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Two studies were conducted to determine the effect of varying vitamin B-6 (B- 

6) status on lymphocyte mitogenic response and pyridoxal 5'-phosphate (PLP) 

concentration in peripheral blood mononuclear cells (PBMC) in young women. In the 

first study, women were fed 1 mg/d for the first week and 1.5, 2.1 and 2.7 mg/d during 

2 weeks of each of the subsequent 3 experimental periods. Plasma PLP and urinary 4: 

pyridoxic acid (4-PA) were increased with increasing B-6 intake. B-6 intake > 2.1 mg 

significantly enhanced lymphocyte proliferation, and non-significantly increased 

plasma interleukin-2 concentration. Lymphocyte proliferation was significantly 

correlated with B-6 intake, erythrocyte aminotransferase activity coefficients and 

plasma PLP. PBMC PLP tended to increase after 2 weeks of 2.7 mg B-6 intake, and 

was significantly correlated with plasma PLP. In the second study, women consumed 

their normal diets whose estimated mean dietary B-6 intake was 0.9 mg for 27 d. For 



the last 20 d, all subjects were given a multivitamin supplement containing 1.8 mg B- 

6, and half of the subjects were given an additional 50 mg of B-6 supplement. Plasma 

PLP and urinary 4-PA were significantly higher in the group with 50 mg B-6, but 

lymphocyte proliferation did not significantly differ between the groups. After 10 d of 

supplementation, lymphocyte proliferation was significantly higher than the other time 

points. A significant increase in PBMC PLP was observed after 3 days and 20 days 

following 50 mg and multivitamin supplementation only, respectively. After 20 days 

of supplementation, there was no significant difference of mean PBMC PLP between 

the groups. PBMC PLP was significantly correlated with plasma PLP, PL and 4-PA. 

In both studies, no strong relationship was found between PBMC PLP and lymphocyte 

proliferation. The findings from these studies demonstrate no further benefit of a 

higher B-6 intake than 2.1 mg on lymphocyte mitogenic response, once the response 

was significantly enhanced with B-6 intake 0.8 mg higher than the current 

recommendation. Finally, results from two studies suggest that the current 

recommendation of vitamin B-6 for young women may not be adequate to maximize 

lymphocyte mitogenic response and PLP concentration in PBMC. 
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EFFECT OF VARYING LEVELS OF VITAMIN B-6 INTAKE 
ON LYMPHOCYTE MITOGENIC RESPONSE 

AND VITAMIN B-6 CONCENTRATION 
IN HUMAN PERIPHERAL BLOOD MONONUCLEAR CELLS 

INTRODUCTION 

Traditionally biochemical indices have been used to assess vitamin B-6 status. 

However, there are disadvantages of each biochemical index and there is still a lack of 

consensus about which measures are the best indicators of vitamin B-6 status. 

Recently functional indices, including immune function, have been used. Even though 

the consistent usefulness of immune function as a functional index is not well defined 

due to its lack of sensitivity and specificity, several investigators have shown a 

consistent positive relationship between vitamin B-6 intake and immune function. Of 

the parameters used to assess immune function, lymphocyte mitogenic response has 

been often measured, and was shown to be altered by changes in vitamin B-6 intake in 

humans under normal physiological conditions (Talbott et al. 1987, Meydani et al. 

1991, Wang 1990). In a recognized mechanism, pyridoxal 5'-phosphate (PLP) is 

involved in lymphocyte function via the PLP-dependent enzyme reaction of serine 

hydroxymethyltransferase (SHMT) (Trakatellis et al. 1992). Nevertheless, it has not 

been determined if the PLP concentration in these cells is related to lymphocyte 

function, although investigators have measured PLP concentrations in isolated white 

blood cells. 



Plasma PLP was used as the standard for adequate vitamin B-6 status to 

evaluate the new Recommended Dietary Allowance (RDA) of vitamin B-6 in 1998 

(Institute of Medicine 1998). For adult women, the RDA has been lowered from 1.6 to 

1.3 mg/d based on vitamin B-6 intake required for 20 nmol/L plasma PLP, without 

any evidence of health outcome related to this concentration. Even though plasma PLP 

has been often considered to be the most well defined index of vitamin B-6 status, its 

usefulness has been also questioned (Leklem and Reynold 1988). At least two 

measures are recommended to properly assess vitamin B-6 status, rather than 

measuring steady-state plasma PLP concentration alone (Leklem and Reynolds 1981). 

Since PLP acts as an intracellular coenzyme for SHMT in activated 

lymphocytes, determination of PLP concentration in these cells might provide a newer 

biochemical measure directly related to a functional indicator. In studies described 

here, the inclusion of both biochemical and functional indices of vitamin B-6 status 

has allowed an examination of the response of functional and newer biochemical 

indices of status to varying levels of vitamin B-6 intake. The studies were designed to 

determine a functional end point based on the alteration of immunological parameters 

and of PLP concentration in peripheral blood mononuclear cells (PBMC) following 

either a controlled diet and/or vitamin B-6 supplementation. 



Hypotheses 

The hypotheses tested in the studies were: 

1. Young women require a vitamin B-6 intake greater than the current RDA to 

maximize immune response as measured by lymphocyte proliferation and 

interleukin-2 (IL-2) concentration. 

2. Pyridoxal 5'-phosphate concentration in PBMC is related to the concentration 

in plasma, the lymphocyte mitogenic response, and the vitamin B-6 intake. 

Objectives 

The overall purpose of the studies was to determine the optimal level of vitamin B-6 

as defined by immunological function and a new biological index in conjunction with 

traditional vitamin B-6 status indicators. Specific objectives of the studies were: 

1. To determine which level of vitamin B-6 intake provides the maximal 

lymphocyte response to mitogenic stimulation and the maximal concentration 

ofPLPinPBMC. 

2. To provide a recommendation of vitamin B-6 intake for young women based 

on a functional measure related to plasma PLP concentration. 

3. To assess the reliability of PBMC PLP concentration as an index of cellular 

vitamin B-6 status in humans by investigating if PBMC PLP concentration 

reflects circulating vitamin B-6 metabolites and dietary vitamin B-6 intake. 

4. To determine the effect of vitamin B-6 intake on the magnitude of PBMC 

uptake in vivo, and on utilization of B-6 vitamers by PBMC in vitro. 

5. To propose PBMC PLP as a new biochemical index of vitamin B-6 status. 



LITERATURE REVIEW 

Vitamin B-6 

History 

Scientists have explored vitamin B-6 and its physiological functions for the 

past 70 years. In 1934, the name vitamin B-6 was first coined and defined by Paul 

Gyorgy to describe a specific substance essential for normal growth of rats, which 

cured a florid dermatitis developed in rats fed a purified diet containing vitamin B-l 

and B-2 (Gyorgy 1934). Over the four subsequent years, the crystalline form of 

vitamin B-6 was isolated by several investigators (Gyorgy 1938, Kuhn and Wednt 

1938, Lepovsky 1938). Harris and Folkers (1939) determined this compound was a 

derivative of pyridine, and identified it as 3-hydroxy-4,5-dihydroxy-2-methyl pyridine. 

This compound was first named pyridoxine (PN) due to its structural resemblance to 

pyridine (Gyorge and Eckhardt 1939). Soon after its isolation, pyridoxine was 

recognized to be required for the growth of several microorganisms, such as 

Bacterium acetylcholini and Lactobacillus plantarum (Moeller 1938). The presence of 

other forms of vitamin B-6 was hypothesized by Snell et al. (1942) who found a 

higher activity with the natural product in stimulating growth of microorganisms than 

pyridoxine itself. These other compounds were formed from pyridoxine or its esters by 

oxidation or ammonia treatment, and were found to be pyridoxal (PL) and 

pyridoxamine (PM) (Snell et al. 1942). 



Based on the identified functions of pyridoxal 5'-phosphate (PLP), PLP has 

been recognized to be physiologically active as a coenzyme for the past 60 years. 

Phosphorylated pyridoxal was identified as a coenzyme form of B-6 by the 

observation that pyridoxal or pyridoxal plus ATP restored low tyrosine decarboxylase 

activity of S. fasecalis in media containing low B-6 (Gunsalus et al. 1944). The 

phosphorylated position of pyridoxal was identified to be at 5' position, and the 

coenzyme form was eventually recognized as pyridoxal 5'-phosphate (Heyl et al. 

1951). Using microbiological assays, Rabinowitz and Snell (1947) discovered 

pyridoxamine 5'-phosphate. 

Structure and Chemistry 

The term vitamin B-6 includes all biological active forms of this vitamin. 

These forms are illustrated in Figure 1.1. Vitamin B-6 refers to the three derivatives of 

3-hydroxy-5-hydroxymethyl-2-methylpyridine, in which a formyl, hydroxy methyl or 

aminomethyl group is present at position 4', and are respectively named pyridoxal 

(PL), pyridoxine (PN), pyridoxamine (PM). These vitamers also exist as the 

phosphorylated forms with the phosphate group at 5' position. In aqueous solution, 

PL, PN and PM are especially light sensitive at alkaline or neutral pH condition. 

However, these forms are heat-stable (Leklem 1991) and relatively light-stable under 

acidic condition (Ang 1979). 

PLP and PMP, the coenzyme forms, are found in animal tissues bound to 

protein (Lumeng et al. 1980). PLP is bound covalently to an e-amino group of lysine 



residue to form a Schiff base (see Figure 1.2). Another form of vitamin B-6 found 

primarily in plant products is glycosylated pyridoxine (pyridoxine 5 '-P-D-glucoside), 

and is illustrated in Figure 1.3. 
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Figure 1.1. Structure of the B-6 vitamers (Adapted from Leklem 1991) 
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Figure 1.2. Schiff base formation between pyridoxal 5'-phosphate and an amino acid 
(Adapted from Leklem 1991) 
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Figure 1.3. Structure of pyridoxine P-glucoside (Adapted from Leklem 1988a) 

Food Sources 

In general, PL is primarily present in animal products, whereas plant products 

contain more PN and PM than PL. The forms found in foods are frequently as the 
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phosphorylated forms. As mentioned in the previous section, vitamin B-6 also exists 

as pyridoxine 5'-glucoside in plant foods. The major plant food sources of vitamin B- 

6, which provide more than 0.4 mg/lOOg serving, are bananas, beans, lentils, 

avocados, walnuts, filberts and brown rice. Tuna, salmon, halibut, turkey, liver and 

chicken are the major animal products. Generally, products such as milk, cheese, and 

eggs, certain fruits and vegetables contain small amounts of vitamin B-6 (less than 0.2 

mg/lOOg serving), however, bananas and avocados are excellent fruit sources of 

vitamin B-6 (Orr 1969). The vitamin B-6 content of selected foods is shown in Table 

1.1. 

Since many marketed cereals have been fortified with vitamin B-6, fortified 

cereals are a substantial source of vitamin B-6 in diets. On average, fortified cereals 

provide 1.5 mg of vitamin B-6 per 100 g serving. According to the data from the 

National Health Examination Survey (Ervin et al. 1999), the prevalence of 

multivitamin supplement in the US population is greater than 30%, so multivitamin 

supplementation is another important source of vitamin B-6 in the general population. 

In both fortified cereals and vitamin supplements, pyridoxine, as PN-hydrochloride, is 

the form used due to its stability. 

Based on the National Health and Nutrition Examination Survey III (Alaimo et 

al. 1994), the average vitamin B-6 intake for the population aged 2 month and older in 

both sexes was 1.77 mg/d. Of this, an average intake of each gender was 2.07 ± 0.03 

mg for males and 1.47 ± 0.02 mg for females. 



Table 1.1. Vitamin B-6 content of selected foods and proportion of the free forms 
present 

Food Vitamin B-6 PN PL PM 

(mg/lOOg) (%) (%) (%) 

Fruits and Vegetables 

Beans lima, frozen 0.150 45 30 25 
Cabbage, raw 0.160 61 31 8 
Carrots, raw 0.150 75 19 6 
Peas, green, raw 0.160 47 47 6 
Potatoes, raw 0.250 68 18 14 
Tomatoes, raw 0.100 38 29 33 
Spinach, raw 0.280 36 49 15 
Broccoli, raw 0.195 29 65 6 
Cauliflower, raw 0.210 16 79 5 
Com, sweet 0.161 6 68 26 
Apples, red delicious 0.030 61 31 8 
Apricots, raw 0.070 58 20 22 
Apricots, dried 0.169 81 11 8 
Avocados, raw 0.420 56 29 15 
Bananas, raw 0.510 61 10 29 
Oranges, raw 0.060 59 26 15 
peaches, canned 0.019 61 30 9 
Raisins, seedless 0.240 83 11 6 
Grapefruit, raw 0.034 - - - 

Legumes and Nuts 

Beans, white, raw 0.560 62 20 18 
Beans, lima, canned 0.090 75 15 10 
Lentils 0.600 69 13 18 
Peanut butter 0.330 74 9 17 
Peas, green, raw 0.160 69 17 14 
Soybenas, dry, raw 0.810 44 44 12 
Almonds, 
without skins, shelled 0.100 52 28 20 
Pecans 0.183 71 12 17 
Filberts 0.545 29 68 3 
Walnuts 0.730 31 65 4 
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Table 1.1. continued 

Food Vitamin B-6 PN PL PM 

(mg/lOOg) (%) (%) (%) 

Cereals and Grains 

Barley, pearled 0.224 53 42 6 
Rice, brown 0.550 78 12 10 
Rice, white, regular 0.170 64 19 17 
Rye flour, light 0.090 64 22 14 
Wheat, cereal, flakes 0.292 79 11 10 
Wheat flour 
all purpose, white 0.060 55 24 21 
Oatmeal, dry 0.140 - - - 

Bread, white 0.040 - - - 

Bread, whole wheat 0.180 - - - 

Meat, Poultry and Fish 

Beef, raw 0.330 16 53 31 
Chicken, breast 0.683 7 74 19 
Pork, ham, canned 0.320 8 8 84 
Flounder fillet 0.170 7 71 22 
Salmon, canned 0.300 2 9 89 
Sardine 
pacific, canned, oil 0.280 13 58 29 
Tuna, canned 0.425 19 69 12 
Halibut 0.430 - - - 

Milk, Eggs and Cheese 

Milk, cow, homogenized 0.040 3 76 21 
Milk, human 0.010 0 50 50 
Cheddar cheese 0.080 4 8 88 
Egg, whole 0.110 0 85 15 

All values taken from Orr (1969) 
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Absorption and Bioavailability 

Absorption 

The absorption of B-6 vitamers has mainly been studied in animals (Ink and 

Henderson 1984, Henderson 1985), and a limited number of human studies (Wozenski 

et al. 1980). The non-phosphorylated forms of vitamin B-6 are absorbed in the 

proximal jejunum by non-saturable passive diffusion, whereas the 5'-phosphate forms 

are first hydrolyzed to the non-phosphorylated form in the intestinal lumen by 

intestinal phosphatase (Ink and Henderson 1984, Mehansho et al. 1979). Henderson 

(1985) reported the percentage of H labeled B-6 vitamers transported into the mucosa 

and perfusate after 10 min of perfusion of rat intestine was 23, 40, 43, 19 and 22% for 

PN, PL, PLP, PM and PMP, respectively. This suggests that, of three free B-6 

vitamers, PN and PL are absorbed more rapidly than PM in rats. In addition, although 

the slower absorption of PM than PL and PN was not clearly defined in humans, 

Wozenski et al. (1980) found slower rises in plasma total B-6 and PLP concentration 

and urinary total B-6 excretion after an oral administration of PM compared to PL and 

PN. 

Bioavailability 

The nutritional status of an individual is influenced not only by the amount 

ingested, but also by biological availability due to the extent of absorption and 
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metabolic utilization. As an index of vitamin B-6 bioavailability, rat growth with 

several types of food sources was compared to the B-6 content obtained from 

microbiological assays (Sarma et al. 1947, Toepfer et al. 1963). In a study by Sarma et 

al. (1947), different types of plant foods (used for the basis of diet), resulted in 

different growth rates among rats. In addition, Toepfer and colleagues (1963) found 

that the amounts of vitamin B-6 in various foods determined by rat growth assay were 

lower than those measured with a microbiological assay. 

In subsequent decades, factors that reduce B-6 bioavailability have been 

evaluated, and found to be mainly due to the presence of pyridoxine glucoside (PNG) 

and fiber in the diet. PN-glucoside was not found in animal products, but was found to 

be present in plant foods at levels of 6-57% of the total vitamin B-6 content in grains 

and legumes, at 47% in orange juice, and at 51% in raw carrots (Kabir et al. 1983a). 

Vitamin B-6 and PN-glucoside content of selected foods are shown in Table 1.2. 

When vitamin B-6 status was compared between vegetarians and non-vegetarians, 

vegetarians were found to have a 22% lower mean plasma PLP concentration, which 

may represent, in part, incomplete bioavailability of B-6 from a plant base diet (Shultz 

and Leklem 1987). Using a stable isotope method, Gregory et al. (1991) found that 

about 11.4-51.5%) of dietary PNG appeared in urine as the unchanged form, which 

suggested incomplete metabolic utilization of the glycosylated form of vitamin B-6. In 

addition, utilization of nonglycosylatd forms of vitamin B-6 has shown to be 

quantitatively altered by PNG in a rat diet (Gilbert and Gregory 1992). To determine 

intestinal absorption of vitamin B-6 from natural and synthetic forms, orange juice and 

synthetic solution were infused into human intestinal lumen. Vitamin B-6 uptake by 
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the intestine and transport rates were >50% and >40% lower in orange juice than 

synthetic B-6 solution made with PN- hydrochloride, PLP and PM-dihydrochloride 

(Nelson et al. 1976). Since orange juice (e.g fresh orange juice) contains 

approximately 40% of the B-6 as PNG (see Table 1.2), this finding also demonstrates 

that the lower absorption of vitamin B-6 may be due to the PNG content. 

Human bioavailabilty of B-6 from several foods have been assessed. The 

estimated bioavailability of foods that have been tested in humans are summarized in 

Table 1.3. Kabir and colleagues (1983b) evaluated vitamin B-6 bioavailability from 

whole wheat bread and peanut butter, as compared to that from tuna. Male subjects 

consumed 1.6 mg/d of vitamin B-6 with 50% of the B-6 consisting from the basal diet 

and 50% from the experimental food. When subjects consumed an experimental diet 

containing whole wheat bread or peanut butter, the mean fecal B-6 excretion was 23% 

and 43% higher, respectively, than with a diet containing tuna. In addition, there was a 

lower urinary excretion of total B-6 and 4-PA and plasma PLP concentration with 

whole wheat bread or peanut butter diet compared to tuna. These findings suggested 

that vitamin B-6 in both whole wheat bread and peanut butter was less available than 

that from tuna. These findings led to an estimation of bioavailablity from these two 

plant foods to be 75 and 63%, respectively (assuming bioavailability of tuna to be 

100%). An inverse relationship between PNG content in diets and B-6 status became 

clearer based on the determination of significantly lower urinary excretions of total B- 

6 and 4-PA with a high glucoside diet (1.52 mg/d) compared with a low glucoside diet 

(1.44 mg/d) (Hansen et al. 1996a). Mean concentrations of total plasma B-6 and PLP 

in red blood cells were shown to be significantly lower when subjects consumed the 
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Table 1.2. Vitamin B-6 and pyridoxine glucoside content of commonly consumed 
foods (Adapted from Leklem 1999) 

Food Vitamin B-6 
(mg/lOOg) 

PNG 
(mg/lOOg) 

Vegetables 

Carrots, raw 
Cauliflower, frozen 
Broccoli, frozen 
Spinach, frozen 
Cabbage, raw 
Sprouts, alfalfa 
Potatoes, cooked 

0.170 0.087 
0.084 0.079 
0.119 0.078 
0.208 0.104 
0.140 0.065 
0.250 0.105 
0.394 0.165 

Beans and Legumes 

Soybeans, cooked 
Beans, navy, cooked 
Beans, lima, frozen 
Peas, frozen 
Peanut butter 
Beans, garbanzo 
Lentils 

0.627 0.357 
0.381 0.159 
0.106 0.039 
0.122 0.018 
0.302 0.054 
0.653 0.111 
0.289 0.134 

Cereals and Grains 

Wheat bran 0.903 0.326 
Shredded wheat, cereal 0.313 0.087 
Rice, brown 0.237 0.055 

Nuts and Seeds 

Walnuts 0.535 0.038 
Cashews, raw 0.351 0.046 
Sunflower seeds 0.997 0.046 
Almonds 0.086 0.000 
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Table 1.2. continued 

Food Vitamin B-6 PNG 

(mg/lOOg) (mg/lOOg) 

Fruits 

Orange juice, fresh 0.043 0.016 
Tomato juice, canned 0.097 0.045 
Bluberries, frozen 0.046 0.019 
Banana 0.313 0.010 
Pineapple, canned 0.079 0.017 
Peaches, canned 0.009 0.002 
Avocado 0.443 0.015 
Rasins, seedless 0.230 0.154 

Animal products 

Beef, ground, cooked 0.263 none detected 
Tuna, canned 0.316 none detected 
Chicken breast, raw 0.700 none detected 
Milk, skim 0.005 none detected 

Table 1.3. Studies in which bioavailability of vitamin B-6 from foods has been 
assessed in humans (Adapted from Leklem 1999) 

Food Estimated Bioavailability 

Whole wheat bread 

Cooked wheat bran 

Wheat, rice, com brans 

Peanut butter 

Banana 

Hazelnuts 

Soybeans 

Orange juice  

> 85% 

> 85% 

60-65% 

63% compared with tuna 

98% compared with tuna 

96% compared with tuna 

41% compared with tuna 

50% compared with tuna 
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high PNG diet. In addition, the mean daily fecal total B-6 excretion was significantly 

higher with the high PNG diet than the low PNG diet. 

As found in a rat study (Gilbert and Gregory 1992), PNG in the diet has shown 

to alter co-ingested B-6 availability in humans (Nakano et al. 1997). By using a stable 

isotope method, the bioavailability of PNG and the effect of PNG on co-ingested PN 

metabolism were determined. Based on the rate of urinary labeled 4-PA excretion 

derived either from ingested labeled PN or PNG, the bioavailability of PNG was found 

to be about 50% relative to PN (Nakano et al. 1997). Nakano and colleagues also 

found an inverse relationship between the rate of [2H2] 4-PA excretion derived from 

[ H2] PN and the proportion of co-ingested PN glucoside. In addition to PNG itself, a 

negative effect of fiber on B-6 bioavailability has been addressed. The effect of 

cooked wheat bran on B-6 bioavailability was determined by Lindberg et al. (1983). 

They found that the addition of 15 g of cooked wheat bran to the diet modestly 

decreased B-6 bioavailability based on B-6 vitamer measures in urine, fecal and 

plasma samples. 

Transport and Interorgan Metabolism 

After being absorbed, vitamin B-6 forms (mainly non-phosphorylated) exit 

from the basolateral membrane side of the intestine. Sakurai et al. demonstrated 

metabolism and transport of absorbed labeled PN (1988) and PM (1992). When a 

relatively small dose of [3H]PN or [3H]PM (1.4 or 14 nmol) was orally administered to 

mice, labeled PN or PM was rarely found in the portal blood and peripheral blood 
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while labeled PL and PLP were found in portal and peripheral blood (Sakurai et al. 

1988). In contrast, Sakurai and coworkers found that an administration of high amount 

of PN and PM (46 or 140 nmol) resulted in a significant amount of labeled PN and 

PM in the portal and peripheral blood along with labeled PL and PLP. This study 

suggested that all three free forms of B-6 vitamers were released from the intestine, 

but the amount of B-6 ingested affected the major form to be released from the 

intestine. Following transport to the liver there is metabolic conversion to PLP 

(Lumeng et al. 1974). All B-6 vitamers are metabolically interrelated with each other 

by the actions of enzymes. The overall metabolic interconversion of vitamin B-6 is 

depicted in Figure 1.4. In blood, PLP and PL are the major circulating forms (Lumeng 

et al. 1974, Dempsey and Christensen 1962), which are then transported to muscle and 

peripheral tissues. Although there is still uncertainty regarding the relative importance 

of PL and PLP in vitamin B-6 transport to peripheral tissues, Cobum et al. (1992) 

found that approximately equal amounts of PL and PLP were taken up by tissues in 

pigs and goats. PL and PN are rapidly taken up by erythrocytes (Anderson et al. 1989), 

and are converted to PLP which is then found bound to hemoglobin along with PL 

(Ink et al. 1982, Benesch et al. 1973). The overall pathway of transport and 

metabolism of vitamin B-6 is illustrated in Figure 1.5. 

The liver is the key organ at the center of vitamin B-6 metabolism and the 

formation of PLP (Lumeng et al. 1974). Substantial amounts of absorbed vitamin B-6 

is transported to the liver quite rapidly. This has been demonstrated in rats where 80% 

of orally supplemented B-6 (PN-HC1) was found in rat liver within an hour (Snell and 

Haskell 1971).    The three free forms of vitamin B-6 enter the hepatic cells by 
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diffusion, and are eventually converted to PLP. In the process of PLP biosynthesis, the 

specific actions of two enzymes, pyridoxal kinase and PNP/PMP oxidase, are 

prominently involved. First, the three free forms of B-6 are converted to their 

respective phosphorylated forms by catalysis of pyridoxal kinase in the presence of 

adenosine triphosphate (ATP)(Hurwitz 1953, McCormick et al. 1961, Li et al. 1974). 

Pyridoxal kinase activity has been revealed in a wide variety of mammalian tissues 

(McCormick et al. 1961). In addition, a more recent study has demonstrated the 

molecular characteristics of this enzyme in human tissues, and detected transcripts 

(mRNA) of the pyridoxal kinase gene in heart, brain, placenta, lung, liver, skeletal 

muscle, kidney, pancreas, spleen, thymus, prostate, testis, ovary, small intestine, colon 

and leukocytes (Hanna et al. 1997). The second step in the formation of PLP from PN 

and PM is completed by oxidation of the phosphorylated forms of PN and PM to 

generate PLP via a flavin-dependent enzyme known as PMP/PNP oxidase. This 

oxidase activity was noted in earlier studies with rabbit liver extract (Pogell 1958, 

Wada and Snell 1961). In contrast to pyridoxal kinase, the distribution of PMP/PNP 

oxidase has shown to be limited to a few mammalian tissues, for example liver and red 

blood cells with relatively high activity, and muscle with low activity (Lumeng et al. 

1985). The highest specific activity of this oxidase is present in the liver (Pogell 1958, 

McCormic et al. 1980). Li and colleagues (1974) demonstrated similar results in 

hepatic cellular PLP accumulation by incubating isolated rat hepatocytes with either 

PN or PL. This finding explains why pyridoxine kinase and PNP/PMP oxidase 

contribute to the formation of PLP from exogenous PN. This PLP is bound to cellular 

apo-enzymes, released to bloodstream or dephosphortlated by alkaline phosphatase. 
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As illustrated in Figure 1.4, all phosphorylated forms are reversibly dephosphorylated 

by alkaline phosphatase, and PLP and PMP are interconvertible via the action of 

transaminases (Lumeng et al. 1985). Thus, the liver is the main organ in which the 

most active interconversion of vitamin B-6 occurs, and the primary organ responsible 

for converting PM and PN to PL via PLP in the presence of pyridoxal kinase, 

PNP/PMP oxidase and alkaline phosphatase. Finally, 4-pyridoxic acid (4-PA) is 

formed by an irreversible reaction by an FAD dependent oxidase, which is the main 

route for elimination of B-6 from the body via urinary excretion (Lui et al. 1985, 

Merrill et al. 1984). When B-6 intake is adequate, urinary excretion of 4-PA comprises 

approximately 40-60% of the total in human (Wozenski et al. 1980, Leklem 1988b). 

The metabolism and excretion rate of B-6 were studied in men administered either PL, 

PM or PL. The rate of urinary 4-PA and B-6 was maximized in the 1st three hours 

following the doses. This study also demonstrated that an increase in plasma PLP 

concentration was observed less with PL than with the PM or PN dose. This suggests 

that there is a favorable oxidation from PL to 4-PA, which results in lower availability 

of PL for conversion to PLP (Wozenski et al. 1980). Based on the kinetic properties of 

enzymes involved in B-6 metabolism of human liver shown by Merrill et al. (1984) 

and the rapid conversion from PL to 4-PA found by Wozenski et al. (1980), Merrill 

and Henderson (1990) illustrated that the oxidation rate of PL to 4-PA (activity 16.5 

nmol/min/g) is similar to the phosphoration rate of PL to PLP (activity 11.0 

nmol/min/g). However, the dephosphorylation rate of PLP to PL (activity 0.1-2.0 

nmol/min/g) by alkaline phosphatase was much lower than the phosphorylation rate of 

PL to PLP by PL kinase. 
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Pyridoxal 5 '-phosphate synthesized in the liver is released into the circulation 

and found bound to albumin (Dempsey and Christensen 1962), although it still 

remains to be determined if the PLP-albumin complex is formed in the liver before 

release into the circulation. In both bovine (Dempsey and Christense 1962) and human 

(Lumeng et al. 1974) plasma, PLP was found to form a Schiff s base with albumin in a 

molar ratio of 2:1 at neutral pH. This albumin-PLP complex is formed with a very 

high affinity and this complex serves to protect PLP from hydrolysis in the circulation. 

The hydrolysis rate of PLP by alkaline phosphatase has shown to be considerably 

lower in the presence of abundant human albumin than in the absence of albumin 

(Lumeng et al. 1974). Physiologically, albumin is the major carrier of PLP in the 

circulation to the target tissues. However, most cells and tissues cannot transport intact 

PLP from the plasma into the cells. Pyridoxal is considered to be the transport form of 

PLP, since PL freely crosses the cell membrane (Anderson et al. 1971). Therefore, 

PLP must be hydrolyzed to PL by alkaline phosphatase for it to enter cells. Once PL is 

inside the cell, it can then be re-phosphorylated by pyridoxal kinase. Since pyridoxal 

kinase widely exists in most mammalian tissues, PL is considerably recycled in 

muscle and other metabolic sites in tissues by conversion to PLP. In human fasting 

plasma, PLP and PL comprise approximately 75-90% of total vitamin B-6 with PLP 

consisting up to 50-75% of the total B-6 (Coburn and Mahuren 1983, Leklem 1991, 

Hansen et al. 2001). Pyridoxine is the next most abundant active form of B-6 in human 

plasma (Coburn and Mahuren 1983, Hansen et al. 2001). Additionally, 4-PA, the end ' 

metabolic product of B-6, is present in human plasma to a significant degree (Hansen 

et al. 2001). Other than plasma, erythrocytes also contain relatively high amounts of 
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PLP, PL, as well as PN, as has been shown in rats (van de Kamp et al. 1995) and in 

humans (Hansen et al. 2001). In addition Anderson et al. (1989) proposed that 

erythrocytes are transport vehicles of B-6 vitamers, similar to plasma. In contrast to 

PLP, which needs to be hydrolyzed prior to uptake, PL and PN were shown to be 

rapidly taken up by a simple passive diffusion process into erythrocytes in vitro 

(Mehansho and Henderson 1980, Ink et al. 1982). The rapid uptake and clearance of 

PN by human erythrocytes was demonstrated in vivo after intravenous injection of PN 

(Anderson et al. 1989). Investigators also pointed out the rapid conversion from PN to 

PL (Anderson et al. 1989), and from PN to PLP (Fonda and Harker 1982) following 

the initial uptake of PN in human erythrocytes. Erythrocyte pyridoxal is tightly bound 

to the alpha chain of hemoglobin, which increases the oxygen binding affinity of 

hemoglobin (Benesch et al. 1973, Ink et al. 1982). In contrast to PL, PLP has shown to 

be tightly bound to the beta chain of hemoglobin which lowers the oxygen binding 

affinity of hemoglobin (Benesch et al. 1973, Kark et al. 1982, Maeda et al. 1976). 

Previous descriptions indicate that both liver and erythrocytes play important 

roles in vitamin B-6 metabolism. Since erythrocytes showed a higher accumulation of 

PLP than plasma in normal subjects administered pharmacological doses of PN, PLP 

in erythrocytes appears to have a slower turnover rate compared to that in plasma 

(Bhagavan et al. 1975). This observation suggests that different pools of B-6 with 

different turnover rates exist in the body. 

The liver is the major organ for processing ingested vitamin B-6, and releasing 

B-6 vitamers to other organ tissues. Several animal studies have been done in which 

the content of B-6 vitamers in various tissues was determined. PLP and PMP are the 
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predominant B-6 forms found in mammalian tissues, and these two vitamers are 

normally present in liver with a relatively higher concentration compared to other 

organ tissues such as kidney, small intestine, heart and brain (Nakano and Gregory 

1995 a, b, Schaeffer et al. 1995, Bode et al. 1991). An early study by Schweigert et al. 

(1946) demonstrated a decrease in liver B-6 content after omitting B-6 from the diet. 

This decreased B-6 content in liver by B-6 deficient diet was observed in rats fed a 

high casein diet for 3 weeks and in rats fed a low casein diet for 12 weeks (Schweigert 

et al. 1946). In contrast, there was no change in liver content of PLP and PMP when 

rats were fed 1 to 250 times the NRC recommended level of PN-HC1 (7 mg PN- 

HCl/kg diet) for 10 weeks (Schaeffer et al., 1995). In the same study, Schaeffer and 

co-workers also found that dietary PN-HC1 beyond the recommended level, did not 

affect muscle concentration of PLP, as well as glycogen phosphorylase activity in rats. 

They suggested that the storage capacity of PLP and glycogen phosphorylase in 

muscle had reached its plateau when the recommended level was fed. Pyridoxal 5'- 

phosphate bound to glycogen phosphorylase has been suggested as one of the storage 

mechanisms for protecting PLP from its hydrolysis (Fonda and Marker 1982). In 

1970s, Black and co-workers found that muscle PLP is bound primarily to glycogen 

phosphorylase (Black et al. 1977, 1978). Muscle phosphorylase and total muscle B-6 

content increased when PN in the diet was increased, but no decrease was observed 

with a B-6 restricted diet for 8-10 weeks. This group of investigators concluded that 

changes of muscle phosphorylase reflects the changes of reservoir content based on 
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the positive correlation observed between B-6 content in muscle and phosphorylase 

activity. Interestingly, muscle phosphorylase was not significantly affected by B-6 

deficiency, but was decreased with starvation when the rats were fed 10% of their 

normal energy intake for 1-4 days. Hence, degradation of phosphorylase followed by 

release of bound PLP is not significantly affected by low B-6 intake, and must be 

combined with energy restriction. An age-related decline of glycogen phosphorylase 

was also accompanied by a lowering of total PLP content in rat muscle (Bode et al. 

1991). 

Other than animal models, Cobum and his colleagues made attempts to 

measure vitamin B-6 content in human muscle using muscle biopsies (Cobum et al. 

1988, 1991). They estimated the B-6 pool in the muscle of 12 adult subjects (5 female 

and 7 male). The estimated values were 917 ± 319 ^mol in the females and 850 ±216 

jamol in the males, with an assumption that 40% of the body weight is muscle 

(evaluated by measuring creatinine excretion) (Cobum et al. 1988). Since muscle 

holds 70-80% of the B-6 in the body, the total pool of B-6 in human bodies was 

estimated to be greater than 1000 jamol. Similar to the relatively stable level of B-6 in 

muscle found in B-6 depleted rats (Black et al. 1977, 1978), young male subjects also 

showed that muscle B-6 was not susceptible to a change following a low B-6 diet 

(1.76 ^mol/d) for 6 weeks (Cobum et al. 1991). Pyridoxal 5'-phosphate concentrations 

in plasma and erythrocytes were significantly changed either by depletion or 

supplementation, as well as other status indicators such as urinary pyridoxic acid and 

erythrocyte transaminase activity (Cobum et al. 1991). However, a 200 mg PN 

supplement for 6 weeks did not significantly affect PLP concentration in muscle, but 
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total B-6 content in muscle increased by 25% with a slight increase in PLP and a 

significant increase in PMP. The most profound aspect of muscle, which is considered 

to be the major reservoir of vitamin B-6, is that muscle does not appear to be 

vulnerable to B-6 deficiency unlike to other parts of body. 

Status Assessment 

Several techniques for evaluating vitamin B-6 status in humans have been 

investigated. The status of vitamin B-6 can be evaluated by traditional biochemical 

indices, categorized as direct or indirect measurements. Measuring actual B-6 vitamers 

in biological samples such as plasma, erythrocytes and urine are classified as direct 

indices, whereas indirect indices measure metabolites produced by the pyridoxal 5'- 

phosphate dependent physiological pathways. In addition to the biochemical indices 

often used traditionally, a few other functional indices have been used. However, these 

functional indices are limited to measurements of neurological and immunological 

functions, and the sensitivity and specificity are not yet recognised for these indicators 

to be used as a useful index of B-6 status. However, Kretsch et al. (1991) measured 

abnormal electroencephalogram patterns induced by B-6 depletion (Kretsch et al. 

1991), and others have measured impairment or enhancement of immunological 

parameters such as lymphocyte proliferation and cytokine production with varying B- 

6 status (Meydani et al. 1991, Wang 1990). Methods of B-6 status assessment and 

minimum levels indicating adequate status are summarized in Table 1.4. 
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Direct Measurements 

Direct indices usually are based on measuring B-6 metabolites and their 

metabolic end product in biological samples. Plasma PLP is often considered the most 

applicable index to determine vitamin B-6 status (Leklem 1990). Based on metabolic 

studies, plasma PLP reflects dietary changes in vitamin B-6 as shown by a significant 

correlation between dietary B-6 intake and PLP concentration. For instance, an 

increase in PLP concentration in plasma has been observed in subjects receiving 

increasing intakes of vitamin B-6 (Lee and Leklem 1985, Huang et al. 1998, Hansen et 

al. 1997, 2001) while decreased PLP concentration in plasma has been observed in 

subjects receiving a diet low in vitamin B-6 (Meydani et al. 1991, Kretsch et al. 1991). 

Plasma PLP has been shown to plateau within 7-10 days after a change in vitamin B-6 

intake in the range of 0.5-10 mg, thus it is a good indicator of vitamin B-6 status in a 

situation where diet is controlled and for studies in which vitamin B-6 supplements are 

administered (Kabir et al. 1983b, Lee and Leklem 1985, Leklem 1988b, Lindberg et 

al. 1983). In addition, Lumeng et al. (1985) found a significant correlation between 

PLP in plasma and in tissues in rats. Although plasma PLP is a good indicator of 

vitamin B-6 status, Leklem and Reynolds (1981) recommended at least two measures 

to properly assess vitamin B-6 status rather than measuring plasma PLP alone. Plasma 

PLP, however, has various factors that can affect its concentration. Factors which are 

associated with a decreased plasma PLP concentration are gender (Sauberlich et al. 

1972), age (Lee and Leklem 1985, Rose et al. 1976), smoking status (Giraud and 

Driskeii 1994, Vermaak et al. 1990) and protein intake (Miller et al. 1985, Hansen et 
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al. 1996b). Plasma PLP tends to be lower in females than males (Sauberlich et al. 

1972), and smokers have a lower PLP concentration in plasma than non-smokers 

(Giraud et al. 1995, Vermaak et al. 1990). Aging (Lee and Leklem 1985, Rose et al., 

1976) and exercise (Hofmann et al. 1991, Leklem and Shultz 1983, Manore et al. 

1987) have been found to be associated with a decreased plasma PLP concentration. 

Protein intake is another factor influencing vitamin B-6 status (Miller et al. 1985, 

Hansen et al. 1996b). The dietary and physiological factors influencing plasma PLP 

concentration are summarized in Table 1.5. 

Other than plasma PLP, which is the most frequently used index, several other 

direct indices of vitamin B-6 status have been suggested. As an additional vitamin B-6 

status indicator, plasma PL has been suggested since PL is the major form that crosses 

cell membranes. In addition, plasma PL comprises 8-30% of the total plasma vitamin 

B-6 (Leklem 1991). Considering the proportion of vitamers in plasma (PLP and PL 

comprise ~90% of the total plasma vitamin B-6), the total vitamin B-6 in plasma, 

along with plasma PLP, can also give an estimate of plasma PL. In addition to the 

microbiological assay (Miller and Edwards 1981) used to estimate total B-6 

concentration in plasma, high performance liquid chromatography has been recently 

used to determine not only PLP but also other B-6 metabolites including PL 

concentration in plasma (Hansen et al. 2001, Reynolds 1995). During pregnancy, there 

is a significantly higher plasma PL concentration than in age- matched non-pregnant 

controls (Barnard et al. 1987). However, plasma PL concentration is normally quite 

constant. Thus, either plasma PL or combined plasma aldehyde forms of B-6 (PLP + 
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PL) does not appear to be a better status indicator of vitamin B-6 than plasma PLP 

alone (Reynolds 1995). 

The primary metabolic end product, 4-PA, is an additional direct index of 

vitamin B-6 status. Urinary 4-PA excretion changes rapidly in response to changes in 

vitamin B-6 intake and is considered to be a short-term indicator of vitamin B-6 status 

(Leklem 1990). As shown for plasma PLP concentration, urinary 4-PA excretion is 

also adversely affected by dietary protein intake (Miller et al. 1985, Hansen et al. 

1996b). 

Erythrocyte PLP level has been measured to evaluate vitamin B-6 status. 

However, erythrocytes have shown a less sensitive response to changes in status 

compared to plasma levels (Vermaak et al. 1990, Hansen et al. 1997, Kant et al. 1988). 

Indirect Measurements 

Unlike the direct measures that reflect concentrations of vitamin B-6 in 

biological fluids, indirect methods measure metabolites in B-6 dependent metabolic 

reactions. To assess vtamin B-6 status, a tryptophan load test and a methionine load 

test have been often used. Vitamin B-6 status is determined by measuring urinary 

xanthurenic acid following a 2 g tryptophan load (Brown 1985) or by measuring 

urinary cystathionine after a 3 g methionine load (Reynolds 1995). 

Erythrocyte aminotransferase activity and stimulation are thought to reflect 

relatively long-term dietary vitamin B-6 intake, but the effect of the turnover of red 

cells and the relationship of enzyme activity to other measures of vitamin B-6 status 
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remain to be evaluated. Therefore, it cannot be recommended that aminotransferase 

activity and stimulation serve as a primary indicator of vitamin B-6 status in all free- 

living populations (Leklem and Reynolds 1981). 

Table 1.4. Direct and indirect methods to assess vitamin B-6 status and suggested 
minimum values for adequate status in adults (Adapted from Leklem 1991). 

Minimum Value Indicating 
Methods Adequate Status1 

Direct 

Plasma pyridoxal 5 '-phosphate > 30 nmol/L 

Plasma pyridoxal NV2 

Plasma total vitamin B-6 > 40 nmol/L 

Erythrocyte pyridoxal 5'-phosphate NV 

Urinary 4-pyridoxic acid > 3.0 (imol/day 

Urinary total vitamin B-6 > 0.5 jamol/day 

Indirect 

Erythrocyte alanine transaminase index <i.25J 

Erythrocyte aspartic transaminase index <1.80 

2 mg Tryptophan load: urinary xanthurenic acid < 65 ^mol/day 

3 g Methionine load: urinary cystathione < 350 |amol/day 

Oxalate excretion NV 

Diet intake 

Vitamin B-6 intake, weekly average > 1.2-1.5 mg/d 

Vitamin B-6 : Protein ratio > 0.020 

Other 

Electoencephalogram pattern NV 

Values are dependent on age, sex and for the most part protein intake 

of enzyme activity with added 
NV: No Value established 
The index for each transaminase presents the ratio 

PLP to the activity without added PLP 
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Table 1.5. Factors influencing plasma PLP concentration 
(Adapted from Leklem 1999) 

Factor Effect on Plasma PLP 

Diet 

t Vitamin B-6 f 
t Protein i 
t Glucose i, acute 

I Bioavailability 1 
Physiologic 

t Exercise, aerobic t, acute 

t Age 1 
Pregnancy 1 

t Alkaline phosphatase activity I 
Smoking, chronic 1 

Biochemical Function 

Pyridoxal 5 'phosphate is an active co-enzyme form and is involved in over 115 

enzyme reactions in the body (Sauberlich et al. 1985). Table 1.6 summarizes some 

know cellular process systems and physiological functions, and Figure 1.6 illustrates 

overall metabolism and biochemical pathways where vitamin B-6 is involved. Immune 

function is reviewed in detail in section B, and other biochemical functions of vitamin 

B-6 are briefly reviewed in following pages. 
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Table 1.6. Cellular process affected by pyridoxal 5 'phosphate 
(Adapted from Leklem 1991) 

Cellular process or enzyme Function/System influenced 

1-carbon metabolism, hormone modulation Immune function 

Glycogen phosphorylase, transamination Gluconeogenesis 

Tryptophan metabolism Niacin formation 

Heme sysnthesis, transamination, 02 affinity Red cell metabolism and formation 

Neurotransmitter synthesis, lipid metabolism Nervous system 

Hormone modulation, binding of PLP to Hormone modulation 

lysine on hormone receptor 

Gluconeogenesis 

Glucose plays a vital role in metabolism as either a fuel source or a precursor 

of specific carbohydrate compounds and other biomolecule structures. The storage 

capacity of glycogen in the liver is only enough to supply the brain, which is 

completely dependent on glucose as an energy source, in short fasting or starvation 

state. Thus, under fasting conditions, most of the glucose need is met by 

gluconeogenesis from non-carbohydrate precurcors such as glycolysis products (e.g. 

lactate, pyruvate), citric acid cycle intermediates and the carbon skeletons of amino 

acids. During the biosynthesis of glucose, pyridoxal 5'-phosphate serves its role as a 

cofactor in transamination reactions (Sauberlich 1968) and in the action of glycogen 

phosphorylase (Krebs and Fischer 1964). In the liver, glucose is biosynthesized from 

non-carbohydrate compounds including gluconeogenic amino acids and lactate 

produced by skeletal muscle. This newly produced glucose is transported to skeletal 
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muscle where it serves an energy store via glycogen. The overall process is called the 

Cori-alanine cycle, and is illustrated in Figure 1.7. Furthermore, as discussed 

previously in the section on B-6 metabolism, PLP is associated with glycogen 

phosphorylase as a body storage of B-6. Glycogen phosphorylase plays a role in the 

process of glycogen breakdown to release glucose. PLP functions as a cofactor in this 

enzyme reaction (Krebs and Fischer 1964). 

In rats fed a vitamin B-6 free diet for 8 weeks, Angel (1980) found a decreased 

ability to incorporate l4C from labeled alanine into blood glucose and to expire 14C02. 

However, the glucose production of renal cortex slices from pyruvate and 2- 

oxoglutarate was comparable between deficient and control animals. Based on these 

results, it was assumed that the impairment of gluconeogenesis from alanine was due 

to decreased pyruvate production from alanine rather than the subsequent enzymatic 

steps (Angel 1980). In humans, Rose et al. (1975) demonstrated that in women 

consuming 0.19 mg B-6 for 4 weeks there was no significant change in fasting blood 

glucose concentration. However, when subjects were given D-glucose (Ig/kg body 

wt.) there was a significant decrease in plasma PLP concentration, as well as plasma 

total B-6 after 2 hours of the dose (Leklem and Hollenbeck 1990). Leklem and 

Hollenbeck suggested that carbohydrate ingestion should be considered when vitamin 

B-6 status is assessed by measuring plasma PLP and total B-6, and fasting blood 

sample should be used for evaluating B-6 status. 
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Figure 1.7. Cori-alanine cycle, the involvement of pyridoxal 5'-phosphate (PLP) in 
glucose and alanine metabolism (Adapted from Leklem 1985) 

Urea 
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Niacin Formation 

Vitamin B-6 plays an essential role in the conversion of tryptophan to niacin 

(Brown, 1985). Pyridoxal 5'-phosphate is involved in four different steps of this 

pathway as a coenzyme. In the direct conversion of tryptophan to niacin, kynureninase 

is the PLP-requiring enzyme. Kynureninase catalyzes the conversion of 3- 

hydroxykynurenine to 3-hydroxyanthranilic acid. Leklem et al.(1975) demonstrated 

the effect of vitamin B-6 deficiency on the conversion of tryptophan to niacin. 

Following a tryptophan load test, subjects receiving 0.19 mg vitamin B-6 per day 

excreted significantly lower amounts of the niacin metabolites, N'-methyl-2-pyridone- 

5-carboxamide and N'-methylnicotinamide, than subjects receiving 1.8mg vitamin B- 

6 per day. This finding suggests an adverse effect of vitamin B-6 deficiency on the 

niacin formation from tryptophan. 

Nervous System 

Vitamin B-6 serves a critical role in the synthesis of several neurotransmitters 

such as y-aminobutyric acid (GABA), histamine, serotonin, dopamine, norepinephrine 

and taurine (Dakshinamurti, 1982). The vitamin B-6 dependent enzyme glutamic acid 

decarboxylase, plays a role in the synthesis of the inhibitory neurotransmitter y-amino 

butyric acid (GABA) from the amino acid glutamic acid. An insufficient level of PLP 

may lead to excitability of the CNS as a result of a decrease GABA synthesis (Denner 

and Wu 1985). Histamine and serotonin are synthesized in brain by decarboxylation of 

L-histidine and trypyophan, respectively (Palacios et al. 1978, Dakshinamurti 1982). 
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In histamine synthesis, PLP is involved in enzyme reactions of L-histidine 

decarboxylase (HDC) and DOPA decarboxylase. In addition to the role of PLP in the 

conversion of tryptophan to niacin as described previously, PLP also plays a role in 

another typtophan pathway in which the PLP is the coenzyme for 5- 

hydroxytryptophan decarboxylase. The metabolic effect of dietary vitamin B-6 on 

histamine and serotonin synthesis was determined by measuring the concentrations of 

these neurotransmitters in brain regions among rats fed PN at 400 times the NRC 

recommended level (Lee et al. 1988). When histidine and tryptophan supplies were 

higher than the recommended level, excess amounts of dietary B-6 resulted in 

increasing histamine and serotonin concentrations, respectively. However, Lee and co- 

workers thought this change cannot be explained on the basis of brain PLP 

concentration, since they found no significant change of PLP concentration in the 

hypothalamus after the high PN dose compared to the recommended level. 

In early studies by Spector, [ H]PN transport in the central nervous system was 

tested in vitro (1978a) and in vivo (1978b). Additional PN (as unlabeled PN) in a 

culture media containing labeled PN resulted in a decreased proportion of the three 

labeled phosphorylated B-6 vitamers in rabbit brain slices and an increased release of 

the labeled non-phosphorylated B-6 forms from the brain slices (Spector 1978a). 

Similar results were observed in vivo, in which the percentage of labeled 

phosphorylated B-6 vitamers was decreased in rabbit brain by an additional 

intravenous injection of unlabeled PN (Spector 1978b). 

Normal functioning and development of the immature central nervous system 

(CNS) requires vitamin B-6. Maternal vitamin B-6 restriction has shown to alter 
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concentrations of neocortex B-6 vitamers. Vitamin B-6 restriction during gestation and 

lactation adversely affected the physiological capabilities of the developing neocortex 

and its associated regions, for instance synaptogenesis and neuron differentiation 

(Groziak and Kirksey 1987, 1990). In addition, convulsive seizures and abnormal 

EEG tracings during vitamin B-6 deficiency were observed in infants fed a vitamin B- 

6 deficient formula (Coursin 1954). Adults also showed abnormal ECG tracings when 

they consumed a high protein B-6 deficient diet (Canham et al. 1969). Moreover, after 

only 12 days of a B-6 depleted diet containing < 0.05 mg vitamin B-6, two out of eight 

healthy young women showed abnormal EEG tracings. This abnormality returned to 

normal with B-6 repletion of 0.5mg/d (Kretsch et al. 1991) 

Hormone Modulation 

PLP acts as a modulator of steroid hormone receptor-induced gene expression. 

PLP reacts with a lysine residue on the steroid receptor forming a Schiff base, which 

results in impaired binding of the activated steroid receptor to DNA (Litwack et al. 

1985). In a study by Nishigori et al. (1978), an inhibitory effect of PLP on binding of 

the progesterone receptor from hen oviduct to ATP-Sepharose was demonstrated. This 

observation was extended to binding of activated glucocorticoid receptor complexes 

from rat to DNA, cellulose and liver nuclei, which was inhibited in vitro by PLP in a 

dose dependent manner (Cake et al. 1978). Subsequent investigations have 

demonstrated that PLP acts to reverse receptor activation from several steroid 

hormones under conditions of physiological concentrations of PLP. For example, 
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reversible reactions have been shown to occur between PLP and receptors for 

glucocorticoid (DiSorbo et al. 1980), androgen (Hiipakka and Liao 1980), and 

estrogen (Muldoon and Cidlowski 1980). In a more recent study, Allgood et al. (1992) 

demonstrated that vitamin B-6 modulates in vitro transcriptional activation of several 

other steroid receptors (androgen, progesterone and estrogen receptors) in a similar 

manner. This group of investigators also demonstrated that glucocorticoid-induced 

gene expression was decreased by 44% with an elevation of intracellular vitamin B-6 

and increased by 98% under B-6 deficiency induced by 4-deoxypyridoxine (5 mM 

final concentration). A number of in vitro studies have shown that PLP will extract 

steroid hormone receptor complexes from tight nuclear binding of target tissues. 

Bender et al. (1989) demonstrated an increased total cell capacity for steroid uptake in 

vitamin B-6 deficiency and a release of steroid-hormone-receptor complexes from 

tight nuclear binding with repletion of vitamin B-6. These observations imply that 

vitamin B-6 deficiency may increase the concentration of steroid-hormone receptors 

and other steroid-binding proteins in target tissues. 

Erythrocyte Function 

Pyridoxal 5'-phosphate forms a Schiff s base with erythrocyte transaminases, 

and serves as a coenzyme in the transamination reactions of erythrocyte 

aminotransferase (EAST) and erythrocyte alanine aminotransferase (EALT). In 

addition, PLP and PL affect oxygen binding affinity of hemoglobin which was 

reviewed in a previous section (transportation and interorgan metabolism). The 
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oxygen binding affinity associated with PLP and PL bound to heme may be important 

in sickle-cell anemia (Reynolds and Natta 1985). Indeed, the possible therapeutic 

benefit of vitamin B-6 administration on sickle cell anemia has been suggested in 

humans (Natta and Reynolds 1984). 

Another important role of vitamin B-6 in erythrocyte function is in heme 

synthesis. 8-Aminolevulinic acid synthetase requires PLP in the initial step of heme 

synthesis by catalyzing the condensation between glycine and succinyl-Co A (Kikuchi 

et al. 1958). Vitamin B-6 deficiency has been found to be associated with 

hypochromic, microcytic anemia in humans (Rabb et al. 1961) and rats (Komberg et 

al. 1945). In a more recent study, Toriyama et al. (1993) demonstrated that 

hemodialysis patients with microscopic and hypochromic anemia showed a significant 

improvement in iron status when they received an oral vitamin B-6 supplement of 180 

mg for 20 days. Moreover, pyridoxine-responsive anemia has also been reported 

previously by Harris et al. (1956) and Horrigan et al. (1968) 

Lipid Metabolism 

Unlike other biochemical functions of vitamin B-6, its role in lipid metabolism 

is still controversial due to conflicting observations. With respect to triglyceride 

synthesis in rats, vitamin B-6 deficiency resulted in increased triglyceride synthesis in 

a study by Sabo et al. (1971), and decreased synthesis in a study by Angel and Song 

(1973). Angel (1975), moreover, did not find any difference in triglyceride synthesis 

between B-6 depleted rats and controls. Further, the effect of vitamin B-6 on fatty acid 
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metabolism has been evaluated by several investigators. The impaired conversion of 

linoleic acid to arachidonic acid has been shown in B-6 deficient rats (Swell et al. 

1961, Cunnane et al. 1984). Forty days of a PN depleted diet resulted in decreased 

concentrations of arachidonic acid and increased concentrations of linoleic acid in 

serum, liver and adrenal lipid (Swell et al. 1961). This accumulation of linoleic acid in 

B-6 deficiency was also observed in a later study by Cunnane et al. in 1984. In this 

study, PN deficient rats showed increased phospholipid levels of linoleic and y- 

linolenic acids in plasma, liver, thymus and skin, and a lower level of arachidonic 

acids in these organ tissues compared to the controls. However, this altered fatty acid 

profile observed in B-6 deficient rats was not seen in a human study. Young women 

fed a low B-6 diet (0.93 mg) for 3 weeks did not differ from those fed a high B-6 diet 

(2.6 mg) in plasma fatty acid profile and levels of lipoproteins (Kim et al. 1997). 

Another biochemical function of vitamin B-6 in lipid metabolism is the role of 

PLP in camitine synthesis. Carnitine is synthesized from lysine and methionine via 

several biochemical reactions and has a unique role in carrying fatty acyl units to the 

site of p-oxidation in mitochondria. The enzyme which catalyzes the initial reaction of 

camitine biosynthesis, lysine methyl transferase, has been shown to have decreased 

activity in B-6 deficient rats (Loo and Smith 1986). Physiological concentrations of 

carnitine have also shown to be affected by amounts of B-6 in the diet. In a rat study, 

total acid soluble carnitine was significantly lowered in the plasma, urine, skeletal 

muscle and heart following 6 weeks of B-6 deficient diet. This decreased camitine 

level, however, was restored to the control level when rats were fed a B-6 repleted diet 

for 2 weeks (Cho and Leklem 1990). Based on the results of this study, Cho and 
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Leklem provided  clear evidence that vitamin B-6 is required for the biosynthesis of 

camitine. 

Requirements 

As previously described, vitamin B-6 functions as a coenzyme in several 

physiological processes, so that proper and adequate requirement for each population 

has to be evaluated depending on their physiological demand for vitamin B-6. The 

first Recommended Dietary Allowance (RDA) for vitamin B-6 was set in 1968 

(National Research Council 1968), followed by several subsequent publications. In 

1989, the National Research Council published the 10th edition of the RDAs. The 

definition of RDA has remained unchanged since 1974, and is stated as "the level of 

essential nutrients that, on the basis of scientific knowledge, are judged by the Food 

and Nutrition Board to be adequate to meet the known nutrient needs of practically all 

healthy persons," and which included a reevaluated RDA for vitamin B-6 compared to 

the 1974 and 1980 RDAs (National Research Council 1989). The RDA (1989) of 

vitamin B-6 for adults was reduced from 2.2 to 2.0 mg/d for men, and from 2.0 to 1.6 

mg/d for women based on a ratio of 0.016 vitamin B-6/g protein, which was claimed 

to appear to ensure acceptable values for most nutritional status indicators. The 

recommended intakes were calculated assuming protein intakes of 126 g/d for men 

and 100 g/d for women. 

In the most recent publication of the recommended intake of vitamin B-6 

(Institute of Medicine 1998), the RDA of vitamin B-6 for both men and women was 
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further reduced to 1.3 mg/d which was calculated using an Estimated Average 

Requirement (EAR) of 1.1 mg/d plus twice a coefficient of variation of 10 percent. 

The requirements established for different age groups are summarized in Table 1.7. 

Even though several investigators have demonstrated that dietary protein has to be 

taken into account in evaluating vitamin B-6 requirement for young (Miller et al. 

1985, Hansen et al. 1996b) and elderly (Ribaya-Mercado et al. 1991), a plasma PLP of 

20 nmol/L was used as the primary criterion of the basis for the EAR for vitamin B-6; 

suggesting plasma PLP to be the best single indicator of vitamin B-6 status due to its 

reflection of tissue store, and this concentration of plasma PLP to allow a moderate 

safety margin to protect against the development of symptoms and signs of deficiency 

without observable health risk. However, in a very recent study by Hansen et al. 

(2001), researchers combined data from 4 other recent publications (Hansen et al. 

1996b, Hansen et al. 1997, Huang et al. 1998, Kretsch et al. 1995) and estimated EAR 

and RDA of vitamin B-6 for young women to be 1.2 (0.015 mg/g protein) and 1.7 

mg/d (0.018 mg/g protein), respectively. These predicted values are higher than ones 

evaluated by DRI committees, and suggest that the current recommended level of 

vitamin B-6 for young women may be inadequate. Other than dietary protein, there are 

various factors that may contribute to the requirement for vitamin B-6 and categorized 

in Table 1.8. 
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Table 1.7. Vitamin B-6 U.S. Recommended Dietary Allowances (RDAs) in mg 

Age (yr) 19747 1980' 1989' Age (yr)2 19982 

Infants 0.0-0.5 0.3 0.3 0.3 0.0-0.6 o.\J 

0.5-1.0 0.4 0.6 0.6 0.7-1.0 0.3* 
Children 1-3 0.6 0.9 1.0 1-3 0.5 

4-6 0.9 1.3 1.1 4-8 0.6 
7-10 1.2 1.6 1.4 

Males 11-14 1.6 1.8 1.7 9-13 1.0 
15-18 2.0 2.0 2.0 14-18 1.3 
19-22 2.0 2.2 2.0 19-30 1.3 
23-50 2.0 2.2 2.0 31-50 1.3 
51+ 2.0 2.2 2.0 51+ 1.7 

Females 11-14 2.6 1.8 1.4 9-13 1.0 
15-18 2.0 2.0 1.5 14-18 1.2 
19-22 2.0 2.0 1.6 19-30 1.3 
23-50 2.0 2.0 1.6 31-50 1.3 
51+ 2.0 2.0 1.6 51+ 1.5 

Pregnancy 2.5 +0.6 2.1 Pregnancy 1.9 
Lactation 2.5 +0.5 2.1 Lactation 2.0 

All values are adapted from Leklem (1991) 
Dietary Reference Intakes (Institute of Medicine 1998) 

An Adequate Intake (AI) set based on human milk content 3-4 

Toxicity 

In addition to the required level of vitamin B-6, pyridoxine has been 

therapeutically used to treat premenstrual syndrome and other neurologic disorders. 

Chronic uses of high dose of PN have shown to be associated with peripheral 

neuropathy (Schaumburg et al. 1983) and photosensitivity to exposure to the sun 

(Bersteine and Lobitz 1988). However, PN supplementation with 2 to 250 mg/d for 

extended periods of time has shown to be safe (Cohen and Bendich 1986). 
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Table 1.8. Factors Affecting Vitamin B-6 Requirement (Adapted from Leklem 1991) 

1. Dietary 
■ Physical structure of a food 
■ Forms of vitamin B-6 natural; those due to processing 
■ Binding of forms of vitamin B-6 

2. Defect in delivery to tissues 
■ Impaired gastrointestinal absorption 
■ Impaired transport - albumin synthesis and binding, phosphatase activity 

3. Physiological/Biochemical 
■ Physical activity - increased loss, gluconeogenesis 
■ Protein - enzyme induction 
■ Increased catabolism/turnover - phosphatase activity, illness 
■ Impaired phosphorylation and/or interconversion, competing pathways, 

nutrient deficiencies, drugs 
■ Pregnancy - demand of fetus 
■ Growth - increased cell mass, repair 
■ Lactation - adequate levels in milk 
■ Excretion rate - urinary, sweat, menstrual loss 
■ Sex - differences in metabolism 
■ Age - differences in metabolism 

4. Genetic 
■ Apoenzyme defects - altered binding to apoenzyme 
■ Altered apoenzyme levels - biochemical individuality 

5. Disease prevention/treatment 
■ Which? Heart, cancer, diabetes, PMS, kidney, alcohol 
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Effect of vitamin B-6 on Immune Response and Tissue concentration of vitamin 
B-6 

Immune Response 

Of all the B-complex vitamins, vitamin B-6 appears to have a more profound 

effect on maintaining the normal functioning of the immune system (Beisel 1982). 

Deficiencies of this important vitamin have resulted in consistent and profound 

depression of both cell-mediated and humoral immunity. Involvement of vitamin B-6 

in human immunity and in several possible mechanisms related to immune function is 

reviewed in this section. 

Effect of Vitamin B-6 on Human Immunity 

The effect of vitamin B-6 on the humoral (Debes and Kirksey 1979, Blalock et 

al. 1984, Doke et al. 1997) and cell-mediated (Gridley et al. 1987, 1988, Chandra et al. 

1981) immune response has been evaluated in several animal studies. In addition, 

vitamin B-6 status is associated with immune parameters in the elderly (Talbott et al. 

1987, Meydani et al. 1991, Bogden et al. 1994), young (Ockhuizen et al. 1990, van 

den Berg 1988, Hodges et al. 1962, Folkers et al. 1993, Wang 1990, Kwak et al. 

1999), uremic patients (Dobbelstein et al. 1974, Casciato et al. 1984), and human 

immunodeficiency virus (HIV-1) infected patients (Baum et al. 1991). 

Elderly people tend to be at greater risk of vitamin B-6 deficiency compared to 

the young, as indicated by lowered B-6 status indices. Plasma PLP concentration, in 



47 

particular, is negatively associated with age (Manore et al. 1989, Rose et al. 1976, Lee 

and Leklem 1985, Guilland et al. 1984), which has been suggested to be related to 

altered metabolism of the vitamin (Lee and Leklem 1985) and multiple health 

problems (Manore et al. 1989). However, vitamin B-6 supplementation with 8 mg of 

PN (Lee and Leklem 1985) or higher (Guilland et al. 1984) improves the lowered 

plasma PLP concentration. In concert with the decreased plasma PLP (or overall B-6 

status) in elderly, the effect of vitamin B-6 deficiency on immune response has been 

studied in elderly subjects. In a study by Meydani et al. (1991), eight healthy elderly 

people (aged > 61y; 4 males and 4 females) were a fed vitamin B-6 deficient diet for < 

20 d, in which the daily vitamin B-6 intakes were 0.17 ± 0.01 and 0.10 ± 0.01 mg for 

men and women, respectively. Following the B-6 deficient period, three subsequent 

repletion periods (3 weeks each) provided 1.34 ± 0.08, 1.96 ± 0.17 and 2.88 ±0.17 

mg/d for men, respectively, and 0.89 ± 0.08, 1.29 ± 0.12 and 1.90 ± 0.18 mg/d for 

women, respectively. Vitamin B-6 status substantially decreased during the depletion 

period. After the depletion period, immunological parameters were also significantly 

decreased compared to the baseline values, and significantly correlated with plasma 

PLP and urinary xanthurenic acid (XA) excretion. Lymphocyte response to 

phytohemagglutinin (PHA), Staphylococcus aures Cowan I (SAC) and concanavalin 

A (Con A) and interleukin 2 (IL-2) production were significantly inhibited as a result 

of dietary vitamin B-6 depletion. Interleukin 2 production remained reduced during 

the intake period of 1.34 ± 0.08 and 1.96 ± 0.17 mg/d for men and 0.89 ± 0.08, 1.29 ± 

0.12 mg/d for women. Although IL-2 production during the period of 2.88 ±0.17 and 

1.90 ± 0.18 mg/d for men and women, respectively, was not significantly different 
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from the BL, 50% of subjects still had values lower than those at BL. As vitamin B-6 

status improved with B-6 repletion, lymphocyte proliferation gradually increased, but 

more than half of the subjects continually had a lower response compared to the 

response at BL. This impaired mitogenic response returned to BL only after the last 

repletion period in which 2.88 ±0.17 and 1.90 ± 0.18 mg/d were given to men and 

women respectively, for 21 d; yet, not all subjects restored their mitogenic response 

and IL-2 production with these levels of intake. A subsequent four day trial with a 50 

mg B-6 supplement resulted in higher mitogenic response and IL-2 production of 

some subjects compare to the BL values. In contrast to the incomplete enhancement of 

lymphocyte proliferation and IL-2 production within 4 days in the study by Meydani 

et al. (1991), in another study prolonged B-6 supplementation of 50 mg for over 1 

month significantly increased lymphocyte response to T and B cell mitogens in elderly 

(Tabott et al. 1987). In addition to the lymphocyte functional change, the 50 mg PN 

supplementation for 2 months increased the percentage of T3+ and T4+ cells, which 

suggests that PN supplementation may influence the differentiation of immature T 

cells to mature T-cells. Based on the results from depletion and repletion study in 

elderly people, Meydani and her colleagues suggested that older people might need 

amounts of B-6 higher than those currently recommended in order to maintain normal 

immune function, but speculated if this higher amount is required for other age groups. 

With regard to the effect of vitamin B-6 intake on immune function in young 

people, a study by Wang (1990) found that a daily intake of 2.44 mg B-6 for 10 days 

significantly increased lymphocyte response to Con A and pokeweed mitogen (PWM) 

compared to BL in young women. In another trial by Wang (1990), lymphocyte 
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proliferation and IL-2 production were significantly improved with a 1.5 mg/d PN 

supplement for 7 days among young women consuming self-selected diet compared to 

BL and the controls. Furthermore, vitamin B-6 intake at approximately 30 % of the 

RDA for 11 weeks resulted in a lowered percentage of T-helper cells and 

concentration of immunoglobulin D (Ig D) in healthy young males (van den Berg et al. 

1988), demonstrating that a low vitamin B-6 intake results in a reduced immune 

response in young people. However, these impairments were not physiologically 

significant and other immune parameters were not significantly affected. Findings 

from the study by Ockhuizen et al. (1990), when healthy male volunteers consumed a 

vitamin B-6 deficient diet containing 0.39 mg/d for 11 weeks, agreed with the results 

of van den Berg et al. (1988). 

Besides studies that used a single vitamin B-6 supplement, the effect of 

vitamin B-6 supplementation combined with other supplementation on the immune 

response has been studied. Daily micronutrient supplements, including 3 mg of 

vitamin B-6, for 8 weeks increased the delayed hypersensitivity skin test response 

(Bogden et al. 1994), and the blood level of Ig G increased when coenzyme Q10 was 

administered with pyridoxine (Folkers et al. 1993). 

Vitamin B-6 deficiency has been shown to be associated with health 

complexities, for example renal disease and HIV-1 infection. Patients with chronic 

renal failure have showed a vitamin B-6 deficiency as determined by erythrocyte 

glutamic oxaloacetic transaminase (EGOT) activity of > 1.7 (Dobbelstein et al. 1974). 

This value indicates a biochemical B-6 deficiency. There also was a consistent and 

significantly lower cellular immune response measured by mixed lymphocyte culture 
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(MLC) compared to healthy individuals (Dobbelstein et al. 1974). Both the lower B-6 

status and MLC stimulation were significantly increased after 2 weeks of 300 mg PN 

supplementation. In a study by Casciato et al. (1984), male patients undergoing 

chronic hemodialysis therapy showed evidence of vitamin B-6 deficiency and 

abnormal immune response tested by polymorphonuclear neutrophil (PMN) and 

lymphocyte function. With 50 mg of PN for 3-5 weeks, there was a substantial 

increase in vitamin B-6 status, as well as PMN function (PMN reduction of Nitroblue 

Tetrazolium, PMN locomotion) and lymphocyte mitogenic response. In addition to the 

uremic patients, several studies have found that vitamin B-6 deficiency occurs during 

the course of HIV-1 infection. This deficiency has shown to occur even with adequate 

vitamin B-6 intake (Baum et al. 1991, 1994). Vitamin B-6 deficient HIV-1 patients 

showed significantly decreased lymphocyte reponse to PHA and PWM and reduced 

natural killer cell cytotoxicity compared to B-6 adequate subjects (Baum et al. 1991). 

However, B-6 deficiency in those patients was not shown to be associated with 

lymphocyte subpopulations or serum Ig levels. 

The immune response of healthy humans, regardless of their age, and of 

patients with kidney failure or HIV-1 infection have all shown to be related to their 

vitamin B-6 status. However, future studies are necessary to establish the minimal 

intake level of vitamin B-6 that maximizes immune function and maintains improved 

function in each healthy population as well as people with health disorders. 
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Mechanism of Vitamin B-6 Involvement in the Immune Response 

The biochemical mechanism(s) through which vitamin B-6 is involved in 

immune function is not fully understood, but there have been several possibilities 

proposed. The first mechanism involves nucleic acid synthesis associated with one 

carbon unit metabolism in which serine hydroxymethyltransferase (SHMT) is a key 

enzyme (Traktellis et al. 1992). Antigenic stimulated immune cells, such as 

lymphocytes, undergo proliferation which requires DNA replication. Cytokine 

production also depends on the synthesis of DNA, RNA and protein. Other 

mechanisms in which vitamin B-6 is related in as part of the immune response are the 

ability of thymic epithelial cells to support maturation of T-cell precursors related to 

thymulin production, and polyamine synthesis in which the PLP dependent enzyme 

omithine decarboxylase is involved. 

Role of Vitamin B-6 in One-Carbon Metabolism Related to SHMT 

Vitamin B-6 deficiency has shown to be associated with impairment of 

immune response. The basic derangement appears to be caused by the decreased rate 

of production of one-carbon units necessary for the synthesis of nucleic acids. In this 

process, a key factor is the PLP dependent enzyme, serine hydroxymethyltransferase 

(SHMT). Figure 1.8 illustrates the reaction of vitamin B-6 for SHMT and its relation 

to humoral and cellular responses. 



52 

Serine 
Serine hydroxymethyltransferase (SHMT) 

+ Pyridoxal 5'-phosphate (PLP) 

Glycine 
+ 

1-Carbon fragments 

Antigen 

mRNA 

Antibody 
production 

Figure. 1.8. Reaction of vitamin B-6 for SHMT (Adapted from Trakatellis et al. 1997) 

SHMT catalyzes the transfer of a hydroxymethyl group from serine to 

tetrahydrofolate to form N5, N10-methylenetetrahydrofolate. The methyl group from 

N5, N1 -methylenetetrahydrofolate participates in the biosynthesis of thymidylic acid 

from deoxyuridine 5'-phosphate and of purine bases from glycine amide ribotide 

(Schirch and Jenkins 1964, Axelrod and Trakatellis 1964). 

The adverse effect of pyridoxine deficiency on nucleic acid synthesis was 

explained by a decrease in incorporation of the carbon unit of serine into DNA and 

RNA of liver and spleen (Trakatellis et al. 1964). Vitamin B-6 deficiency also resulted 

in a decrease in incorporation of injected l4C valine into proteins of liver and spleen, 

as well as those of subcellular fractions. The incorporation rate was 50-75% lower 

than that of controls, and was restored by administering 5 mg of PN 24 hours before 

the valine injection (Trakatellis and Axelrod 1964). These findings suggested that 
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vitamin B-6 deficiency impairs nucleic acid synthesis with a subsequent detrimental 

effect on cell multiplication and protein biosynthesis. This antagonistic mechanism 

due to B-6 deficiency was found to be associated with fewer spleen cells and splenic 

antibody-forming cells (AFC) and lower levels of humoral antibody in rat pups (Debes 

and Kirksey 1979). When vitamin B-6 deficient rats were given an antigen, there was 

a depression of intensive multiplication of host cells in the spleen and lymph nodes 

(Chandra et al. 1981). 

The in vitro response of human lymphocytes and their SHMT activities have 

been investigated in the presence or absence of a B-6 antagonist or antagonistic factors 

for lymphocyte function (Eichler et al. 1981, Trakatellis et al. 1994, Trakatellis et al. 

1995, Scountzou et al. 1989). SHMT activity, although very low in the resting 

lymphocyte, has shown to be significantly induced by 5-20 times 72 hours after 

phytohemagglutinin (PHA) stimulation (Eichler et al. 1981, Trakatellis et al. 1992). In 

addition, incorporation of the carbon from serine into DNA of PHA stimulated 

lymphocytes paralleled lymphocyte proliferation (Eichler et al. 1981). Further cellular 

mechanisms involving vitamin B-6 in the immune response were investigated by 

looking at the response of human lymphocyte to PHA and Con A in the presence of 4- 

deoxypyridoxine (dB6), a potent vitamin B-6 antagonist (Scountzou et al. 1989, 

Trakatellis et al. 1992). Addition of dB6 in the lymphocyte culture in the presence of 

excess PLP inhibited SHMT induction measured 72 hours after the PHA stimulation, 

the rate of DNA synthesis and subsequent lymphocyte proliferation, as well as IL-lb, 

IL-2 and IL-2 receptor productions. This inhibitory effect of vitamin B-6 antagonist on 

these measures was counteracted by the addition of PN (1 mg/106 cells). However, 
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addition of vitamin B-6 into the culture did not have a further effect on improvement 

when dB6 was not added. In later studies by Trakatellis et al. (1994, 1995), the 

increased SHMT activity induced by PHA stimulation was inhibited in a dose- 

dependent manner by antiproliferative agents (AP) or immunosuppressive agents 

(IMS). Furthermore, under conditions of mitogenic stimulation concurrently with AP 

or IMS, dB6 showed a greater inhibitory effect on the induction of SHMT activity 

than that seen without dPN (Trakatellis et al. 1994). These in vitro studies show that 

PLP plays a critical role in SHMT function, as well as in the subsequent proliferative 

activity of activated lymphocytes. The overall schematic sequence of events following 

T-cell activation is illustrated in Figure 1.9. 

Other Mechanisms of Immune Response Related to Vitamin B-6 

Another detrimental effect of vitamin B-6 deficiency on immune function is 

involved in the inability of thymic epithelial cells to promote the differentiation of 

immature T-lymphocytes to mature functional T-cells. The function of thymic 

epithelial cells from rats fed a 2 week B-6 depletion diet combined with 4- 

deoxypyridoxine has been shown to be impaired (Willis-Carr and St. Pierre 1978). 

Thymic epithelial cell monolayers were prepared from rats fed a normal diet, a B-6 

deficient diet and 3 weeks of a normal diet following B-6 deficiency. When T-cells 

from the spleen and lymph node of B-6 deficient rats were incubated with thymic 

epithelial cell layers from B-6 deficient rats, T-cell differentiation by mitogen 

stimulation and mixed lymphocyte reaction was impaired. 
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Figure 1.9. Schematic representation of the events that follow T-cell activation. 
Serine hydroxymethyltransferase (SHMT) functions as a key role in the process of 
DNA, and thereby T cell clone expansion. IL, interleukin; IL-2R, interleukin 2 
receptor, APC, antigen presenting cell (Adapted from Trakatellis et al. 1992). 



56 

However, when T-lymphocyte precursors from lymphoid tissues of vitamin B-6 

deficient rats were exposed to normal thymic epithelial cells in vitro, the immature T- 

lymphocyte differentiated normally (Willis-Carr and St. Pierre 1978). In the course of 

an immune response, thymulin (a polypeptide hormone produced by thymic epithelial 

cells), has been shown to be involved in T-cell differentiation and maturation of T-cell 

function by binding to specific cellular receptors. Vitamin B-6 deficiency resulted in a 

significant reduction of serum thymulin activity in rats fed B-6 deficient diet for 4 

weeks followed by 2 weeks of 4-deoxypyridoxine supplementation (Chandra et al. 

1980). 

In addition, polyamines, which are synthesized by all cells, are known to be 

associated with nucleic acid synthesis. The PLP dependent enzyme omithine 

decarboxylase (ODC) is involved as a rate-limiting step in the process of polyamine 

synthesis (Assaraf et al. 1988). Vitamin B-6 deficiency was shown to reduce the 

induction of epidermal ODC activity in rats (Murray and Froscio 1977), but 

4-deoxypyridoxine administration did not result in inhibition of ODC activity in rat 

epidermal extracts (Connor and Lowe 1983). Pegg et al. (1977) found that polyamine 

concentration was significantly lower in the liver, kidney and brain of B-6 deficient 

rats compared to the control group. In concert with decreasing polyamine 

concentration, B-6 deficient rats also demonstrated a lower ODC activity in hepatic 

extracts than controls. This decreased ODC activity was significantly increased when 

PLP was added to the hepatic extracts. 
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Tissue Concentrations of Vitamin B-6 

Plasma PLP makes up 70-90% of the total circulating vitamin B-6 in humans 

(Shephard et al. 1989, Driskell et al. 1991, Leklem 1990), whereas mice (van de Kamp 

et al. 1995) and rats (Schaeffer et al. 1995, Sampson and O'Connor 1989) have been 

shown to have relatively high plasma concentration of PL compared to that of PLP. It 

has been previously reviewed that circulating B-6 vitamers, mainly as forms of PLP 

and PL, are available for other tissues (Lumeng et al. 1985). Pyridoxamine 5'- 

phosphate (PMP) is another major B-6 vitamer found in mammalian tissues along with 

PLP. In this section, the vitamin B-6 content of several organ tissues in animals and of 

blood cells in humans are reviewed in conjunction with dietary effect of B-6 on 

cellular concentrations of B-6 vitamers. 

In animal models, the tissue concentrations of B-6 vitamers have been 

determined in varying organ tissues. As previously described (in section on 

metabolism), the liver contains higher amounts of PLP and PMP than other organ 

tissues, however murine kidney, heart, brain, spleen and lung also accumulate a 

significant amount of PLP and PMP. Sampson and O'Connor (1989) reported PL and 

PN concentrations in rat liver, kidney, spleen and lung tissues but the levels have 

shown to be relatively lower than PLP and PMP. 

The dietary effect of vitamin B-6 on tissue concentrations has been 

demonstrated to be significant in rats and mice, but the magnitude of change in 

vitamer concentration has shown to be relatively lower than that for plasma and 
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erythrocytes. The response rate of B-6 vitamers in organ tissues to the B-6 deficient 

diet for > 2 weeks has shown to be lower than that in plasma and erythrocytes, 

although B-6 vitamers (except spleen PMP) in organ tissues were significantly lower 

in B-6 deficient group than rats fed a control diet. Following 1 week of repletion with 

control diets, decreased B-6 vitamers in all organ tissues, erythrocytes and plasma 

returned to the control levels (Sampson and O'Connor 1989). With excess vitamin B-6 

intakes of > 100 times higher than the recommended level for 10 weeks, erythrocyte 

PLP and PL increased significantly, whereas PLP and PMP in kidney and brain were 

unchanged in overnight fasted rats (Schaeffer et al. 1995). Based on results from rats 

fed excess B-6, the authors concluded that the regulatory mechanisms stabilize tissue 

PLP concentration even with an excess amount of PN in the diet. This regulatory 

mechanism is in part explained by saturation kinetics demonstrated in rat renal 

proximal cells. There was a steep increase in uptake of [3H]PN by isolated rat renal 

proximal cells up until the addition of 1 (imol/L, followed by a plateau with > 1-2 

(imol/L of [3H]PN added to cells in incubation (Bowman and McCormick 1989). 

Lumeng and coworkers (1978) also demonstrated a stable PLP concentration in brain 

tissue when rats were fed 12-100 (ig PN daily while brain PLP concentrations were 

significantly lower with 0 and 4 ^ig PN/d compared to 100 (ig/d PN. In contrast to the 

excess amount of B-6 intake, there were significant positive correlations between 

dietary PN and brain PLP and PLP+PMP in mice fed 0.5-7.0 mg PN-HCl/kg diet for 5 

weeks, in concert with a significant correlation between dietary PN and plasma and 

liver PLP concentration (Furth-Walker et al. 1990). 
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Results from animal models provide a conceptional system to understand 

cellular levels of B-6, however the possibility that these observations can be 

extrapolated to humans is uncertain. In humans, isolated blood cells provide relatively 

easily accessed cells for determining the concentrations of B-6 vitamers. Other than 

isolated blood cells such as leukocytes (Hamfelt 1967b, Wachstein et al. 1960, Gailani 

1965, Mahuren and Cobum 1974), mononuclear cells (Shephard et al. 1989), 

lymphocyte, polymorphs and platelets (Mahuren and Cobum 1974), erythrocytes 

(Vermaak et al. 1990, Hansen et al. 1996a, Hansen et al. 1997, Kant et al. 1988) have 

been analyzed to determine the concentration of B-6 vitamers. However, erythrocytes 

have received relatively little attention, since the concentrations of B-6 vitamers have 

shown a less sensitive response to a change in vitamin B-6 status compared to plasma 

levels (Vermaak et al. 1990, Hansen et al. 1997, Kant et al. 1988). In a study by 

Hansen et al. (1996a), a significant difference in erythrocyte PLP concentrations was 

observed between two groups consuming either a low or high pyridoxine glucoside 

form of vitamin B-6 with a significant difference in plasma between groups. However, 

other studies (Hansen et al. 1997, Kant et al. 1988) did not find any significant 

changes in erythrocyte PLP concentration while plasma PLP concentration showed a 

significant change. 

Investigators have measured B-6 vitamer concentrations in isolated white 

blood cells using different methods, for example, tyrosine decarboxylase (Wachstein 

et al. 1960, Mahuren and Cobum 1974, Wang 1990, Kwak et al. 1999), E. coli 

apotryptophanase (Gailani 1965), ion-exchange chromatography (Smith et al. 1981, 

1983) and cation-exchange HPLC (Shephard et al. 1989). Regardless of the type of 
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method, there was good agreement between studies with respect to the PLP 

concentration in each cell fraction. In general, tyrosine decarboxylase and HPLC 

methods have been most often used. Selected values of B-6 vitamers in isolated 

human blood cells from healthy individuals measured by these two methods are 

summarized in Table 1.9 (table includes values from studies in this thesis). As shown 

in Table 1.9, the ratio between leukocytes and plasma PLP was found to be consistent 

in two separate studies (Hamfelt 1967b, Wachstein et al. 1960). Wachstein and 

coworkers found a parallel change in PLP concentration in plasma and leukocytes, and 

increased PLP concentrations both in plasma and leukocytes 7 hours after a 100 mg 

PN-HC1 dose. Smith et al. (1983) detected not only PLP but also PL in neutrophilic 

granulocytes. There is a conflicting data regarding the forms found in isolated blood 

cells in that Shephard et al. (1989) did not find a significant amount of PL in 

peripheral blood mononuclear cells (PBMC). In general, PLP concentrations in 

isolated blood cells are positively related to plasma PLP concentrations under normal 

physiological conditions (Table 1.9). During the 3 rd trimester of pregnancy, however, 

PLP concentration in neutrophil granulocytes was shown to be higher than non- 

pregnant controls, while plasma PLP concentration was decreased (Smith et al. 1983). 

When 100 mg PN was administered, leukocyte PLP concentration reached a 

maximum somewhat faster than the plasma PLP concentration in normal subjects 

(male and female), women in the 3rd trimester pregnancy, and women 24 hours after 

delivery (Wachstein et al. 1960). However, the magnitude of the increase in PLP 

concentrations in both plasma and leukocytes was different between groups; the 

highest in normal group, the lowest in postpartum women, and intermediate in the last 
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trimester pregnant women. In addition, pyridoxine supplementation of 10 mg per day 

for 7 days normalized plasma PLP concentration and somewhat increased PLP 

concentration in leukocytes in trisomic subjects, but leukocyte PLP concentration 

remained lower than that in healthy control subjects (Cobum and Seidenberg 1969). 

Unlike the polymorphonuclear leukocytes and platelets, lymphocyte PLP levels were 

not different between Down syndrome patients and controls (Mahuren and Cobum 

1974). In contrast to the pregnancy and mentally retarded patients, leukocyte PLP 

concentrations (average 0.85 pmol/10 cells as reported 0.021 (Jg/10 cells) in cancer 

patients have shown to be comparable to the concentration obtained from healthy 

individuals (Table 1.9). Moreover, when patients with advanced neoplastic disease 

were given a vitamin B-6 deficient diet providing 0.028 mg/1000 cal for 11-65 days, 

leukocyte PLP concentrations decreased significantly (from 0.021 (ig/108 cells to 

undetectable amount) within 5 weeks (Gailani 1965). Findings from PLP 

concentrations observed in healthy people and other populations under abnormal 

physiological conditions suggests that PLP concentration in isolated blood cells does 

not respond to the dietary B-6 or reflect plasma PLP concentration with the same 

manner in all populations. 

Alkaline Phosphatase and Pyridoxal Kinase Activities in Tissues 

As previously reviewed in the section on metabolism, B-6 vitamers are 

interconverted by the actions of several enzymes. Of these enzymes, alkaline 

phosphatase (ALP) and pyridoxal kinase (PK) play a role in the dephosphorylation 
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and phosphorylation of B-6 vitamers, respectively. Several investigators have 

evaluated how these enzymes contribute to concentrations of B-6 vitamers in tissues. 

In this section, the activities of ALP and PK and their relation to tissue concentrations 

of B-6 vitamers are reviewed. 

Alkaline Phosphatase 

In the regulation of the cellular content of PLP, hydrolysis of PLP by phosphatase was 

found to be an important controlling factor of cellular concentration of PLP in 

erythrocytes (Lumeng and Li 1974) and isolated hepatocytes (Li et al. 1974). With 

respect to PLP concentration and alkaline phosphatase (ALP) activity, metabolic 

conditions such as pregnancy (Leibman et al. 1990, Smith et al. 1983), mental 

retardation (Coburn and Seidenberg 1969) and cirrhosis of the liver (Merrill et al. 

1986) have been investigated to determine if the low PLP concentrations observed 

were related to the activity of ALP in the plasma and/or tissues. Leibman et al. (1990) 

found plasma ALP activity to be less than 50% in pregnant mice compared to non- 

pregnant mice and suggested that plasma ALP does not seem to participate in lowering 

plasma PLP levels in mice during pregnancy. However, a high activity of ALP has 

been found in mice placenta during pregnancy, so it was assumed that the ALP acted 

as an ectoenzyme in pregnant mice (Leibman et al. 1990). In a review by Okun and 

Tanaka (1978), normal human polymorphonuclear leukocytes were suggested to be a 

rich source of alkaline phosphatase, and the activity levels of this enzyme vary in 

abnormal physiological conditions such as pregnancy and certain neutrophil disorders. 



Table 1.9. PLP concentration in plasma and isolated blood cells of healthy humans from selected studies; M, males; F, females 

Study Sample Method Vitamin B-6 Plasma PLP Cell PLP Cell PMP Cell PLP 
Intake (mg) nM pmol/106 cells 

(Range) 
pmol/106 cells 
(Range) 

/Plasma PLP 
(109cells/L) 

Wachstein Leukocytes Tyrosine ND 42.5 ±10.0 0.93 ± 0.20 0.022 
etal. (27 M) decarboxylase (0.61-1.46) 
(1960) Leukocytes 

(20 F) 
ND 34.0 ±10.0 0.89 ±0.20 

(0.57-1.21) 
0.026 

Hamfelt Leukocytes Tyrosine ND 47.3 ± 60.7 1.09 ±0.77 0.022 
(1967b) (not reported) decarboxylase 
Mahuren & Mixed Tyrosine ND 0.71 ±0.14 
Cobum leukocytes decarboxylase 
(1974) Lymphocytes 

(10M+10F) 
0.34 ±0.10 

Shephard et PBMC HPLC ND 45 ±17.4 1.46 ±1.01 0.53 ±0.12 0.032 
al.(1989) (3 M + 7 F) (3.68-0.77) (0.76-0.36) 
Wang PBMC (10 F) Tyrosine 3.3 (approx.) 54.3 ±8.8 0.55 ±0.30 0.010 
(1990) decarboxylase >50 248.0 ±32.3 1.28 ±0.21 0.005 
Study 1 PBMC (7 F) Tyrosine 1.4 ±0.6 46.6 ±13.9 0.81 ±0.17 0.017 

decarboxylase 1.0 
1.5 
2.1 
2.7 

29.7 ±7.1 
35.3 ±6.0 
43.9 ±7.3 
56.1 ±13.2 

0.78 ± 0.09 
0.80 ±0.13 
0.79 ± 0.20 
0.97 ± 0.22 

0.026 
0.023 
0.018 
0.017 

Study 2 PBMC (7 F) HPLC 1.0 (approx.) 28.5 ±13.5 0.73 ±0.13 
(0.58-0.98) 

0.25 ±0.11 
(0.14-0.39) 

0.026 

2.7 (approx.) 85.8 ±26.2 1.04 ±0.2 
(0.80-1.18) 

0.25 ± 0.03 
(0.21-0.27) 

0.012 

>50 268.0 ±28.8 1.39±0.15 
(1.04-1.57) 

0.34 ±0.15 
(0.22-0.55) 

0.005 
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Smith and Peters (1981) demonstrated that polymorphonuclear leukocytes have 

significant amounts of ALP activity. Smith and colleagues (1981, 1983) found a 

significantly lower neutrophil ALP activity in subjects who were pregnant and in 

patients with chronic granulocytic leukemia than that of control subjects. The 

increased PLP concentration in neutrophils was consistent with the lowered activity of 

human neutrophil ALP in pregnancy and leukemia. However, women in the 3r 

trimester of pregnancy had a significantly higher PLP concentration in neutrophils 

compared to that of controls (Smith et al. 1983). This may be due to PLP not being a 

major physiological substrate for the ALP present in neutrophils (Smith et al. 1983). 

Stinson et al. (1986) also concluded that ALP from human neutrophils had broad 

substrate specificity, but did not have PLP specificity. However, it needs to be noted 

that a small, significant negative correlation was found between leukocyte PLP 

concentration and ALP activity before and after a 10 mg PN supplement in combined 

data of normal, phenylketonuria, Down and other mentally retarded subjects (Cobum 

and Seidenberg 1969). In the case of patients with hepatic disease, there is a low 

plasma PLP and increased liver phosphatase activity (Merrill et al. 1986). 

Pyridoxal Kinase 

Pyridoxal kinase has been found to be widely distributed in all mammalian 

tissues (McCormick et al. 1961). The action of intracellular PL kinase has been 

demonstrated by measuring labeled B-6 vitamers found in cells following cellular 

uptake of vitamin B-6 into isolated kidney cells (Bowman and McCormick 1989). 
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Bowman and McCormick (1989) found that uptake of [3H]-PN by freshly isolated rat 

renal proximal tubular cells was followed by subsequent metabolic interconversions, 

since the radiolabelled vitamers found in the cell extracts were PL, PN and the 3 

phosphorylated forms. In addition, PN made up only 12 % of the total B-6 forms. This 

suggests that following uptake, intracellular PN was subject to phosphorylation by PL 

kinase and oxidation by PNP oxidase. 

In humans, muscle has been shown to have increased PK activity with vitamin 

B-6 supplementation, as well as with B-6 depletion (Cobum et al. 1991). Cobum and 

coworkers (1991) suggested that the turnover of muscle B-6 was increased by 

increased activities of both PK and ALP during the B-6 supplementation period, 

although the concentration of vitamin B-6 in muscle tissue did not show any 

significant change. They also pointed out that the small but significant increase in PK 

activity of muscle during B-6 depletion could reduce the loss of B-6 from muscle 

tissue when the B-6 supply was low. In patients with Down syndrome, Cobum et al. 

(1991) found a significantly higher PL kinase activity in tongue tissue compared to 

that of normal controls while B-6 vitamers were not significantly different between 

groups. Hamfelt (1967a) noted PK activity to be dependent on concentration of the 

substrate. 
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POSITIVE EFFECT OF INCREASED VITAMIN B-6 INTAKE ON THE 
IMMUNE RESPONSE OF YOUNG WOMEN 

Abstract 

Background: Vitamin B-6 has an important role in maintaining the normal 

functioning of the immune system. Objectives: To evaluate the effect of vitamin B-6 

intake on immune response in women consuming four levels of vitamin B-6. Design: 

Seven premenopausal women consumed a constant diet containing 1.2 g protein/kg 

body wt and 1 mg vitamin B-6/d for a 7-d adjustment period (AP), followed by three 

14-d experimental periods (EP), in which the daily vitamin B-6 intake was 1.5, 2.1 and 

2.7 mg. Weekly fasting blood and daily 24-hour urine samples were collected. Plasma 

pyridoxal 5'-phosphate (PLP), erythrocyte aminotransferase activity, and urinary 4- 

pyridoxic acid (4-PA) were measured as indicators of B-6 status. Peripheral blood 

mononuclear cells (PBMC) were isolated and immunocompetence was assessed by 

measurements of lymphocyte proliferation and interleukin 2 (IL-2) concentration in 

response to phytohemagglutinin (PHA). PLP concentration in PBMC was determined 

as an indicator of cellular vitamin B-6 status. Results: Mean plasma PLP 

concentration with 2.7 mg vitamin B-6/d increased significantly compared to the mean 

value at the AP with Img/d vitamin B-6 intake and at the EP with 1.5 mg B-6/d. 

Urinary 4-PA concentrations increased throughout the experimental periods. 

Compared to the mean values at 1 mg/d intake, the mean percent increase of 

blastogenesis in response to 3 different concentrations of PHA was 38% and 39% at 

the end of the 2.1 and 2.7 mg/d intake, respectively. When subjects were given 2.1 mg 
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of vitamin B-6 for 7 days, the response to PHA was increased by 35% compared to the 

mean response at the end of 1.5 mg intake of vitamin B-6. Plasma IL-2 concentration 

and in vitro IL-2 conentration following PHA stimulation did not significantly change 

during the study. However, compared to the concentration during the period with 1.5 

mg there was a 22 and 25% increase in mean plasma IL-2 with intakes of 2.1 and 2.7 

mg B-6, respectively. PLP concentration in PBMC was significantly correlated with 

that in plasma (P < 0.01), but not with the mitogenic response. Conclusion: These 

results show that improving vitamin B-6 status enhances lymphocyte proliferation. In 

order to obtain an optimal immune function, young women might need to consume 

vitamin B-6 at a level greater than the current recommendation. 

Key Words 

Vitamin B-6, pyridoxal 5'-phosphate, 4-pyridoxic acid, aminotransferase, 

lymphocyte proliferation, interleukin 2, peripheral blood mononuclear cell, controlled 

diet, women. 

Introduction 

Pyridoxal 5'-phosphate (PLP) acts in a diverse number of enzyme reactions 

(Sauberlich et al. 1985). Among these, PLP has a critical role in one-carbon 

metabolism in the step involving serine hydroxymethyltransferase (SHMT). Vitamin 

B-6 deficiency has been shown to adversely affect nucleic acid synthesis (Axelrod and 

Trakatellis 1964, Trakatellis et al. 1964). Subsequent adverse effects of lowered 
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nucleic acid synthesis on cell multiplication and protein biosynthesis are followed by 

depletion of protein, DNA and RNA in tissues involved in immune response (Moon 

and Kirksey 1973, Debes and Kirksey 1979). When pyridoxine-deficient rats are 

compared with pair-fed controls, multiplication of mononuclear cells in immune 

organs, spleen and thymus, is depressed (Chandra et al. 1981). 

The effect of vitamin B-6 deficiency and supplementation on immune function 

in humans has been examined in relatively few studies. However, it has been shown 

that vitamin B-6 status has a clear relationship with immune response among different 

groups of people, i.e., uremic patients (Dobbelstein et al. 1974, Casciato et al. 1984), 

the elderly (Talbott et al. 1987, Meydani et al. 1991) and young (Ockhuizen et al. 

1990, van den Berg 1988, Wang, 1990). Lymphocyte mitogenic responsiveness was 

reduced by dietary vitamin B-6 depletion in elderly subjects, and was restored by 

repletion (Meydani 1991) with vitamin B-6 intakes above the current Recommended 

Dietary Allowance (RDA). Daily micronutrient supplementation including 3 mg of 

vitamin B-6 and daily vitamin B-6 supplementation at 50 mg for 8 weeks increased 

delayed hypersensitivity skin test response (Bogden et al. 1994) and lymphocyte 

response to both T- and B-cell mitogens (Talbott et al. 1987), respectively, in older 

people. In controlled human studies, vitamin B-6 depletion resulted in decreased 

lymphocyte mitogenic responsiveness and interleukin 2 production (Meydani et al. 

1991), as well as decreased percent helper T cells and serum immunoglobulin D 

concentration (van den Berg et al. 1988). However, there are no data that directly 

quantify a potential dose-response relation between vitamin B-6 intake and ex vivo 

immune response in young adults. 
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Based on data collected in the third National Health and Nutrition Examination 

Survey (NHANES III), the average daily vitamin B-6 intake of young women (ages 

20-49 years) in the United States is between 1.43 and 1.5 mg (Alaimo et al. 1994). 

This range of intake suggests an adequate vitamin B-6 intake in young women, when 

compared to the current RDA (Institute of Medicine 1998) for adult women (1.3 

mg/d). However, the RDA of vitamin B-6 for adult women was reduced from 1.6 to 

1.3 mg/d in the 1998 report of the Standing Committee on the Scientific Evaluation of 

Dietary Reference Intake (Institute of Medicine, 1998) based on a limited number of 

studies. Evaluating levels of vitamin B-6 which maximize health benefits of vitamin 

B-6 may be necessary to aid establishing adequate intake of vitamin B-6 in young 

women. 

In the current study, the relationship between varying levels of vitamin B-6 

intake and status indicators and immune response was investigated. The objective of 

this study was to elucidate if immune response is maximized with a certain level of B- 

6 intake and can be used to evaluate vitamin B-6 requirement for young women, and if 

PLP concentration in PBMC reflects plasma PLP concentration and dietary B-6 

intake. Based on the results found in this study, recommendations for vitamin B-6 

intake in young women are discussed elsewhere (Hansen et al. 2001). 
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Subjects and Methods 

Subjects 

Eight premenopausal women, between the ages of 21-37 y, were recruited 

from the Washington State University community. The study group was comprised of 

5 Caucasians and 3 Asians. None were taking vitamin supplements or any 

medications that are known to affect vitamin B-6 metabolism and immune function. 

Prior to the study, subjects completed a health history questionnaire, and were 

screened for hematocrit, hemoglobin, glucose, protein and lipids, and were 

administered a xylose absorption test as a measure of intestinal absorption of 

carbohydrates (Harris 1969). Subjects were asked to keep a 3-d diet record to evaluate 

their vitamin B-6 and nutrient intake before the study began. These diet records were 

analyzed using Nutritionist IV Diet Analysis (First DataBank, San Bruno, CA). 

Subjects were instructed to maintain their activity level throughout the study. The 

study was explained to the subjects and informed consent was obtained. All study 

procedures with human subjects were approved by the Washington State University 

Committee for the Protection of Human Subjects. 

Experimental Design 

The subjects resided in the Human Metabolic Unit of the Department of Food 

Science and Human Nutrition at Washington State University under supervision of the 

investigators throughout the 49-d study period.   Subjects were asked to record their 



71 

daily weight and the days of their menstrual cycles. The basal diet (reported in 

Hansen et al. 2001) was a 3-day menu cycle for 49 days and provided 6460 kJ (1544 

kcal), 1 mg (5.91 (imol) of vitamin B-6 and 56 g of protein. All meals were prepared 

in the metabolic kitchen and served in the unit. Egg white powder was added to the 

basal diet in sufficient amounts for each subject to achieve a total protein intake of 1.2 

g per kg body weight. Additional energy was supplied to the subjects by hard candies, 

soft drinks, margarine, and cookies (which contributed less than 0.01 mg vitamin B- 

6/d), to maintain their body weights. To provide all nutrients except vitamin B-6 at 

the level of the 1989 RDA (National Research Council 1989) subjects were given the 

following supplements daily; a liquid supplement containing 4 mg nicotinic acid and 

200 [ig folic acid (Sigma Chemical Co., St. Louis, MO) and a tablet of Cal-Mag Zinc 

(Thrifty PayLess, Inc. Wilsonville, OR), which contained 333 mg calcium, 133 mg 

magnesium and 5 mg zinc. Additionally, 1 mL of Feosol® (SB Smith Kline 

Consumer Products, Pittsburgh, PA) (44 mg of ferrous sulfate: 8.8 mg elemental iron), 

was given with the morning fruit juice to ensure adequate iron intake. 

The experimental design was divided into 4 metabolic periods. The diet for 

the first 7 days provided 1 mg of vitamin B-6/d and three subsequent 14-day periods 

provided 1.5 mg (8.86 (imol), 2.1 mg (12.41 |amol) and 2.7 mg (15.95 ^mol) of 

vitamin B-6 per day, respectively. Additional amounts of vitamin B-6 in the last three 

periods were provided by oral administration of pyridoxine hydrochloride solution at 

breakfast. The vitamin B-6 to protein ratio was 0.014 ± 0.001 for the first 7 days and 

0.021 ± 0.002, 0.029 ± 0.003 and 0.037 ± 0.004, respectively, for the 3 subsequent 

periods. 
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Sample Collection and Analyses 

Composites of the daily diets were made every other week during the study 

and analyzed for vitamin B-6 by microbiological assay (Horwitz 1980). Daily 24-hour 

urine samples were collected under toluene and kept refrigerated until measured and 

aliquoted, and then stored at -20oC until analysis. Urinary creatinine was assessed in 

24-h urine collections by an automated procedure (Pino et al. 1965). Urinary glucose, 

bilirubin, ketone, blood, pH, protein (Bili-Labstix®, Bayer Corporation Diagnostics 

Division, Elkhart, IN) and pregnancy tests (QuPID®, Stanbio Laboratory Inc., San 

Antonio, TX) were performed weekly. 

Fasting blood samples were collected from subjects on days 1, 8, 15, 22, 29, 

36, 43, and 50 in heparinized tubes (Becton Dickins, Rutherford, NJ). Hemoglobin, 

hematocrit and white blood cell and lymphocyte numbers were measured in whole 

blood with a Coulter counter (Coulter T-660, Coulter Electronics, Inc., Marietta, GA). 

Aliquots of each blood sample were centrifiiged at 1800 x g at 4 0C for 15 minutes 

and the plasma stored at - 30oC until analyzed. The remainder was used for 

separation of peripheral blood mononuclear cells (PBMC). Red blood cells were 

washed and erythrocyte aspartic aminotransferase (EALT) and erythrocyte alanine 

aminotransferase (EALT) activities were measured with and without PLP (Woodring 

and Storvick 1970) on the day of blood collection or the next day. Plasma 

concentration of B-6 vitamers was determined by an HPLC method (Sharma and 

Dakshinamurti 1992). The interassay coefficient of variation for PLP of the control 
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plasma sample (n=17) was 10.5%. Interassay variation of each subject was minimized 

by running single samples of one subject in one assay. Urinary 4-PA excretion over 3 

days at the beginning and end of each experimental period was measured by a 

modified HPLC method (Gregory and Kirk 1979). 

Whole blood (approximately 15 mL) was layered onto an equal amount of 

Histopaque-1077 (Sigma Diagnosis, Sigma Chemical Co., St. Louis, MO) in sterilized 

conical tubes, and centrifuged at 400 x g at room temperature for 30 minutes, followed 

by washing 3 times with 10 mL of Dulbecco's phosphate buffered saline (Sigma 

Chemical Co., St. Louis, MO). The resulting PBMC pellets were dispersed into 2.4 

mL of phosphate buffered saline. To determine the concentration of cells, the cells 

were treated with Turk's solution, previously made with 1 mL of crystal violet and 1 

mL of glacial acetic acid making up to 100 mL with distilled water, and the number of 

cells per mL was counted using a hemocytometer. A part of the cell suspension was 

stored at -80 0C for PLP analysis. To measure PLP concentration in PBMC, the cell 

suspension was sonicated for 30 seconds while immersed in an ice bath and PLP was 

determined by a tyrosine decarboxylase apoenzyme/isotopic procedure (Chabner and 

Livingston 1970). The interassay coefficient of variation for PLP of the control sample 

(n=6) was 17.5%. Samples from one subject were analyzed in one assay to minimize 

interassay variation of each subject. Recovery of PLP added to the control sample 

averaged 86 ± 12%. 

Immunocompetence was assessed by measuring lymphocyte proliferation in 

response to mitogen stimulation. Immediately after cell counting, the concentration of 

PBMC was adjusted to IxlO6 cells/mL with complete RPMI-10, which was prepared 
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with RPMI 1640 (with L-glutamine and sodium bicarbonate)(Sigma Chemical Co. St. 

Louis, MO) containing 10% fetal bovine serum (Hyclone, Logan, UT), 50 \xM 

2-mercaptoethanol, 100 U/mL penicillin, and 100 jag/mL streptomycin. Prior to the 

study, dilutions of phytohemagglutinin (PHA-P) (Sigma Chemical Co., St. Louis, 

MO) between 3.125 and 100 (ig/mL were prepared in complete RPMI-10 and tested in 

6 individuals to determine its optimal stimulatory concentration. PHA concentration 

between 6.25 and 25 ^ig/mL resulted in the optimal lymphocyte proliferation. Thus, in 

this study, three concentrations of PHA (6.25, 12.5 and 25 (^g/mL) were tested. For 

each experimental condition, including no mitogen to measure background response, 

triplicate wells were prepared. One hundred JJL of the cell suspension and an equal 

amount of the respective PHA solutions were dispensed into each well of a flat- 

bottomed 96-well plate (IxlO5 cells/well). Cells were incubated for 72 hours in a 

humidified 370C, 5% CO2 incubator. Eighteen-hours before terminating the culture, 

20 nL of 50 nCi/mL 3H-thymidine (1.0 nCi) (ICN, Costa Mesa, CA) was added to 

each well. Cells were harvested using a semiautomated multiwell harvester, which 

aspirates and lyses cells and transfers DNA onto filter paper. When the filter paper 

was completely dried, filter dots for each well were transferred into scintillation vials 

and scintillation fluid added. Samples were counted in a liquid scintillation counter 

(Taurus Automatic liquid Scintillation Counter, ICN Micromedic System). 

From the previously tested PHA titer between 6.25 and 100 ^ig/mL for 5 

individuals, 100 |j.g/mL of PHA was the optimal concentration to result in the highest 

inteleukin 2 (IL-2) production by PBMC. Two individuals out of 5 showed a similar 
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PBMC IL-2 production and lymphocyte proliferation at all concentration tested. 

However, the other 3 individuals showed a higher IL-2 production when their cells 

were incubated with the 100 (ig/mL level, although higher lymphocyte proliferative 

activities were observed when incubated at a PHA concentrations lower than 50 

Hg/mL. Therefore, a different concentration of PHA (100 (ig/mL) from the 

concentrations used in the proliferation test (6.25, 12.5 and 25 ng/mL) was used to 

determine lymphocyte IL-2 production. To measure lymphocyte IL-2 production, cells 

(IxlO6 cells/mL) in complete RPMI-10 were incubated with 100 jag/mL PHA in 24 

well flat bottomed plate for 48 hours. The cell-free supernatant was stored at -70 0C 

until analysis of IL-2 concentration. In vitro PBMC IL-2 concentration following PHA 

stimulation and plasma IL-2 concentration were determined by enzyme immunoassay, 

Cytokine Direct™ Human Interleukin 2 (Intergen Co., Purchase, NY), and Cytokine 

Total™ Human Interleukin 2 (Intergen Co., Purchase, NY), respectively. 

Statistical Analysis 

Statistical analyses were conducted with using JMP®(SAS Institute, Gary, NC) 

and SPSS 7.5 (SPSS Inc., Chicago, IL) computer programs. At each time point, means 

and standard deviations were calculated for immune parameters and status indicators 

except urinary 4-PA. The mean and standard deviation of urinary 4-PA excretion, 

averaged over the last three days at end of each experimental period, was calculated. 

For urinary 4-PA, One-Way ANOVA was used to detect significant differences 

between baseline, adjustment period and end of each subsequent period. For other 
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measures, One-Way ANOVA was used to detect significant differences among the 

eight time points including baseline, adjustment period and 3 subsequent periods with 

2 time points of each. When a significant (P < 0.05) difference was detected, means of 

each time point were compared using Tukey's post-hoc comparisons. Pearson's 

correlation coefficients were calculated, and differences were considered statistically 

significant when P < 0.05. 

Results 

Based on analyses of the subjects' diets, the range of vitamin B-6 intakes prior 

to the study was 0.9 to 2.1 mg/d (1.4 ± 0.6 mg/d) (0.013 to 0.024 mg vitamin B-6/g 

protein). Body weights of the subjects did not change significantly over the study 

period. At day 29, the concentration of plasma PLP and urinary 4-PA of one subject 

was found to be 28- and 8-fold higher, respectively, than the mean concentrations of 

the other 7 subjects. This particular subject was considered to have not adhered to the 

study protocol. Therefore, the values of this subject were not included in the results. 

An additional iron supplement was provided to two subjects after 1 week and 5 weeks 

of the study period, respectively, when their hemoglobin concentration was found to 

be lower than 120 g/L. The mean age and height of 7 subjects was 28 ± 5.6 (yrs) and 

161 ± 3.7 (cm), respectively. The average body weights of beginning and end of study 

among subjects were 59.1 ±6.1 and 58.1 ± 6.8 (kg), respectively. There were no 

significant differences in urinary excretion of creatinine, blood hemoglobin 

concentration and hematocrit among experimental periods (data not reported). If 24-h 
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urine collections were judged complete by creatinine excretion, urinary 4-PA 

excretion was averaged over the last 3 days of each experimental period. 

All subjects except one, whose plasma PLP concentration was 27.6 nmol/L and 

EALT stimulation was 42%, had baseline values indicating adequate vitamin B-6 

status for plasma PLP, urinary 4-PA, EALT activity coefficient and EAST activity 

coefficient (Leklem 1990) at the beginning of the study. As reflected in Table 2.1, at 

the end of the adjustment period (1 mg of vitamin B-6; 0.014 ± 0.016 mg B-6/g 

protein), the mean plasma PLP concentration and mean urinary 4-PA excretion 

decreased 36% and 38%, respectively, compared to BL. With the 1 mg intake of B-6, 

respective mean values of plasma PLP concentration of 3 subjects and urinary 4-PA 

excretion of 4 subjects were 24% and 19% lower than the suggested values for 

adequate vitamin B-6 status. However, at this time point erythrocyte aminotransferase 

activities of all subjects indicated adequate vitamin B-6 status. 

As expected, when the vitamin B-6 intake increased, urinary 4-PA excretion 

and plasma PLP concentration continuously increased throughout the last 3 

experimental periods (Table 2.1). When comparing the PLP concentrations between 

the 1 mg vitamin B-6 intake and the end of subsequent experimental periods, there 

was a significant increase in the last period with the 2.7 mg B-6 intake. However, the 

PLP concentration at the end of 2 weeks with the 1.5 and 2.1 mg intakes did not 

significantly differ from the value at the end of the first week with the 1 mg B-6 

intake. The final mean plasma PLP concentration at the end of the period with the 2.7 

mg intake was approximately 60 and 30 % higher than the end of the periods with 

intakes of 1.5 mg and 2.1  mg, respectively. EALT activity coefficient did not 
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significantly change throughout the study, but was significantly negatively correlated 

(P < 0.01) with plasma PLP concentration when the values at the 8 time points were 

compared. 

The mean concentration of PBMC PLP was not significantly different 

throughout the study, although they tended to increase by the end of study period in 6 

of the 7 subjects. The mean concentration of PBMC PLP was increased about 23 % 

with 2.7 mg vitamin B-6 intake for 2 weeks compared to the end of 2.1 mg period. 

PBMC PLP concentration was significant correlated (P < 0.01) with plasma PLP 

concentration (Table 2.3). 

The overall change in the mean lymphocyte mitogenic response for the 3 

different concentrations of PHA at each time point is illustrated in Figure 2.1. No 

significant change was observed in the mean response to PHA with the 1.5 mg intake, 

compared with the mean response at the end of the 1 mg intake period (Table 2.2). 

However, with 2.1 mg of vitamin B-6, there was a significant increase in their 

response to PHA concentration of 6.25 and 12.5 |ig/mL within 7 days, when compared 

to the response with 1.5 mg per day. After an additional week of the 2.1 mg intake, no 

further significant increase was observed in the mean responses to the 3 concentrations 

of PHA. In addition, there was no significant difference in the response between the 

end of 2.1 and 2.7 mg of vitamin B-6 intake periods. Compared to the 1 mg intake, the 

mitogenic responses to the 6.25 ng/mL of PHA were increased by 47% (P < 0.05) and 

50% (P < 0.05) at the end of the experimental periods with 2.1 and 2.7 mg, 

respectively.    The mitogenic responses to each of 3 concentrations of PHA were 
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significantly correlated (P < 0.01) with vitamin B-6 intake, plasma PLP concentration 

(P < 0.01) and erythrocyte transaminase activity coefficients (P < 0.05) (Table 2.3). 
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Figure 2.1. Mean lymphocyte proliferation measured by [3H] thymidine incorporation 
after stimulation with 3 different concentrations of PHA (6.25, 12.5 and 25 ng/mL) at 
4 different levels of vitamin B-6 intake 

Neither plasma IL-2 nor in vitro PBMC IL-2 concentrations showed any significant 

change over the experimental study period (Table 2.2). However, when two subjects 

whose plasma IL-2 was either much higher than the rest of subjects or undetectable 

(except one day) were left out, plasma IL-2 concentrations of 5 subjects were 



Table 2.1. Indices of vitamin B-6 status7 

Period 1 Period 2J Period 23 Period 3* Period 3J Period 4J Period 43 

Indicators BL 1.0 mg 1.5 mg 1.5 mg 2.1 mg 2.1 mg 2.7 mg 2.7 mg 

Urinary 4-PA (|imol/d) 4.62 ±1.39° 2.87 ±0.93" 4.23 ±0.61° 6.77 ± 0.80c 9.16±1.21d 

Plasma PLP (nmol/L) 46.6 ±13.9^ 29.7±7.1b 35.0 ± 6.7*'c 35.3 ± 6.0bc 40.2 ± 8.0"* 43.9±7.3a'* 51.0±14.1OC 56.1 ± 13.2° 

EALT activity coefficient 1.20±0.12 1.17 ±0.06 1.17 ±0.04 1.17 ±0.06 1.13 ±0.04 1.16 ±0.06 1.10 ±0.04 1.15 ±0.04 

EAST activity coefficient 1.74 ±0.25° 1.55 ±0.08"'* 1.66 ± 0.14a* 1.58±0.11* i.6i ±omah 1.58 ± 0.15a* 1.45 ±0.08* 1.57±0.14a* 

PBMC PLP (pmol/106 cells) 0.81 ±0.17 0.78 ± 0.09 0.77 ±0.11 0.80 ±0.13 0.83 ± 0.09 0.79 ±0.2 0.81 ±0.18 0.97 ± 0.22 

' Mean ± SD, (n=7) 
2 Day 7 of each period 
3 Day 14 of each period 
a'e Different letters in a given row denote significant differences by the Tukey test, P < 0.05 

Table 2.2. Immune indices7 

Period 1 Period 2 Period 2 Period 3 Period 3 Period 4 Period 4 
BL 1.0 mg 1.5 mg 1.5 mg 2.1 mg 2.1 mg 2.7 mg 2.7 mg 

Lymphocyte Proliferation^ 1.61 ±0.26* 1.71 ±0.12* 1.56 ±0.08* 1.73 ±0.38* 2.43 ± 0.22° 2.51±0.14a 2.46 ± 0.04° 2.56 ±0.28° 
Lymphocyte Proliferation3 

1.84 ±0.41* 1.99 ±0.14* 1.79 ±0.12* 1.76 ±0.20* 2.49 ± 0.23° 2.67 ±0.17° 2.60 ±0.14° 2.89 ±0.34° 
Lymphocyte Proliferation^ 1.84±0.45c 1.93 ±0.14*c 1.71±0.12c 1.94 ±0.4 l*c 2.44 ±0.25"'* 2.57 ±0.33° 2.55 ±0.17° 2.87 ±0.43° 
Plasma IL-2 (ng/mL) 1.64 ±0.8° 1.88 ±0.5° 1.62 ±0.7° 1.62 ±1.2" 1.65±1.30 1.98±1.30 1.89 ±1.0* 2.03 ±1.1° 
PBMC IL-2J (pg/mL) 290 ±128° 321 ±115° 279 ±132° 250 ±110" 232 ±114° 250 ±100° 215 ±108" 243 ±75° 
' Mean ± SD, (n=7) 
•^cpmxlO5 

2 PHA concentration of 6.25 ng/mL 
3 PHA concentration of 12.5 ng/mL 
4 PHA concentration of 25 ng/mL 
J In vitro IL-2 concentration following PHA stimulation 
a"cDifferent letters in a given row denote significant difference by the Tukey test, P < 0.05 

o 



Table 2.3. Correlation coefficients among vitamin status indicators and lymphocyte proliferation (r) 

EALT activity     EAST activity     Plasma PLP        PBMC PLP Lymphocyte 
coefficient coefficient proliferation j 

Lymphocyte 
proliferation3 

Lymphocyte 
proliferation 4 

Vitamin B-6 Intake 
EALT activity coefficient 
EAST activity coefficient 
Plasma PLP 
PBMC PLP 

Lymphocyte proliferation 2 

Lymphocyte proliferation3 

-0.366* -0.272* 0.558** 0.213 0.757** 0.733** 0.676** 
0.159 -0.391** -0.109 -0.361** -0.342** -0.315* 

-0.047 0.110 -0.314* -0.302* -0.304* 
0.357** 0.393** 0.395** 0.456** 

0.079 0.108 

0.928** 

0.204 

0.878** 

0.929** 

' Pearson's correlation between measures at all 8 time points; n=56 in all measures 
2'4 PHA concentration; 26.25 ng/mL, 3\2.5 ng/mL, ^25 ng/mL 
* Correlation is significant at the 0.05 level 
** Correlation is significant at the 0.01 level. 

Table 2.4. White blood cell (WBC) number and lymphocyte percentage and number' 

Period 1 Period 2 Period 2 Period 3 Period 3 Period 4 Period 4 
BL 1.0 mg 1.5 mg 1.5 mg 2.1 mg 2.1 mg 2.7 mg 2.7 mg 

WBC (cells x 103/nL) 4.96 ±1.31 5.10±1.32 5.01 ±0.85 4.91 ± 1.03 4.77 ±0.57 5.16 ±0.60 5.06 ± 1.12 4.99 ± 0.62 
Lymphocyte (%) 37.94 ± 9.95 38.46 ±6.56 38.76 ±5.19 38.13 ±6.87 37.50 ±6.55 37.23 ±4.35 39.67 ±3.76 39.33 ±6.51 
Lymphocyte (cells x 103/(iL) 1.79 ±0.45 1.93 ±0.49 1.90 ±0.24 1.87 ±0.41 1.77 ±0.26 1.94 ±0.41 2.03 ± 0.49 1.97 ±0.35 
' Mean ± SD, (n=7) 

oo 
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significantly (P < 0.05) correlated with vitamin B-6 intake. Compared to the period 

with 1.5 mg, five out of seven subjects showed increased plasma IL-2 concentrations 

when they consumed 2.1 and 2.7 mg/d B-6. Compared to the 1.5 mg intake, there was 

a 22 and 25 % increase in mean concentration of plasma IL-2 at the end of 2.1 and 2.7 

mg intake, respectively. In vitro PBMC IL-2 concentration following the PHA 

stimulation was significantly correlated with number of circulating lymphocytes (P < 

0.05) and with the percentage of lymphocytes (P < 0.01). The mean numbers of white 

blood cells and lymphocytes and the mean percentage of lymphocytes in the 

circulation were not significantly changed throughout the study (Table 2.4). 

Discussion 

This study suggests that a higher level of vitamin B-6 than the current 

recommended dietary allowance (RDA) of 1.3 mg/d for adult women (Institute of 

Medicine 1998) is necessary for young women to obtain maximum ex vivo 

lymphocyte mitogenic response. Vitamin B-6 intake at a level 0.8 mg higher than the 

RDA for 1 week improved ex vivo peripheral blood lymphocyte response to T-cell 

mitogen, PHA. This improvement was maintained with an additional 0.6 mg of 

vitamin B-6 for 2 weeks. However, this improvement was not achieved with an intake 

close to the currently recommended level of vitamin B-6 (Institute of Medicine 1998). 

PLP concentration in PBMC tended to increase with 2 weeks of a vitamin B-6 intake 

twice higher than the current RDA. At the start of the study the mitogenic response of 

lymphocytes was not expected to be as high as the response observed in the 2.1 mg 
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period because the mean vitamin B-6 intake estimated from 3 day diet records before 

study started was 1.4 ± 0.64 mg/d. Hence, the mean response to PHA at the baseline 

was significantly lower than that with 2.1 mg/d, and sustained with 1 mg and 1.5 mg 

vitamin B-6/d. 

Lymphocyte proliferation has often been used in human studies to demonstrate 

the effect of vitamin B-6 intake on immune function. When vitamin B-6 intake was 

altered, a change in lymphocyte mitogenesis was demonstrated among the young 

(Wang 1990) and the elderly (Meydani et al. 1991, Talbott et al. 1987). Wang (1990) 

found that a B-6 intake of 2.44 mg/d for 10 d significantly increased lymphocyte 

response to concanavalin A (Con A) and pokeweed mitogen (PWM) compared to that 

at BL or when 0.84 mg/d B-6 was fed. In a separate trial by Wang (1990), a self- 

selected diet (1.8 mg/d B-6) plus 1.5 mg/d B-6 supplementation for 7 d increased 

lymphocyte response to PHA, Con A and PWM compared with the response without 

supplementation. These findings in young women are in agreement with an increased 

lymphocyte response to PHA with 2.1 and 2.7 mg/d for > 7 d in the present study. In 

concert with the increase in lymphocyte response, there was a 20% increase in plasma 

PLP concentration in the study by Wang (1990), and a mean increase of 24% in the 

current study. Conversely, a decreased plasma PLP concentration was found to 

correlate with decreased lymphocyte proliferation in elderly subjects (Meydani et al. 

1991). As seen in several human metabolic studies, lymphocyte proliferation is 

strongly associated with plasma PLP concentration and has been improved with 

vitamin B-6 intake at higher than the currently recommended level. Meydani et al. 

(1991) showed that the impaired lymphocyte response to T and B-cell mitogens 
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following B-6 depletion in the elderly returned to baseline value with a 27 and 70% 

higher vitamin B-6 intake for women and men, respectively, than the current RDA for 

older people. A similar regime was observed in the current study in which young 

women had an increase in their lymphocyte proliferation when they consumed vitamin 

B-6 at an intake 60% higher than the current RDA for young adult women. 

In addition to the beneficial effect of certain levels of vitamin B-6 intake on 

improvement of immune parameters, there are a number of studies which have 

determined the association of B-6 deficiency with impaired immune response. A 

negative contribution of B-6 deficiency on human immune function has been observed 

among uremic patients (Dobblestein et al. 1974, Casciato et al. 1984), subjects treated 

with deoxypyridoxine (Vilter et al. 1953), and subjects consuming a low B-6 diet (van 

den Berg et al. 1988, Ockhuizen et al. 1990, Meydani et al. 1991). The lowered cell- 

mediated response of uremic patients was restored to normal by a vitamin B-6 dose of 

300 mg/d for 2 weeks in one study (Dobblestein et al. 1974) and 50 mg/d for 3-5 

weeks in another study (Casciato et al. 1984). A marginal B-6 deficiency induced by 

11 weeks of vitamin B-6 intake at 30% (Ockhuizen et al. 1990) and 50% (van den 

Berg et al. 1988) of the current RDA was accompanied by a lower percentage of T- 

helper cells and concentration of immunoglobulin D. 

To our knowledge the current study is the first investigation to determine a 

level of vitamin B-6 that maximize immune parameters in metabolically controlled 

young women. The findings from the present study, along with previous findings, 

support a positive relationship between immune response and B-6 status. In addition, 

the current study suggests that intakes between 1.5 and 2.1 mg/d, levels of vitamin B-6 
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that can be achieved from a person's diet, may be intake levels that results in 

maximizing immune response in young women. 

Vitamin B-6 deficiency has shown to be associated with impairment of 

immune response. The basic derangement appears to be caused by the decreased rate 

of production of one-carbon units necessary for the synthesis of nucleic acids. The 

adverse effect of pyridoxine deficiency on nucleic acid synthesis has been 

demonstrated by a decrease in incorporation of the carbon unit of serine into DNA and 

RNA of rat liver and spleen (Trakatellis et al. 1964). Of immunological parameters 

measured, not only lymphcocyte mitogenesis but also IL-2 production has shown to be 

affected by in vitro B-6 deficiency induced by deoxypyridoxine and due to lowered 

activity of PLP dependent serine hydroxymethyltransferase (SHMT) which catalyzes a 

step in one carbon unit metabolism (Trakatellis et al. 1992). In human controlled 

studies, investigators found significant changes in IL-2 production by PBMC with 

vitamin B-6 depletion (Meydani et al. 1991) or supplementation (Wang, 1990). In the 

study by Meydani et al. (1991), IL-2 production was significantly lower when the 

mean plasma concentration of PLP was lower than 30 nM, compared to baseline 

where the mean plasma PLP value was over 40 nM. In addition, a significant increase 

in IL-2 production was shown when the mean plasma PLP was increased from 35 to 

54 nM (Wang 1990). The present study did not find a significant change in the PBMC 

IL-2 concentration after PHA stimulation. However, there was a non-significant 

increase in the mean concentration of plasma IL-2 as the mean plasma PLP was 

increased from 35 nM to >40 nM. When the mean plasma PLP was 44 and 56 nM, 

there was a 22 and 25% increase in the mean plasma IL-2 concentration, respectively, 
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compared to the mean plasma IL-2 when the mean plasma PLP concentration was 35 

nM. 

Plasma PLP is often considered to be the most applicable index of determining 

vitamin B-6 status (Leklem, 1990), but there is still a lack of consensus among 

investigators as to which biochemical measurement is the best indicator of B-6 status 

and at least two measures are recommended to properly assess vitamin B-6 status 

(Leklem and Reynolds 1981). Moreover, there are advantages and disadvantages of 

each measurement to reflect B-6 status (Reynolds 1995). Functional indices have been 

used, but are currently limited to neurological and immunological functional 

measurements (Reynolds 1995). With respect to the measurements of immunological 

function related to B-6 status, the current study and other previous studies (Meydani et 

al. 1991, Wang 1990) have shown a consistent relationship between biochemical 

indices of B-6 status and immunological measurements. Since the immunological 

measurements of vitamin B-6 metabolic studies discussed earlier are mainly involved 

with lymphocyte function, measuring PLP concentration in lymphocytes may aid in 

understanding the relationship between lymphocyte function and vitamin B-6 status. 

In addition, because pyridoxal 5'-phosphate functions as an intracellular coenzyme, 

the determination of intracellular concentration of PLP may be more applicable than 

the extracellular concentration of PLP. However, the extent to which PLP 

concentration in isolated lymphocytes reflects the plasma concentration, and the 

degree to which it is correlated with cellular function, as reflected by immune 

response has not been clearly elucidated. 
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In order to evaluate B-6 concentration in isolated blood cells, investigators 

have measured PLP concentrations in leukocytes (Hamfelt 1967b, Wachstein et al. 

1960, Mahuren and Cobum 1974), mononuclear cells (Shephard et al. 1989, Wang 

1990) and lymphocytes (Mahuren and Cobum, 1974). In general PLP concentration in 

leukocytes has shown to be 20-40% higher (Hamfelt 1967b, Wachstein et al. 1960) 

than PBMC PLP concentration measured in the current study when the respective 

plasma PLP concentration is comparable. This difference in cellular PLP 

concentration might be explained partially by the high proportion of granulocytes in 

the leukocyte fraction (percentage of granulocytes was range between 58 and 95%) in 

the study by Hamfelt (1967b) and the higher protein content in leukocytes than in 

PBMC (about 70% higher) found by Mahuren and Cobum (1974). PBMC PLP 

concentrations reported by Shephard et al. (1989) varied over a wide range (from 0.77 

to 3.68 pmol/106 cells; reported as 0.19-0.91 ng/106 cells), but in part agreed with the 

values of subjects in the current study. No subject in our study reached the highest 

value reported by Shephard et al. (1989). In a study by Wang (1990) the mean baseline 

PLP concentration in PBMC was only 1/3 of the mean PBMC PLP at the baseline in 

the present study. However, the mean PBMC PLP concentration after 1.5 mg B-6 

supplementation was somewhat lower but comparable to values observed in our study, 

and 50 mg supplementation for 3 days significantly increased the mean PBMC PLP 

compared to the baseline. The finding from our study in which only non-significant 

increase was observed after 2 weeks of 2.7 mg B-6, together with others, suggests that 

the PBMC PLP response to the diet is slower than that seen in plasma when people are 

consuming dietary levels of B-6. 



88 

Although PBMC PLP concentration responded slowly to dietary B-6, PLP 

concentration was strongly correlated between plasma and PBMC in the current study. 

This was also demonstrated by a parallel increase in PLP concentration in plasma and 

PBMC (Wang 1990). However, no significant correlation was observed between 

PBMC PLP concentration and lymphocyte proliferation in the present study. This 

could be due to the small sample size. However, Wang (1990) observed a significant 

correlation between these two measures in 10 women with a self-selected diet plus B-6 

supplementation. Even though vitamin B-6 intake was altered from 1 mg to 2.7 mg, 

PBMC tended to maintain their PLP concentration to baseline levels, which implies 

that in vivo PBMC PLP concentration might not be depleted throughout the study. In 

an in vitro study by Trakatellis et al. (1992), vitamin B-6 deficiency induced by 4- 

deoxyperidoxic acid was shown to decrease lymphocyte proliferation significantly 

(Trakatellis et al. 1992). Therefore, when there is sufficient PLP present in PBMC, 

PLP concentration in PBMC might not be the main controlling factor for lymphocyte 

proliferation. 

A vitamin B-6 deficiency has shown to significantly reduce total number and 

percentage of circulating lymphocytes (Meydani et al. 1991). In the current study, no 

subjects were B-6 deficient, and their circulating number and percentage of 

lymphocytes was not significantly affected by changing the level of B-6 intake. In a 

study by van den Berg et al. (-1988), even with a marginal B-6 deficiency induced by 

B-6 intake at about 50% of the current RDA, young males did not show a significant 

change in the number and percentage of the total lymphocytes. However, the 

percentage of T-helper cells (IL-2 producing cells) was significantly lowered with this 
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marginal B-6 deficiency (van den Berg et al. 1988). Furthermore, a positive influence 

of PN supplementation on the percentage of T3+ and T4+ cells was demonstrated in a 

study by Talbott et al. (1987). Due to the alteration of the helper T cell population by 

change in B-6 intake, there might be an increased lymphocyte response to PHA and a 

tendency for an increase in plasma IL-2 concentration in the present study. However, 

the range of levels of B-6 tested in the current study were both lower and higher than 

those in the studies by Talbott et al. (1987) and van den Berg et al. (1988), 

respectively. Therefore, future studies are necessary to determine the effect of dietary 

levels of B-6 on the T cell subpopulation and maturation along with T cell functions. 

This may provide further insight into the safe level of B-6 intake that optimizes 

immune function. 

In conclusion, improving vitamin B-6 status in young women as a result of 

consuming a level of vitamin B-6 greater than 1.5 mg per day may have a positive 

effect on immune response as reflected by a significant enhancement of lymphocyte 

proliferation and a trend in increase in plasma IL-2 concentration with 2.1 mg B-6 

intake. PLP has been shown to be required to obtain normal lymphocyte function 

related to SHMT activity (Trakatellis et al. 1992). However, a change in proliferative 

activity does not seem to relate directly to PLP concentration in PBMC when people 

are consuming levels of vitamin B-6 tested in the current study. The most important 

observation in the study reported here is that there is a level, or a range of levels, 

which might provide an optimal immune response in humans. Although lymphocyte 

proliferation and plasma IL-2 concentration were the only measurements found to be 

enhanced in this study, it is worth noting that these indices improved as the B-6 status 
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increased beyond a vitamin B-6 intake higher than the current RDA. There is a need 

for further investigation of other measures of immune function and how vitamin B-6 

status is related to immunological functions to aid in the determination of a level of 

vitamin B-6 intake to attain the most favorable immune response in humans. 

Additionally, the relationship between the PLP concentration in plasma and PBMC 

needs further study either with a larger sample size and/or a longer period of study. 
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EFFECT OF VITAMIN B-6 SUPPLEMENTATION ON THE 
CONCENTRATION OF B-6 VITAMERS IN PERIPHERAL BLOOD 

MONONUCLEAR CELLS AND ON THEIR PROLIFERATION 

Abstract 

Background: A vitamin B-6 (B-6) intake higher than the current 

Recommended Dietary Allowance (RDA) has been found to provide an improvement 

in immune function and peripheral blood mononuclear cell (PBMC) concentration of 

PLP. Objectives: To evaluate the effect of two levels of B-6 supplementation on 

lymphocyte proliferation and PBMC concentrations of B-6 vitamers. Design: Seven 

premenopausal women consumed their usual diet with the exception of foods 

relatively high in vitamin B-6 for a total of 27 d. After 7 d, all subjects received a 

multivitamin supplement containing 2 mg B-6 and 4 subjects were given an additional 

50 mg of B-6 supplement for 20 d. Plasma pyridoxal 5'-phosphate (PLP) and urinary 

4-pyridoxic acid (4-PA) were measured to determine B-6 status at 4 time points during 

the study. Concentrations of B-6 vitamers in the isolated PBMC and lymphocyte 

response to phytohemagglutinin (PHA) were measured as a cellular and functional 

indicator, respectively. To determine the effect of different forms of B-6 on 

lymphocyte proliferation, cell culture media supplemented with pyridoxal (PL) and 

PLP, as well as B-6 free media, were tested. Results: A 50 mg B-6 supplement 

significantly increased vitamin B-6 status. Of the two predominant B-6 vitamers in 

PBMC (PLP and pyridoxamine 5'-phosphate (PMP)), only PLP concentration was 

significantly correlated with plasma PLP. PBMC PLP concentration showed an acute 
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increase with 50 mg B-6 within 3 d and plateaued for the remainder of the study, 

whereas a 2 mg supplement gradually increased PBMC PLP concentration throughout 

the study. After 20 d of supplementation, there was no significant difference in PBMC 

PLP between 2 mg and 50 mg. PBMC PMP concentration slightly increased when 

PBMC PLP concentration was acutely changed. No difference was observed in 

lymphocyte proliferation between the groups. In general, lymphocyte proliferation in 

media with either PLP or PL did not show any prominent difference. Conclusion: 

These findings suggest that there may be no further benefits of a B-6 dose beyond 

twice that of the current RDA on lymphocyte proliferation and PBMC PLP. Further 

studies are necessary to determine if high plasma PLP increases activities of enzymes 

involved in conversion of B-6 vitamers in PBMC. 

Key Words 

Vitamin B-6, pyridoxal 5'-phosphate, pyridoxamine 5'-phosphate, lymphocyte 

proliferation, peripheral blood mononuclear cell, B-6 supplementation, women. 

Introduction 

It has been known for years that vitamin B-6 status influences immune 

function. Vitamin B-6 plays a critical role in nucleic acid and amino acid metabolism, 

and a B-6 deficiency can significantly alter immune responses (Axelrod and 

Trakatellis 1964). Even though vitamin B-6 deficiency is not common in humans, 

particular subgroups of the population may be at a greater risk, for example the elderly 
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(Lowik et al. 1990), patients with kidney disease (Dobbelstein et al. 1974, Casciato et 

al. 1984) and in persons with human immunodeficiency virus (HIV) infection (Baum 

et al. 1991). In these subpopulations, a decreased B-6 status has shown to be 

associated with immunological decline. Vitamin B-6 supplementation has resulted in a 

significant increase in indicators of immune functions in the elderly (Tabott et al. 

1987) and uremic patients (Casciato et al. 1984, Dobbelstein et al. 1974). In addition 

to a single vitamin B-6 supplement, a multivitamin containing 3 mg of vitamin B-6 

(Bogden et al. 1994) and a supplement of coenzyme Q10 with pyridoxine (Folkers et 

al. 1993) have shown to improve the delayed hypersensitivity skin test and the blood 

levels of immunoglobulin G, respectively. 

Lymphocyte proliferation has often been used to determine immune response 

of humans (Talbott et al. 1987, Wang 1990, Meydani et al. 1991). This immunological 

index has been shown to be significantly increased not only with a high B-6 

supplementation (50 mg) (Talbott et al. 1987), but also with a moderate B-6 

supplementation (1.5 mg) (Wang 1990). In addition, previous studies have shown that 

lymphocyte proliferation was significantly increased with a B-6 intake higher than the 

current recommendation in the elderly (Meydani et al. 1991) and the young (Kwak et 

al. 1999). With regard to the mechanism of B-6 involvement in lymphocyte 

proliferation, PLP plays a role as a coenzyme in the reaction of serine 

hydroxymethyltransferase (SHMT). SHMT activity in lymphocytes is significantly 

increased by phytohemagglutinin (PHA) stimulation for 72 hours (Eichler et al. 1981, 

Trakatellis et al. 1994), and inhibited by 4-deoxypyridoxine, an antagonist of vitamin 

B-6 (Scountzou et al. 1989, Trakatellis et al. 1995). Nevertheless, it has not been 
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clearly determined if the PLP concentration in lymphocytes is related to their 

proliferative response. 

To participate in intracellular enzymatic reactions, circulating PLP has to cross 

the cell membrane, via the action of alkaline phosphatase (ALP) (Merill et al. 1984). 

Lumeng et al. (1978) found that the plasma PLP concentration was positively related 

to PLP concentration in the tissues of rats. In humans, several investigators measured 

PLP concentrations in isolated leukocytes (Wachstein et al. 1960, Mahuren and 

Cobum 1974, Hamfelt 1967b, Gailani 1965, Smith et al. 1983) and peripheral 

mononuclear cells (Shephard et al. 1989, Wang 1990). However, knowledge of 

intracellular availability of PLP and other B-6 vitamers in humans is still limited, 

especially an alteration of B-6 vitamer concentrations in cells induced by changes in 

B-6 intake. In addition, the relationship between the intracellular PLP concentration 

and circulating PLP concentration is still unclear. 

In the present study, two different levels of vitamin B-6 supplementation were 

tested for 20 d in order to determine: 1) if the content of B-6 vitamers in PBMC 

responds differently to high or low B-6 intake, 2) if there is any further enhancement 

of lymphocyte proliferative response with a high dose of B-6. In addition, the effect of 

the in vitro supplementation of different forms of vitamin B-6 on lymphocyte 

mitogenic response was examined. 
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Subjects and Methods 

Subjects 

Eight premenopausal nonsmoking women were recruited from the Oregon 

State University community by advertisement and personal contact. Subject criteria 

were (1) age between 20 and 50 years old; (2) not taking any supplement or 

medication that may affect vitamin B-6 metabolism and immune response or willing 

to stop taking supplement at least 2 weeks before study; (3) not pregnant; (4) a body 

weight no more than 35 % above the ideal body weight and not less than 110 pounds; 

(5) exercise of less than 1 hour per day. Interested individuals underwent an initial 

interview to determine medical history, medication/supplement use, and dietary habits. 

The study group was made up of 2 Africans, 3 Asians, and 3 Caucasians. No subject 

reported any chronic disease or other health problem in the interview prior to the 

study. Subjects were asked to maintain their activity level throughout the study. The 

basic outline and demands of the study were thoroughly explained to all subjects. All 

participants provided informed consent. All study procedures with human subjects 

were approved by Oregon State University Committee for the Protection of Human 

Subjects. 

Experimental Design 

Subjects consumed their usual diet for 27 d with the exception of foods 

relatively high in vitamin B-6 and with some foods permitted in a given amount per 
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day (Table 3.1). A list of cereals not B-6 fortified was provided, and these items were 

fully permitted. If one serving of cereal provided less than 25% of the daily value of 

B-6 (as indicated in food label), a list of these kinds of cereals was provided 

separately, and these were permitted as one serving per day. Subjects were asked to 

contact the investigator by phone when they had a question about a food product that 

is fortified but not on the food list, before use. Subjects completed 3-day diet records 

(2 weekdays and 1 weekend) during the first week and every 10 days of the study. The 

diet records were analyzed using Food Processor for Windows (version 7.5, ESHA 

Research, Salem, OR). 

Subjects were randomly divided into two groups at the beginning of the study. 

During the 1st week, subjects were asked to follow their food selection based on the 

food list, and no supplementation was provided. For the subsequent 20 days, all 

subjects remained on the same regime of the food selection but were given a daily 

multivitamin supplement containing 2.0 mg of vitamin B-6 (One Daily Multivitamin 

Supplement with Iron, BI-Mart, Eugene, OR). Four of the eight subjects were given an 

additional B-6 supplement of 50 mg (BI-Mart B-6 50 mg, BI-Mart, Eugene, OR) 

during the 20-day supplement period. The actual content of vitamin B-6 in each 

supplement was analyzed by microbiological assay (Horwitz 1980). 

Sample Collection and Analyses 

Approximately 30 ml of blood was drawn into heparinized vacutainer tubes 

from subjects (Table 3.2) after an overnight fast. Twenty four-hour urine samples were 



97 

collected from each subject 4 times (Table 3.2) during the study period. Urine samples 

were collected in one liter polyethylene bottles containing 10 ml of toluene as a 

preservative and were protected from light in order to ensure stability of vitamin B-6. 

Samples were subsequently frozen at -20 0C for later analyses. 

On the day of the blood draw, an aliquot of each blood sample was centrifuged at 1800 

x g at 4 0C for 15 minutes and the plasma stored at -30 0C until analysis. The 

remainder, approximately 25 mL, was layered onto an equal amount Histopaque-1077 

(Sigma Diagnosis, Sigma Chemical Co., St. Louis, MO) in sterilized conical tubes, 

and centrifuged at 400 x g at room temperature for 30 minutes. PBMC were isolated 

from the interface between plasma and Histopaque using sterilized Pasteur pipettes. 

Table 3.1. Food List 

Food List 

Avoid 1. Fruits: Banana, watermelon and avocado 
2. Vegetables: Potato, squash 
3. Beans: Soybeans 
4. Nuts: Chestnuts, Hazelnuts, Pistachios, Walnuts 
5. Seeds: Sunflower seeds 
6. Fish: Salmon 
7. Fortified cereals 
8. Any Kinds of cereal bar from Healthy Valley®, 

Nabisco® or Kellogg's® 
9. INSTANT Oatmeal, cream of wheat, cream of rice 
10. Pop Tart kind of product; Crisp rice bar 

Permitted in the 
given amount/d 

1. Orange juice and tomato juice: 1 cup (8 fl. oz) or less 
2. Beans (other than soybean): Vi cup or less 
3. Nuts & Seeds (other than items listed above): lA cup or 

less 
4. Meat, poultry and fish product: 3 oz. or less 
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The isolated PBMC were transferred to another tube and washed 3 times with 10 mL 

of Dulbecco's phosphate buffered saline (Sigma Chemical Co., St. Louis, MO). The 

resulting cell pellets were dispersed into 2.5 mL of phosphate buffered saline. To 

determine viability of cells and concentration of cells, trypan blue (Sigma Chemical 

Co., St. Louis, MO) was used. The number of cells per mL was counted using a 

hemocytometer. In order to adjust the concentration of cells to 5 x 106/mL, the cell 

suspension was diluted with phosphate-buffered saline. A part of the diluted cell 

suspension was stored at -80 0C for later analysis of B-6 vitamer concentrations. 

Table 3.2. Days of sample collections 

Day 0 7 8 10 11 17 18 27 28 

Day of supp. BL 3d lOd 20 d 
Blood © © © © © 
Urine © © © © 

©: sample collected 

Immunocompetence was assessed by measuring lymphocyte proliferation in 

response to PHA stimulation. To examine the effect of exogenous vitamin B-6 

supplementation as different vitameric forms on lymphocyte mitogenic response, PL- 

HC1 (Sigma Chemical Co., St. Louis, MO) and PLP (Sigma Chemical Co., St. Louis, 

MO), was added to pyridoxine-free customer formulated RPMI 1640 (Gibco BRL®, 

Life Technologies, Rockville, MD). The concentration of vitamin B-6 in each media 

containing either PL or PLP was 4.864 |j.M, which was the same as the concentration 

of PN in the standard RPMI 1640. Vitamin B-6 free media and PN-containing 
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standard RPMI 1640 were also tested. The diluted cell suspension was adjusted to 1 x 

106 /mL using complete RPMI-10 prepared using each media containing L-glutamine 

plus 100 U/mL penicillin, 100 ^ig/mL streptomycin, 50 fjM 2-mercaptoethanol, and 10 

% bovine calf serum (Hyclone, Logan, UT). Bovine calf serum was previously 

analyzed by HPLC and contained 49.4 nM PLP, 38.7 nM 4-PA and 264.8 nM PN. 

Three different concentrations of PHA, 6.25, 12.5 and 25 jag/mL, were prepared using 

4 different complete RPMI-10 media. One hundred |^L of the cell suspension (1 x 105 

/well) and an equal amount of the respective PHA were dispersed into each well of a 

flat-bottomed 96-well plate. All conditions were performed in triplicate. Cells were 

incubated for 3 d in a humidified 37 0C, 5 % CO2 incubator. Eighteen hours before 

terminating culture, 1.0 |j,Ci of 3H-thymidine (ICN, Costa Mesa, CA) was pulsed to 

each well. Cells were harvested using a semiautomated multiwell harvester, which 

aspirates and lyses cells, and transfers DNA onto filter paper. Completely dried filter 

dots for each well were transferred into scintillation vials and scintillation fluid added. 

Lymphocyte thymidine uptake was measured using a liquid scintillation counter 

(Beckman Coulter, Inc., Fullerton, CA). 

Thawed PBMC samples were sonicated for 30 seconds while immersed in an 

ice bath. Plasma and PBMC concentrations of B-6 vitamers were measured by a 

modified high performance liquid chromatography (HPLC) method (Sharma et al. 

1992). For plasma PLP, PL, PN and 4-PA were tested, and an additional PMP was 

tested for PBMC. An excitation wavelength of 330 nm and fluorescent emission at 

400 nm was used. Two mobile phases were used, 0.033 M phophate/8mM octane 

sulfonic acid (A), and 0.033 M phosphate/isopropanol (18 %, v:v) (B), both at pH 2.3. 
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The flow rate was 1.0 mL/min. All peaks for B-6 vitamers were eluted in 30 minutes. 

The column eluate was combined with the post column reagent (flow rate at 0.03 

mL/min) of 1.0 g/L sodium bisulfite in 1 M KH2PO4, pH 7.5. The Shimadzu HPLC 

system consists of a controller (SCL-lOA), two pumps (LC-10AD), a 250 pL injection 

loop, a fluorometer (RF-10A), and a recorder/integrator (CR501). A C18 ion-pair 

analytical column (3 \xm particle size, 4.6 x 100 mm) (Rainin Instrument Co, 

Emeyville, CA) was used. To prevent photodegradation of vitamin B-6, sample 

preparation was performed under yellow fluorescent lighting. A standard and a control 

sample were analyzed with every 10 samples. Concentrations of each B-6 vitamer 

were calculated from the 0.05 \xmol standard. The interassay coefficient of variation 

(CV) for PLP, 4-PA, PL, and PN of the control sample (n=7) was 6.6, 16, 19, and 

33%, respectively. Effect of interassay variation was minimized by running all 

samples of one subject in a single assay. 

Urinary 4-PA excretion was analyzed by a modified HPLC procedure 

(Gregory and Kirk, 1979), using a phosphate methanol mobile phase (0.034 M, 2.2 

pH; 1.25 % acetonitrile, 5 % methanol) at an excitation wavelength of 320 nm and 

fluorescent emission at 425 nm. The column was a C 18 reverse phase column (10 jim 

particle size, 250 mm x 4.6 mm) (Alltech Associates, Inc. Deerfield, IL). Standard and 

control samples were analyzed every 8 samples, and the interassay CV (n=4) was 

3.7%. Urea nitrogen and urinary creatinine were measured by automated methods 

described by DiGiorgio (1974) and by Pino et al. (1965), respectively. 
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Statistical Analysis 

Statistical analyses were done with using SAS (version 8, SAS Institute, Cary, 

NC) computer program. For each group at each time point, means and standard 

deviations were calculated for all measures. Factorial treatment design (two way 

classification model with interaction) with two factors, group and time, was used to 

detect significant differences between groups and among time points. Orthogonal 

contrasts were tested to determine overall relationship between each status indicator 

and time points. Significant differences in status indicators were assessed by ANOVA. 

When a significant (P < 0.05) difference was detected, group means of each time point 

were compared by pairwise multiple comparison. For lymphocyte proliferation, the 

Mauchly test of the Huynh-Feldt condition for repeated measures was performed. 

Tests of hypotheses for group, media and group x media were performed using type 

III mean square for subject nested by group and media interaction as an error term. 

Significant differences in lymphocyte proliferation were assessed by ANOVA. When 

there was a significant (P < 0.05) difference, means of proliferation activity of each 

media at each time point were compared by Tukey-Kramer multiple comparison. 

Correlations coefficients between measures and between % changes of plasma PLP, 

PL and PBMC PLP were determined by Pearson's Correlation using SPSS 7.5 (SPSS 

Inc., Chicago, IL). 
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Results 

Characteristics of the subjects are shown in Table 3.3. Mean hemoglobin (Hb) 

and hematocrit (Hct) of each group at the beginning and end of study are shown in 

Table 3.4. The mean dietary intakes of vitamin B-6 and B-6/protein ratio are shown in 

Table 3.5. Throughout the study period, the mean vitamin B-6 intakes obtained from 

foods were not significantly different between groups. From the beginning of the study 

through the end of the study, one subject in 2 mg group showed 2 to 7-fold, 3 to 8- 

fold, and 25 to 80 % higher values of plasma PLP, urinary 4-PA excretion, and PBMC 

PLP, respectively, than the means of other 3 subjects in the same group. This 

particular subject was considered to have not adhered to the protocol of the study. 

Therefore, the values of this subject were not included in the results. The actual B-6 

content of multivitamin and 50 mg B-6 supplement (analyzed by microbiological 

assay) was 1.81 mg and 52.95 mg, respectively. 

During the study period, the subject's dietary vitamin B-6 intake was partially 

controlled by restriction of foods that have a relatively high vitamin B-6 content. 

Based on Table 3.5, the food list given to the subjects succeeded in lowering the 

subjects' B-6 intake (below the recommendation). Before the study started, mean 

plasma PLP concentration of 7 subjects was 51.8 nM (± 41.3). At baseline, after food 

intake was controlled for 7 d, mean plasma PLP concentration of 7 subjects was 28.5 

nM (± 13.5), and plasma PLP concentration was < 20 nM and < 30 nM in 2 and 3 

subjects, respectively. In addition, at BL, urinary 4-PA excretion in 4 subjects was < 
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4.0 i^mol/d. Throughout the study period, subjects' urea nitrogen excretion was similar 

between the groups and between time points (data not shown). 

Table 3.3. Subject Characteristics 

Age (y) Weight (kg) Height (cm) 
Group 2mg                50 

mg 
2 mg                50 mg 2mg 50 mg 

32                     38 75                     64 173 160 
20                     33 54                      73 166 163 
24                     30 59                     73 163 168 

20 64 160 
Mean ± SD 25 ±6           30 ±8 62.7 ±11        68.5 ±5 167 ±5 163 ±4 

Table 3.4. Mean (± SD) hemoglobin concentration and hematocrit at the beginning 
and the end of the study (n=7) 

Beginning 
2 mg                        50 mg 

End 
2 mg                   50 mg 

Hb(g/L) 139±13                140±10 138±19               137±14 
Hct (%) 40.0 ±4.3             40.4 ±4.0 41.3 ±4.2             41.8 ±3.7 

Table 3.5. Mean (± SD) dietary vitamin B-6 intake and dietary vitamin B-6/protein 
ratio 

Dietary Vitamin B-6 
2 mg (n=3)       50 mg (n=4) 

B-6 (dietary)/Protein ratio 
2 mg (n=3)        5 mg (n=4) 

Adjustment Period 
Period 1° 
Period 2* 

1.02 ±0.07 
0.85 ±0.10 
0.96 ±0.30 

1.09 ±0.21 
0.79 ±0.17 
0.76 ±0.38 

0.013 ±0.004 
0.014 ±0.008 
0.014 ±0.003 

0.018 ±0.003 
0.013 ±0.003 
0.013 ± 0.004 

a First 10 d after supplementation 
* Second 10 d after supplementation 
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As expected, the mean plasma concentrations of PLP and 4-PA were 

significantly higher in the 50 mg group compared to the 2 mg group at each of the 3 

time points after supplementation (Table 3.6). Throughout the study the mean PLP 

concentrations were significantly higher with the additional 50 mg B-6 supplement 

compared to those with the multivitamin supplement only. In the 2 mg B-6 group, 

there was a 97, 119 and 86 % increase in the mean plasma PLP concentration after 3, 

10 and 20 d of supplementation, respectively, compared to the BL. However, these 

increments did not reach statistical significance due to the small number of sample 

size (n=3) and large SD. There was no difference in the means of plasma pyridoxine 

(PN) between groups or among time points. When the high B-6 dose (50 mg) was 

administered, the mean plasma PL and 4-PA were significantly increased compared to 

both the BL and the 2 mg B-6 supplementation group. Urinary 4-PA excretion was 

dramatically increased with the 50 mg B-6 dose. With the 2 mg B-6 dose, urinary 4- 

PA excretion was doubled compared to the BL, but this was not statistically 

significant (Table 3.7). 

In PBMC, only PLP and PMP were detected in significant amounts among the 

vitameric forms of B-6. PBMC PMP concentration was not significantly different 

between the groups or time points (Table 3.8). Although PMP concentration in PBMC 

was quite constant when total B-6 intake was lower than 3 mg, following 50 mg of B- 

6 for 3 to 10 d there was an increase in mean PMP concentrations of 31 % compared 

to the BL value. The PMP concentration then decreased back to the BL value after 20 

d of supplementation. The mean concentration of PBMC PLP was not significantly 

different between the 2 groups at the baseline. 
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Table 3.6. Mean (±SD) B-6 vitamers in plasma (nmol/L)' 

Baseline 3 Day 10 Day 20 Day 

PLP 2mg 
50 mg 

39.2 ±12.9° 
20.5 ± 7.5* 

77.1 ±37.3° 
268 ± 28.8a" 

85.8 ± 26.2° 
274±81.5a" 

73.0±31.6fl 

231±92.3a* 

PL 2mg 
50 mg 

12.0 ±4.1° 
5.1 ±2.6* 

13.2 ±2.2" 
90.2 ± 36.2a* 

19.1±9.9a 

95.6±14.8fl* 
21.1 ±6.7° 

65.4 ±31.0^ 
PN 2mg 

50 mg 
8.0±2.3fl 

6.2 ±3.1° 
5.2 ±1.3" 
7.7 ±2.9* 

5.7±NDa 

7.6 ± 2.4° 
5.6 ±1.9° 
6.6 ± 2.2a 

4-PA 2mg 
50 mg 

15.5 ±2.8° 
12.9 ±10.3* 

23.0 ±5.0* 
123 ±65.8° 

28.7±5.5a 

124 ±18.0°" 
21.7 ±5.5* 

93.7 ±25.5 a# 

' 2 mg (n=3); 50 mg (n=4) 
a-b j)ifferent letters in a given row denote significant differences in a group, P < 0.005 
**Difference from 2 mg P < 0.0005 
*Difference from 2 mg P < 0.001 
Difference from 2 mg group P < 0.005 

^Difference from 2 mg group P < 0.05 

Table 3.7. Mean (± SD) urinary 4-PA excretion (jamol/g Creatinine) 

Baseline 3 Day 10 Day 20 Day 
2mg(n=3)        3.44 ±3.0° 7.82±1.7a 9.07 ±2.1° 7.63 ±1.0* 
50mg(n=4)       2.89 ±0.8*      118.56 ± 27.9fl"    88.48 ± 27.5°*    81.77 ±53.7°* 

chb Different letters in a given row denote significant differences in a group, P < 0.0005 
**Difference from 2 mg in significance at P < 0.0001 
*Difference from 2 mg group in significance at P < 0.005 

In the group taking the multivitamin supplement containing 2 mg of vitamin B-6, the 

mean PLP concentration in PBMC gradually increased with continuous 

supplementation for 20 d (Figure 3.1). Compared to the BL, the mean PLP 

concentration in PBMC increased by 23% 3 d after multivitamin supplementation with 

2 mg B-6, but did not reach statistical significance. With 10 d and 20 d of 

supplementation with 2 mg B-6, there was a 40 % (P = 0.057), and 49 % (P < 0.005) 

increase in the mean concentration of PBMC PLP, respectively, from the BL. 
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However, there was no significant difference in the mean concentration of PBMC PLP 

among the 3 time points after supplementation of 2 mg. Unlike supplementation with 

2 mg, after only 3 d of the 50 mg vitamin B-6 supplementation there was a 90 % 

increase in PBMC PLP, which was statistically significant compared to the baseline 

value (P < 0.0001) (Figure 3.1). The increased concentrations of PBMC PLP in all 

subjects in the 50 mg group showed a plateau after 10 d of supplementation. At 20 d, 2 

subjects taking the 50 mg supplement of vitamin B-6 showed a 16 and 28 % reduction, 

respectively, from the 10 d supplementation values. The values for the other 2 subjects 

remained similar to the values obtained 3 and 10 d after supplementation. There was 

no significant difference among the 3 time points after 50 mg supplementation. At BL, 

the mean concentration of PBMC PLP was not different between groups, however, an 

additional 50 mg of vitamin B-6 supplement for 3 d (P = 0.0029) and 10 d (P = 0.049) 

resulted in significantly higher mean concentration of PBMC PLP than the 2 mg 

group. At 20 d, there was no significant difference between groups taking the 

multivitamin only and multivitamin plus 50 mg of vitamin B-6. 

Table 3.8. Mean (±SD) concentration of B-6 vitamers in PBMC (pmol/106 cells)' 

BL 3D 10D 20 Day 

PLP 2mg 
50 mg 

0.74 ± 0.04* 
0.73 ±0.18* 

0.91 ± 0.04"* 
1.39 ±0.15"** 

1.04 ±0.21"'* 
1.34 ±0.18"* 

1.10±0.16" 
1.27 ±0.31" 

PMP 2mg 
50 mg 

0.23 ±0.14" 
0.26 ±0.11" 

0.29 ± 0.06" 
0.34 ±0.15" 

0.25 ± 0.03" 
0.34 ±0.09" 

0.26 ± 0.04" 
0.25 ± 0.04" 

' 2 mg (n=3); 50 mg (n=4) 
""* Different letters in a given row denote a significant difference, P < 0.05 
**Difference from 2 mg group P < 0.005 
*Difference from 2 mg group P < 0.05 
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0.5 J 

BL       3 Days 10 Days 

Time point 

20 Days 

Figure 3.1. Mean PLP concentration in PBMC over time in each group (2 mg (n=3) 
and 50 mg (n=4)). Error bars indicate SD. An asterisk (*) indicates a significant 
difference (P < 0.05) from the respective BL 

Table 3.9. Correlation coefficient (r)' among B-6 vitamers in plasma and PBMC 

Plasma 
PL 

Plasma 
PN 

Plasma 
4-PA 

PBMC 
PLP 

PBMC 
PMP 

Plasma PLP .880** .328 .862** .815** .326 
Plasma PL .390 .960** .654** .237 
Plasma PN .407 .021 .086 
Plasma 4-PA .680** .239 
PBMC PLP .335 
Pearson's correlation between measures in all group at all time points; n=28 

** Correlation is significant at the 0.01 level 
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The PLP concentration in PBMC was significantly correlated (P < 0.01) with 

plasma PLP, PL and 4-PA concentrations (Table 3.9). However, PBMC PMP was not 

significantly correlated with any form of vitamin B-6 in plasma. 

The percent change of mean plasma PLP, PL and PBMC PLP between each 

time point was calculated within each group (Table 3.10). The % change of the PBMC 

PLP concentrations was significantly correlated with the % change of plasma PLP, PL 

and PLP plus PL (Table 3.11). The ratio of plasma PLP/PBMC PLP, plasma 

PL/PBMC PLP and plasma PLP + PL/PBMC PLP were calculated as nmol PLP 

(and/or PL) • L plasma"1 /nmol PLP • 109 PBMC"1. The mean ratio between plasma 

PLP (or PL) and PBMC PLP and between plasma PLP+PL and PBMC PLP were not 

different between groups at baseline (Table 3.12). With the daily multivitamin 

supplement, the mean ratio between plasma B-6 vitamer(s) and PBMC PLP did not 

significantly change throughout the study period. However, the additional 50 mg B-6 

supplement significantly increased the mean ratio between B-6 vitamer(s) in plasma 

and PLP in PBMC 3 days after the supplementation, and these values were maintained 

for the rest of the study period. When compared between groups, all ratios were 

significantly higher in the 50 mg group. 

No difference was found in lymphocyte proliferation between the two groups, 

and the trend of change was similar in each group (Figure 3.2). Thus, values from two 

groups were not separately analyzed. For the three PHA concentrations used (6.25, 

12.5 and 25 |j.g/mL), optimal lymphocyte response to PHA was observed at a 

concentration of 12.5 ng/mL. Therefore, values reported here are for lymphocyte 

mitogenic response to 12.5 |ag/mL of PHA (Table 3.13). 
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Table 3.10. Within group percent changes of mean B-6 vitamer concentrations 
between each time points 

2mg 2mg: 2mg: 2mg: 50 mg 50 mg: 50 mg: 50 mg: 
Group 3d 10 d 20 d Group 3d 10 d 20 d 

Baseline: Baseline: 
Plasma PLP 97 118 86 Plasma PLP 120 124 103 
Plasma PL 10 59 76 Plasma PL 166 178 118 
PBMC PLP 23 41 49 PBMC PLP 90 83 74 

3 days: 3 days: 
Plasma PLP 11 -5 Plasma PLP 2 -14 
Plasma PL 45 59 Plasma PL 6 -27 
PBMC PLP 14 21 PBMC PLP -4 -9 

10 days: 10 days: 
Plasma PLP -15 Plasma PLP -16 
Plasma PL 10 Plasma PL -32 
PBMC PLP 5 PBMC PLP -5 

1 % changes are ( ;alculatec by {(me an vitamer concentration for a later day - mean 
vitamer concentration for an earlier day) ■*■ mean vitamer concentration for an earlier 
day}x 100 

Table 3.11. Correlation coefficient (r)' between % changes of mean plasma PLP, PL 
and PBMC PLP within groups. 

Plasma PLP Plasma PL Plasma PLP + PL 
PBMC PLP .889** .882** .894** 
Plasma PLP .993** .999** 
Plasma PL .996** 

Pearson's correlation between % changes of measures in all group; n=12 
"Correlation is significant at the 0.01 level 

Compared to the baseline values, lymphocyte proliferation was enhanced after 

3 d and 10 d of B-6 supplementation when PBMC was incubated with PLP 

supplemented media. This enhanced lymphocyte mitogenic reponse returned to 

baseline values after 20 d of B-6 supplementation. When cells were incubated with PL 

supplemented media, no change was observed in lymphocyte proliferative activity. 
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Lymphocyte mitogenic response to PHA was gradually increased when incubated with 

PN containing media after 3 and 10 d of oral B-6 supplementation, but was decreased 

when supplementation was prolonged to 20 d. When no vitamin B-6 was added to the 

cell culture media, overall lymphocyte proliferative response to PHA was similar 

throughout the study, although there was a slight difference in response between day 3 

and 10. Figure 3.3 shows the comparison of proliferative activities of lymphocytes 

cultured with media containing PLP, PL, PN and no B-6, at each time point. After 10 

d of B-6 supplementation, lymphocyte proliferative activity was higher when cells 

were incubated with media containing PN as a B-6 source than with media containing 

PLP, PL or no B-6. 

Table 3.12. Mean (± SD) ratios of PBMC PLP concentration to plasma PLP and PL 
concentrations7,2 

Baseline 3 Day 10 Day 20 Day 

PLPJ 2mg 
50 mg 

52.5 ±14.4°        83.4±36.7a       81.0±10.4fl        66.5 ±28.8° 
29.2 ±13.3*      193.5 ± 21.la"  205.5 ± 59.8"*** 186.0 ± 69.2*" 

PL« 2mg 
50 mg 

16.1 ±5.0° 
3.1 ±4.4* 

14.5 ±2.9° 
66.4 ± 32.0a* 

17.4 ±6.7° 
72.7±18.0a* 

18.9 ±4.5° 
55.6±33.2a* 

PLPJ 

+PL 
2mg 
50 mg 

68.6 ±19.2°        97.8±34.7fl        98.4±16.6a 

32.4 ±13.0*     259.9 ±53.0°*** 278.2 ± 67.1°" 
85.4 ±32.36° 

241.6 ± 98.la" 
12 mg (n=3); 50 mg (n=4) 
2L plasma/109 PBMC 
3 Plasma PLP/PBMC PLP; 4 Plasma PL/PBMC PLP; 5 Plasma PLP+PL/PBMC PLP 
a-b j)ifferent letters in a given row denote a significant difference, P < 0.0005 
***Difference from 2 mg group P < 0.001 
**Difference from 2 mg group P < 0.005 
*Difference from 2 mg group P < 0.05 
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Table 3.131. Mean (±SD) lymphocyte proliferation incubated with different form of 
vitamin B-6 (N=7) 

 Baseline 3 Days 10 Days 20 Days  
PLP 6.48 ±1.92*        8.61 ±2.08"        8.57 ±2.09°        6.18 ±2.20* 
PL 7.96±1.94fl        8.25 ±1.97°        8.00 ±1.87°        8.13 ±2.66° 
PN 6.90 ±1.60*        8.08 ±1.67*        11.89 ±3.04°      7.16 ±2.36* 
B-6 Free 7.69 ±2.03*'*      8.20±2.14a        6.27 ±1.91*        7.86±2.43a'* 

cpm (x 10 ); incubated with PHA at 12.5 [ig/mL 
a~ Different letters in a given row denote significant differences in a group, P < 0.05 

In general, no significant difference was found in proliferative activities between B-6 

free, PLP and PL supplemented media, however, small differences were notable. 

After 10 d of supplementation, lymphocyte proliferation was 37% greater in PLP- 

containing media compared with B-6 free media. In addition there was a 30% higher 

proliferation with PL-containing media compared to PLP media at day 20 of oral B-6 

supplementation. 

PN containing culture media was prepared with regular RPMI (company 

formulated), and the other three culture media were prepared using B-6 free RPMI 

(customer formulated). Therefore, the molar concentrations of PLP and PL in the 

respective media was adjusted to the concentration of PN in company formulated 

RPMI. The actual concentration of PN in the company formulated RPMI as analyzed 

by HPLC was close to the concentration used in preparation of the PLP and PL 

containing media. 

Neither plasma PLP nor PBMC PLP concentration was correlated with 

lymphocyte proliferation. However, PBMC PMP concentration was significantly 
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correlated with lymphocyte mitogenic response when cells were incubated with media 

containing abundant PLP or PL (Table 3.14). 

50 mg Group 

BL       3 days 10 days 

Time Points 

20 days 

PLP •PL ■ PN B-6 Free 

2.0 mg Group 

E 
Q. 
O 

140000 -j 

120000- 

100000- 

80000 

60000 • 

40000 - 

20000 ■ 
0 

BL 3 days 

PLP 

10 days 

Time points 

20 days 

■PL PN B-6 Free 

Figure 3.2. Mean lymphocyte proliferation after incubation with media containing 
different forms of vitamin B-6 and 12.5 jag/mL over time. 
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Figure 3.3. Comparison of lymphocyte proliferation cultured with different forms of 
B-6 at each time point; a'b Different letters for a given time point indicate a significant 
difference in lymphocyte proliferation between different media, P < 0.05; error bars 
represent standard deviation. 

Discussion 

Results from this study demonstrate that human PBMC may maximize their 

PLP concentration with a prolonged B-6 intake (> 2 weeks) of approximately 2.7 mg 

B-6. In addition, this study supports the findings of our previous study (study 1 of the 

thesis) in which 2.1 mg B-6 may be an adequate intake level to optimize lymphocyte 

proliferation for young women. Previously, we found no difference in lymphocyte 

response to PHA between 2.1 mg and 2.7 mg of vitamin B-6 intake (Kwak et al. 

1999), once the response was significantly increased with 7 d of additional 0.6 mg of 

B-6 to 1.5 mg daily B-6 intake. This finding led us to investigate if a higher B-6 intake 

than 2.7 mg/d is associated with any further enhancement of lymphocyte response. 

Even though no attempt was made to determine the effect of B-6 levels between 2.7 
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Table 3.14. Correlation coefficients (r)' between B-6 vitamers in plasma and PBMC 
and lymphocyte proliferation incubated with different forms of vitamin B-6. 

PLP' PL^ PN' B-6 FreeJ 

PBMC PLP .326 .222 .336 .145 

PBMC PMP .481** .309* .331 .311 

Plasma PLP .223 .017 .284 -.010 

Plasma PL -.075 -.284 .028 -.308 

Plasma PN -.427* -.561** -.402 -.525* 

Plasma 4-PA -.038 -.269 .062 -.303 

PLP' 1.000 .812** .838** .706** 

?V .812** 1.000 .642** .918** 

PN' .838** .642** 1.000 .403* 

B-6 FreeJ .706** .918** .403* 1.000 

' Pearson's correlation between measur •es in all group i it all time points ,; n-28 
2"5Lymphocyte Proliferation incubated with 1.25 jig/mL PHA in PLP', PL2, PN3, and 
B-6 Free4 supplemented media 
** Correlation is significant at the 0.01 level 
* Correlation is significant at the 0.05 level 

and 50 mg, the result of the current study clearly showed that an intake of 50 mg B-6 

did not provide a further benefit to the lymphocyte mitogenic response beyond that 

achieved from approximately 2.7 mg B-6. Results from the two separate studies done 

in our laboratory suggest that young women may require a higher vitamin B-6 intake 

than the currently recommended level to optimize in vivo PLP uptake by PBMC, as 

well as ex vivo lymphocyte proliferation. However, there was no evidence that the 
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increased PLP concentration in PBMC was directly related to ex vivo lymphocyte 

response. 

With respect to the uptake rate of vitamin B-6 metabolites by white blood cells 

in vivo, an early study reported that human leukocyte PLP requires 10-20 days to 

respond to increased vitamin B-6 intake in a range of 4 and 7 mg (Boxer et al. 1957). 

Results from the present study provide additional information that longer than 10 days 

of continuous B-6 intake of about 2.7 mg B-6 is needed to reach a significant change 

of PLP concentration in PBMC. A daily B-6 intake of twice the current RDA showed 

a non-significant increase in mean PBMC PLP concentration by 21% in 14 days of the 

previous study compared to the mean PBMC PLP of the periods with < 2.1 mg B-6 

intake, and by 40% (P = 0.057) compared to the BL with approximately 1 mg B-6 in 

the present study. In the current study we observed a slow but gradual increase in 

PBMC PLP concentration with approximately 2.7 mg B-6 (0.85 mg from diet plus 1.8 

mg from multivitamin supplement) for 20 d. In contrast to the amount of B-6 

achievable from a person's diet or a one-a-day type multivitamin supplement, PBMC 

appear to accumulate vitamin B-6 metabolites rapidly under conditions of high 

circulating PLP and PL. The acute increase in plasma PLP and PL achieved with the 

50 mg supplement was associated with an acute increase in PBMC PLP within 3 d in 

the current study, similar to the findings by Wang (1990). 

Since PLP and PL comprise -90% of plasma total B-6 (Cobum and Mahuren 

1983, Leklem 1991, Hansen et al. 2001), it is important to understand the extent to 

which these plasma levels of B-6 vitamers contribute to cellular levels of B-6 

vitamers. A significant positive relationship between serum PL and leukocyte PLP, 
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and between plasma PL and PBMC PLP was found in a study by Cobum and 

Seidenberg (1969) and in the present study, respectively. In addition to PL, PLP 

concentration in plasma was significantly correlated with PBMC PLP in the present 

study, which was also observed in our previous study. 

In addition to the correlation observed between PLP and PL concentrations in 

plasma and PLP in PBMC, the relationship between the degree of change in plasma 

PLP and PL concentrations and change in PBMC PLP concentration was 

demonstrated. The significant positive correlations between % changes of PLP and/or 

PL levels in plasma and PLP in PBMC may suggests that the magnitude of change in 

cellular PLP in peripheral blood is affected by the degree of change in the major 

circulating B-6 vitamers. Moreover, the ratios of circulating B-6 vitamers to PLP 

concentration in each white blood cell fraction were shown to be relatively consistent 

when plasma PLP concentrations or levels of B-6 intake are comparable, and linearly 

affected by plasma_PLP levels. Since the absolute number of PBMC was not measured 

in the current study, the ratio reported here was adjusted to L plasma/109 cells. For 

instance, the ratio of plasma PLP to leukocyte PLP in different studies (Hamfelt 

1967b, Wachstein et al. 1960) was similar when the respective plasma PLP 

concentrations were 42.5 and 47.3 nM. When vitamin B-6 intake was 1 mg, the ratio 

of PLP between plasma and PBMC was similar in our previous and current studies. In 

addition, the ratio between plasma PLP and PBMC PLP was comparable when the B-6 

intake was 50 mg in a study by Wang (1990) and the current study, although this ratio 

was about 5 times greater with the 50 mg B-6 intake than with the 1 mg B-6 intake. 

Furthermore, at the 2.7 mg B-6 intake level, there were similar ratios of 85.4 and 85.9 
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between the concentration of PLP plus PL and PBMC PLP in the current study and 

our previous study, respectively. These observations suggested that circulating PLP 

and PL concentration might control PLP availability in those cells. However, a higher 

ratio of plasma PLP/PBMC PLP with the 50 mg B-6 intake than with the 1 and 2.7 mg 

intakes implies that there may be a regulatory mechanism to stabilize tissue PLP 

concentration, even with a high concentration of circulating PLP. Previously, animal 

studies demonstrated that the ratio between plasma PL and PLP concentration in rat 

kidney was 2 to 2.5 times higher with excessive PN intake (>175 times higher than the 

recommendation) compared to that with the recommended intake (Schaeffer et al. 

1995). This was due to no significant effect of high PN intake on PLP concentration in 

rat kidney, even though the major circulating B-6 (PL) concentration was significantly 

increased. Results from our study with a similar regime of approximately a 40 times 

higher B-6 intake than the recommendation, showed about a 4 times higher ratio 

between PLP in plasma and human PBMC compared to the approximately 2.7 mg B-6 

intake. In addition, an in vitro study demonstrated that uptake of labeled PN by 

isolated rat renal proximal cells showed a plateau when PN concentration was 

increased in the incubation (Bowman and McCormick 1989). The conceptional system 

from animal studies can not be directly extrapolated to humans. However, the 

similarity in the contribution of the major circulating B-6 vitamers to the cellular PLP 

concentration between human PBMC and animal organ tissue may help in 

understanding the systemic effect of plasma PLP concentration on PLP accumulation 

in human tissues. Based on the strong association between B-6 intake and the PLP 

ratio between plasma and white blood cells, this ratio may serve as an index that 
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reflects the tissue saturation of vitamin B-6 in which the cellular uptake of B-6 is 

partially taken into account. 

To determine B-6 vitamer(s) in isolated human blood cells, several methods 

can be employed. Of these, the enzymatic radioassay technique (using tyrosine 

decarboxylase) and HPLC method were used to determine PBMC PLP concentration 

in our previous study and in the present study, respectively. The mean values of 

PBMC PLP in both studies were in a range between 0.74 and 1.04 pmol/106 cells 

when young women were consuming equal or close to 2.7 mg B-6 for 2 weeks or less. 

Therefore, both the enzymatic and HPLC methods are reliable for evaluating the 

concentration of PLP in PBMC. In addition, the PLP concentration measured using 

HPLC by Shephard et al. (1989) agreed in part with the concentration detected in our 

studies. However, a wider range (3.7 to 0.77 pmol/106 cells) and a greater mean values 

of PBMC PLP were reported by Shephard et al. compared with those found in our 

studies, although the respective mean plasma PLP concentration was comparable 

between the studies. Other factors which affect the mechanism of PBMC uptake of B- 

6 vitamers rather than dietary intake or circulating B-6 vitamers may be associated 

with the variation of PBMC PLP concentration among individuals. Furthermore, it has 

been demonstrated that the response of PLP concentration in isolated blood cells to B- 

6 intake is different in pregnancy and postpartum (Wachstein et al. 1960), and in 

mentally retarded people (Coburn and Seidenberg 1969), compared to the normal 

healthy individuals. Therefore, the manner of change in PBMC PLP seen in this study 

may not be applied to populations with different physiologic conditions. 
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The HPLC method allowed the detection of several B-6 vitameric forms in 

PBMC, but only PLP and PMP were found to be present in significant amounts in the 

current study, and in the study by Shephard et al. (1989). In the present study, the 

mean PLP concentration in PBMC was about 3 times that of PBMC PMP 

concentration, when PBMC PLP concentration was relatively low. This ratio was also 

observed between the mean values of PBMC PLP and PBMC PMP in the study by 

Shephard et al. (1989). As PLP concentration increased in PBMC, the ratio of PBMC 

PLP/PBMC PMP increased to over 4 in the present study. The PLP/PMP ratios 

calculated between the highest values and between the lowest values from the range 

reported by Shephard et al. (1989) were 5 and 2, respectively, and these values agree 

with the ratios shown in the current study. These observations demonstrate that PMP 

concentration does not increase as much as PLP does, and that PLP may be 4-5 times 

higher than PMP when PBMC PLP concentration is maximized. 

PLP and PMP are known to be converted from one form to the other by the 

action of various transaminases. PLP concentration has showed to be related to the 

activity and content of specific transaminases in human leukocytes. Raica and 

Sauberlich (1964) found that there was a 3-4 week lag phase of change in leukocyte 

glutamic oxaloacetic transaminase activity following an alteration of B-6 intake from 

less than 0.1 mg/d to 0.5-1.75 mg/d. When subjects were consuming a dietary level of 

B-6 in the current study, 20 days was required to see a significant change in actual 

PLP concentration in PBMC. In a study by Hamfelt (1967b), an increased 

concentration of aspartate aminotransferase in leukocytes was seen when leukocyte 

PLP concentration increased. These findings may explain, in part, that due to an acute 
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increase in PLP concentration in PBMC after a 50 mg dose, content and/or activity of 

transaminase might be increased in PBMC. This altered transaminase content and/or 

activity might be followed by increased conversion of PLP to PMP as shown by a 

slight increase in PBMC PMP with 3-10 days of 50 mg B-6 supplementation. In order 

to clarify this observation, further studies are recommended to measure both the 

activity and concentration of transaminase along with the PLP/PMP ratio in isolated 

PBMC. 

Lymphocyte mitogenic response has shown to be enhanced with an intake of 

vitamin B-6 higher than the current recommendation for the elderly (Meydani et al., 

1991) and the young (Wang 1990, Kwak et al. 1999). In our previous study, an 

additional 1.1-1.7 mg of B-6 resulted in a significant increase in lymphocyte 

proliferation compared to 1 mg intake of B-6. In the 1st week of the present study, 

subjects consumed approximately 1 mg/d B-6. A subsequent B-6 supplementation 

(either 1.8 mg or 50 mg) regime for 10 days provided an enhancement of lymphocyte 

mitogenic response in PN containing media compared to the first week without 

supplementation. However, the reason for the decreased proliferative activity seen 

after 10 additional days of B-6 supplementation is not clear. No decreased activity was 

observed over the 4 weeks with the 2.1 and 2.7mg/d B-6 intake in the previous study, 

and over the 8 weeks with a 50 mg/d B-6 supplement (Talbott et al. 1987). Because of 

these conflicting results, additional studies should be performed to evaluate how 

lymphocyte response to PHA changes with chronic B-6 supplementation over several 

months. Lymphocyte proliferation results, obtained other than from PN containing 

media, cannot be directly compared to findings from other studies because PN is the 
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form used in RPMI 1640, which is normally used for the lymphocyte proliferation 

assay in other studies. 

In the present study, we assumed that vitamin B-6 supplementation might be 

associated with alteration of enzyme activity which could affect the cellular utilization 

of B-6 vitamers. Therefore, an attempt was made to test how in vitro PLP and PL 

contribute differently to lymphocyte proliferation when cells are activated by a 

mitogen. Alkaline phosphatase (ALP) is involved in the hydrolysis of PLP to PL. ALP 

activity in leukocytes was found to increase slightly with 10 mg/d PN supplementation 

for 7 days (Cobum and Seidenberg 1969). However, people who have previously 

taken multivitamin supplementation did not show increased ALP activity in 

leukocytes (Cobum and Seidenberg 1969), which might be the reason why 

lymphocyte proliferation in PLP containing media was enhanced with B-6 oral 

supplementation for 3 to 10 days, thereby returning back to the BL value with 

subsequent 10 days of supplementation. Increased ALP activity following B-6 

supplementation for the first 10 days might facilitate cellular uptake of PLP from 

media by increasing hydrolysis of PLP, followed by utilization of PLP by PLP 

dependent enzymes in cells such as serine hydroxymethyltransferase (SHMT). 

Increased uptake of PLP from cell culture media might meet the demand of SHMT 

whose activity in lymphocytes was shown to be increased 5- 20 times 72 hours after 

PHA stimulation (Eichler et al. 1981, Trakatellis et al. 1994). Mitogenic stimulation 

has found to be a factor affecting membrane ALP activity in murine lymphocytes, but 

only B lymphocytes have been shown to be increased by mitogenic stimulation 

(Garcia-Rozas  et al.   1982,  Kasyapa and Ramanadham   1992).  Thus,  mitogenic 
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stimulation might not be a factor affecting ALP activity in the present study since only 

a T-cell mitogen was tested. Nevertheless, the presence of an abundant amount of PLP 

or PL in cell culture media did not significantly affect lymphocyte proliferation in our 

study since, in general, no significant difference of lymphocyte proliferative activity 

was found between PLP or PL containing media and B-6 free media. Even though 

PLP deficiency induced by the presence of in vitro 4-deoxyperidoxine (dB6) was 

found to decrease in lymphocyte proliferation, addition of PN into the culture did not 

show a further effect on improvement of proliferative function with an absence of dB6 

(Trakatellis et al. 1992). In addition, no significant correlation between PBMC PLP 

and lymphocyte proliferation was found in the current study and our previous study in 

which no subject was B-6 deficient. PLP plays an important role in lymphocyte 

proliferation, however, PLP concentration in PBMC may not be a primary factor 

affecting lymphocyte proliferative function once lymphocytes accumulate a certain 

amount of PLP. Therefore, future studies are suggested to determine the extent to 

which exogenous PLP and PL contribute to the lymphocyte proliferative function 

when PBMC PLP was lowered following B-6 deficiency. 

In summary, this study illustrates the change in PLP concentration in human 

PBMC and lymphocyte mitogenic responses in young women with low and high B-6 

supplementation. The results suggest that it is not necessary to take relatively high 

amounts of vitamin B-6 to optimize lymphocyte proliferation and PLP concentration 

in PBMC. A vitamin B-6 intake of about twice the current RDA may be sufficient to 

optimize lymphocyte proliferation and PBMC PLP concentration. However, since no 

direct effect of PBMC PLP concentration on lymphocyte proliferation was found, and 
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a significant enhancement of lymphocyte function was observed with vitamin B-6 

intake higher than 1.5 mg/d (Kwak et al. 1999), a B-6 intake between 1.5 and 2.1 mg/d 

may be an appropriate intake level that optimizes lymphocyte proliferative function in 

young women. In addition, future studies should address the possible effects of long- 

term B-6 supplementation on changes of B-6 vitamers in PBMC and lymphocyte 

function, as well as changes in activity and content of enzymes involved in B-6 

metabolism in those cells. 
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SUMMARY AND CONCLUSIONS 

Previous investigations have shown that immunological functions are altered 

by vitamin B-6 intake in the elderly and the young, and that the current RDA of 

vitamin B-6 may not be sufficient to maintain a normal immune function for elderly 

people. Based on these previous observations, the current studies evaluated tests of 

immune response and their relationship to vitamin B-6 status of young women. Two 

studies were conducted to determine the effect of varying levels of vitamin B-6 intake 

on immune parameters, such as lymphocyte proliferation and interleukin 2 (IL-2) 

concentrations in vivo and in vitro, and on the concentrations of B-6 vitamers in 

peripheral blood mononuclear cells (PBMC). The hypotheses tested were that a 

vitamin B-6 intake greater than the current recommendation is required to enhance 

lymphocyte proliferation and IL-2 concentrations, and that there is a certain level of 

vitamin B-6 intake which maximizes the lymphocyte proliferation. A further 

hypothesis was that the PBMC concentration of pyridoxal 5'-phosphate (PLP) reflects 

dietary B-6 intake, as well as plasma PLP concentration and lymphocyte response to 

mitogen. 

In the first study, seven young women underwent a 49 d controlled diet study, 

divided into 4 metabolic periods with vitamin B-6 intake of 1.0, 1.5, 2.1 and 2.7 mg, 

respectively. Plasma PLP and urinary 4-pyridoxic acid (4-PA) concentrations were 

linearly increased with increasing vitamin B-6 intake. There was a significant negative 

correlation between vitamin B-6 intake and erythrocyte aminotransferase activity 

coefficients (HALT and EAST). When compared to the period with 1.5 mg B-6, 
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lymphocyte proliferation was significantly enhanced when subjects were given 2.1 mg 

B-6 for 7 days. This increased response was unchanged following 2.7 mg of vitamin 

B-6. Interleukin 2 concentration in plasma was non-significantly increased with an 

intake of 2.1 and 2.7 mg of B-6. Lymphocyte proliferation was significantly correlated 

with vitamin B-6 intake and the B-6 status indicators, plasma PLP and erythrocyte 

aminotransferase activities. Neither B-6 intake nor lymphocyte proliferation was 

shown to be strongly related to PBMC PLP. Nevertheless, PLP concentration in 

PBMC was significantly correlated with plasma PLP concentration. A vitamin B-6 

intake of 2.7 mg for 2 weeks was required before there was an increase in the mean 

PLP concentration in PBMC PLP, but this increase was not significantly different 

from the values in other study periods. 

Results from the first study provided the beneficial information that a vitamin 

B-6 intake at a level close to the current RDA dose not provide a positive effect on 

immunological parameters for young women. In addition, a B-6 intake > 0.8 mg 

higher than the current RDA is required to obtain an enhanced immune response as 

measured by lymphocyte proliferation and plasma IL-2 concentration. Although the 

response of lymphocyte proliferation to vitamin B-6 intake was not as sensitive as 

plasma PLP or urinary 4-PA excretion, this functional indicator was shown to clearly 

reflect B-6 intake and other well defined B-6 status indicators. Since lymphocyte 

response to mitogen significantly increased with a certain range of vitamin B-6 intake 

(2.1 and 2.7 mg), a further study was necessary to evaluate if this range of B-6 intake 

was the end point required to maximize lymphocyte proliferation. PBMC PLP tended 

to respond to vitamin B-6 intake slower than plasma PLP concentration. Therefore, a 
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longer period of study was necessary to determine if a time period over 2 weeks with 

2.7 mg intake of B-6 would increase PBMC PLP concentration significantly, and if 

PBMC PLP would respond differently with a higher vitamin B-6 intake. These 

uncertainties led to the second study which sought to answer these questions. 

In this second study, seven free-living young women took multivitamin 

supplements containing 2 mg of PN-HC1 along with their normal diet. Their diet was 

partially controlled by providing them with a food list detailing which food items have 

a relatively high B-6 content, and foods in the list were either fully or partially 

excluded from subjects' diet. The multivitamin tablets contained other micronutrients, 

ensuring adequate nutrient intakes during the study. After 1 week without 

supplementation, subjects were divided into two groups, and one group was given an 

additional vitamin B-6 supplement of 50 mg/d while the other group took only the 

multivitamin supplement. 

The additional 50 mg B-6 supplementation significantly increased vitamin B-6 

status based on measurements of plasma PLP and urinary 4-PA excretion. A vitamin 

B-6 intake of > 50 mg resulted in a significant increase in PBMC PLP concentration 

after 3 days of supplementation. In contrast, the group taking the multivitamin 

supplement only (estimated mean intake of total B-6 was 2.7 mg), needed 20 days to 

see a significant increase in PBMC PLP concentration. In the group with a mean 2.7 

mg B-6 intake, PBMC PLP increased gradually for 20 days, and reached a similar 

level as that obtained from subjects with 50 mg B-6. These results provided further 

information related to the findings from the first study, in that more than 2 weeks may 

be needed for PBMC PLP to be increased significantly with vitamin B-6 intakes 
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achieved with a normal diet. As found in the first study, PBMC PLP was significantly 

correlated with plasma PLP, but not with lymphocyte proliferation. Lymphocyte 

response to mitogen was not significantly different between the groups, which 

indicated that a high dose of vitamin B-6 does not produce further benefits on 

lymphocyte proliferation beyond those observed with a dietary level 0.8 mg higher 

than the current RDA. Thus, based on the combined results from our two studies, a 

vitamin B-6 intake greater than 1.5 mg/d is recommended for young women to 

maximize their lymphocyte proliferation. In addition, to maximize PBMC PLP 

concentration, a dietary level of B-6 higher than the current recommendation for 

longer than 2 weeks may be sufficient. With the results from the first study, overall 

PBMC PLP concentration does not seem to be directly related to lymphocyte response 

to mitogen, but does reflect B-6 intake in part and plasma PLP concentration. A 

sensitivity of response of PBMC PLP concentration to B-6 deficiency is still 

uncertain. Thus, determining the changes in PBMC PLP concentration during B-6 

depletion and repletion may clarify if PBMC PLP can be used to determine an 

adequacy of cellular B-6 status for a free-living population. At this point, measuring 

PLP concentration in PBMC might be useful in evaluating B-6 status in humans under 

controlled metabolic conditions in which an adequate B-6 intake is extended longer 

than 2 weeks. 

In the process of lymphocyte multiplication, PLP dependent serine 

hydroxymethyltransferase (SHMT) is known to be a key enzyme. During cellular 

uptake of B-6 vitamers and cellular B-6 metabolism, several enzymes are involved, for 

example,    alkaline   phosphatase,    pyridoxal    kinase,    pyridoxine    oxidase,    and 



128 

aminotransferase. However, none of these enzyme activities were measured in PBMC 

in the studies reported here, which limited us in the interpretation of the observations 

relating to the cellular metabolism of B-6. In addition, immunological parameters 

measured to evaluate immune response were limited to lymphocyte proliferation and 

IL-2 in the study reported here. Therefore, a study with a continual intake of the level 

we suggested for a longer period of time with evaluation of other immunological 

parameters may verify the results obtained from our studies. In addition, to better 

establish the intake level of vitamin B-6 that optimizes immune function, future 

research efforts should focus on determining the mechanism underlying the effect of 

vitamin B-6 on the immune response. Evaluating the effect of the B-6 intake level on 

enzyme activities (SHMT and enzymes involved in cellular B-6 metabolism) in 

PBMC may also provide substantial insight into the mechanisms underlying the role 

of B-6 in the immune response and regulation of B-6 content in PBMC. At this point, 

our findings suggest that a vitamin B-6 intake higher than the current recommendation 

may be beneficial for young women to obtain a better lymphocyte response to mitogen 

and for PLP saturation in PBMC. However, there is no decisive proof that young 

women require a higher than the current RDA to achieve an optimal immune response. 
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APPENDIX A. Individual Data (Study 1) 

Table A.l. Descriptive characteristics of the subjects 

147 

Subject Vitamin B-6 Race Age Height Weight7 

(mg) (y) (cm) (kg) 
Baseline Caucasian 37 161 64.4 

1.0 63.7 

1.5 62.1 
1.5 62.6 
2.1 62.6 
2.1 62.1 
2.7 62.1 
2.7 61.2 

2 Baseline Caucasian 21 156 66.2 
2 1.0 67.4 
2 1.5 67.8 
2 1.5 67.4 
2 2.1 67.6 
2 2.1 67.8 
2 2.7 68.0 
2 2.7 68.5 
3 Baseline Caucasian 29 167 67.1 
3 1.0 64.9 
3 1.5 64.4 
3 1.5 64.4 
3 2.1 64.4 
3 2.1 64.4 
3 2.7 64.6 
3 2.7 64.4 
4 Baseline Asian 28.0 159.0 51.3 
4 1.0 52.4 

4 1.5 51.9 

4 1.5 52.2 

4 2.1 51.5 

4 2.1 51.5 

4 2.7 51.1 

4 2.7 50.6 



Table A. 1. (cont.) 
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Subject Vitamin B-6 

(nig) 

Race Age 

(y) 

Height 
(cm) 

Weight 
(pounds) 

5 
5 
5 
5 
5 
5 
5 
5 

Baseline 
1.0 
1.5 
1.5 
2.1 
2.1 
2.7 
2.7 

Asian 31 164 56.3 
54.9 
54.5 
54.7 
54.1 
54.1 
54.0 
54.0 

6 
6 
6 
6 
6 
6 
6 
6 

Baseline 

1.0 
1.5 
1.5 
2.1 
2.1 
2.7 
2.7 

Asian 32 158 55.3 
54.9 
54.3 
53.9 
53.5 
54.1 
52.7 
53.1 

7 
7 
7 
7 
7 
7 

7 

7 

Baseline 
1.0 
1.5 
1.5 
2.1 
2.1 

2.7 

2.7 

Caucasian 21 162 53.6 
53.9 
52.7 
53.1 
54.0 
53.8 

53.3 

53.8 
Individual weight on the baseline and the last day of each week. 



Table A.2. Individual hemoglobin and hematocrit 
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Subject Vitamin B-6 Hemoglobin Hematocrit 

(mg) (g/L) (%) 
Baseline 137 38.8 

1.0 134 38.8 
1.5 142 13.4 
1.5 127 36.0 
2.1 135 38.3 
2.1 134 38.6 
2.7 130 36.9 
2.7 121 34.5 

2 Baseline 141 42.2 
2 1.0 133 39.4 
2 1.5 134 38.7 
2 1.5 132 39.4 
2 2.1 130 38.4 
2 2.1 126 37.1 
2 2.7 127 36.9 
2 2.7 128 37.6 
3 Baseline 124 37.1 
3 1.0 127 38.1 
3 1.5 129 37.6 
3 1.5 121 35.4 
3 2.1 125 36.9 
3 2.1 122 35.3 
3 2.7 121 35.9 
3 2.7 120 35.4 
4 Baseline 118 36.4 
4 1.0 113 34.9 

4 1.5° 118 35.8 

4 1.5° 117 36.0 

4 2.1° 117 35.9 

4 2.1a 126 37.9 

4 2.7a 125 37.6 

4 2.7" 126 38.6 
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Table A.2. (cont.) 

Subject Vitamin B-6 Hemoglobin Hematocrit 
(mg) (g/L) (%) 

5 Baseline 139 41.3 
5 1.0 135 40.2 
5 1.5 135 39.4 
5 1.5 134 39.6 
5 2.1 139 40.7 
5 2.1 135 39.8 
5 2.7 138 39.9 
5 2.7 137 40.2 
6 Baseline 141 42.2 
6 1.0 132 39.5 
6 1.5 138 39.9 
6 1.5 136 41.0 
6 2.1 132 38.6 
6 2.1 130 38.3 
6 2.7 131 38.8 
6 2.7 126 36.9 
7 Baseline 128 39.0 
7 1.0 135 41.0 
7 1.5 135 39.3 
7 1.5 126 38.2 
7 2.1 119 36.1 
7 2.1 115 33.7 

7 2.7* 118 35.8 

7 2.7* 118 35.0 
a Subject #4 put on additional iron supplement (27 mg/tablet, Fergon, 1 tablet/d) 
after 2 days of end of 1.0 mg period. 

Subject #7 put on additional iron supplement (27 mg/tablet, Fergon, 1 tablet/d) 
after 2 days of end of 2.1 mg period. 
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Table A.3. Individual white-blood-cell (WBC) number and lymphocyte percentage 
and number 

Subject Vitamin B-6 WBC Lymphocyte Lymphocyte 

(mg) (X10
3
/|JL) % (xl03/^L) 

Baseline 4.6 38.8 1.8 

1.0 6.0 36.8 2.2 

1.5 5.9 37.9 2.2 

1.5 4.5 40.3 1.8 
2.1 5.4 36.1 2.0 
2.1 5.1 38.0 2.0 
2.7 5.4 42.5 2.3 
2.7 4.6 41.9 2.0 

2 Baseline 6.0 39.6 2.4 

2 1.0 5.9 37.1 2.2 
2 1.5 6.3 32.2 2.0 
2 1.5 6.2 38.0 2.3 
2 2.1 4.6 43.6 2.0 
2 2.1 5.7 42.6 2.4 

2 2.7 6.2 35.0 2.2 
2 2.7 5.3 40.7 2.3 
3 Baseline 7.0 16.8 1.1 
3 1.0 3.4 40.9 1.4 
3 1.5 4.5 34.8 1.6 
3 1.5 4.7 30.5 1.5 
3 2.1 4.6 34.3 1.6 
3 2.1 4.6 32.9 1.5 
3 2.7 3.4 37.3 1.3 
3 2.7 4.4 33.0 1.4 
4 Baseline 3.2 45.0 1.4 
4 1.0 3.8 35.0 1.3 
4 1.5 4.3 40.1 1.7 
4 1.5 3.5 41.6 1.5 
4 2.1 4.2 34.2 1.4 
4 2.1 4.6 36.5 1.7 
4 2.7 4.2 38.3 1.6 
4 2.7 4.7 33.2 1.6 
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Table A.3. (cont.) 

Subject Vitamin B-6 WBC Lymphocyte Lymphocyte 

(mg) (X10
3
/ML) % (xl03/^L) 

5 Baseline 3.9 41.3 1.6 
5 1.0 4.1 44.0 1.8 
5 1.5 4.0 44.5 1.7 
5 1.5 4.2 34.8 1.5 
5 2.1 4.9 30.9 1.5 
5 2.1 4.6 36.3 1.7 
5 2.7 4.6 45.4 2.1 
5 2.7 6.0 38.9 2.3 

6 Baseline 5.6 37.1 2.1 

6 1.0 6.9 27.6 1.9 
6 1.5 5.3 35.5 1.9 
6 1.5 6.3 31.3 2.0 

6 2.1 5.6 34.0 1.9 
6 2.1 5.4 31.5 1.7 
6 2.7 5.0 36.9 1.9 
6 2.7 5.5 35.8 2.0 
7 Baseline 4.4 47.0 2.1 
7 1.0 5.6 47.8 2.7 
7 1.5 4.8 46.3 2.2 
7 1.5 5.0 50.4 2.5 
7 2.1 4.1 49.4 2.0 
7 2.1 6.1 42.8 2.6 
7 2.7 6.6 42.3 2.8 
7 2.7 4.4 51.8 2.2 
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Table A.4. Individual plasma B-6 vitamers (PLP, prydoxal 5'-phosphate; PL, 
pyridoxal; PN, pyridoxine; 4-PA, 4-pyridoxic acid) 

Subject Vitamin B-6 Plasma PLP Plasma PL Plasma PN Plasma 4-PA 

(mg) (nmol/L) (nmol/L) (nmol/L) (nmol/L) 
Baseline 61.8 26.8 6.8 19.8 

1.0 32.8 22.7 6.2 8.0 
1.5 31.1 15.5 9.0 9.3 
1.5 24.8 15.3 6.9 10.8 
2.1 39.5 12.1 6.1 14.4 
2.1 49.0 11.3 5.5 13.3 
2.7 46.0 15.2 5.6 15.4 
2.7 42.1 23.6 5.4 17.3 

2 Baseline 50.1 8.4 6.1 22.3 
2 1.0 29.7 3.5 5.3 9.6 
2 1.5 29.0 11.4 6.1 11.6 
2 1.5 35.8 11.7 5.9 8.5 
2 2.1 34.5 16.3 4.9 15.8 
2 2.1 32.4 15.0 5.5 11.8 
2 2.7 36.6 13.3 4.2 13.7 
2 2.7 45.2 18.7 4.8 13.6 
3 Baseline 45.7 15.3 4.0 24.5 
3 1.0 22.6 7.8 7.2 19.6 
3 1.5 29.4 8.9 8.3 30.4 
3 1.5 30.5 9.5 8.7 27.4 
3 2.1 27.9 9.6 6.4 30.4 
3 2.1 35.9 18.8 7.3 31.1 
3 2.7 38.5 14.8 6.6 30.6 
3 2.7 41.8 29.3 8.2 28.2 
4 Baseline 27.6 12.5 5.5 13.8 
4 1.0 22.9 15.8 6.8 12.4 
4 1.5 32.0 15.1 6.2 18.1 
4 1.5 37.4 8.6 6.9 18.9 
4 2.1 48.2 12.9 5.0 20.8 
4 2.1 48.3 7.2 5.2 23.5 
4 2.7 51.5 11.2 6.1 28.6 
4 2.7 61.8 12.5 6.3 26.0 
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Table A.4. (cont.) 

Subject Vitamin B-6 Plasma PLP Plasma PL Plasma PN Plasma 4PA 
(mg) (nmol/L) (nmol/L) (nmol/L) (nmol/L) 

5 Baseline 64.8 25.7 9.0 23.3 
5 1.0 37.3 11.0 8.2 11.2 
5 1.5 37.2 6.4 8.2 14.6 
5 1.5 35.5 8.1 7.6 13.5 
5 2.1 38.8 6.4 10.8 21.0 
5 2.1 45.9 12.0 8.9 19.0 
5 2.7 47.2 29.3 6.9 22.0 
5 2.7 62.9 21.5 4.8 20.1 
6 Baseline 32.0 59.8 5.5 13.4 
6 1.0 22.9 43.2 ND 9.8 
6 1.5 38.5 18.6 2.8 11.7 
6 1.5 40.5 49.3 8.5 14.5 
6 2.1 51.7 37.1 7.3 12.1 
6 2.1 51.1 57.6 8.5 14.5 
6 2.7 77.9 38.3 7.0 19.9 
6 2.7 76.3 44.0 7.0 14.4 
7 Baseline 44.2 8.8 7.2 21.9 
7 1.0 39.5 7.7 5.2 16.0 
7 1.5 47.8 8.4 5.9 16.6 
7 1.5 42.3 7.4 5.5 17.5 
7 2.1 40.6 4.2 4.8 22.3 
7 2.1 44.9 23.1 7.2 19.6 
7 2.7 59.2 19.4 7.3 38.0 
7 2.7 62.6 21.7 6.7 25.0 
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Table A. 5. Urinary 4-Pyridoxic Acid Excretion 

Subject # 

Vitamin B-6 1 2 3 4 5 6 7 
1.0 mg Day 1 6.86 4.22 4.76 2.50 4.87 3.63 5.51 

Day 2 4.36 3.61 5.61 2.34 3.60 2.85 5.09 

Day 5 3.49 2.25 2.54 2.02 2.92 2.91 4.95 
Day 6 3.82 2.54 2.23 1.63 2.50 2.29 4.81 
Day? 2.99 2.18 3.18 1.63 2.83 2.35 4.19 

1.5 mg Day 1 2.97 3.74 3.33 2.48 3.39 2.55 5.16 
Day 2 3.47 3.76 3.78 3.01 4.37 3.32 5.66 

Day 12 3.26 3.78 3.74 4.22 4.52 4.15 6.24 
Day 13 5.62 3.93 2.99 3.75 4.05 3.76 5.43 
Day 14 4.44 4.18 3.36 3.82 4.71 4.47 4.32 

2.1 mg Day 1 5.15 3.40 4.19 4.28 5.01 4.81 6.26 
Day 2 6.24 6.57 5.39 5.51 4.99 5.58 7.86 

Day 12 6.07 6.51 7.27 6.79 6.34 6.29 8.89 
Day 13 6.05 6.00 7.28 6.25 7.60 6.65 8.73 
Day 14 6.29 5.43 6.67 6.31 6.90 6.40 7.46 

2.7 mg Day 1 6.19 7.71 8.65 7.84 9.26 8.47 ND 
Day 2 5.69 7.11 9.78 7.91 8.77 8.81 10.81 

Day 12 8.85 9.22 10.73 7.32 8.89 9.99 11.33 
Day 13 9.15 10.03 9.49 8.13 8.25 8.18 11.66 
Day 14 9.36 7.17 8.24 7.97 7.72 8.76 11.82 
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Table A.6. Individual erythrocyte alanine aminotransferase (EALT) and erythrocyte 
aspartate aminotransferase (EAST) (ratio stimulated: unstimulated activity) 

Subject Vitamin B-6 EALT EAST 

(mg) (Unit) (Unit) 
Baseline 1.04 1.49 

1.0 1.08 1.47 

1.5 1.16 1.52 
1.5 1.10 1.57 
2.1 1.09 1.69 
2.1 1.17 1.65 
2.7 1.12 1.55 
2.7 1.17 1.64 

2 Baseline 1.20 1.93 
2 1.0 1.19 1.65 
2 1.5 1.10 1.53 
2 1.5 1.15 1.57 
2 2.1 1.09 1.66 
2 2.1 1.07 1.62 
2 2.7 1.07 1.47 
2 2.7 1.16 1.67 
3 Baseline 1.21 2.05 
3 1.0 1.22 1.53 
3 1.5 1.19 1.69 
3 1.5 1.17 1.59 
3 2.1 1.19 1.57 
3 2.1 1.23 1.39 
3 2.7 1.15 1.41 
3 2.7 1.18 1.58 
4 Baseline 1.42 1.68 
4 1.0 1.16 1.50 
4 1.5 1.21 1.49 
4 1.5 1.29 1.57 
4 2.1 1.16 1.61 
4 2.1 1.09 1.59 
4 2.7 1.11 1.35 
4 2.7 1.18 1.50 
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Table A.6. (cont.) 

Subject Vitamin B-6 EALT EAST 
 (mg) (Unit) (Unit) 

5 Baseline 1.14 1.70 
5 1.0 1.13 1.67 
5 1.5 1.21 1.85 
5 1.5 1.13 1.79 
5 2.1 1.09 1.71 
5 2.1 1.23 1.85 
5 2.7 1.13 1.55 
5 2/7 LOS 1.67 
6 Baseline 1.27 1.39 
6 1.0 1.22 1.49 
6 1.5 1.18 1.80 
6 1.5 1.13 1.49 
6 2.1 1.15 1.57 
6 2.1 1.13 1.48 
6 2.7 1.05 1.43 
6 2/7 LU 1.63 

7 Baseline 1.13 1.94 
7 1.0 1.23 1.56 
7 1.5 1.13 1.72 
7 1.5 1.19 1.46 
7 2.1 1.15 1.48 
7 2.1 1.19 1.46 
7 2.7 1.06 1.36 
7 2.7 1.14 1.28 
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Table A.7. (cont.) 

Vitamin 
Lymphocyte proliferation 

PHA PHA PHA 
Subject B-6 PBMC PLP 6.25 |ag/mL 12.5 ng/mL 25 ng/mL 

(mg) (pmol/106) (cpm) (cpm) (cpm) 

5 Baseline 1.02 148148 161307 158304 

5 1.0 0.82 162125 193399 197337 

5 1.5 0.78 152726 173861 168965 

5 1.5 0.83 150527 152435 161563 

5 2.1 0.89 225522 226195 226678 

5 2.1 1.10 235922 257863 255859 

5 2.7 0.67 231285 255801 257390 

5 2.7 1.10 237029 253062 262891 

6 Baseline 0.62 189193 236470 255618 

6 1.0 0.70 160445 205887 204297 

6 1.5 0.71 163639 179637 180350 

6 1.5 1.00 154231 184172 247123 

6 2.1 0.86 267257 263635 270230 

6 2.1 0.90 253859 261523 269472 

6 2.7 0.94 251695 255872 259526 

6 2.7 1.02 285312 335860 370936 

7 Baseline 0.92 197258 242999 236941 

7 1.0 0.87 167565 187603 182626 

7 1.5 0.84 150864 164687 152848 

7 1.5 0.83 246371 183749 254232 

7 2.1 0.77 262121 255254 234368 

7 2.1 0.83 265461 302000 317509 

7 2.7 0.75 268454 262796 255762 

7 2.7 0.89 219252 249047 228075 
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Table A. 8. Individual plasma interleukin 2 concentration (plasma IL-2) and in vitro 
interleukin 2 concentration following PHA stimulation (PBMC IL-2) 

Subject Vitamin B-6 Plasma IL-2 PBMC IL-2 

(mg) (ng/mL) (pg/mL) 
Baseline 0 481 

1.0 1.6 543 

1.5 0 504 

1.5 0 378 
2.1 0 386 
2.1 0 286 
2.7 0 399 
2.7 0 213 

2 Baseline 2.6 139 
2 1.0 3.0 251 
2 1.5 2.2 150 
2 1.5 3.6 108 
2 2.1 3.6 113 
2 2.1 4.3 129 
2 2.7 3.0 112 
2 2.7 4.3 133 
3 Baseline 1.8 114 
3 1.0 1.7 179 
3 1.5 1.7 127 
3 1.5 1.6 117 
3 2.1 1.7 91 
3 2.1 1.7 136 
3 2.7 1.7 135 
3 2.7 1.7 157 
4 Baseline 1.8 336 
4 1.0 2.0 332 
4 1.5 2.2 314 
4 1.5 2.0 283 
4 2.1 2.6 270 
4 2.1 2.3 300 
4 2.7 2.8 158 
4 2.7 2.6 283 



Table A.8. (cont.) 
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                  = 
Subject Vitamin B-6 Plasma IL-2 PBMC IL-2 

(mg) (ng/mL) (pg/mL) 
5 Baseline 1.6 276 
5 1.0 1.6 316 
5 1.5 1.7 355 
5 1.5 0.4 255 
5 2.1 0 197 
5 2.1 1.6 286 
5 2.7 2.0 163 
5 2.7 1.9 290 
6 Baseline 1.6 333 
6 1.0 1.6 267 
6 1.5 1.8 199 
6 1.5 1.8 228 
6 2.1 2.0 205 
6 2.1 1.8 205 
6 2.7 1.8 214 
6 2.7 1.7 295 
7 Baseline 2.1 357 
7 1.0 1.7 358 
7 1.5 1.8 304 
7 1.5 2.0 378 
7 2.1 1.7 363 
7 2.1 2.2 407 
7 2.7 2.0 327 
7 2.7 2.1 327 
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Table B.l. Individual reported dietary intake 
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Subject # #1 #2 #4 #5 #6 #7 #8 

Group 50 mg 50 mg 50 mg 2mg 50 mg 2mg 2mg 
Basic 
components 

Calories BL 1809 1420 1762 1893 2330 2401 2096 

PI 1255 1567 1886 1472 1596 2178 1917 

P2 1287 2292 1550 1273 1536 2626 1507 

Protein g BL 65 55 56 60 78 90 92 

PI 47 62 71 40 61 90 78 

P2 51 77 43 39 61 106 78 

Carbohydrates g BL 329 216 326 307 347 298 338 

PI 210 226 297 259 210 289 329 

P2 215 267 260 199 199 297 203 

Total fat g BL 25 43 28 50 74 99 47 

PI 27 49 52 35 59 77 41 

P2 26 110 38 39 57 114 48 

Vitamins 

ARE RE BL 296.0 1881.7 2274.0 839.7 1443.0 2460.7 1313.4 

PI 586.7 839.3 1161.3 345.8 442.3 696.0 535.7 

P2 163.6 849.3 457.7 551.3 710.5 1336.3 2157.4 

Thiamine mg BL 0.7 1.2 1.4 1.8 1.3 1.2 1.5 

PI 0.5 1.0 1.1 0.9 1.0 1.6 1.1 

P2 0.6 1.8 1.2 0.9 0.8 1.3 0.8 

Riboflavin mg BL 0.8 1.4 1.1 2.1 1.6 1.6 1.5 

PI 0.9 1.3 1.3 1.2 1.0 1.4 1.0 

P2 0.7 1.6 1.4 0.9 1.5 1.7 0.8 
Niacin Equiv. mg BL 31.6 20.2 21.5 25.7 20.5 26.3 21.7 

PI 11.3 22.0 18.3 13.3 20.9 25.7 24.7 

P2 18.8 33.4 16.8 14.2 15.5 39.4 27.2 

B-6 mg BL 1.0 1.2 0.8 1.1 1.3 1.0 1.0 

PI 0.7 0.8 0.7 0.9 1.0 0.7 0.9 

P2 0.8 1.3 0.5 0.6 0.5 1.1 1.1 

B-12 mg BL 2.9 1.8 0.8 2.5 1.9 2.7 2.1 
PI 1.2 1.2 1.3 2.2 1.4 1.5 0.9 
P2 2.4 2.0 2.4 1.2 2.2 4.9 1.0 
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Table B.l.(cont.) 

Subject # #1 #2 #4 #5 #6 #7 #8 

Group 50 mg 50 mg 50 mg 2mg 50 mg 2mg 2mg 

Folate meg BL 175.8 480.5 338.3 467.0 245.0 304.3 204.7 

PI 180.6 281.7 221.7 170.4 185.8 241.6 107.2 

P2 255.0 514.0 284.5 232.9 184.5 268.6 160.6 

C mg BL 64.8 191.3 95.1 90.2 33.9 109.4 61.4 

PI 47.9 126.4 175.0 225.9 57.5 18.2 10.5 

P2 31.4 268.7 46.7 43.2 45.0 37.2 98.4 

E Alpha Equiv. mg BL 1.2 7.5 2.5 2.9 5.5 5.0 3.7 

PI 1.1 5.5 3.3 1.7 3.1 5.5 3.0 

P2 2.2 10.6 3.6 3.6 3.4 11.0 5.8 

Minerals 

Iron mg BL 13.4 16.9 13.1 21.0 14.4 14.0 16.3 

PI 10.8 11.4 12.3 20.7 9.3 12.0 11.6 

P2 15.3 18.9 11.3 8.4 7.5 13.3 10.5 

Mgnesium mg BL 202.4 321.5 146.7 283.7 135.9 205.4 412.5 

PI 166.4 151.7 178.0 160.9 146.1 156.1 336.6 

P2 296.1 299.7 144.0 100.4 110.0 226.8 287.1 
Selenium meg BL 153.0 75.3 53.9 66.0 44.3 80.7 82.4 

PI 53.7 60.8 34.3 44.5 59.7 105.9 70.7 

P2 103.2 70.7 50.0 36.1 58.0 112.4 56.5 

Zinc mg BL 5.4 6.4 3.7 6.8 5.4 7.3 10.6 

PI 6.1 5.8 5.1 4.4 4.6 6.5 7.4 

P2 6.4 7.2 5.2 3.8 4.8 7.7 7.4 
Average intake of each nutrient from 3-day diet record; analyzed by Food Processor 

for Windows (version 7.5, ESHA Research, Salem, OR) 
BL, baseline (7 days of without supplementation); PI, period 1 (first 10 days with 
supplementation); P2, period 2 (second 10 days with supplementation) 
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Table B.2. Individual urinary creatinine and 4-pyridoxic acid (4-PA) excretion 
and 4-PA/creatinine ratio 

Group Subject Creatinine 4-PA (nmol 4-PA 
Days (g/d) ((xmol/d) / g creatinine) 
2mg 

5 2.03 12.65 BL 6.23 
7 0.64 0.20 0.31 
8 1.35 5.10 3.78 

3 Day 5 1.74 10.52 6.05 
7 0.91 8.51 9.36 
8 1.33 10.70 8.04 

10 Day 5 2.03 13.98 6.90 
7 0.69 7.69 11.07 
8 1.24 11.43 9.22 

20 Day 5 1.84 12.97 7.06 
7 0.77 6.78 8.76 
8 0.30 2.13 7.08 

50 mg 

1 1.65 3.93 Baseline 2.38 
2 2.18 7.17 3.28 
4 1.47 3.14 2.13 
6 1.04 3.90 3.77 

3 Day 1 1.41 165.63 117.28 
2 1.36 207.97 152.56 
4 1.40 117.94 84.22 
6 1.16 139.68 120.19 

10 Day 1 1.32 140.82 106.80 
2 1.99 149.43 74.91 
4 1.62 187.55 115.64 
6 1.64 92.84 56.59 

20 Day 1 1.05 88.25 84.19 
2 1.65 144.52 87.74 
4 1.50 214.72 143.06 
6 0.91 11.00 12.10 
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Table B.3. Individual plasma B-6 vitamers (PLP, prydoxal 5'-phosphate; PL, 
pyridoxal; PN, pyridoxine; 4-PA, 4-pyridoxic acid) 

Group PLP PL PN 4-PA 
Days Subject # (nmol/L) (nmol/L) (nmol/L) (nmol/L) 
2mg 

5 27.5 7.5 9.6 Baseline 15.2 
7 53.0 15.6 6.4 12.9 
8 37.2 13.0 ND 18.5 

3 day 5 42.0 13.3 5.1 19.2 
7 116.2 10.9 6.6 21.2 
9 73.3 15.3 3.8 28.7 

10 day 5 55.7 7.8 ND 29.1 
7 103.6 23.2 5.7 23.1 
8 98.1 26.2 ND 34.1 

20 day 5 48.9 13.4 3.7 24.9 
7 108.8 25.0 7.5 24.8 
8 61.3 24.9 5.6 15.3 

50 mg 

1 25.4 3.2 6.7 Baseline 8.6 
2 18.1 6.4 9.8 7.5 
4 11.1 ND 4.4 7.0 
6 27.6 ND 4.6 28.3 

3 days 1 269.0 77.2 ND 79.9 
2 280.4 142.8 10.9 212.9 
4 227.8 60.2 5.2 68.6 
6 294.7 80.6 7.0 131.6 

10 days 1 356.9 86.0 ND 100.1 
2 259.6 114.7 9.9 123.7 
4 167.2 82.1 5.1 128.4 
6 312.3 99.7 7.7 143.6 

20 days 1 314.0 54.6 ND 102.4 
2 203.0 78.9 9.2 94.3 
4 294.1 100.0 5.1 119.3 
6 113.1 28.2 5.6 58.7 
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Table B.4. Individual peripheral blood mononuclear cell (PBMC) pyridoxal 5'- 
phosphate (PLP) and pyridoxamine 5'-phosphate (PMP) 

Group PLP PMP 

Days Subject # (pmol/106 cells) (pmol/106 cells) 
2mg 

5 0.72 Baseline 0.39 
7 0.79 0.15 
8 0.71 0.15 

3 days 5 0.88 0.34 
7 0.96 0.3 
8 0.9 0.22 

10 days 5 0.8 0.27 
7 1.15 0.27 
8 1.18 0.21 

20 days 5 0.95 0.27 
7 1.09 0.21 
8 1.27 0.29 

50 mg 

1 0.98 BL 0.29 
2 0.69 0.22 
4 0.66 0.14 
6 0.575 0.4 

3 days 1 1.45 0.545 
2 1.25 0.25 
4 1.29 0.22 
6 1.57 0.34 

10 days 1 1.32 0.36 
2 1.15 0.22 
4 1.31 0.32 
6 1.575 0.44 

20 days 1 1.51 0.29 
2 0.83 0.26 
4 1.43 0.21 
6 1.32 0.23 
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Table B.5. Individual lymphocyte proliferation stimulated with 3 different 
concentrations of phytohemagglutinin (PHA) in pyridoxal 5'-phosphate containing 
media 

Lymphocyte Proliferation 

Group PHA PHA PHA 

Days Subject # 6.25 ng/L 12.5 ng/L 25 ng/L 
(cpm) (cpm) (cpm) 

2mg 
5 43925 76628 Baseline 46005 

7 39651 57095 43346 

8 30932 42951 37153 

3 Days 5 77863 87848 86419 

7 86398 100663 94225 

8 71328 72464 67306 

10 Days 5 83478 97663 94083 

7 80983 98753 94354 

8 80390 79137 67908 

20 Days 5 52377 58280 54083 

7 54060 65211 61245 

8 58637 60507 54015 

50 mg 

1 53164 95300 Baseline 53164 

2 23393 41289 24288 

4 39638 69800 41553 

6 39209 70604 43346 

3 Days 1 95624 111741 101528 

2 46923 52223 53178 

4 90911 102473 100722 

6 69761 75061 69837 

10 Days 1 101110 112934 110494 

2 43990 50330 49980 

4 76320 90865 92782 

6 56667 70408 71186 

20 Days 1 82152 104357 102906 

2 23192 30201 28115 

4 46576 60621 62963 

6 43777 53442 56547 
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Table B.6. Individual lymphocyte proliferation stimulated with 3 different 
concentrations of phytohemagglutinin (PHA) in pyridoxal containing media 

Lymphocyte Proliferation 
Group PHA PHA PHA 
Days Subject # 6.25 ng/L 12.5 ng/L 25 ng/L 

(cpm) (cpm) (cpm) 
2mg 

5 80554 91232 Baseline 86083 

7 76897 82999 71003 

8 65234 66309 51652 

3 Days 5 79869 83896 83983 

7 88489 95346 92965 
8 75283 71075 63577 

10 Days 5 90060 91293 102843 
7 77122 83186 83164 
8 75109 72743 64010 

20 Days 5 67476 82073 78600 
7 70399 88536 82258 
8 91417 101866 87065 

50 mg 
1 81526 105245 Baseline 97217 
2 41489 44521 44491 
4 71095 79594 75510 
6 74777 87018 83435 

3 days 1 90035 109703 102045 
2 43777 49106 51291 
4 84969 93180 98374 

6 69865 74858 71878 

10 days 1 103845 109190 114749 
2 47589 50573 52650 
4 73579 85610 88934 
6 60247 67386 68538 

20 day 1 99227 119221 115848 
2 30206 35441 37005 
4 63681 71573 76489 
6 60679 70339 70029 



Table B.7. Individual lymphocyte proliferation stimulated with 3 different 
concentrations of phytohemagglutinin (PHA) in pyridoxine containing media 

169 

Lymphocyte Proliferation 

Group PHA PHA PHA 

Days Subject # 6.25 ng/L 12.5 ng/L 25ng/L 
(cpm) (cpm) (cpm) 

2mg 
5 70374 76272 Baseline 78262 

7 65882 66864 56688 

8 58536 55544 44782 

3 Days 5 76050 72897 82559 

7 86120 98387 97610 

8 72968 79753 66539 

10 Days 5 108478 132295 113425 

7 109967 129670 102589 

8 104713 108735 89016 

20 Days 5 60735 68642 70425 

7 63592 75706 73171 

8 72196 70065 68261 

50 mg 

1 82558 88851 Baseline 81422 

2 37035 41664 39389 

4 65768 79251 85263 

6 67796 74738 73291 

3 Days 1 93361 101174 102471 

2 42327 54354 49879 

4 87556 89031 69457 

6 61659 70250 68782 

10 Days 1 144078 167858 160851 

2 59116 71563 71041 

4 110156 125436 124749 

6 72346 97028 95165 

20 Day 1 100224 117193 109763 

2 26643 37472 38812 

4 54836 66458 70681 

6 48537 65535 72920 



Table B.8. Individual lymphocyte proliferation stimulated with 3 different 
concentrations of phytohemagglutinin (PHA) in B-6 free media 
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Lymphocyte Proliferation 

Group PHA PHA PHA 
Days Subject # 6.25 ng/L 12.5 ng/L 25^g/L 

(cpm) (cpm) (cpm) 

2mg 
5 78524 83870 Baseline 81626 

7 76216 74983 63333 

8 61824 60879 50359 

3 Days 5 67880 85538 85673 

7 81419 96636 96185 

8 69858 72894 61676 

10 Days 5 55722 67546 68042 

7 55817 63294 60173 

8 52312 55664 48258 

20 Days 5 66089 75917 73029 

7 71268 89818 83491 

8 86074 85194 81228 

50 mg 

1 94248 112013 Baseline 96337 

2 40341 46842 41681 

4 71700 78551 77997 

6 73652 80963 77509 

3 Days 1 85752 110060 105986 

2 39062 47390 48558 

4 86821 95669 97019 

6 65039 65868 64980 

10 Days 1 75813 99230 90317 

2 29619 37906 36872 

4 54140 64766 66862 

6 40370 50214 50971 

20 Days 1 100012 117051 125778 
2 29466 35988 38007 

4 61828 71990 73073 

6 53766 73968 80819 
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APPENDIX C. Forms and Instruction (Study 1) 

Figure C.l. Telephone pre-screening form 

Telephone Pre-screening 
Vitamin B-6/Immune Spring 1998 

Name Phone  

Address      Age Weight_ 

1. Are you pregnant, nursing an infant or using oral contraceptives 

(birth control pills)? Yes No_ 

2. Do you participate in strenuous physical exercise? Yes No_ 

If yes, what type of exercise, how often do you exercise and for how long each 
time? 

3.      Are there any medications that you take on a regular basis?Yes No_ 

If yes, what do you take and for what medical condition? 

4. Are you willing to eat your meals in the Human Metabolic Unit for 7 weeks (49 

days) of the study starting May, 1998? Yes No  

5. Can we schedule a time for you to come in to learn more about the study and 

what will be expected of the subjects? 

Date Time 
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Figure C.2. Pre-Screening Consent 

PRE-SCREENING CONSENT TO PARTICIPATE 
IN A HUMAN METABOLIC STUDY 

INVOLVING VITAMIN B-6 AND IMMUNITY 

My name is Dr. Terry Shultz, and you are here because you have responded to our 
request for volunteers involving a vitamin B-6 and immunity diet study we will be conducting 
during the next several months. Before you can qualify to be a subject, we need to find out 
some information about you, regarding certain aspects of your health status. Some of the 
questions we will ask are potentially sensitive, and include items about physical conditions 
(diabetes, liver disease, etc.), abnormal eating behavior, current medications, oral 
contraceptives and pregnancy. 

Please understand that whether or not you qualify as a subject, if you fill out this form 
we will retain this information for later reference. However, if you do not qualify as a subject, 
this form will be destroyed. In order to protect your identity, this consent form has a code 
number at the bottom of the page that matches the code number on the Pre-screening 
Questionnaire. The questionnaires will be kept in a locked file cabinet in my office, separate 
from the consent forms. I will be the only person with access to any of this information. 
These forms will be archived for three years following completion of the study, at which time 
they will be destroyed. 

The Department of Food Science and Human Nutrition (FSHN) and the Washington 
State University human subjects Institutional Review Board have reviewed this study and 
found it to have adequate protection for subjects. 

Terry D. Shultz, Ph.D., R.D., Associate Professor, FSHN 

Consent Statement: 
1 have read this consent form and understand the terms of my participation in the pre- 

screening assessment. I consent to this procedure and to the use of this personal information 
as stated above. 

(Subject)Signed:  

Date:      

(Researcher)     Signed:  

Date:                    
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Figure C.3. Pre-Screening Questionnaire 

Vitamin B-6 and Immune Study 
Department of Food Science and Human Nutrition 

Washington State University, Pullman, WA 
March 19,1997 

Pre-Screening Questionnaire T. Shultz: 335-4424 

We would like you to think about a number of things before you can qualify to be a 
subject. Your health and circumstances, which may possibly interfere with the aims of 
the study, may exclude you from participation. 

Please check the appropriate answers below. 

1. Are you currently under the care of a physician for a medical problem 
(heart disease, kidney, diabetes, liver disease, high blood pressure)? 

yes no  
2. Have you been treated in the last 6 months for any of the above diseases 

or had any abnormal blood tests in the last 6 months? 
yes no  

3. Have you lost or gained 20 or more pounds in the last 6 months? 
yes no  

4. Are you currently taking any prescription medication for an illness? 
yes no  

5. Are you currently taking oral contraceptives or estrogen therapy? 
(This affects metabolism of vitamin B-6.) yes no  

6. Are you currently pregnant, hoping or trying to become pregnant? 
(This is not a time to go on an experimental diet.) yes no  

7. Are you currently breast feeding your infant? (This is not a time to go on 
an experimental diet.) yes no  

8. Do you have any hormonal imbalances that you know of? yes no_ 

9. Do you regularly (daily) take vitamin/mineral or nutritional supplements 
which you cannot stop taking? yes no_ 

10.  Do you have any eating disorder (anorexia/bulimia)? yes no_ 

If you answered yes to any of the above, you cannot qualify to be in the study. 
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Sometimes being on a metabolic study creates problems and inconveniences which 
you should think about before you volunteer. 

Check one answer. 

1. The diet we are going to use is a nonvegetarian diet. Can you get along for 49 
days consuming beef, milk, eggs, cereals, legumes, fruits and vegetables? 

Yes    no     don't know 

2. We would ask you to give up vitamin/mineral and nutritional supplement use 
during the period of the study. Can you do this? Yes    no     don't know 

3. We would ask you to keep your regular physical activity. Would the 
feeding part of the study interfere with what you do? Yes    no     don't know 

4. Urine collection can be cumbersome and embarrassing to some people, 
particularly women during menstruation. We want to keep blood out 
of urine sample collections. Is it a problem for you to use tampons? 

Yes    no     don't know 

5. Does your class schedule/social schedule mean you will need to take field   trips 
during the study period? Are you going out of town? 

Yes    no     don't know 

6. Do you know of any social events coming up which would make it 
difficult to refuse food offered? Yes    no     don't know 

7. Do you smoke? (Smoking is not permitted in the FSHN building) 
Yes    no     don't know 

8. Coffee and tea may be limited in this study. Only certain soft drinks 
(e.g., 7-up, orange and/or root beer) will be available. Can you handle this? 

Yes    no     don't know 

•    If you answered "don't know" to any of the above, ask more questions before you 
decide. 

• If you said yes/no to the above, you probably will not be able to carry out the 
study for 7 weeks. However, you are always free to drop out at any time, even if 
you decide to try it to begin with. 

If you have decided to volunteer, please read the consent form carefully. 
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Figure C.4. Informed consent form 

DEPARTMENT OF FOOD SCIENCE AND HUMAN NUTRITION 
HUMAN METABOLIC STUDY 

May 19,1997 

CONSENT TO PARTICIPATE IN A HUMAN METABOLIC STUDY 
VITAMIN B-6 AND IMMUNITY 

Investigator(s): 
Terry D. Shultz, Ph.D., R.D.    James E. Leklem, Ph.D. (Oregon State) 

Phone: 509-335-4424 (work)        541-737-0969 
509-332-5003 (home)       541-753-1072 

1. This study involves human nutrition research conducted over a period 
of 7 weeks. The purpose is to determine human nutrition, vitamin B-6 
requirements in women. The University's Institutional Review Board 
has approved the participation of subjects in this project. 

2. This study initially involves the consumption of an experimental low 
vitamin B-6 non-vegetarian type diet for one wk. The diet is adequate 
in all known nutrients except vitamin B-6. The diet has been based on 
diets used in previous studies by the principal investigators. Prior to 
beginning the study, we ask you to collect a 5-day food record, answer 
a questionnaire, undergo a blood, urine, and food absorption test, 
pregnancy test and be seen by the study physician. If you are selected 
as a potential subject, the following statements will apply: 

(a) I understand that I may be one (1) of 8 participants chosen as a 
subject and eat all and only meals and snacks provided by the study. 

(b) I understand that this study involves eating a nonvegetarian diet for 
7 weeks during which vitamin B-6 intake will be lowered to 1/2 the 
Recommended Dietary Allowance (RDA) and then raised again to 11/2 
times above the RDA. No other foods or beverages obtained from 
outside the study diet (in the metabolic unit) will be allowed. 

(c) I acknowledge that during this study I will be asked to collect urine 
every day (for 24 hrs) throughout the 7 weeks. I will be asked to use 
tampons during my menstrual period. 

(d) I acknowledge that blood (40 mL/8 tbsp) will be taken from my 
arm by a licensed phlebotomist, 8 times throughout the study. The 
overall rate will not be more than twice in any one week. An iron 
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tablet, 10 mg ferrous sulfate, will be given to me throughout the study 
to compensate for blood loss. 

(e) I will be weighed daily and my diet adjusted so that my body 
weight stays  the same. I will be asked to record extra foods eaten 
(i.e., pop, candy) to make sure weight is maintained. 

(f) I will be asked to complete a daily log of activities, exercise and a 
subjective record of how I feel, seen only by the investigators and study 
physician, if necessary. I will maintain my regular exercise program. 

(g) I will be required to abstain from taking over-the-counter 
medications, vitamin/mineral and/or nutritional supplements without 
the investigator's and physician's knowledge. 

(h) I understand that living arrangement privacy within the human metabolic 
unit has been designed into the unit. I will have a room for my personal 
belongings comparable to a very nice dormitoray room and share a bathroom 
with one other person. Common living areas, living room and dining, will have 
amenities for leisure time. 

3. There is relatively little risk to your health. The initial diet is a low vitamin B-6 
diet (1/2 RDA), but it is not a depletion diet (l/30th the RDA). This amount 
(0.9 mg B-6/d) of dietary vitamin B-6 is presently being consumed by 
approximately 30-40% of young women in the U.S. population and should not 
result in clinical signs and symptoms of a B-6 deficiency such as dermatitis 
(rough skin) around the eyes and at angles of the mouth, nausea, vomiting, 
weight loss, anemia or nervous disturbances (seizures). The investigators 
(TDS, JEL) have been on these types of diets themselves. Undesirable 
electroencephalographic (EEG; nerve function) changes have been noted in 2 
subjects on diets containing 1/30th the RDA (depletion), but were completely 
reversed at 1/3 the RDA (low B-6 diet). The urine collection is tedious, but not 
cumbersome. This study will involve time commitment, but all your food will 
be free and prepared for you. Your room will be provided free of charge. Blood 
samples will be taken by a person licensed to draw blood. During the taking of 
blood samples, some bruising and swelling (hematoma) may occur, even with 
the best techniques and technicians. A study physician, Dr. Memon (882- 
9550), will be available for consultation throughout the study. 

4. The benefit to you will be your contribution to society. We need to know 
individual requirements of vitamin B-6 so we can set a more accurate RDA to 
cover young women - only a few studies have been done. You will be paid 
$10/day (total $500) for each day you participate. If you drop out, you will be 
paid for the days you were in the study.  Along with free room and board, we 
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consider this money a bonus, not payment for your time. There will be no 
monetary costs to you for the tests, to see the physician, or to participate in the 
unit. 

5. Any new information discovered during the research affecting your 
participation will be provided to you. 

6. The results of this investigation will be published, but your confidentiality will 
be protected. Your name or initials will not be published. All data will remain 
confidential. All records will be coded and identifying files will be in a locked 
cabinet in the co-investigator's office (TDS). 

7. You may be asked questions at any time by the investigators and physician 
concerning procedures and implications of the protocol. You should contact the 
physician (882-9550) or investigators (see phone #s above), or both in the event 
of any research-related injury. In the event of a physical injury resulting from 
the research procedure, while financial compensation is not available, 
immediate first-aid treatment and consultation with the physician is provided 
free of charge. 

8. Your participation is voluntary. Refusal to participate or withdrawal from 
participation will not result in loss of benefits to which you are entitled under 
above compensation. 

9. I have received a copy of this consent form. 

 have had the procedures explained 
(name) 

adequately and had the opportunity to ask questions and have questions answered to 
my satisfaction regarding the study. I agree to participate in the human study. 

(Subject) Signed 

Date 

(Researcher) Signed 

Date 
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Figure C.5. General questionnaire 

HUMAN STUDY 
VITAMIN B-6 AND IMMUNITY 

DEPARTMENT OF FOOD SCIENCE AND HUMAN NUTRITION 
WASHINGTON STATE UNIVERSITY 

GENERAL QUESTIONNAIRE 

TODAY'S DATE / 
year month day 

Name 
Last 

I like to be called 

First Initial Maiden 

ADDRESS 
Street 

City 

Phone { )_ 
{ I 

(area code) 

Birthdate / 

State 

Daytime 
_Home phone 

Month Day 

State (or Country) of Birth  

Year 

Zip Code 

Age 
Years 

This study will last for 7 weeks 
Dates 

CAN YOU REMAIN IN PULLMAN FOR THIS TIME?   Yes No 

Current 
HEIGHT            / 

feet      i inches 

Current 
WEIGHT _ 

lbs 

Most Ever 
_   WEIGHED _ 

lbs 

What 
Year_ 

HAVE YOU LOST OR GAINED WEIGHT IN THE LAST 6 MONTHS? 
Yes     No 

How Much?                  gain     loss 
lbs             (please circle) 

yr 
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MARITAL STATUS (circle one) 
(a) married (b) single       (c) divorced/separated (d) widowed 

ETHNIC GROUP (circle one) 
(a) African American 
(b) Caucasian 
(c) Native American 
(d) Chinese 
(e) Japanese 
(f) Other Asian (specify)  
(g) Hispanic  

(ancestry eg Mexican) 
(h)  Latin American 
(i)   Other (specify)  

Some questions about your health. Please indicate for each disease on the left if you 
are currently being treated or in the right column if you are considered cured, the last 

year you were treated. 

Medical History                                Currently have or Had in the past 
being treated for Year of last treatment 

Diabetes                                                          

Hypothyroidism                                                 

Hyperthyroidism                                                

Goiter                                                              

Hypoadrenalism (Addison's Disease)               

Hepatitis                                                          

Cirrhosis                                                          

Gall Bladder Disease                                       

Kidney Stones                                                  

Other kidney disease (eg nephritis)                  

Cystitis                                                            

Cancer:    Skin 

Cervical 

Uterus 

Prostate 
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Breast     

Bowel/Colon     

Fibroids of the uterus     

Angina     

Heart Disease     

Mental Depression requiring     

medication 

Insomnia requiring frequent     

medication 

Ulcers (stomach or small intestine)     

Epilepsy     

Osteoporosis     

Hypertension (high blood pressure)     

Allergies to toiletries/cosmetics     

Food allergies     

Alcoholism     

Arthritis     

Eating Disorders (e.g. anorexia,     
bulimia, not eating, binging, purging) 

Medication History. Please circle the medications that you take or have taken on a 
regular basis in the last year. 

a. Sleeping pills j. Thyroid (Thyroxin) 
b. Tranquilizers k. Insulin 
c. Barbiturates 1. Cortisone 
d. Blood pressure pills m. Isoniazid (for Tuberculosis) 
e. Antibiotics n. Other drugs (specify) 
f. Androgens (male hormones)   
g. Estrogens (female hormones)   
h. Aspirin   
i. Oral contraceptives   

What over-the-counter, non-prescription medicines are you presently taking (e.g. 
cough medicine, Tylenol, Nytol, No-doz)? 
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Are you presently taking vitamin/mineral, herbal or other food supplements? 

None yes, daily yes, in the winter only  
yes, frequently  

What type  

How long have you been taking them? (years/months) 

Was this on the advice of a physician? Yes  No  

Dietary History 
1.    Are you vegetarian? Yes  No  

If yes, circle one: If no, circle one: 
a. lacto-ovo (consumes dairy and eggs)      a. I could try a vegetarian diet 

b. ovo (consumes eggs) b. 1 could not get along without at least 

c. lacto (consumes dairy) 

d. vegan (consumes no animal products) 

e. no red meat 

How long have you been vegetarian? years 

2.   Are there any foods you cannot tolerate (allergy, upset stomach, etc)? Tell us which 
foods: 

3.   Are there particular foods that you dislike so much you cannot eat them? If so, tell us 
which ones: 

4.   Are there any spices/condiments that you cannot eat? If so, which ones: 

5.   What is your favorite food? Favorite beverage? 

6.   No beer/alcohol/wine, etc. even in moderate amounts with meals will be allowed during 
the study. Is this a hardship? Yes No  
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Exercise and Hygiene 

1.    Do you, one or more times per week, engage in any regular activity like brisk walking, 
jogging, bicycling, aerobic exercises long enough to work up a sweat? 

Yes        No 
If yes, how many times per week? 
Specify activity:  

2.   Do you frequently, on the weekend, do outdoor activities (e.g., backpack, rafting, bird 
watching, softball)? If so, what and how often/month? 

 Recreation   Frequency/month  

3.   Are you in competitive sports, such as swimming, basketball, crew, cross-country? If so, 
what and how often in the next 6 months? 

Competitive Sport Frequency next 6 months 

4.   On the average, how long is your regular menstrual period? 
a) Not applicable, 1 have none 
b) Not applicable, I am past menopause 
c)    days between flows 

Is your menstrual flow Average Heavy all the time Usually light 

Dates of last menstruation period:  

5.   If applicable, during your menstrual period can you use tampons? (circle one) 
a) No 
b) Never tried 
c) Yes 
d) Yes, with pad 

Thank you for answering this questionnaire. 

Now we need a 3-day record of your food intake. You will be given a form to record your 
intake. Please choose 1 weekend day to include in your 5-day diet intake record. 



Figure C.6. Health examination form 
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What is your reason for a health exam at this 

HEALTH HABITS, LIFE CHANGES    (CIRCLE ONE) 

Do you smoke cigarettes? Y N 

How many cigarettes- per day?.   

How long have you smoked? ;  

Do you drink? Y N 

How mnrh? 

Have you ever: 

felt the need to cut down on drinking? .Y N 

felt annoyed by criticism of drinking? .Y N 

had guilty feelings about drinking? ..Y N 

taken a mornirig eye opener?   Y N 

Do you use seatbelts?   Y N 

Do you exercise regularly?   Y N 

what type of exercise?  

Are you overweight? Y N 

Do you need help for household chores? .Y N 

or shopping? Y N 

If so, do you have friends or relatives 

on who you can rely for help? Y N 

time?   

In the last year have you experienced any 
of the following: 

Marriage? Y N 

Divorce or separation? Y N 

Major illness or death in your family? Y N 

Personal injury or illness? Y N 

Gain a new family member? Y N 

Change in job or home? Y N 

Work Exposure: 
Are you (or were you) exposed to hazards 
at home, at work, or due to your hobbies? 
(e.g. biological hazards, asbestos, chem- 
icals, solvents, dust, fumes, heavy met- 
als e.g. lead or mercury), excessive 
noise, radiation, high stress or extremes 
of temperature?                   Y  N 

Which ones?  

Uncertain 
BODY   SYSTEMS   REVIEW 

Yes No 
1. How would you describe your health?  Good Fair  Poor  

2. Do you tire easily?  

3. Have you lost 10 pounds or more without trying?  

4. Have you noticed any major changes in your skin (moles, rashes, etc)?. . 

5. Do you have trouble with your eyes or ears (other than need glasses)? . . 

6. Are you short of breath, hoarse, or prone to wheezing and coughing?.. . 

7. Do you have chest pain with activity?  

8. Do you have a heart murmur?  

9. Are your feet or ankles often swollen?  

10. Do you have trouble with swallowing, heartburn, stomach pain or ulcers?.   

11. Have you noticed blood or any recent change in your bowel movements?.   

12. Are there any sexual issues you wish to discuss?   

13 . Have you or your partner had problems with child bearing?   

14. Do you have difficulty urinating or holding your urine?  

15. Do you have a back, joint or muscle problem that interferes with work/life? . 

16. Do you often have a problem with severe headaches?   

17. Do you have trouble sleeping?  

18. Do you feel depressed, stressed, sad, blue?   
19. Do you use contraception?  What kind?.     

20. Have you ever had a sexually transmitted disease?  
WOMEN ONLY: 
1. Do you have breast lumps, lumps in your armpits or discharge from 

your nipples?   

2. Do you have pain with your periods?   
3. What is the date of your last period?. . . ..„ ....;,>. 

4. What age did you start menstruating?. •• ■ ■ -■  

5. How long do your periods last? ,.lu. How many days between periods?. 

6. Is your flow light, normal or heavy?.  

7. How many pregnancies have you experienced?   Births?. 

8. How many miscarriages have you experienced?  

9. List the weight of babies at birth.  
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Figure C.7. Instruction form of food record 

INSTRUCTIONS FOR MAKING YOUR FOOD RECORD 
When you write your food record, REMEMBER THESE THINGS: 

1. WRITE DOWN EVERYTHING YOU EAT OR DRINK 
2. DESCRIBE HOW THE FOOD WAS PREPARED (e.g., fried, raw, steamed, baked, etc.) 
3. WHEN YOU EAT TWO FOODS TOGETHER, WRITE DOWN BOTH OF THEM 

LIKE THIS: 

1 white roll with 1 teaspoon jelly 
1 C. coffee with 1 tsp. sugar or 1 C. coffee with 1 tsp. sugar and 1 Tbs. Cream 
1 potato, medium, baked, with 1 pat butter, or ITbs. Gravy, etc. 

4. WRITE DOWN HOW MUCH YOU EAT OF EACH FOOD. Tell how many 
teaspoonfuls or tablespoonfuls you eat, or how many '/i, V* or full cups you eat, OR tell 
the approximate size of the serving in inches or in relation to some other known object 
such as a deck of cards or a slice of bread. For example: 
If you had a piece of meat, you could say that is was about the size of deck of cards. 

5. BE SURE TO WRITE THE KIND OF FOOD YOU EAT. If you eat cereal, be sure to 
record the kind of cereal, such as cornflakes, cream of wheat, frosted flakes, cheerios, 
oatmeal, etc. BE SURE TO RECORD THE KIND/TYPE/BRAND IF YOU EAT ANY 
OF THESE FOODS: 

Meat (specify, e.g., T-bone steak, broiled) 
Bread (specify, e.g., whole grain, Snyders) 
Peas, Beans (specify, dried, canned, frozen, etc.) 
Potatoes (specify, e.g., red, white, russets, size of a tennis ball) 
Soups 
(specify, e.g., canned, brand, deli, restaurant, when homemade provide recipe if possible) 
Salads & Sandwiches (specify ingredients and amounts used, don't forget condiments, 
salad dressings, etc.) 

6. Use a separate sheet for each day's food intake. Attach extra pages to a single day if 
necessary. 

AFTER YOU FINISH WRITING YOUR FOOD RECORD, SEE IF YOU HAVE DONE 
THESE THINGS: 

1. Did you write down EVERYTHING that you ate or drank? 
2. Did you write down HOW MUCH you ate or drank? 
3. Did you write down the TIME that you ate or drank everything? 
4. Do you have the DATE and your name on your food record? 
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Figure C.9. Instruction for xylose absorption test 

Name: 
Date: 
Collection time: 

1. Fast from 10 PM the night before the test (water is allowed) and during the test 
period. 

In the morning before drinking the xylose solution, empty your bladder completely 
(this urine is not collected) 

You will be given 5 g of D-xylose in 240 ml (1 cup) of water. Drink it all and follow 
immediately by drinking an additional 240 ml water. Drink as much as you wish 
during the test period. 

Collect all urine specimens voided during the next 5 h period, including the last 
specimen at exactly 5 hours after drinking the xylose solution. 

Store urine in refrigerator or cool place during collection. 

Return urine specimen to FSHN 250 immediately after completing collection. 
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Figure CIO. Daily record form 

VITAMIN B-6/IMMUNE STUDY 

DAILY CONFIDENTIAL RECORD 
(File every morning after you weigh in.) 

SUBJECT INITIALS  
SUBJECT NUMBER  
DAY OF STUDY  
DATE   

Please use this form daily to record the following information. 

This form will be strictly confidential, and will be available only to the principal 

investigators and to the study physician. It will serve as an indicator of personal 

circumstances that may have an effect on the study. 

1. SLEEP - List number of hours. 

2. MEDICATION - (OVER-THE-COUNTER) 
(taken only in consultation with investigators). 

3. FEELING WELL? 

4. Record headaches, cold, cough, stomach upset, nausea, vomiting, depression. 

5. URINE COLLECTION - Any difficulties or missed collection? 

6. UNUSUAL STRESS - e.g., Exams, this study, arguments, other? 

7. MENSTRUATION - Present or not present? Different from Normal? 

8. BOWEL MOVEMENTS - Normal, diarrhea, constipation? 

9. FEELINGS ABOUT THE STUDY: Is anything bothering you about the study? 

10. WHAT WAS YOUR ACTIVITY TODAY? Walking, jogging, bicycling, 
aerobics, etc? How long did you do each activity (in minutes to the 
nearest 5 minutes)? 

11.        ANY OTHER COMMENTS? 



Figure C.l 1. Nutritional analysis of the basal diet 
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Winter 1998 Diet Study 
Qoal Type: FEMALE-26 TO 60 YEARS 

Total Days:  3 
Total Foods: 82 

November 09,1997 

Nutrient             DailvAva. Goal Goal* Miss Nutrient DailvAva. Goal Goal* Miss 

KHocalorlM(Kc) 1644 2200 70% (D Biotln(Ug) 19.69 66.00 30%  (41) 
Protein (Qm) 56.19 50.00 112% (D Vitamin C(mg) 89.75 60.00 150%    (2) 
Cflrt)ohydrat«(Gm) 216 276.0 78% (D Vitamin D(Ug) 6.866 6.000 137%   (29) 
Fst(Qm) 54.85 73.30 75% (D Vitamin K(Ug) 229.3 65.00 353%   (48) 
CholMtirol(mg) 92.66 300.0 31% (1) Dietary Fiber (6m) 18.39 24.00 77%    (3) 
Saturated Fat (Qm) 16.77 24.40 69% d) Solubie Fiber (Qm) 0.459 None -%   (49) 
Mono Fat (6m) 16.74 24.40 69% d) lnsol.Ffl>er(6m) 1.746 None ■%   (49) 
Poly Fat (Qm) 16.68 24.40 -% (D Crude FSier (Qm) 4.874 None •%    (2) 
OWc Fat (6m) 14.63 Nons •% (14) Sugar (Qm) 84.6 None •%   (20) 
IJnoleicFat(Qm) 14.13 4.890 289% (7) Glucose (Qm) 14.37 None -%   (26) 
UrwtentcFatfGm) 0.647 None -% (20) 6alactose(6m) 0.131 None •%   (21) 
EPA0mega3(Qm) 0.006 None -% (65) Fructose (Qm) 17.88 None ■%  (29) 
DHAOnMga3(6m) 0.03 Norn •% (66) Sucrose (Gm) 6.473 None ■%   (31) 
Sodium (mg) 2708 2400 113% d) Lactose (6m) 19.87 None •%   (26) 
Potussuni (mg) 2312 2000 116% (D Malo6e(Qm) 0.447 None -%   (45) 
iren(mg) 10.6 16.00 70% (D Tryptophan(mg) 637.7 220.0 290%  (11) 
Calciun(mg) 984.2 800.0 123% (1) Threonine(mg) 1876 441.0 425%   (10) 
Magn#sium (mg) 280.6 280.0 100% (D Isoleuclne(mg) 2417 630.0 384%  (10) 
Phosphorus (mg) 1106 800.0 138% (1) Leucine (mg) 4030 882.0 457%   (10) 
Zlnc(mg) 7.113 12.00 69% (D Ly$lne(fflg) 2967 756.0 392%   (10) 
Copper (mg) 0.928 2250 41% (10) Methionine(mg) 1052 410.0 257%   (11) 
Manganost (mg) 3.468 3.600 99% (16) Cystlne(mg) 669.4 410.0 163%   (11) 
Selenium (mg) 0.075 0.065 136% (23) Phenytalanine(mg) 2342 441.0 531%  (10) 
Fluorfcie(Ug) 210.8 2760 8% (67) lyrosine(mg) 1821 441.0 413%   (10) 
Chromium (mg) 0.084 0.125 67% (48) Valtne(mg) 2760 630.0 438%   (10) 
MrnfUg) - 160.0 0% (82) Arginine(mg) 1746 None -%   (20) 
Molybdenum (Ug) 57.12 163.0 35% (61) Hlstidlne(mg) 1257 630.0 200%   (10) 
Vitamin A (RE) 1620 800.0 203% 0) Alanine(mg) 1612 None -%   (20) 
eetfrCarotene(lig) 666.3 None -% (31) AspertieAcid(mg) 3070 None -%   (20) 
VlHmbiE(mg) 2125 None -% (70) Qlutamk:Actd(mg) 8896 None ■%   (20) 
A-Tocopherol(mg) 6.565 8.000 82% (59) Glydne(mg) 1174 None -%   (20) 
IhlamlnBltmg) 1.033 1.100 94% (D Praline (mg) 3416 None -%   (20) 
Rtefbnnn B2 (mg) 1.567 1.300 121% (1) Serine(ing) 1995 None -%   (20) 
Ntacin B3 (mg) 11.69 16.00 78% (1) Alcohol (Gm) 0 None •%   (62) ! 
PyridoxineB6(mg) 0.989 1.600 62% (D Moisture (6m) 1264 None -%    (2) 
Fotet«(Ug) 236.6 180.0 131% (2) Ash(Qm) 12.66 None •%    (7) 
CobelaminB12(Ug) 2.685 2.000 134% (1) Caffeine (mg) 0 None -%   (57) 
Pant. Acid (mg) 3.666 6.600 66% (8) 



Figure C.12. Menu check list for kitchen crew 

191 

Day 1 Checklist (Menu') Day 
Date 

Breakfast 

Grape juice, from frozen concentrate 

Weight 

180g 

Number of      In;tials 

servings 

8    9 

Scrambled egg substitute, cooked 75 g 8 9 

Whole wheat toast 25 g 8 9 

Margarine 10g 8 9 

Milk, 2% lowfat 180g 8 9 

Lunch 
Salad: 

Cheddar cheese, cubed 35 g 
8 9 

Lettuce, iceberg 50 g 8 9 

Kidney beans, canned 30 g 8 9 

Carrot, raw shredded 20 g 8 9 

Red cabbage, raw shredded 20 g 8 9 

Celery, raw chopped 30 g 8 9 

French dressing 20 g 8 9 

Apple, with skin 70 g 8 9 

French bread 25 g 8 9 

Margarine 10g 8 9 

Dinner 
Vegetable goulash: 
Tofu, raw 60 g 

8 9 

Kidney beans, canned 65 g 8 9 

Onions, dehydrated flakes 1.5 g 8 9 

Celery, chopped 35 g 8 9 

Carrots, frozen sliced 35 g 8 9 

Spike seasoning5 
lg 8 9 

Tomato soup, canned condensed 42 g 8 9 

Egg white powder2 variable 8 9 
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Egg noodles, cooked 100 g 8     9 

Fruit cocktail, canned in juice 100 g 8 9 

Dinner roll 28 g 8 9 

Margarine 10 g 8 9 

Milk, 2% lowfat 250 g 8 9 

Snack 
Popcorn, air-popped 15g 8 1    9 

Day 2 Checklist (Menu') Day 
Date 

Breakfast 
Orange juice, from frozen 

concentrate 

Weight 

180g 

Number of       Initials 
servings 

8    9 

Puffed wheat 18g 8 9 

Blueberries, frozen unsweetened 50 g 8 9 

Milk, 2 % lowfat 180 g 8 9 

Whole wheat toast 25 g 8 9 

Margarine 10g 8 9 

Lunch 8 9 
Apple juice, from frozen concentrate 180 g 

Sandwich: 8 9 

Turkey ham 50 g 

Mayonnaise, light 15g 8 9 

Lettuce, iceberg 20 g 8 9 

Whole wheat bread 50 g 8 9 

Salad: 8 9 
Red cabbage, raw shredded 10g 

Carrot, raw shredded 30 g 8 9 

Celery, raw chopped 40 g 8 9 

Italian dressing 20 g 8 9 
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Dinner 
Rice casserole: 

White rice, instant cooked4 

Black beans, canned 

120 g 

48 g 

8    9 

8    9 

Carrots, frozen sliced 30 g 8 9 

Celery, chopped 35 g 8 9 

Spinach, frozen chopped 30 g 8 9 

Onions, dehydrated flakes 1.5g 8 9 

Cheddar cheese, shredded 20 g 8 9 

Margarine lOg 8 9 

Black pepper 0.4 g 8 9 

Beau monde seasoning 0.3 g 8 9 

Salt 1.5g 8 9 

Egg white powder2 variable 8 9 

Peaches, canned in light syrup 100 g 8 9 

Milk, 2% lowfat 250 g 8 9 

Snack 
Graham crackers 40 g 8 9 

Day 3 Checklist (Menu') 
Date  

Breakfast 

Cranberry juice, 

from frozen concentrate 

Oatmeal, cooked5 

Raisins 

Whole wheat toast 

Margarine 

Milk, 2% lowfat 

Day 

Veight Number of       Initial 

180 g 
servings 

8     9 

150g 8 9 

20 g 8 9 

25 g 8 9 

10g 8 9 

180g 8 9 
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Lunch 
Peach nectar, canned 180 g 8     9 

Sandwich: 
Tuna fish, canned in water 40 g 8 9 

Mayonnaise, light 20 g 8 9 

Lettuce, iceberg 20 g 8 9 

variable 8 9 
Egg white powder2 

Whole wheat bread 50 g 8 9 

Dill pickle, sliced 10g 8 9 

Three bean salad: 
Kidney beans, canned 30 g 8 9 

Green beans, canned 40 g 8 9 

Garbanzo beans, canned 10g 8 9 

Onions, dehydrated flakes'5 
lg 8 9 

Vinegar, distilled 10g 8 9 

Corn oil 5g 8 9 

Dinner 
Turkey breast 50 g 8 9 

White rice, instant cooked 120 g 8 9 

Turkey gravy, prepared from dry mix 65 g 8 9 

Green beans, canned 100 g 8 9 

Apricots, canned in juice 100 g 8 9 

Angel food cake7 50 g 8 9 

Milk, 2% lowfat 250 g 8 9 

Snack 
Vanilla wafers 20 g 8 9 

1 Intake of the following items was adjusted to maintain individual's energy needs: sugar, 
margarine, soft drinks, hard candy, jam (strawberry fruit spread, raspberry preserves), and vanilla 
cookies. 

2 Standard egg white powder (Oskaloosa Food Products Corp., Oscaloosa, IA) used in variable 
amounts based on the subjects' protein needs. 
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JSpike seasoning (Modem Product Inc., Milwaukee, WI). 

''Cooked instant rice. 

J25 g quick-cooking rolled oats + 125 ml water, microwaved VA min. 

''Onion flakes 1.5 g, salt 1.5 g, black pepper 0.4 g, Beau monde seasoning 0.3 g (Specialty Brands, 
Bums Philip Food, Inc., San Francisco, CA). 

7Angel food cake prepared from mix (Betty Crocker, Minneapolis, MN) according to 
manufacturer's directions. 
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Figure C.13. Meal preparation instructions 

SPRING 1998 DIET STUDY B6/IMMUNITY 
MEAL PREPARATION INSTRUCTIONS (DAY 1) 

Breakfast 
During dinner the evening before: 

Grape juice: Take one thawed 12 ounce can from the refrigerator and pour into 1-liter 
graduated cylinder. Rinse container with tap water and add to cylinder. Add tap water 
to make a total of 1000 ml. Stir in cylinder and pour into a pitcher. Add another 450 
ml tap water to pitcher and stir well. Measure out 180 g portions into 8 (9 on 
composite day) 
juice glasses. Add 1 ml Feosol (iron supplement) to each glass of juice and stir. 
Cover  with plastic wrap, label with subject initials and number, and then refrigerate. 
Wheat bread: Weigh out 25 g portions onto small bread plates. Cover with plastic 
wrap and label. Leave at room temperature on a tray. 
Margarine: Weigh out 30 g portions into portion cups (total for day). Cover, label and 
refrigerate. 
Milk: Weigh out 180 g portions into glasses. Cover, label and refrigerate. 
Supplements: Put a mineral tablet in a portion cup and place on bread plate. Move 
niacin/folate and pyridoxine (after first week) from freezer to refrigerator, labeling 
each with subject color, initials and number. 

In the morning: 
Scrambled egg substitute: Weigh out two portions of 335 g each (670 g total) into a 
measuring cup. Spray large nonstick frying pan with cooking spray. Warm pan over 
medium heat, add egg substitute and cook while stirring until firm but not hard. Let 
cool slightly then weigh out 75 g portions onto small serving plates. Microwave 
briefly before serving. 
Popcorn: Pop about 150 g popcorn in air-popper. Weigh out 15 g portions in plastic 
baggies. Label and secure with twist tie. Put out on tray so subjects can take when 
they want. 

Lunch (ask subjects how many need sack lunches and what time they need them) 
During breakfast: 

Salad: First weigh lettuce into all 8 (or 9) bowls or take-out containers, then 
kidneybeans, then grated carrots, then shredded red cabbage, then chopped celery, 
then cheese. 
Tare balance after each addition. 
Lettuce: Washed and torn into bite-sized pieces, 50 g portions. 
Kidney beans: Rinsed and drained, 30 g portions. If opening a new can, weigh out 
remainder into 860 g portions, label and freeze. 
Carrot: Trimmed, peeled, washed and grated on large holes of grater, 20 g portions. 
Red cabbage: Washed and shredded into thin slices with knife, 20 g portions. 
Celery: Washed, trimmed and chopped, 30 g portions. 
Cheddar cheese: Cubed, 35 g portions. 
Cover, label and refrigerate. 
French dressing: Weigh out 20 g portions into small plastic cups. Cover, label and 
refrigerate. 
Apple: Wash, cut into quarters, remove core. Weigh out 70 g onto plastic wrap. Brush 
cut surfaces with ascorbic acid solution. Wrap in plastic, label and refrigerate. 
French bread: Slice with bread knife and weigh out 25 g onto a small bread 
plate. Cover, label and refrigerate. 
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Dinner 
During lunch: 

Vegetable goulash: 
Egg white powder: Weigh into blender enough water to prepare egg white 
for all subjects (see chart). Tare balance, then weigh in correct amount of egg 
white powder. Blend thoroughly, scraping sides of blender. Label casserole 
dishes, then weigh each subject's portion of egg white into their casserole. 
Microwave a total of 2 min. or until firm, stirring after 30 or 40 sec. Chop 
finely, then weigh other ingredients (except soup and Spike) into casserole, 
taring balance after each addition: 
Tofu: Rinsed, drained on paper towels and cubed, 60 g portions. 
Kidney beans: Rinsed and drained, 65 g portions. If opening a new can, 
weigh out remainder in 590 g portions, label and freeze. 
Onion flakes: 1.5 g portions. 
Celery: Washed, trimmed and chopped, 35 g portions. 
Frozen carrots: 35 g portions. 
Water: Measure 75 ml in a graduated cylinder and add to casserole. 

Microwave 5 min. Let cool. Add: 
Condensed tomato soup: Measure 42 g portions into custard cup. Add to 
casserole, rinsing cup with squirt bottle. If opening a new can, weigh out 
remainder in 385 g portions, label and freeze. 
Spike seasoning: 1.0 g portions. 

Stir well. 
Noodles: Boil water in large stockpot. Add 375 g dry noodles and cook 8 
min. Drain and rinse with cool water. Weigh out 100 g cooked noodles into 
each casserole and stir. Cover and refrigerate. 

Fruit cocktail: Drain. Weigh out 100 g portions into small glass bowls. Cover, label 
and refrigerate. If opening a new can, weigh out in 910 g portions, label and freeze. 
Dinner roll: Weigh out 28 g portions onto small bread plates. Cover, label and keep 
on tray at room temperature. 
Milk: Weigh out 250 g portions into tall glasses. Cover, label and refrigerate. 

At dinnertime: 
Vegetable goulash: Microwave 2 min. before serving. 

After dinner weigh subjects' margarine and salad dressing containers and record amount eaten on log 
sheet in notebook. 

Move from freezer to refrigerator for tomorrow's meals: 
1 can apple juice 
2 loaves whole wheat bread 
1 bag of 8 servings turkey ham 
1 bag black beans 
1 bag spinach 
1 bag peaches 
1 can cranberry juice 
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SPRING 1998 DIET STUDY B6/IMMUNITY 
MEAL PREPARATION INSTRUCTIONS (DAY 2) 

Breakfast 
During dinner the evening before: 

Orange juice: Take one thawed 12 ounce can from the refrigerator and pour into 1-liter 
graduated cylinder. Rinse container with tap water and add to cylinder. Add tap water to 
make a total of 1000 ml. Stir in cylinder and pour into a pitcher. Add another 450 ml tap 
water to pitcher and stir well. Measure out 180 g portions into 8 (9 on composite day) juice 
glasses. Add 1 ml Feosol (iron supplement) to each glass of juice and stir. Cover with 
plastic wrap, label with subject initials and number, and then refrigerate. 
Puffed wheat: Weigh out 18 g portions into cereal bowls. Cover, label and keep on tray at 
room temperature. 
Blueberries: Weigh out 50 g portions into baggies. Label and return to freezer. 
Milk: Weigh out 180 g portions into glasses. Cover, label and refrigerate. 
Wheat bread: Weigh out 25 g portions onto small bread plates. Cover, label and leave on 
tray at room temperature. 
Margarine: Weigh out 30 g portions into portion cups (total for day). Cover, label and 
refrigerate. 
Supplements: Put a mineral tablet in a portion cup and place on bread plate. Move 
niacin/folate and pyridoxine (after first week) from freezer to refrigerator, labeling each 
with subject color, initials and number. 

In the morning: 
Blueberries: Take weighed portions in baggies out of the freezer. Empty into small glass 
dishes. Cover and label. Serve with cereal. 
Graham crackers: Weigh out 40 g portions into plastic baggies. Label and secure with twist 
tie. Put out on tray so subjects can take them when they want. 

Lunch (ask subjects how many need sack lunches and what time they need them) 
During breakfast: 
Apple juice: Take one thawed 12 ounce can from the refrigerator and pour into 1-liter 
graduated cylinder. Rinse container with tap water and add to cylinder. Add tap water to 
make a total of 1000 ml. Stir in cylinder and pour into a pitcher. Add another 450 ml tap 
water and stir well. Measure out 180 g portions into 8 (9 on composite day) juice glasses or 
take-out containers. Cover, label and refrigerate. 
Sandwich: 

Wheat bread: Weigh out 50 g portions (2 slices) onto a small plate. 
Mayonnaise: Weigh out 15 g onto one slice of the bread and spread onto both slices 
with a knife. 
Lettuce: Weigh out 20 g lettuce leaves onto one slice of the bread. 
Turkey ham: Take one thawed 50 g portion out of baggie and put on bread. 

Put sandwich together. Cover plate or wrap sandwich in plastic wrap for take-out, label 
and refrigerate. 
Salad: Weigh each ingredient in turn into small glass bowl or take-out container, taring 

balance after each addition: 
Red cabbage: Washed and shredded with small knife, 10 g portions. 
Carrot: Trimmed, peeled, washed and grated on large holes of grater, 30 g portions. 

Celery: Washed, trimmed and chopped, 40 g portions. 
Italian dressing: Mix well, weigh out 20 g portions in portion cups.. 

Cover, label and refrigerate. 



199 

Dinner 
During lunch: 

Rice casserole: 
Egg white powder: Weigh into blender enough water to prepare egg white 
for all subjects (see chart). Tare balance, then weigh in correct amount of egg 
white powder. Blend thoroughly, scraping sides of blender. Label casserole 
dishes, then weigh each subject's portion of egg white into their casserole. 
Microwave a total of 2 min. or until firm, stirring after 30 or 40 sec. Chop 
finely, then weigh other ingredients (except cheese) into casserole, taring 
balance after each addition: 
White rice: Bring 750 ml tap water to a boil. Add 270 g dry rice, cover pan 
and remove from heat. Let set 5 min., remove cover and fluff with fork. Let 
cool before weighing 120 g portions into casserole dish with cooked egg 
white. 
Frozen carrots: 30 g portions. 
Celery: Washed, trimmed and chopped, 35 g portions. 
Black beans: Rinsed and drained, 48 g portions. 
Frozen spinach: 30 g portions. 
Margarine: 10 g portions. 
Onion flakes: 1.5 g portions. 
Salt: 1.5 g portions. 
Black pepper: 0.4 g portions. 
Beau monde seasoning: 0.3 g portions. 

Microwave 3 minutes. Cool, cover and refrigerate. 
Peaches: Drain. Weigh out 100 g portions into small glass bowls. Cover, label and 
refrigerate. 
Milk: Weigh out 250 g into tall glasses. Cover, label and refrigerate. 

At dinner: 
Rice casserole: Microwave 2 min. 
Cheddar cheese: Grate on large holes of grater. Weigh out 20 g and add to hot 
casserole before serving. 

After dinner, weigh subjects' margarine and salad dressing containers and record amount eaten on log 
sheet in notebook. 

Move from freezer to refrigerator for next day's meals: 
2 loaves whole wheat bread 
1 bag of 8 servings tuna 
1 bag kidney beans 
1 bag green beans 
1 bag garbanzo beans        1 bag of 8 serving turkey breast 
1 bag apricots 

1 can grape juice 



200 

SPRING 1998 DIET STUDY B6/IIVIMUNITY 
MEAL PREPARATION INSTRUCTIONS (DAY 3) 

Breakfast 

During dinner the evening before: 
Cranberry juice: Take one thawed 12 ounce can from the refrigerator and pour into 1 - 
liter graduated cylinder. Rinse container with tap water and add to cylinder. Add tap 
water to make a total of 1000 ml. Stir in cylinder and pour into a pitcher. Add another 
450 ml tap water and stir well. Measure out 180 g portions into 8 (9 on composite 
day) juice glasses. Add 1 ml Feosol (iron supplement) to each glass of juice and stir. 
Cover with plastic wrap, label with subject initials and number, and then refrigerate. 
Oatmeal: Weigh out 25 g portions of dry oatmeal into cereal bowl. Cover, label and 
leave on tray at room temperature. 
Raisins: Weigh out 20 g portions into baggies. Close with twist tie and label. 
Wheat bread: Weigh out 25 g portions onto small bread plates. Cover, label and leave 
on tray at room temperature. 
Margarine: Weigh out 30 g portions into plastic butter dishes (total for day). Cover, 
label and refrigerate. 
Milk: Weigh out 180 g portions into glasses. Cover, label and refrigerate. 
Supplements: Put a mineral tablet in a portion cup and place on bread plate. Move 
niacin/folate and pyridoxine (after first week) from freezer to refrigerator, labeling 
each with subject color, initials and number. 

In the morning: 
Oatmeal: Add 125 ml tap water to bowl containing dry oatmeal. Microwave 
uncovered for 114 min. 
Vanilla wafers: Weigh out 20 g portions into baggies. Label and secure with twist tie. 
Put out on tray so subjects can take them when they want. 

Lunch (ask subjects how many need sack lunches and what time they need them) 
During breakfast: 

Peach nectar: Weigh out 180 g portions into juice glasses or take-out containers. 
Cover, label and refrigerate. Store remainder in labelled pitcher in refrigerator. 
Sandwich: 

Wheat bread: Weigh out 50 g portions (2 slices) onto a small plate. 
Lettuce: Weigh out 20 g portions onto one slice of bread. 
Egg white powder: Weigh into blender enough water to prepare egg white 
for all subjects (see chart). Tare balance, then weigh in correct amount of egg 
white powder. Blend thoroughly, scraping sides of blender. Label small glass 
dishes, then weigh each subject's portion of egg white into their dish. 
Microwave a total of 2 min. or until firm, stirring after 30 or 40 sec. Cool 
and chop finely. 
Tuna fish: Take thawed 40 g portiond from refrigerator. Empty baggies into 
each dish containing cooked egg white. 
Mayonnaise: Weigh out 15 g portions into dish with tuna and egg white. Mix 
well. Spread tuna mixture onto one slice of bread and assemble sandwich. 

Dill pickle: Weigh out 10 g dill pickle onto plate with sandwich or wrap in plastic 
wrap for take-out. 
Cover plate or wrap sandwich in plastic wrap for take-out, label and refrigerate. 

(Salad on reverse.) 
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Three bean salad: Weigh out each ingredient in turn into a small glass bowl or take-out 
container. Tare balance after each addition. 

Kidney beans: Rinsed and drained, 30 g portions. If opening a new can, weigh out 
remainder in 860 g portions, label and freeze. 
Green beans: Drained, 40 g portions. If opening a new can, weigh out 810 g for 
dinner and store in container in refrigerator. Weigh out remainder in 1270 g 
portions, label and freeze. 
Garbanzo beans: Rinsed and drained, 10 g portions. If opening a new can, weigh 
out in 95 g portions, label and freeze. 
Onion flakes: 1 g portions. 
Vinegar: 10 g portions. 
Corn oil: 5 g portions. 
Mix well, cover, label and refrigerate. 

Dinner 
During lunch: 

Turkey breast: Transfer frozen 50 g portions from freezer to refrigerator. Label. 
White rice: Bring 750 ml tap water to a boil. Add 270 g dry rice, cover pan and 
remove from heat. Let set 5 min., remove cover and fluff with fork. Let cool before 
weighing out 120 g portions into small glass bowls. Cover, label and refrigerate. 
Turkey gravy: Put 500 ml tap water on stove to boil. Add 170 ml cool tap water to 
one bag (56.5 g) turkey gravy mix in a small bowl. Add mixture to boiling water and 
stir until thick. Let cool. Weigh out 65 g into small glass bowls. Cover, label and 
refrigerate. 
Green beans: Weigh out 100 g portions into small bowls. Cover, label and refrigerate. 
Apricots: Drain and weigh out 100 g portions into small bowls. Cover, label and 
refrigerate. If opening a new can, weigh out remainder in 910 g portions, label and 
freeze. 
Angel food cake: Prepare according to package directions. Let cool. Slice and weigh 
50 g portions onto small plates. Cover, label and leave on tray at room temperature. 
Milk: Weigh out 250 g portions into large glasses. Cover, label and refrigerate. 

At dinner: 
Remove turkey from baggie onto dinner plate. Microwave turkey, rice, green beans 
and gravy about 1 Vi to 2 min. until hot. 

After dinner, weigh subjects' margarine containers and record amount eaten on log sheet in notebook. 

Move from freezer to refrigerator for next day's meals: 
1 loaf whole wheat bread 
1 loaf French bread 
1 bag dinner rolls 
1 bag kidney beans 
1 bag condensed tomato soup 
1 bag fruit cocktail 
1 can orange juice 
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APPENDIX D. Forms and Instruction (Study 2) 

Figure D.l. Pre-questionnaire form 

Thank you for your interest in our study. We have certain criteria for selection of 
participants. Therefore we would like to ask you a few questions. Any information 
given in this interview will be kept confidentional. 

Purpose of the study: 
We are interested in learning more about the relationship between vitamin B-6 

intake and its status indices, followed by functional measurement (i.e. immune 
response). In order to study this, we need subjects to take a known amount of vitamin 
B-6 in a multivitamin supplement pill containing 2.0 mg with/without an additional 
vitamin B-6 supplement pill containing 50 mg. These amounts are non-toxic and even 
easily found in over the counter supplement section in drug or supplement store. To 
keep track your daily nutritional intake, we need to ask you about 3 day diet record for 
the first week and every 10 days of the subsequent period. We also need subjects to 
have blood draw and urine collection. Blood will be draw at 5 time points, and urine 
collected for 24 hours for 4 times during the study period. 

If you are interested in participating in this study, please complete the following 
questions. 

Name: 

Age: Gender: 

Phone #: (Home) 

(Work) 

E-mail: 

Height: 

Present weight: Length of time you have maintained present weight: 

l.Are you smoker? 

2. Are you drinking any alcoholic beverage? 

1) How often? 

2) Are you willing to stop during the study? 

S.Are you taking any vitamins? Yes, No 

If yes, I) How long? 

2) What kind? 
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3) Are you willing to stop for the study?       If yes, when? 

4. Are you taking any medication? Yes, No 

If yes, 1) How long? 

2) what kind? 

5. What is your daily activity and intensity? 

Almost none, 30 min.  I hour, More than I hour. 

1)   What kind of exercise ? 

6. What is your favorite food kind and how often do you have those items: 
Food group Your favorite kinds How often you have these 

Ex. Fruits 

Ex. Vegetables 

Banana 
Avocado 
Potato 

3/ week 
1/month 
2/week 

Cereal 

Fruits 

Vegetables 

Meats 

Fish and poultries 

Legumes (beans) 

6. Any other nutritional information (ex. Your food habit, food dislike etc.) 

7. Any other helpful information of yours. 

8. Would you be a good subject? Yes,   No 

Thank you 

Appointment schedule: Date 
Time 
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Figure D.2. Informed consent form 

Oregon State University 
Nutrition and Food Management 

INFORMED CONSENT TO PARTICIPATE 
IN VITAMIN B-6 SUPPLEMENT STUDY. 

A. Title: 
Effect of vitamin B-6 (B6) supplementation on the concentration of B6 vitamers in 
peripheral blood mononuclear cells (PBMC) and on their proliferative function. 

B. Investigators: 
James E. Leklem and Ho-Kyung Kwak 

C. Purpose of the research project: 

To investigate the relationship between vitamin B-6 concentrations in plasma and 
PBMC, and lymphocyte function after two different doses of vitamin B-6. 

D. Procedures: 

I have received an oral and written explanation of the study. I understand that as a 
participant in this study I will be asked to carry out the following. 

1. Pre-study screening. 
I will be asked questions related to my diet, supplement and medication intake, and 
health via a questionnaire either in person or over the phone. Depending upon the 
answers I may or may not be asked to participate in the study. 

2. What participants will do during the study. 
I will not have taken any vitamin or other nutritional supplements (i.e. 
herbal supplement and fortified cereals) at the time I am asked to be a 
participant in the study. 
I will receive a list of foods that I will either not consume or consume a 
limited amount. 
I will be asked to record the foods I consume for 3 days (2 weekdays & 
1 weekend day) of the 1st week and every 10 days of the subsequent 
study period. 
I will keep a daily log, which includes activities, feelings, and any 
unusual things to report. 
If I take any medication during the study, I will report this to the 
principal investigators. 
This is 28-day study. 
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• I will not engage in any strenuous physical activity such as running 
more than one mile per day or bicycle more than 6 miles per day. I will 
maintain a uniform daily schedule of physical activity as much as 
possible. 

• I will collect 4 times of complete 24-hour urine into a supplied 
container at the day before the blood draw, which are day 7, 10, 17 and 
27. If I accidentally lose some urine I will immediately report this to 
the researcher. 

• A registered medical technologist will draw 30 ml of blood (equivalent 
to about 2 Vi tablespoons) from my forearm at the baseline and days 8, 
11, 18, and 28. Total amount to be obtained for the 28 days is 150 ml. 
This is about 1/3 the amount in one visit to a blood drive site. Blood 
will be drawn under sterile condition by an experienced phlebotomist. 

3. Foreseeable risks or discomforts. 
Risks of drawing blood may include some discomfort when the needle enters 
the   vein and slight bruising. There are no risks associated with urine 
collection apart from the obvious disadvantages with carrying around a urine 
collection bottle. 

4. Benefits to be expected from the research. 
I will incur no medical or health risk from participating in this research. At the 
end of the investigation, I will receive some benefits: a nutritional diet 
analyses, mutivitamin supplement, and payment ($ 50) for full completion of 
the trial. The results from my dietary records will be discussed with 
investigator to understand more about my usual diet. 

E. Confidentiality. 

Any information obtained from me will be kept confidential code number. Which will 
be used to identify any test results or information that I provide. The only persons with 
access to this information will be the investigators. No names will be used in any 
reports or publications related to this work. 

F. Compensation for Injury. 

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. 

G. Voluntary Participation Statement 

My participation in this study is completely voluntary, and I may either refuse to 
participate or discontinue participation at anytime without any penalty or loss of 
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benefits to which I am otherwise entitled. I understand that if I withdraw from the 
study before it is completed I will not receive the full amount of money. 

H. If you have questions. 
Please ask now, or contact: James E. Leklem (541) 737-0969, or Ho-Kyung Kwak 
(541) 757-0362, who will be pleased to answer them. Questions I have concerning my 
rights as a research subject can be directed to IRB Coordinator, OSU Research Office, 
(541) 737-8008. All of my questions have been answered to my satisfaction. 

Understanding and Compliance. 
My signature below indicates that I have read and that I understand the 
procedures described above and give my informed and voluntary consent to 
participate in this study. I understand that I will receive a signed copy of this 
consent form. 

Signature of Subject or Legal Representative Date Signed 

Name of Subject (Printed Name) 

Subject's Present Address Subject's Phone Number 

Signature or Principal Investigator Date Signed 
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Figure D.3. Schedule of the study 

Schedule of Vitamin supplement Study (10/24/00-11/20/00) 
Nutrition and Food Management (829-6639) 

Days Date Urine Blood 3-day Food Record Vitamin supplement 

Dayl 24-Oct ';Tuesday'   ,  ""^V.   w 'iFtofanftSxi no 
no Day 2 25-Oct Wednesday 

Day 3 26-Oc' Thursday no 
Day 4 27-Oct Friday weekdays no 
Day 5 28-Oct Saturday ./"eekend day ' no 
Day 6 29-Oct Sunday "t no 

no Day 7 30-Oct Monday    24-hour Urine 
Day .8 v-ssftoa, •Jtie#ay/i.   'Xiv.,-, "Fasllha Blood 

2 weekdays 

yes 
yes 
yes 
yes 
yes 

Day 9 1-Nov Wednesday 
Day 10 2-Nov Thursday    24-hour Urine 
Day 11 3-Nov Friday            ' ""-^ /,t" FastjiTa^Bfood 
Day 12 4-Nov Saturday 
Day 13 5-Nov Sunday & 1 \ eekend day yes 
Day 14 6-Nov Monday j yes 
Day 15 7-Nov Tuesday yes 
Day 16 8-Nov Wednesday ^ yes 

yes 
yes 
yes 

Day 17 9-Nov Thursday   24-hour Urine 
Day 18 10-Ndv. -Friday''    <    ''^1"'%;'* fFa'sting-.SJ^ 
Day 19 11-Nov Saturday 
Day 20 12-Nov Sunday yes 
Day 21 13-Nov Monday yes 
Day 22 14-Nov Tuesday 2 weekdays yes 
Day 23 15-Nov Wednesday & ■" >veokena day yes 
Day 24 16-Nov Thursday yes 
Day 25 17-Nov Friday yes 
Day 26 18-Nov Saturday yes 

yes Day 27 19-Nov Sunday     24-hour Urine 
Day 28- 20-Nov > Monday-"-'/ «. -. "r'/'j^FastingBtoocl 
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Figure D.4. General instruction for the study 

General Instruction for the Study 

Collection of Urine: 
1. Collect all urine in container provided (24 hour urine collection). You will receive 

clean urine containers before the day of urine collection (Milam #106). 
2. Urine collections will be made on a 24-hour. For example, from 7:00 am on one 

day until the same time the next day. The collection made on rising in the morning 
of the urine collection day should NOT be included in urine collection. The 
collection made on rising in the morning of the blood draw day belongs with the 
urine collected on the previous day (urine collection day). 

3. Bottles will be labeled with your initials and date. 
4. Drink approximately the same amount of fluids each day if possible. 
5. Return urine samples at any time convenient for you to room #106, Milam Hall. 
6. Please be careful not to spill or lose any urine. If this does happen, however, let us 

know immediately. The urine collections are a very critical part of this study. 

Blood Draw: 
1. Do not eat any food after 8:00 pm (the day before blood draw) until the blood 

draw. 
2. Mialm room # 103: 7:45 am-8:30 am 

3-Day Diet Record: 
Instruction is included in the packet. 
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Figure D.5. Instruction for food record 

Instructions for 

3-DAY FOOD RECORD 

For two consecutive weekdays (excluding Friday) and either Saturday or Sunday, 
recor everything you eat and drink, excluding water. 

Record for each day, only the amount of each food you ACTUALLY EAT 
not necessarily be the same amount that was on your plate. 

This will 

Keep each day's food record by clock time a day, starting with the first thing you eat 
or drink after 5:00 AM and continuing until 5:00 AM the next day. If you eat or drink 
during the night, record this on the previous day's record, not on the next day's. Group 
the items you eat and/or drink together next to a single clock time. 

Time - This means clock time, for example 7:00 AM or 3:00 PM. 

**Food Item, Amount, Method of Preparation - Below are examples of descriptors for 
different categories of foods, their amounts and preparation methods: 

Bread 

Type 

White, Whole 
wheat, rye 
Brand name 

Cereals    Brand name 

Vegetables fresh 

Preperetipn 

Toasted 
French toast 

Cold or cooked 

Rice White, brown, 
other type 

Cooking method, 

Pasta, 
Noodles 

Dry, fresh, 
whole wheat, 

Boil only, bo^l 
and bake, boil 

Ramen, and saut6, other. 

Beans Navy, kidney, 
retried 

Boiled only, boiled 
and saut6ed, etc. 

Fruits, Canned, frozen, Cooked or raw 

Amount 

Number of slices or 
parts thereof. 

Estimate volume in 8 oz 
cups or parts of cups 
of cereal. Measure milk 
and sugar separately. 

Estimate volume in cups 
or parts of cups of 
cooked rice. 

Estimate volume in cups of 
cooked pasta/noodles alone. 
Measure sauce separately if 
possible. If necessary, 
estimate cups of mixture. 

Estimate volume in cups or 
parts of cups of cooked 
beans. 

Estimate volume of cut-up 
fruit/veggies in cups or 
parts of cups or by the 
Each, i.e., one small plum 
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Salads 

Yogurt 

Cheese 

Type Preparation 

Tossed Waldorf, etc  Cooked or taw 

Brand name, container 
description, plain 
or flavored, with 
fruit, frozen yogurt 
(Brand). Specify if 
reduced fat, fat free, 
or artificially 
sweetened. 

Type (e.g. Swiss, 
Cheddar, string). 
Specify if reduced 
fat or fat free. 

Usually none 

Usually none or 
as part of a / 
recipe. 

Amount 

Estimate volume of each 
ingredient, i.e., 1 cup 
shredded iceberg lettuce, 
2 Tbls. chopped green 
pepper. List dressing 
separately. 

Estimate volume in cups or 
parts of cups. 

Estimate weight in ounces 
from total package weight 
or volume in cups, Tbls. or 
or tsp. if shredded. 

Cream,     Sour cream, half and 
Creamers   half, whipped cream, 

powdered coffee 
creamer, frozen 
coffee creamer, 
Brand name. Specify 
if reduced fat or 
fat free. 

Usually none Estimate volume in cups or 
Tbls. or tsp. 

Meats     Chicken, pork, etc., 
loin chop, shoulder 
roast, thigh with oi 
without skin, % fat 
in ground meat. 

Broiled, boiled, 
fried, baked, etc. 
With or without 
added fat. 

Estimate cooked weight in 
ounces. Cooked weight is 
usually about 3/4 of raw 
weight. 

Mixed meat 
dishes 

Give name and list 
ingredients (Tuna 
casserole with 
noodles, mushroom 
soup, peas and 
breadcrumbs. 

Baked, fried, 
boiled, etc. 
With or without 
added fat. 

Estimate volume of the 
finished product you ate 
in cups or part cups. 

Beverages: 

Coffee/tea Brewed, instant, 
decaf. 

Juices 

Milk 

Pop/othei 
sweet 
drinks 

Canned, frozen, fresh 

Whole, 1%, 2%, skim, 
buttermilk, other 

Beer/wine  Rose wine, lite 
Spirits    beer, brandy, 

bourbon, etc. or 
Whiskey sour. 

Brand and type, 
Diet or regular. 

Estimate volume in cups or 
part cups.  List sugar, 

Estimate volume in cups or 
part cups. 

Estimate volume in cups or 
parts or cups. 

cream, etc. separately. 
Estimate volume in cups or 
part cups of ingredients or 
whole drink volume. 

Estimate volume in cups or 
part cups or cans. 
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Snacks: 

Crackers 

Chips 

Nuts 

Candy 

Desserts; 

Cookies 

Cake, 
pie 

Ice Cream 

Type 

Brand name, specify 
if reduced fat or 
fat free. 

Type - Brand name, 
specify if reduced 
fat or fat free. 

Type 

Brand name or type 

Brand name or type. 
Specify if reduced 
fat, fat free, or 
artificially 
sweetened. 

Type, with/without 
icing. 

Preparation Amount 

Number 

Homemade or Bought 

Homemade or Bought 

Brand name, flavor, 
specify if reduced fat 
or artificially 
sweetened. 

Estimate volume in cups or 
part cups. 

Estimate volume in cups or 
part cups or number of 
nuts. 

Weight from package, number 
of pieces, or Each if whole 
candy bar. 

Number and size estimate 
in inches across. 

Measurements of piece, 
2"X2"X4" with icing, or 1/6 
pie. 

Estimate volume in cups or 
part cups or Tbls. 

Pudding 

Other: 

Margarine, 
butter, 
lard, oil 

Salad 
dressings, 
mayonnaise 

Brand name, type,-    Homemade or bought, 
Specify if reduced   Specify kind of milk 
fat, fat free or     used if any. 
artificially sweetened. 

Brand and type, 
liquid or solid. 
Specify if reduced 
fat or fat free. 

Brand and type, 
specify if reduced 
fat or fat free. 

Ingredients if 
homemade. 

Estimate volume in cups or 
part cups or Tbls. 

Estimate volume in Tbls., 
tsp., cups or parts of any 
of these. 

Estimate volume in Tbls., 
tsp., cups or parts of any 
of these. 

Jam, 
relish, 
mustard. 

Brand and type 
flavor 

Ingredients if 
homemade. 

Estimate volume in Tbls., 
tsp., cups or parts of any 
of these. 
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Figure D.6. Food record form 

3-Day Diet Record 

L 
I 
N 
E 

Prepared 
l=Home 
2=Restaurant 

Date 
Day 

Name 

3=Other 
PAGE         OF 

DAY            1 
Time Eaten 2 
A=am, P=pm 3 
Hour Min. Foods and Beverages AMOUNT 

1 

2 

3 

4 

5 

6 
7 

8 
9 

10 
11 

12 
13 

14 

15 

16 
17 

18 
19 

20 
21 

22 
23 

24 

25 

26 
Comments: 
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Figure D.7. Food list 

Food List 

Foods: AVOID 
1. Fruits: Banana, watermelon and avocado 
2. Vegetables: Potato, squash 
3. Beans: Soybeans 
4. Nuts: Chestnuts, Hazelnuts, Pistachios, Walnuts 
5. Seeds: Sunflower seeds 
6. Fish: Salmon 

Foods: Permitted in a given amount per day. 
1. Orange juice and tomato juice: 1 cup (8 fl. oz) or less 
2. Beans (other than soybean): Vi cup or less 
3. Nuts & Seeds (other than items listed above): % cup or less 
4. Meat, poultry and fish product; 3 oz. or less 

You can consume cereals from the following list, but you are asked to avoid other 
kinds of fortified cereal. If you want to have a different cereal (not on the list) that 
you consider it is not fortified, please ask the investigator before use. 

<Cold Cereal> * (Permitted daily amount) 
Flavorite® 1. Bite size shredded wheat 

Post® 1. The original shredded wheat 
2. The original shredded wheat spoon size'N bran 
*(no more than 11/4 cups) 

Weetabix® 1. Whole grain wheat cereal * (no more than 2 biscuits) 

Arrowhead Mills®     1. Amaranth flakes, Wheat free cereal 

Health Valley® 1. Original oat bran flakes * (no more than VA cup) 

Barbara's Bakery®    1. Multigrain shredded spoonfuls 
2. Shredded wheat * (no more than 2 biscuits) 

Sunbelt Snacks & Cereals® 
1. Berry basic, Banana nut, Fruit & Nut, Granola cereal 

Kashi® 1. Seven whole grain & sesame 

Sweethome® 1. Low-fat Crunchy Muesli 
2. Low-fat Granola with raisins, 
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3. 100% natural Honey oat clusters with almond 
4. Fresh vanilla almond crisp 

Quaker® 1. 100% Natural granola Oats & Honey (& Raisin) 
2.   Sweet Puffs * (no more than 1 cup) 

Malt O Meal® 1. Puffed wheat, Puffed rice 

Any cereal kind in bulk food (Check the nutrition label) 

<Hot Cereal> 
NAbisco® 1. Cream of rice 

2. Cream of wheat (cook time 1 min-lOmin, enriched formula) 

Stone-buhr® 1. Bran flakes 

Kretschmer® 1. Oat bran hot cereal 

Quaker® 1. Oat bran hot cereal 
2. Quick (or old fashioned) 1 minute, 
S.Quaker Oats 100% natural 

Albers® 1. Enriched hominy quick grits 

Albertson 's® 2. 100 % Natural Quick (or old fashioned) Oats 

Krusteaz® 1 .Quick hot cereal Zoom 100% whole wheat 

No INSTANT Oatmeal, cream of wheat, cream of rice 

<Cereal Bar and Snack Bar Allowed> 

Sunbelt® 1. Chewy Granola bar, Cereal bar 
M&M® 1. Kudos bar 
Quaker® 1. Granola bar 
Natural Valley® 1. Granola bar 

AVOID Any Kinds from Healthy Valley®, Nabisco® or Kellogg's® (ex. Nutri Grain) 

NO Pop Tarts kind of product: NO Crisp rice bar 
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Figure D.8. Urine collection instruction 

Collection of Urine 

1. Collect all urine in containers provided (24 hr. urine collection). You will 
receive clean urine containers each day of urine collection. 

2. Your name and date will be labeled for you. 

3. Each day: 
Urine collections will be made on a 24-hr. base and run, for example, from 
6:45 am one day until the same time the next day. Therefore, the collection 
made on rising in the morning belongs with the urine collected on the 
previous day and should be dated accordingly. It is important that the 
collection made on rising is done at the same time each day. 

4. Return urine samples to room 106, Milam. 

5. Store urine in a cool place and protected from light. 

6. Please be careful not to spill or lose any urine. If this does happen, 
however, let us know immediately. 

7. The urine collections are a very critical part of this study. 

8. Drink approximately the same amount of fluid each day if possible. 
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Figure D.9. Daily record form 

Supplement Study: 2000, Fall 
Name 

Department of Nutrition and Food Management 
Oregon State University Date 

Daily Record 

1.   Record all activities for the day and length spent at each 

Activity Length of Time Time of Day* 

Sleep 

Sitting 

Walking 

Physical Work 

Other Activities 

Other Sports or Activities 

(indicate type) 

*M-moming; A-aftemoon; E-evening; L-late night/early morning 

2.   How do you feel today? 

Excellent 

Good 

Fair 

Poor 

3. Any medications? (i.e. aspirin etc.) 

4. Other unusual events, exams, injuries, etc? 

5. Other comments. 
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Figure D.IO. Recruiting flyer 

NUTRITION 
VITAMIN SUPPLEMENT 

STUDY 
If your age is between 20 and 50, 

If you are interested 
in nutritional study. 

Participate in this study! 
Benefits: 

► Free Vitamin Supplement daily 
► $ 50 For The Participation 
► Dietary Analysis Results from Your Diet 

Records 

Department of Nutrition and Food Management 
Oregon State University 
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