQ) for determining long-term vitamin B-6 intake. 

The validity of the HHHQ-FFQ was studied by Block et al., (1992) and Mares- 

Perlman et al. (1993).  Block et al. studied the validity of the HHHQ-FFQ using the 

multiple food records.   Subjects (85 men and women) were asked to report four 4-day 

dietary records every three months for one year.   After the completion of these four 4- 

day dietary records for one year, subjects answered the HHHQ-FFQ for the previous 

year.   Correlation coefficients for nutrients estimated from these dietary methods 

ranged from 0.42 to 0.68.   Similarly, Mares-Perlman et al. compared nutrients obtained 

with a modified FFQ portion of the HHHQ and those with four 2-day dietary records. 
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Data were obtained from 221 subjects including both men and women.  There was 

also a good agreement between nutrients estimated from these dietary methods, as 

indicated by general correlation coefficients greater than 0.5.   In both studies, vitamin 

B-6 intake was not included in the evaluation of the HHHQ-FFQ.   The correlation 

coefficients for the B vitamins (thiamin, riboflavin and niacin) obtained from these 

methods, however, ranged from 0.49 to 0.53 (Block et al., 1992) and from 0.16 to 0.67 

(from 0.46 to 0.86 with the inclusion of vitamin supplement) (Mares-Perlman et al., 

1993).   Assuming that these B vitamins have close correlation coefficients to that for 

vitamin B-6, correlation coefficient for vitamin B-6 obtained in the current study 

(r=0.65, p<0.01) is good in spite of the small number of subjects (Table 11). 

Mares-Perlman et al. (1993) also studied reproducibility of the HHHQ-FFQ by 

conducting the HHHQ-FFQ twice during a 3-month interval.   They obtained high 

reproducibility, with the agreement of 0.8 in men and 0.7 in women between the two 

records. 

In the current study, the periods included in reporting dietary intakes differed 

between the two methods.  For the FFQ, subjects were asked to report the frequency 

of foods consumed during the previous year, while 3-day dietary record (including one 

weekend day and two weekdays within one week, in June, 1994) was done later, just 

before blood was drawn.   Thus, there was no overlap of time between these two 

methods.   The significant correlation between the methods observed in this study, in 

spite of this time gap, may indicate that the amount of vitamin B-6 consumed by the 

subjects during 3-day dietary record period was similar to that of the previous year 
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estimated from the FFQ. 

Vitamin B-6 intakes may not be influenced by seasonal differences in foods. 

In fact, among the fifty major dietary sources of vitamin B-6 listed by Kant and Block 

(1990), watermelon, which ranked forty-third, was the only food which can be 

seasonal.   These 50 foods are included in the HHHQ-FFQ.   Most of the foods listed 

by the subjects in the 3-day dietary record were available throughout the year.   This 

availability of foods may also contribute to the close association between the methods 

for determining vitamin B-6 intake.   In both FFQ and 3-day dietary record, fortified 

cereals contributed to the high intake of vitamin B-6 by some subjects.  For the FFQ, 

one male and 4 female subjects reported taking multivitamin supplement occasionally, 

while one male subject recorded multivitamin supplement administration on one of the 

assigned days for the 3-day dietary record.  This supplement intake was included in 

the calculation of the 3-day dietary record (Table 11). 

There were no significant differences in the nutrient parameters among three 

ethnic groups participating in this study (13 Asians, 7 Caucasians and three Middle 

Easterners).   All of the subjects who were from different countries have been in the 

United States for more than three years.   The number of subjects in each ethnic group 

was too small to compare the differences in the nutrient parameters.  In the Second 

National Health and Nutrition Examination Survey (NHANES II), significant 

differences in vitamin B-6 and vitamin B-6/protein were observed between African 

Americans and Caucasians.   African Americans consumed less vitamin B-6 (p<0.0001) 

and less vitamin B-6/protein (p<0.01) than Caucasians (Kant and Block, 1990). 
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Another consideration for establishing the vitamin B-6 intake would be its food 

source, due to the lower bioavailability of vitamin B-6 from the plant-derived foods 

than from the animal-derived ones (Kabir et al., 1980; Gregory and Kirk, 1981). 

Based on the NHANES II, foods from animal and plant sources contributed 48% and 

52% of the total vitamin B-6, respectively (Kant and Block, 1990).   In the current 

study, subjects consumed 32% and 68% of vitamin B-6 from the animal and plant 

sources, respectively.  Moreover, women consumed plant foods predominately (74% of 

total) as a vitamin B-6 source.   Among the food sources for vitamin B-6, those which 

contributed most to the subjects' vitamin B-6 consumption were fortified cereals, 

granola, bananas and fried chicken breast. 

Accurate determination of nutrient intake is often controversial.   Incomplete 

databases and food composition tables for analyzing vitamin B-6 content in the foods 

have been pointed out by many researchers (Kant and Block, 1990; Ribaya-Mercado et 

al., 1991; Lowick et al., 1989; Reynolds, 1990).   In the 3-day dietary record, there 

were many foods which were not in the databases and which needed to be substituted 

by foods with a similar nutrient content.  This was not only due to some foods which 

were unique in certain ethnic groups (Asians and Middle Easterners), but also due to a 

variety of brands for foods eaten commonly in the United States.   In the HHHQ-FFQ, 

13 foods had to be added to the 98 food lists in the questionnaire in order to include 

all the foods reported by the subjects. 
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Comparison between Biochemical and Dietary Methods 

A hypothesis was that vitamin B-6 intake based on a FFQ correlates to EAST- 

AC, because both reflect long-term vitamin B-6 nutritional status.   In this study, 

however, no correlations were observed between the nutrient parameters and EAST 

indices, except for the following two improbable relations: a significant positive 

correlation of EAST-AC with vitamin B-6/protein in the FFQ and a significant 

negative association of BA with vitamin B-6 intake from the 3-day dietary record. 

Both AC and BA values above were obtained using the CM.   There are no clear 

explanations for these findings.  The small number of subjects that participated in this 

study and incomplete information for the food sources and vitamin B-6 bioavailability 

in the database (Kant and Block, 1990; Ribaya-Mercado et al., 1991; Lowik et al., 

1989; Reynolds, 1990) may be related to these results. 

In contrast, Lowik et al. (1989) observed a significant negative correlation 

(r=-0.14, p<0.01) in vitamin B-6/protein with EAST-AC among 476 elderly people. 

Lowik et al. determined the relationship between EAST-AC and dietary vitamin B- 

6/protein in elderly subjects who were classified as vitamin B-6 supplement users and 

non-users.  They observed a decrease in interindividual variations in EAST-AC as 

vitamin B-6 intake increased.   On the contrary, several studies observed low 

association of EAST indices with dietary intake of vitamin B-6 (Guilland et al., 1984; 

Turkki et al.,1992).   Lowick et al. (1989) explained the possible reasons for the low 

correlations observed in those studies by comparing their results: most studies defined 

the relationships only to the vitamin B-6 intake and did not compare EAST-AC with 
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the ratio of vitamin B-6 to protein.   Another factor is lack of information on the 

bioavailability of this vitamin. 

In metabolic studies, in which extremely low vitamin B-6 intake and a 

deficiency can be produced, an association of dietary vitamin B-6 intake with EAST 

indices is often observed as the vitamin B-6 intakes is increased (Brown et al., 1975; 

Asciutti-Moura et al., 1990).  In the current study, subjects consumed a self-selected 

diet.  Because AC changes in a small scale in general, subjects' under- or 

overestimation of their dietary intake was not greatly influenced the EAST-AC values, 

while plasma PLP is more sensitive to recent dietary intake. 

The use of FFQ combined with EAST indices is still questioned.   Information 

for estimating vitamin B-6 intake from the FFQ may be inadequate to compare EAST- 

AC.   Lower bioavailability of vitamin B-6 from the plant-derived foods than that from 

the animal-derived ones has been reported by Kabir et al. (1983), Gregory and Kirk 

(1978), and Gregory (1980).  Vitamin B-6 content in foods can be also affected by 

their preparation (Gregory and Kirk, 1978) and food composition (Gregory, 1980). 

Plasma PLP concentration, a short-term vitamin B-6 indicator, had no 

association even with the 3-day dietary record which also reflects short-term vitamin 

B-6 intake.   One female subject had an extremely high PLP concentration in plasma 

(427.0 nmol/L), although her vitamin B-6 intake obtained using the 3-day dietary 

record (1.49 mg) was not high enough to be expected to produce such a high plasma 

PLP value.   As mentioned previously, diets were recorded for three days within one 

week prior to the blood draw.   Thus, even if she consumed a multivitamin supplement 
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including vitamin B-6 on the day before or the morning of the blood draw, this would 

not appear on the 3-day dietary record, since the third day (the last day) of her record 

keeping was 3 days before blood was drawn.   She was taking a multivitamin 

supplement sometimes, but not regularly, based on her report on the FFQ.   The 

exclusion of dietary records for a few days before the blood was drawn may partially 

explain the lack of correlation of plasma PLP with vitamin B-6 intake obtained using 

the 3-day dietary record.   Cobum et al. (1991) demonstrated that men who received  a 

0.98 mmol (200 mg) of PN-HC1 supplement for 6 months periods had plasma PLP 

concentration of 455 nmol/L. 

Since the primary emphasis of this study was to know the relation between 

EAST indices and the FFQ, no regulation for supplement was included.   Accordingly, 

plasma PLP concentration could be more impacted than EAST indices by the 

unregulated diet, because this test reflects recent vitamin B-6 intake (Brown et al. 

1975; Cobum et al. 1991).   Moreover, as mentioned previously, several factors tend to 

affect plasma PLP concentration besides vitamin B-6 and protein intakes (Miller et al, 

1985), such as physical exercise (Leklem and Shultz, 1983) and glucose intake 

(Leklem and Hollenbeck, 1990).   Dietary methods have potential difficulties for 

obtaining an accurate determination of dietary intake due to the over- and/or 

underestimation of dietary intake reported by subjects.   Biochemical indicators, on the 

other hand, cannot be biased by errors in reporting. 
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SUMMARY AND CONCLUSIONS 

This study compared a kinetic (KM) and a colorimetric methods (CM) for 

measuring erythrocyte aspartate aminotransferase (EAST) activity which is used for 

assessing long-term vitamin B-6 status.   Twenty-three healthy college students 

including 7 males and 16 females, aged from 22 to 40 years, participated in this study. 

EAST activity coefficient (EAST-AC), the ratio of EAST stimulated activity (EAST- 

SA) (by adding PLP in vitro) to basal activity (EAST-BA), was used to assess vitamin 

B-6 status.  KM and CM were evaluated by comparing EAST-AC values determined 

by these two methods as well as to plasma PLP concentration, a widely used 

biochemical measure of vitamin B-6 status.   Although EAST-AC is used to assess 

vitamin B-6 status, this parameter is not correlated to dietary vitamin B-6.   Since 

EAST activity reflects long-term vitamin B-6 status, we hypothesized that this vitamin 

B-6 parameter would correlate better with vitamin B-6 intake measured by a food 

frequency questionnaire (FFQ) which also reflects long-term nutrient intake.   In 

addition, vitamin B-6 intake was measured by 3-day dietary record. 

There was a significant correlation (r=0.59, p<0.01) in BA obtained by the two 

methods, while the correlation of EAST-SA values between KM and CM was not 

significant (r=0.40, p=0.06).   There was also a significant linear correlation (r=0.57, 

p<0.01) between EAST-AC obtained by the two methods (Fig. 6), but an EAST-AC 

value obtained by KM was approximately 1.26 times higher than that determined by 

CM.   This was probably because the KM had more effective conditions for combining 
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apoenzyme-AST with PLP added in vitro than did the CM.   KM is more specific to 

the reaction than CM.   Moreover, there are potential errors in the CM because of the 

number of steps involved in the procedure.   Thus, KM may be a better method for 

measuring EAST activities than CM.   Higher AC values obtained with KM than CM 

possibly affect the interpretation of vitamin B-6 status.  Therefore, when the criterion 

for normal vitamin B-6 status is determined in terms of EAST-AC, notation of the 

method used is suggested.  Each laboratory should also establish its own normal 

EAST-AC value for assessing vitamin B-6 status. 

None of EAST indices (BA, SA and AC) were significantly correlated with 

plasma PLP concentration (Table 9).   Plasma PLP value was, however, inversely 

related with EAST-AC determined by KM and CM (Table 9 and Fig. 7), but because 

of the small number of subjects, this correlation was not significant.   Additionally, 

EAST activity reflects long-term vitamin B-6 status and plasma PLP concentration 

reflects recent dietary intake.. 

Although the FFQ generally estimates subjects' long-term nutrient intakes and 

the 3-day dietary record measures current, short-term intake, there was a significant 

correlation (0.65, p<0.01) in vitamin B-6 intakes estimated by these two dietary 

methods (Table 11).   This may be because there is no seasonal variation in food 

sources of vitamin B-6.   Neither of these dietary methods for estimating vitamin B-6 

intake was, however, associated with all of the EAST indices and plasma PLP 

concentration (Table 12).  In order to improve the estimation of vitamin B-6 intake by 

FFQ, we suggest additional information be considered in the FFQ (i.e., food 
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preparation methods and vitamin B-6 bioavailability).  Due to the small number of 

subjects in this study, the relation between EAST-AC and vitamin B-6 intake obtained 

with the FFQ or 3-day dietary record could not be firmly established.  It may be 

difficult to see a correlation between EAST indices and dietary intake of vitamin B-6 

because people generally do not have a self-chosen diet similar in vitamin B-6 content 

as those in vitamin B-6 depletion-repletion studies. 
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Appendix 1.    Informed consent form. 

Department of Nutrition and Food Management 
Oregon State University 

Informed Consent 

The purpose of this project is to compare two laboratory methods for 
determining a red cell enzyme that requires vitamin B-6, and to compare dietary 
vitamin B-6 intake to the results of this biochemical test.   In this study blood is used 
for the determination of biochemical status.  Two dietary analysis, a food frequency 
questionnaire (FFQ) and a 3-day dietary record, will be carried out to obtain dietary 
vitamin B-6 intake. 

I have received a thorough explanation of this research and I understand the 
following: 

1. I will be asked to complete a food frequency questionnaire (FFQ), and for three 
days I will also record all foods and drinks that I consume, including one weekend and 
two weekdays before blood drawing. 

2. One time only, a registered medical technologist will draw 10 ml of blood from 
a vein in my arm by using a sterile disposable needle and sterile conditions in 
obtaining blood. 

3. On the day blood is drawn, I will come to the laboratory between 7 and 8 a.m. 
and will not have eaten or drink anything except water since 10 p.m. the night before. 

4. All information obtained from me will be confidential.  My data will be 
identified by a code number.   The only persons who will have access to my data are 
the graduate student conducting this research, her major professor and the medical 
technologist. 

5. I will incur no medical or health risks from participating in this research. I 
will receive some benefits: results of my vitamin B-6 status, hemoglobin level and 
hematocrit; nutrient intake as well as long term vitamin B-6 and protein intake. 

6. I understand that I can withdraw from this project at anytime without penalty. 

7. Persons who have ever had hepatitis B or C, who have tested positive for HIV 
or any AIDS virus, or persons who have AIDS should not donate body fluids or 
tissues.   Persons at risk for getting and spreading any AIDS virus also should not 
donate body fluids or tissues and should not participate in this investigation.  You are 
at risk if: 
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Appendix 1.    (Continued) 

-you are a man who has had sex with another man since 1977, even one time. 
-you have shared a needle, even one time, to inject drugs or medication. 
-you have taken clotting factor concentrates for a bleeding disorder such as 
hemophilia. 
-you have had a positive test for any AIDS virus or hepatitis B or C or any AIDS 
antibody. 
-you have had sex with any person described above. 
-you have had sex with a male or female prostitute since 1977. 

8. I understand the University does not provide a research subject with 
compensation or medical treatment in the event a subject is injured as a result of 
participation in this research project. 

9. This study will be conducted from May to June, 1994. 

All of my questions have been answered to my satisfaction.   If I have any 
questions I will call either Dr. Lorraine T. Miller at 737-0970 or Yasuko Iwakiri at 
757-8371. 

Signed Date_ 

Name(printed)  

Present address  

Phone number  

Principal investigator  

Witness 
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Appendix 2.    The food frequency questionnaire portion of the Health Habits and 
History Questionnaire. 

1. When were you bom? /       /  

2. Sex:   1 Male  2J Female 

3. During the past year, have you taken any vitamins or minerals? 

1 No  2 Yes, fairly regularly  3 Yes, but not regularly 

If yes, 

What do you take fairly regularly? # of PILLS per DAY, WEEK, 

Multiple Vitamins 

One-a-day type  pills per_ 
Stress-tabs type  pills per_ 
Therapeutic, theragran type  pills per_ 

Other vitamins (How many    milligrams 
or IU per pill?) 

Vitamin A  pills per  
( lU/pill) 

vitamin C  pills per  
( mg/pill) 

Vitamin E  pills per  
( lU/pill) 

Calcium or dolomite  pills per  
(__mg/pill) 

Other (What?)   1 Yeast    2 Selenium    3 Zinc    4 Iron 
5 Beta-carotene   6 Cod Liver oil   7 Other  

Please list the brand of multiple vitamin/mineral you usually take:  

4.  Are you on a special diet? 
1 No  2 Weight loss    3 For medical condition    4 Vegetarian 
5 Low salt   6 Low cholesterol  7 Weight sain 
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Appendix 2.    (Continued) 

5.   How often do you eat following foods from restaurants or fast food places'} 

RESTAURANT FOOD 
i 

Almost 
2 

:-4tiinH 
i w«ek 

3 
Once* 
week 

4 
1-3 am« 
* month 

S 
5-10 (iines 

» vear 

6 
1-4 tiin« 

* year 

7 

thjn once * vear 

Fried chicken 

Burgers 

Pizza 

Chinese food 

Mexican food 

Fried fish 

Other foods 

72 

73 

74 

75 

76 

77 

78 

6. Do you eat these once a week? 

vcaLUmb 01 pjnolcn. WA/AM 21 onions 4] Hi-C 63 
tohj CO 22 lummer squish 42 mnbcrrv juier codui] W 

04 pudding 23 ssptngus 43 5"P" 61 
mixed dish -/chicken 05 milkshtk* 24 ■•"ee* ^ppen p^pp^rs 44 nun^o 66 
Chinese dishes 06 other di*rv predun    . 25 45 paptvu 6> 
Mcnan di»hn 07 26 be*n sproun 46 hon*v<Jfw or CUMb' melon 68 
xafood orok 08 wur OT«n. dips 31 jvtieulo. ^uomok 4? lemons or l«mon |UKC 69 
rehSctj bcaru or bean bumnw 09 diei uUd dressing 32 b**n 46 nuts and Iced) 
Polish or IUIMA Miutg* 10 utsup 33 pw«*ppt» or pmejpplr juirt 61 brsn 71 
oram soups 11 grarn chiLes. )*i»pet»Oj 3-» pmnn or prww |uicr 62 other v*jtTtjbl«/*njn 
noodle* 12 other not menooned hrtr 

fOOD Youi 
Serving 

Silt 
SMI 

1 
1 

How 
Often? 

Div   I Week 

7.  This section is about your usual eating habits.  Thinking back over the past year, how often 
do you usually eat the foods listed on the next page? (Please go to next page) 

npie: 

Medium 
Serving 

Your 
Serving 

Size 
S M L 

Cantaloupe (in season) '/«medium          | • 
Grapefruit m • 
Sweet potatoes.- vams 'A cup • 
Hamburger, cheeseburger, meat loaf 1 medium 1 
Winter souash. baked squash Vicup .. 1 

Ho 

■Jt 

i 

*of1 

C 
O 
Z 

■en? 

> £2 
I 1    1 

12 1 
i   i5 i 

41    1    1 
1    I    i>- 
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Medium 
Serving 

1   Your 
Serving 

1   Size 
i_                        FRurrs & JUICES IS IMIL 

! EXAMPLE - Apples. aeoleMuce. oears |(l)orVscup M 
1 Aoolei. ipoleMuce. peira IfUor'/Scup 1 1 
1 Sananaj 11' medium 
| Peachej. loricou (anred. frozen or dried, whole year) UDorWcup 
| Peaches, aoricoa. necarinn (fmh. in season) 11 medium 1 1 
1 Cantaloupe (in season) | VA medium 1    1    1    i 
I Watertneton (in season) 11 slice 1    1    1    1 
1 Strawberries (fresh, in season) (Vicuo Mil 
1 Oranges 1 medium 1  1  1 
1 Orange juice or graoernitt juice 6 oz. glass 1  1  1 
1 Craoefruit <*) 
1 Tani. Start breakfast drinks 6 oz. glass 
1 Other fruit juices, fortified fruit drinks 6 oz. glass 
i Anv other fruit, including berries, fruit cocktail Wcuo 1  I 
I                                    VEGETABLES                                      I S|MIL| 
i String beans, ^reen beans I* CUP 1 1 
1 Peas Vicup 1 
I Chili with beans V.cup 
| Other beans such as baked beans, ointos. kidnev beans, limas V.cup 
| Com ■/icup 
I Winter scuash. baked souash Ms cup 
I Tomatoes, tomato juice (l)or6oz. 
I Red chili sauce, taco sauce, salsa picante 2 Tblso. sauce 
1 Broccoli 'A cup 
| Cauliflower or brussel sprouts V^cup 
| Spinach (raw) V4CUO 

1 Soinach (cooked) V^CUP 

| Mustard greens, turnip greens, collards Vicup 
1 Cole slaw, cabbage, sauerkraut ^cup 
'1 Carrots, or mixed vegetables containing carrots V^cup                 1 
! Creen salad 1 med. bowl       | 
1 Salad dressing, mayonnaise (including on sandwiches) 2Tblsp.              1 
1 French fries and fried potatoes *<cup                 1 
1 Sweet potatoes, yams Wcuo                 1 
Other potatoes, including boiled, baked, potato salad (1) or Vt cup        1 1 

1 Rice V.cup                 I 
Anv other vegetable, including cooked onions, summer squash | Vicup                 1 1 
Sutter. margarine or other fat on vegetables, potatoes, etc. I 2 pats                 | 1 

MEAT. FISH. POULTRY & MIXED DISHES            |                            | si Mill 
Hambuixers, cheeseburgers, meat loaf                                 | I medium           I 
Seef—steaks, roasts                                                                I 4oz.                    1 
Beef stew or pot pie with carrots, other vegetables               1 1 cuo                  1 
Liver, including chicken livers                                               I 4oz.                    1 1   1   1 
Pork, including chops, roasts                                                     | 2 chops or •; oz.  1 
Fried chicken                                                                           1 2 sm. or 1 Ig. piece) 1 1 I 
Chicken or turkev. roasted, stewed or broiled                         1 2 sm. or I Ig. piece! 1 1 1 
Fried fish or fish sandwich                                                              ( 4 oz. or 1 sand.   1 1   !   1 
Tuna fish, tuna salad, tuna casserole                                            | '/icuo                  i 1      i      \ 

Shell Hsh (shnrnp. lobster, crab, ovsters. etc.)                         I (5)'/. cuoorjoz.! !    1    1 

Other fish, broiled, baked                                                      j 4 0Z.                       i ! 

1  * 
a 

How often? 

1 * 1 2 1 *■ Si 
It 1      1 

1     1     ! 
1 1     1     1 

1 1 

DJ Wk Mo I Yr 1 Nv 
|     1 
1     1 

1 
j 

1 
1 
1 

•1 1 
1 1 

1 1 
1     1 

1     | 

1 

DalWklMo Yr I Nv 

1       |       | 

i       1       1 1       1 
•ill) 
i     i      i      !      1 
i     !     1     1     1 

I Spaghetti, lasagna. other pasta wuh tomato sauce I 1 cuo 

I Pizza ; 2 slices 

Mixed dishes with cheese (such as macaroni and cheese)      I t cuo 

OFFICE USE 

11   

19   
23 — — __ 
17  

31  

35  

39  

43  

47  

31  

55  

59  

D_ 
79 « 

59  

S3  

67  

71  

It 

15 

I  "  ■ 
I 23  , 

I  17 ' 
l 31  ■ 

I 35  . 

I». 
i43  . 

_E_ 
79 80 

I 
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Medium 
Serving 

Your 
Serving 

Size 
1                                   LUNCH nEMS S M L 
1 Uverwuist 2 slices 
1 Hot dogs 2 dogs 
| Ham. lundi meats 2 slices 
1 Vegetable soup, vegetable beef, minestrone, totnato soup 1 med. bowl 
f Other soups                                                                      11 med. bowl 

BREADS / SALTY SNACKS / SPREADS               | S M L 
1 Biscuits, muffins, burger rolls (ind. fast foods)                    11 med. piece 
1 White bread (induding sandwiches), bagels, etc.. aackers     12 slices. 3 cracks 
1 Dark bread, induding whole wheat, rye. pumpernickel       12 slices 
1 Com bread, com muffins, com tortillas                                 11 med. piece 
| Salty snacks (such as chips, popcorn)                                    12 handfuls 
1 Peanuts, peanut butter                                                           12 Tblsp. 
| Butter on bread or rolls                                                           12 pats 
| Margarine on bread or rolls                                                    12 pats 
1 Gravies made with meat drippings, or white sauce               f 2 Tblsp. 

BREAKFAST FOODS                               | s M L| 
1 High fiber, bran or granola cereals, shredded wheat             11 med. bowl 
1 Highly fortified cereals, such as Product 19. Total, or Most     11 med. bowl 
1 Other cold ceteals. such as Com Flakes. Rice Krispies          11 med. bowl 
1 Cooked cereals                                                                   11 med. bowl 
| Sugar added to cereal                                                             12 teaspn. 
1 Eggs                                                           I    1 egg = small.    2 eggs = medium 
1 Bacon                                                                                      12 slices 
1 Sausage                                                                                  12 patties or links 

SWttlb                                         | s M L 
| Ice cream                                                                                 11 scoop 
1 Doughnuts, cookies, cakes, pastry                                        11 pc. or 3 cookies 
| Pumpldn pie, sweet potato pie                                              11 med. slice 
1 Other pies                                                                               11 med. slice 
1 Chocolate candy                                                                     | small bar. 1 oz. 
1 Other candv. jelly, honey, brown sugar                                13 pc. or I Tblsp. 

DAIRY PRODUCTS                                | s M L 
1 Cottage cheese                                                                        | Vx cup 
1 Other cheeses and cheese spreads                                         12 slices or 2 oz. 
| Flavored yogurt                                                                      11 cup 
| Whole milk and bevs. with whole milk (not ind. on cereal)     18 oz. glass           I 

2% milk and bevs. with 2% milk (not ind. on cereal)            18 oz. glass 
1 Skim milk. 1% milk or buttermilk (not ind. on cereal)           18 oz: glass 

BEVERAGES                                     I s M L 
| Regular soft drinks                                                                 112 oz. can or bottle! ' 

Diet soft drinks                                                                       112 oz. can or bottle! 
Beer                                                                                        ! 12 oz. an or bottlel 
Wine                                                                                       11 med. glass       | 
Liquor                                                                                     11 shot                 I 
Decaffeinated coffee                                                               11 med. cup         | 
Coffee, not decaffeinated                                                        11 med. cup         | 
Tea (hot or iced)                                                                      11 med. cup         1 
Lemon in tea                                                                                 i 1 teaspn.              |    | 
Non-diarv creamer in coffee or tea                                            1 1 Tblso.               1    1 
Milk in coffee or tea                                                                11 Tblso.              1    1    I 1 
Cream (real) or Half-and-Half m coffee or tea                        i 1 Tblso.              i    1    | 1 
Sugar in coffee or tea                                                              12 teaspn.             |    |    I 1 
Amfical sweetener in coffee or tea                                         11 packet              1    1    1    1 
Classes of water, not counong in coffee or tea                         ISoz. glass            i    j    i    1 

Da 

Da 

How often! 

c 
O 
2 

Wk Mo 

Wk 

Da 

Da 

Da 

Wk 

Wk 

Mo 

Yr 

Mo  Yr 

Nv 

Nv 

Mo 

Mo 

Yr Nv 

OFFICE USE 

75  

11  

IS  

19  

23  

27  

31  

35  

39  

«  
47  

SI  

SS  

S9  

F_ 
79 80 

c 
79 I 

27  

31  

35  

39  

<3 . 

47  

51  

55  

59  

63  

67  

71  

75  

II  

15  

19  

23  

17  

31  

35  

39  

■13  

47  

51  

55  

59  

63  

Oof 

H 
79] 
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Appendix 2.    (Continued) 

X.   How often do you eat the skin on chicken'.' 
How often do you eat the fat on meat'.' _ 
How often do you add salt to your food? _ 
How often do you add pepper to your food 

Seldom/never Sometimes  Often/always 

9.   How often do you use fat or oil in cooking? 
For example, in frying eggs, meat or vegetables? times per . 

(day. week, month) 

10. What do you usually cook with?   1 Don't know or don't cook  2 Soft margarine 
3 Stick margarine  4 Butter  5 Oil  6 Lard, fatback. bacon fat  7 Pam or no oil 

11. What kind of fat do you usually add to vegetables, potatoes, etc? 
1 Don't add fat 2 Soft margarine  3 Stick margarine  4 Butter 5 Oil 
6 Lard, fatback. bacon fat 

12.   If you eat cold cereal, what kind do you eat most often?. 

Thank you for your cooperation!! 
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Appendix 3.    Instruction and form for recording a 3-day dietary record. 

Instruction for recording food 

1) An example is shown in the attachment.  Please record each food and beverage you 
consumed except water. 

2) Record them in reasonably exact amounts as follows: 

* Liquids and fluids; cups, ounces or ml (milliliters). 
* Vegetables and fruits; cups, inches, or cm, using the ruler on the record sheets. 
* Beans, grains and pasta; cups dry or cups cooked. 
* Bread; slices, indicate what kind of bread. 
* Meats, fish and cheeses; ounces (average meat portion is 3 oz., a slice of American 
cheese is about i oz. 

3) Please indicate if a food is consumed raw, and prepared from fresh, canned or 
frozen products. 

4) Indicate how the food was prepared, such as fried, boiled, baked, etc. 

5) Use brand names of the food in the labels. 

6) Specify if a food is fortified with vitamins and minerals, or if it is a diet product. 
Please write the brand name. 

7) For fruits and vegetables indicate if skin was removed. 

8) Write any other information you feel might by helpful. 

9) Indicate if milk is whole, skim, 2% or dry non-fat milk. 

10) If a food is a mixture (sandwich, soup, etc) list the major ingredients separately in 
their preparations or amounts as eaten. 

11) Include sauce, gravies, milk in coffee etc.  Everything you ate or drank. 

If you have any questions on your diet record, please call Yasuko Iwakiri at 757-8371 
or leave a message.   If you are not sure how to record some foods or drink you can 
leave them blank and ask me when you submit this record. 
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Code No. 

Diet record (Date_ 

Food: specify each 
food or beverage in a 
separate line. 

Source: canned, 
dried, fresh, 
etc. 

Brand: on the 
labels. 

Preparation: 
fried, baked, raw, 
etc. 

Amount: cups, 
inches, gm, oz, 
pieces, etc. 
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Appendix 4.    Comparison of EAST indices obtained with KM and CM between men 
and women. 



Basal Activity Stimulated Activity Activity Coe: 

Male 

fficient2 

Male Female Male Female Female 

n3 7 16 7 16 7 16 

KM 

3.84 3.66 6.08 6.36 1.60 Mean 1.78 

SD 0.61 0.92 0.50 1.17 0.13 0.26 

P-value4 0.63 0.56 0.09 

CM 

Mean 19.2 21.5 23.6 29.5 1.27 1.38 

SD 6.7 8.9 5.3 11.9 0.13 0.20 

P-value4 0.16 0.37 0.27 

'EAST indices include basal activity, stimulated activity and activity coefficient. 
2Activity coefficient = Stimulated activity/Basal activity. 
'The number of subjects in each sex. 
■"P-values more than 0.05 indicate there are no differences in EAST indices between men and women.   The multifactor analysis of variance was used for 
this analysis. 

o 
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Appendix 5.    Comparison of EAST indices determined by KM and CM among three 
ethnic groups. 



Appendix 5. 

Basal Activity Stimulated Activity Activity coefficient2 

AS CC MI AS CC MI AS CC MI 

n3 13 7 3 13 7 3 13 7 3 

KM 

3.53 3.88 4.11 6.29 6.33 6.06 1.81 1.67 Mean 1.49 

SD 0.84 0.81 0.83 1.20 0.81 0.78 0.23 0.24 0.10 

P-value4 0.47 0.93 0.08 

CM 

20.1 20.3 21.8 28.5 25.9 26.2 1.41 1.30 Mean 1.26 

SD 6.4 11.7 10.2 10.5 13.5 7.7 0.20 0.12 0.19 

P-value4 0.96 0.87 0.32 

AbbreviationsrAS, Asians; CC, Caucasians; MI, Middle Easterners; KM, kinetic method; CM, colorimetric method. 

'EAST indices include basal activity, stimulated activity and activity coefficient. 
2Activity coefficient = Stimulated activity/Basal activity 
'The number of subjects in each ethnic group. 
*P-values more than 0.05 indicates there are no effects of ethnicity on each parameter.   This was obtained by the multifactor analysis of variance. 

o 
ON 
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Appendix 6.    Comparison of plasma PLP concentration between men and women. 

Plasma PLP concentration (nmol/L)1 

Men (n=7) Women (n=16) 

Mean 

SD 

P-value2 

58.2 

31.8 

89.8 

95.7 

0.42 

'Frozen plasma samples were analyzed for the determination of plasma PLP concentration using 
tyrosine decarboxylase method (Chabner and Livingston, 1970).   The measurement was done by Mr. 
Xu Wang. 
2P-value more than 0.05 indicates there are no differences in plasma PLP concentration between men 
and women.  This was determined using multifactor analysis of variance. 

Appendix 7.    Comparison of plasma PLP concentration among three ethnic groups. 

Plasma PLP concentration (nmol/L)1 

AS2 cc2 
MI2 

13 

Mean 57.6 118.2 89.6 

SD 22.5 140.3 60.0 

P-value4 0.30 

'Frozen plasma samples were analyzed for the determination of plasma PLP concentration using 
tyrosine decarboxylase method (Chabner and Livingston, 1970).   The measurement was done by Mr. 
Xu Wang. 
Abbreviations: AS, Asian; CC, Caucasian; MI, Middle Eastern. 
3The number of subjects in each ethinic group. 
4P-value more than 0.05 indicates there are no differences in plasma PLP concentration between men 
and women.   This was determined using multifactor analysis of variance. 
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Appendix 8.    Comparison of nutrient intakes determined by a food frequency 
questionnaire (FFQ) and 3-day dietary record among three ethnic groups. 
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