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Previous studies have found that smoking may have a negative effect on 

vitamin B-6 indices and have demonstrated a possible association between smoking 

and depressed plasma pyridoxal-5'-phosphate (PLP) concentration. Individuals with 

plasma PLP values below the adequate level of 30 nmoles/L might benefit from 

consumption of vitamin B-6 supplements, but no data are available on vitamin B-6 

status in smokers consuming a controlled vitamin B-6 intake and receiving a vitamin 

B-6 supplement. The objectives of this research were to assess vitamin B-6 status in 

smokers as compared to non-smokers receiving a controlled diet and to evaluate the 

effect of an oral vitamin B-6 supplementation in these subjects. 

The vitamin B-6 (B-6) status of 5 (four males / one female) smokers (S) and 4 

(three males / one female) non-smokers (NS) was assessed. A constant diet was fed 

for 20 days and provided 1.95 mg of B-6 or 1.65 mg of B-6 for males and females, 

respectively. For the last 10 days, an additional 2-mg of pyridoxine (PN) was given 

daily. Blood samples were collected on days 1.7, 11. 14 and 21; and 24 hour urine 



samples were collected daily. Urinary 4-pyridoxic acid (4-PA) and total B-6 (UB6) 

excretion, plasma B-6 vitamers (PLP, PN, pyridoxal and 4-PA) and red blood cell 

PLP (RBC PLP) concentrations, as well as plasma alkaline phosphatase activity 

(APA) were determined. Mean plasma PLP, 4-PA, and RBC PLP concentrations 

were significantly lower (P<0.05) at all time points in S compared to NS. With a 

daily supplement of 2-mg vitamin B-6, the mean plasma PLP concentration of S 

increased 85.8% but was 48.5% lower than that of NS consuming 1.65-1.95 mg/d of 

B-6. Mean plasma pyridoxal concentrations were not different between S and NS 

before and after supplementation. Excretion of 4-PA was not significantly different 

between S and NS, but the mean values of 4-PA excretion were consistently greater 

in NS compared to that of S throughout the 20-day study. The percent of ingested B- 

6 excreted as 4-PA for the S and NS was 38 and 49 in the non-supplemented period, 

and 47 and 53 in the supplemented period, respectively, indicating that non-smokers 

excreted more 4-PA than smokers. However, the difference in 4-PA excretion 

between S and NS was not significantly different both before and after 

supplementation (P>0.05). In addition, there was no significant difference between S 

and NS for plasma PN concentration, AP, and UB6 excretion for both periods. 

Results suggested an adverse effect of smoking on B-6 metabolism, thus an increased 

requirement of vitamin B-6 in smokers. A 2-mg PN supplement was sufficient to 

bring the concentration of plasma PLP in smokers to the level suggested as adequate, 

but it didn't bring it to the level of non-smokers. 
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EFFECT OF CONTROLLED VITAMIN B-6 INTAKE AND PYRIDOXINE 
SUPPLEMENTATION ON B-6 STATUS OF SMOKERS 

CHAPTER 1 

INTRODUCTION 

The term vitamin B-6 refers to the three free forms, pyridoxine (PN), 

pyridoxal (PL), and pyridoxamine (PM) as well as their phosphorylated forms, 

pyridoxal-5'-phosphate (PLP), pyridoxine phosphate (PNP) and pyridoxamine 

phosphate (PMP). The major urinary catabolite of vitamin B-6 in humans is 4- 

pyridoxic acid (4-PA). The principal vitamin B-6 compounds in the plasma include 

pyridoxal, pyridoxal-5'-phosphate, and 4-pyridoxic acid (Zempleni, 1995; Leklem, 

1996). Pyridoxal-5'-phosphate is the coenzyme form of vitamin B-6 and participates 

as a cofactor in more than 100 enzymatic reactions. Vitamin B-6 plays a crucial role 

in amino acid and lipid metabolism, the nervous system, nucleic acid synthesis and 

immune function (Sauberlich, 1968; Leklem, 1996). 

There are many health problems induced by smoking and vitamin B-6 

deficiency might contribute to these problems since smoking has been implicated in 

many clinical conditions, including cardiovascular diseases (CDC, 1989; Kannel, 

1981; Stamler, 1968; Doll et al., 1994; CDC, 1990; Bartecchi, 1995; Laker, 1992; 

Peto et al., 1992). Numerous studies have shown that vitamin B-6 deficiency could 

promote arteriosclerosis, particularly through the accumulation of homocysteine 

and/or some of its derivatives (Folsom, 1998; Ubbink et al., 1996; McGill, 1988; 

Serfontein et al., 1986; McCully, 1983). The link between smoking, cardiovascular 



diseases and vitamin B-6 can be understood since smoking is associated with low 

plasma PLP (Serfontein et al., 1986 and 1988; Vermaak et al., 1990; Pessah- 

Rasmussen, 1990). Low plasma PLP concentration might result in the accumulation 

of homocysteine (Folsom, 1998; Ubbink et al., 1996; Serofontein and Ubbink, 1986; 

McCully, 1983). 

Serfontein et al. (1986) reported that smoking is an important risk factor 

associated with vitamin B-6 deficiency in coronary heart disease. Epidemiological 

surveys conducted in 1950s and 1960s showed that smoking was statistically 

correlated with the incidence of cancer and cardiac and pulmonary diseases. In 

addition, extensive laboratory experiments with animals and human pathology 

studies showed the physiological changes resulting from exposure of organs to 

tobacco and provided strong evidence of cause-and-effect relationship between 

tobacco and specific illnesses (Valentich, 1994). Current studies indicate that 

respiratory system cancer deaths are almost exclusively due to cigarette smoking, 

with an estimated 90% of all lung cancer attributable to it (Doll, 1996; CDC, 1989). 

Several studies have indicated that smoking may have a negative effect on 

vitamin B-6 status indices and have demonstrated a possible association between 

smoking and depressed plasma pyridoxal-S'-phosphate (PLP) concentration. 

Serfontein, et al. (1986), Manore et al. (1989), and Giraud et al. (1995) found that 

smokers have a significantly lower plasma concentration of PLP than do non- 

smokers. The plasma pyridoxal (PL) concentration was found to be depressed in 

smokers (Serfontein et al., 1986), but this finding was not consistent in all studies 

(Vermaak et al., 1990). Giraud and Driskell (1994) and Ritchie and Singkamani 



(1986) conducted studies on free-living individuals and reported that smokers had 

lower plasma PLP concentrations than did the non-smokers, but the differences were 

not significant. However, significantly different levels of plasma PLP between 

smokers and non-smokers were observed in other studies (Giraud et al. 1995; 

Vermaak et al. 1990; Pessah-Rasmussen et al. 1990; Serfontein and Ubbink 1988; 

Serfontein et al. 1986) and were reported as being as low as 37.2+24.2 nmol/L for 

male smokers compared to 52.6+29.0 nmol/L for non-smokers (Serfontein et al., 

1986). It is not clear whether the reported low plasma PLP values were a reflection of 

a low dietary intake of vitamin B-6 since the vitamin B-6 intakes of subjects were not 

reported in either study (Vermaak et al., 1990; Serfontein et al., 1986). These authors 

did not observe any significant difference in plasma PL concentration between non- 

smokers and smokers, although the mean concentration was lower for smokers. 

Giraud et al. (1995) measured erythrocyte and plasma vitamin B-6 vitamers 

concentrations of long -term tobacco smokers, chewers, and non-users. Based on 

24- hour diet recall and 2-day diet record, these three groups had vitamin B-6 intakes 

of 1.75+0.79, 1.77+0.72, and 1.73+0.85 mg/d, respectively. Erythrocyte 

concentrations of B-6 vitamers and plasma 4 -pyridoxic acid concentration of the 

groups studied were not significantly different. However, the mean plasma PLP 

concentration in smokers was significantly lower (60.9 + 19.9 nmol/L) than that of 

nonusers (80.4 + 21.5 nmol/L). There were no significant differences between these 

groups for the mean plasma pyridoxamine-5'-phosphate (PMP), pyridoxal phosphate 

(PL) and 4- pyridoxic acid (4-PA) concentration. The PLP concentration of all 45 

subjects combined was 68.1+23.4 nmol/L, whereas that of all subjects not taking 



vitamin B-6 supplements was 62.9+21.3 nmol/L. The PLP values were not 

significantly different for supplement users and non-users when values from 10 

subjects who reported taking daily nutrient supplements containing 2.0 mg of vitamin 

B-6 were included or excluded. 

Giraud et al. (1995) concluded that individuals with plasma PLP values at the 

lower end of normal concentration might benefit from consumption of vitamin B-6 

supplements. However, to our present knowledge, there are no data available on 

vitamin B-6 status in smokers receiving a controlled diet. No research has been done 

on the effect of vitamin B-6 supplementation on the plasma levels of vitamin B-6 

vitamers of smokers consuming a controlled intake of vitamin B-6. Therefore, the 

aim of our research was to assess vitamin B-6 status in smokers compared to non- 

smokers, and to evaluate the effect of an oral vitamin B-6 supplementation on 

vitamin B-6 vitamers in these subjects receiving a controlled diet. 

Objectives and Hypotheses 

The purposes of this study were: (1) to assess vitamin B-6 status in smokers 

receiving controlled vitamin B-6 and protein intakes and (2) to compare plasma 

vitamin B-6 vitamers (Plasma PLP, PL, PN), red blood cell PLP concentrations and 

metabolites (plasma 4PA), urinary 4-pyridoxic acid (4-PA) and total B-6 excretions 

in smokers and non-smokers receiving vitamin B-6 intakes at the RDA level 

supplemented with a 2-mg oral vitamin B-6. 

The hypotheses were: (1) Plasma vitamin B-6 vitamers and red blood cell PLP 

concentration and urinary 4-PA and total B-6 excretion will be significantly lower in 



smokers compared to non-smokers; (2) oral vitamin B-6 supplementation will result 

in a higher increase of plasma PLP concentration and urinary 4-PA excretion in non- 

smokers as compared to smokers. 
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CHAPTER 2 

LITERATURE REVIEW ON VITAMIN B-6 AND SMOKING 

Introduction 

Gyorgy first recognized the role of vitamin B-6 as an essential dietary factor 

for rats (Gyorgy, 1971). The essentiality of this nutrient for humans was not 

identified until the 1950's when certain neurological symptoms in infants were 

attributed to a deficiency of this vitamin (Coursin, 1954; Synderman et al., 1953). 

Since then, significant advances have been achieved in research to provide a better 

understanding of the vitamin's role in metabolism and well-being (Leklem 1991 and 

1996, Reynolds and Leklem, 1985). 

Vitamin B-6 is a generic descriptor for all 3-hydroxy 5-hydroxymethyl- 

2-methylpyridine derivatives that "exhibit qualitatively the biological activity of 

pyridoxine in rats" (American Institute of Nutrition, 1987). Vitamin B-6 includes 

three free forms, pyridoxal (PL), pyridoxine (PN) and pyridoxamine (PM), as well as 

their respective phosphorylated forms, pyridoxal-5'-phosphate (PLP), pyridoxine- 

5'-phosphate (PNP) and pyridoxamine-5'-phosphate (PMP). The three free forms are 

converted to their phosphorylated forms by pyridoxine kinase (Lumeng and Li, 

1980; Lumeng et al., 1974; Merril et al., 1984) (Figure 1.1.). The chief metabolite of 

vitamin B-6 excreted in urine is 4-pyridoxic acid (4-PA) (Wozenski et al., 1980). 
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Dietary sources and bioavailability of vitamin B-6 

The knowledge of the role of vitamin B-6 in human nutrition and its 

bioavailability from various dietary sources is necessary to understand the dietary 

requirements for this vitamin. The predominant form of vitamin B-6 in animal foods 

is pyridoxal and its phosphorylated compound, while pyridoxine, pyridoxamine and 

their phosphorylated forms dominate in plant foods (Leklem, 1996). In addition, 5- 

80% of the total vitamin B-6 in various plant products such as fruits and vegetables is 

in the form of pyridoxine 6-glucoside (PNG), a compound which appears to be 

absorbed but not well utilized (Leklem 1988 and 1988b). 

The richest sources of vitamin B-6 supply more than 0.4 mg/100 g serving 

and include chicken, fish and kidney. Other good sources of vitamin B-6 are unmilled 

rice, soybeans, oats, whole-wheat products, peanuts and walnuts. Dairy products and 

eggs are considered as poor sources of vitamin B-6 (NRC, 1989). The vitamin B-6 

content of some foods is considerably reduced by food processing and storage; the 

loss as high as 10-50% has been reported for a variety of foods and processing 

techniques (Richardson et al., 1961; Woodring and Storvick, 1960). 

Several human nutrition studies have demonstrated that the bioavailability of 

vitamin B-6 from plant foods is lower than that from animal food sources and is 

reduced as the amount of PNG increases in plant foods (Leklem 1996; Kant and 

Block 1990; Leklem 1988a and b; Reynolds 1988; Kabir et al. 1983a). Some of the 

plant foods sources with the highest PNG content and thus the lowest vitamin B-6 

bioavailability are the crucifers, including cauliflower, broccoli and cabbage 

(Reynolds 1988; Kabir et al. 1983b). In general, the presence of PNG reduces the 
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bioavailability by 75-80% and that of fibers in the diet reduces the bioavailability by 

5-10%. In contrast, the bioavailability of vitamin B-6 from animal products is much 

higher and can reach 100% in many foods (Reynolds 1988). Kabir et al. (1983c) 

compared the vitamin B-6 bioavailability from tuna, whole-wheat bread and peanut 

butter. By assuming that the vitamin B-6 from tuna was 100% available and 

calculating the availability from the other two foods, they found that the vitamin B-6 

from whole-wheat bread and peanut butter was 75% and 63% available, respectively. 

A similar approach showed that the bioavailability of vitamin B-6 is 71-79% 

in an average American diet, 98% for bananas, 96% for hazelnuts, >85% for cooked 

wheat bran, 75% for whole-wheat bread, 60-65% for wheat, rice or com bran and 

41% for soybeans (Leklem 1988b). This study also showed that vitamin B-6 was 

more available in beef than in soybeans and 50% available in orange juice compared 

to synthetic forms of vitamin B-6 (Leklem et al., 1988b). 

Absorption, transport and metabolism of vitamin B-6 

The uptake of vitamin B-6 occurs mainly in the jejunum and the three free 

forms (PN, PL and PM) are more readily and efficiently absorbed than the glucoside 

form (Leklem 1996). Although these forms can be phosphorylated and retained 

(metabolic trapping) after absorption by the action of the cytoplasmic pyridoxal 

kinase, dephosphorylation by alkaline phosphatase in the intestinal mucosa allows 

subsequent absorption (Henderson, 1984 and 1985). According to Henderson, the 

mucosal membrane influx and basolateral membrane efflux of PN, PL and PM occur 

by a nonsaturable, energy-independent process which appears to be passive diffusion. 
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The metabolism of vitamin B-6 is highly regulated in the liver and probably 

in other tissues (Leklem 1996). Following absorption, the free forms of vitamin B-6 

are transported to the liver where they are converted to their respective 

phosphorylated forms by PL kinase. PMP and PNP are subsequently converted to 

PLP by PMP(PNP) oxidase, a flavin mononucleotide (FMN) dependent enzyme. 

PMP can also be reversibly transaminated to PLP. The two coenzyme forms of 

vitamin B-6, PLP and PMP, are bound to vitamin B-6-dependent apoenzymes. The 

PLP produced in the liver is available for uptake into other tissues only after 

hydrolysis of the phosphate group by alkaline phosphatase. This enzyme appears to 

be important for the availability of adequate tissue levels of PLP (Leklem 1996 and 

1988). 

Vitamin B-6 is transported in the plasma and in red blood cells. The 

predominant forms found in the blood are PLP and PL, which circulate bound to 

albumin in the plasma and to hemoglobin in erythrocytes (Bender, 1992). In the 

plasma, PLP is more tightly bound to albumin than PL; PN and PL are rapidly taken 

up by erythrocytes, converted to PLP and subsequently bound to hemoglobin 

(Leklem, 1996). 

PLP circulating in plasma is derived from the liver (Lumeng et al., 1984). In 

the liver, PLP is also dephosphorylated to PL which appears to be the form used by 

most tissues. PL is subsequently released into circulation attached to albumin, or 

oxidized by aldehyde oxidase or aldehyde dehydrogenase to 4-PA (Figure 1.1.). A 

dead-end catabolite, 4-PA, is the chief form of vitamin B-6 excreted in urine 
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(Wozenski et al. 1980). Indeed, 40-60% of the daily intake of vitamin B-6 is excreted 

as 4-PA (Leklem 1996; Wozenski et al., 1980). 

In red blood cells, plasma PN is rapidly converted to PL, which is 

subsequently phosphorylated to PLP (Anderson et al., 1971). Since PLP and PL are 

both bound specifically to hemoglobin, the red cells are a potential circulating 

reservoir of vitamin B-6. Plasma PLP, extensively bound to albumin, must first be 

dephosphorylated to PL by an appropriate phosphatase in order to be transported 

across plasma membranes. Anderson et al. (1971) suggested that serum alkaline 

phosphatase may play a role in plasma PLP degradation. In vitro experiments by 

Lumeng et al. (1984), however, demonstrated that plasma alkaline phosphatase and 

cellular elements in whole blood contribute very little to the hydrolysis of plasma 

PLP. 

The interconvertibility of the B-6 vitamers in the various tissues of the body 

depends on the presence of PL kinase and PMP(PNP) oxidase. PL kinase is 

distributed widely in tissues, while PMP(PNP) oxidase is found in only a few. In 

humans, PMP(PNP) oxidase appears to be limited to the liver and the red cells 

(Lumeng et al., 1984). PLP in muscle is attached to glycogen phosphorylase, which 

serves as a reservoir for vitamin B-6 (Black et al., 1977). 

Metabolic functions of vitamin B-6 

Vitamin B-6 has many functions, most of which are related to protein and 

amino acid metabolism. PLP is the coenzyme for a large number of enzymes 

participating in amino acid metabolism. These reactions include: transamination; 
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racemization; alpha, beta or alpha, gamma elimination; decarboxylation; 

oxido-reduction; dehydration and desulfhydration (Leklem, 1996). Cellular processes 

involving PLP include gluconeogenesis, niacin formation, immune function, lipid 

metabolism, nervous system function, hormone modulation, erythrocyte function, 

and amino acid catabolism (Figure 1.2.) (Leklem 1996 and 1988a). 

Some PLP-dependent enzymes effect the loss and transfer of amino acid side 

chains, e.g. cysteine desulfhydrase in the formation of pyruvate and serine 

transmethyltransferase in the formation of Ns^o methylenetetrahydrofolic acid. PLP is 

necessary for the formation of niacin from tryptophan and camitine from lysine 

(Leklem, 1988). 

Vitamin B-6 plays an important role in the maintenance and function of the 

immune system through its influence on nucleic acid and protein synthesis (Schirch 

and Mason, 1963; Chen et al., 1989). PLP is an integral part of glycogen 

phosphorylase, which catalyzes the breakdown of glycogen to glucose-1-phosphate 

(Krebs and Fisher, 1964; Sauberlich, 1968; Leklem, 1988). In lipid metabolism, PLP 

catalyzes the condensation of L-serine with palmitoyl-CoA, forming 

3-dehydrosphingosine, a precursor of sphingolipid (Leklem 1988). 

Assessment of vitamin B-6 status 

Dietary intakes of vitamin B-6 and protein as well as clinical, functional, and 

biochemical measures are used to assess vitamin B-6 nutritional status (Kretsch et al., 

1995; Leklem, 1990; Miller et al., 1985; Sauberlich, 1981). Clinical signs and 

symptoms provide an indication of vitamin B-6 deficiency. 
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Figure 1.2. Cellular processes in which pyridoxal S'-phosphate (PLP) acts as a 
coenzyme or binds with proteins and modifies the action of protein. The primary 
biological systems subsequently influenced are circled; heme binding refers to PLP 
binding to hemoglobin (Leklem J. E., 1996). 
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The most frequent signs and symptoms are eczema and seborrheic dermatitis 

of the ears, nose and mouth; cheilosis, glossitis, angular stomatitis; hypochromic and 

microcytic anemia, hyperirritability, convulsive seizures and hyperacusis. 

The central nervous system changes and abnormal electroencephalogram 

(EEG) are the most common clinical manifestations associated with vitamin B-6 

deficiency. For that reason, electroencephalogram (EEG) patterns can be used as an 

indicator of vitamin B-6 deficiency (Kretsch et al., 1995 and 1991; Sauberlich, 1981; 

Coursin, 1954). However, the unspecificity of clinical signs and symptoms relative to 

vitamin B-6 deficiency makes them unreliable indicators and has led to the 

development of more reliable laboratory procedures for the assessment of vitamin B- 

6 status. 

Several direct and indirect indices can be used for the biochemical assessment 

of vitamin B-6 nutritional status. Direct measures include plasma PUP, plasma PL, 

plasma total vitamin B-6, erythrocyte PLP, urinary 4-PA and urinary total vitamin 

B-6. Commonly used indirect measures are the urinary metabolites of the tryptophan 

or methionine pathways, and erythrocyte transaminase activity and stimulation. These 

indices include erythrocyte alanine transaminase index and erythrocyte aspartic 

transaminase index measured in blood and urinary xanthurenic acid and cystathionine 

(Leklem 1996; Leklem 1990; Sauberlich, 1981; Sauberlich et al., 1972). 

Evaluation of vitamin B-6 and protein intake is also important in assessing B- 

6 status since increased protein intake decreases plasma PLP concentration and 

urinary 4-PA excretion (Miller et al., 1985). Leklem (1988) stated that levels of PL 

and PLP in the blood are the best indicators of vitamin B-6 status. However, present 
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evidence suggests plasma PLP, urinary 4-PA, at least one indirect measure, and the 

intake of vitamin B-6 and protein are necessary to properly assess vitamin B-6 status 

(Leklem 1990). 

The metabolites of vitamin B-6 vitamers are most frequently measured in the 

form of plasma PLP, which comprises 70-90% of the total vitamin B-6 in the plasma 

(Leklem, 1991; Li and Lumeng, 1981). Plasma PLP concentration provides a direct 

measure of the active coenzyme and is believed to represent a reasonable measure of 

vitamin B-6 status (Kretsch et al., 1995; Leklem, 1991). However, proper 

interpretation of plasma PLP as a status indicator should take into account the various 

factors which can affect PLP concentration. Some of the factors associated with 

reduced plasma PLP levels are: increased protein intake, increased alkaline 

phosphatase activity, smoking and age (Leklem, 1996). Plasma PLP concentration 

tends to be lower in females than in males and vitamin B-6 status appears to decrease 

with age (Van den Berg et al., 1990). Several studies have indicated that plasma PLP 

levels are lower in smokers compared to non-smokers (Giraud et al., 1995; Giraud 

and Driskell, 1994; Vermaak et al. 1990; Pessah-Rasmussen et al., 1990; Serfontein 

and Ubbink, 1988; Serfontein et al., 1986; Ritchie and Singkamani, 1986). 

Plasma PL, which crosses all membranes under post-prandial conditions, is 

another direct index used for vitamin B-6 status assessment. Plasma PL ranges from 

8 to 30% of the total plasma vitamin B-6 (Leklem 1988 and 1991). Few studies have 

measured total vitamin B-6. This measure is determined in hydrolyzed 

plasma using microbiological assay with Saccharomyces uvarum (Miller and 

Edwards, 1981). According to Leklem (1991, 1988), plasma total vitamin B-6 and 
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plasma PLP measurements can provide an estimate of PL since PLP and PL comprise 

nearly 90% of the total vitamin B-6 in the plasma. In evaluating vitamin B-6 status, 

LekJem (1990) suggested that plasma PLP and total vitamin B-6 values for adequate 

status in adults should be greater than 30 and 40 nmol/L, respectively. 

Determination of urinary excretion of vitamin B-6 or its metabolite (4-PA) is 

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

of the vitamin rather than the underlying state of tissue levels (Kretsch et al., 1995; 

Leklem, 1990; Sauberlich, 1981; Sauberlich, 1972). The major urinary metabolite of 

vitamin B-6 is 4-PA, which is produced in the liver by oxidation of PL; pyridoxine 

(PN) and pyridoxamine (PM) must first be converted to PLP and then to PL before 

they can contribute to urinary 4-PA (Leklem, 1991). Healthy adults consuming 1.5 

mg of vitamin B-6 per day excrete about 40-60% of the intake in the form of 4-PA 

(Leklem, 1991 and 1990; Leklem, 1988; Shultz and Leklem, 1981; Sauberlich et al., 

1972). In contrast, Ritchey and Feeley (1966) observed that preadolescent girls 

receiving 1.3 or 1.73 mg vitamin B-6/day excreted only 0.35 /xmole of 4-PA/day, 

representing only 2.5 to 6% of the ingested vitamin B-6. Protein intake has a 

significant effect on urinary 4-PA, and investigations have indicated an inverse 

relationship between protein intake and 4-PA excretion (Leklem, 1990; Miller et al., 

1985). Furthermore, low urinary 4-PA excretion was noted in adult males fed a 

vitamin B-6-deficient diet (0.16 mg/d) (Baysal et al., 1966 and Linkswiler, 1967) and 

this excretion increased with a dietary intake above the required intake of vitamin B- 

6. To the best of our knowledge, no information is available regarding 4-PA 

excretion in evaluating vitamin B-6 status of smokers. Measurement of 4-PA 
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excretion can provide useful information about vitamin B-6 status if dietary vitamin 

B-6 intake is measured and information is obtained on how that intake is 

representative of a person's usual diet. An acceptable 4-PA level for adequate status 

is more than 3.0 /xmoVd. The amount of urinary 4-PA is measured using multiple 

ion-exchange chromatography followed by fluorometric assay or by high- 

performance liquid chromatography (HPLC) and fluorometric detection (Leklem, 

1990). 

Urinary total vitamin B-6 represents 8-10% of the daily intake of vitamin B-6 

and is measured microbiologically as the three forms of vitamin B-6. Since a single 

excretion value is not considered a good indicator of vitamin B-6 status, several 24-h 

urine collections over 1-3 weeks are recommended for the use of urinary total 

vitamin B-6 as an indicator of status (Leklem 1990). Sauberlich (1981) indicated that 

urinary levels of vitamin B-6 have the weakness of reflecting only recent intake of 

the nutrient and may not provide an indication of the degree of deficiency or level of 

body pool of vitamin B-6. Urinary excretion of vitamin B-6 decreases proportionately 

with a decreased intake of the nutrient to a critical point after which further lowering 

of intake results in only minor and variable changes in urinary excretion. The normal 

level of urinary total vitamin B-6 excreted is >0.5 jumol/d (Leklem, 1990). 

To overcome the limitation of urinary vitamin B-6 measurements in the 

evaluation of vitamin B-6 status, erythrocyte alanine transferase (HALT, EGPT) and 

aspartic acid transaminase (EAST, EGOT) activity and/or stimulation are commonly 

used. Evaluation of erythrocyte transaminase activity and stimulation with PLP 

provides an estimate of vitamin B-6 intake over an extended period of time (Leklem, 
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1990). Transaminase measurement in blood represents a biochemical functional test 

of vitamin B-6 status. Studies conducted on human subjects showed that 

transaminase activities fall in erythrocytes and in plasma under conditions of 

controlled vitamin B-6 depletion (Sauberiich et al., 1972). 

Aminotransferase activities are most frequently measured in erythrocytes 

because the erythrocytes have much higher aminotransferase activities and there is 

less variability between subjects. EALT and EAST are believed to reflect long-term 

dietary vitamin B-6 intake because of the prolonged life span of the erythrocyte 

(Kretsch et al., 1995; Leklem, 1990). EALT activity is thought to be more responsive 

to vitamin B-6 intake than is the activity of EAST (Leklem, 1990). Erythrocyte 

transaminase stimulation index and percent stimulation are used for standardization 

in order to overcome differences in methods of measurement and in erythrocyte 

transaminase activities between normal healthy subjects (Leklem, 1990; Sauberiich et 

al., 1972). The stimulation index is the preferred method of reporting stimulation test 

results and corresponds to the ratio of stimulated to unstimulated activity: 

EALT index = (EALT with added PLP) / EALT (without PLP added). A value less 

than 1.25 for erythrocyte alanine aminotransferase is considered normal. A value 

greater than 1.25 is a sign of a deficiency of vitamin B-6. The EAST index = (EAST 

+ PLP) / EAST (without PLP added). A value of less than 1.8 for erythrocyte aspartic 

aminotransferase is considered normal, while a value grater than 1.8 is considered as 

a sign of vitamin of vitamin B-6-deficiency (Leklem, 1990 and 1991; Sauberiich et 

al., 1972). The percent stimulation is derived from the index and is computed as 

follows: 
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(stimulated activity-unstimulated activity)/unstimulated activity)xlOO (Leklem, 

1990). The measure of erytrhrocyte transminase activity (alanine and aspartate) in 

the presence of excess plasma PLP has been used to assess vitamin B-6 staus in a 

variety of populations (Rose et al., 1976; Guillard et al., 1984; Driskell et al., 1986; 

Vermaak et al., 1986; Kirskey et al., 1978). While transaminase activity is used to 

assess vitamin B-6 status, some consider this measure to be less reliable than other 

indices of vitamin B-6 status ( Shultz and Leklem,1981; Kirskey et al.,1978). 

Tryptophan and methionine load tests are two other indirect measures used to 

assess vitamin B-6 status. Lepkovsky et al. (1943) were the first investigators to 

recognize that vitamin B-6 deficient rats spontaneously excreted large amounts of 

xanthurenic acid, a metabolite of tryptophan, in urine. This finding eventually led to 

the development of the tryptophan load test in humans. According to Brown (1981), 

the measurement of tryptophan clearly indicates the functional adequacy of coenzyme 

(PLP) levels, whereas the measurement of plasma PLP and urinary 4-PA reflects 

intake of vitamin B-6 and, possibly, tissue levels of the vitamin. 

Several enzymes in the tryptophan-kynurenine pathway require PLP. Vitamin 

B-6 deficiency may affect this pathway at one or more levels. In response to a 

tryptophan load test, vitamin B-6 deficient subjects excrete elevated amounts of 

kynurenine, hydroxykynurenine, kynurenic acid and xanthurenic acid in urine 

(Brown, 1981). The tryptophan load test has been the most widely used index of 

vitamin B-6 status (Brown, 1981), and urinary xanthurenic acid (XA) is the primary 

tryptophan metabolite used to assess B-6 status (Kretsch, 1995 and Leklem, 1990). 

Determination of XA in the urine after a tryptophan load provides an indirect 



23 

measure of tissue vitamin B-6 status because of the numerous enzyme steps that 

require PLP (Leklem, 1975). After a tryptophan load test, urinary XA is believed to 

indicate whether an individual's intake is adequate to meet his/her metabolic 

requirement and, under conditions in which the factors known to influence 

tryptophan metabolism are not present, urinary excretion of tryptophan metabolites 

remains a valid indicator of B-6 status (Kretsch, 1995; Leklem, 1990). With an 

adequate intake of vitamin B-6, urinary XA excretion following a 2-g tryptophan 

load is <65 fimol/d and averages 30-40 /*mol/d (Leklem, 1990). The concentration of 

tryptophan metabolites is measured by a procedure using ion-exchange 

chromatography and subsequent colorimetric or fluorometric determination (Brown, 

1981) or by HPLC procedures (Leklem, 1990). 

As with the tryptophan load test, the methionine load test is considered to 

reflect vitamin B-6 status of the liver. It uses cystathionine excretion in the urine as 

an indicator of status following a 3-g methionine load (Linkswiler, 1981). There are 

no precise values for urinary cystathionine excretion as an indicator of vitamin B-6 

status because very few studies have utilized this test (Leklem, 1990). Linkswiler 

(1981) conducted three different studies on the metabolism of methionine and 

reported that basal cystathionine excretion of >350 /xmol/d is indicative of a vitamin 

B-6 deficiency. These studies have also indicated differences in levels of 

cystathionine excretion between men and women, and shown that higher dietary 

protein intake results in a higher rate of cystathionine excretion. Recently, Ubbink et 

al. (1996) performed oral methionine load tests (100 mg L-methionine/kg) and 

observed an increase in circulating total cystathionine and homocyst(e)ine 
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concentrations in vitamin B-6-deficient subjects compared to the controls. This 

increase was significantly reduced in both groups after vitamin B-6 supplementation. 

They concluded that a vitamin B-6 deficiency may contribute to impaired 

transsulfuration and an abnormal methionine load test. 

Recommended dietary allowance (RDA) for vitamin B-6 

The RDA is established in relation to the upper boundary of acceptable levels 

of protein intake (or twice the RDA for protein), which is 126 g/day for men and 100 

g/day for women. However, the National Research Council (1989) established that 

the RDA for vitamin B-6 is 2.0 mg/day for males 15 years and older and 1.6 mg/d for 

females 19 years and older, which is adequate for an average protein intake of about 

100 g/d for men and 60 g/d for women and is based on a dietary vitamin B-6 ratio of 

0.016 mg/g protein. This ratio was considered to yield acceptable values for most 

indices of nutritional status in adults of both sexes (NRC, 1989). 

The current 1998 dietary reference intake (DRI) recommends an intake of 1.3 

mg per day of vitamin B-6 for males and females aged 19-30. An intake of 1.9 and 

2.0 mg a day is recommended during pregnancy and lactation, respectively. The 

requirement for vitamin B-6 is known to be directly related to the protein intake 

(Leklem, 1991, Miller et al., 1985; Canham et al., 1969). Considering that pregnant 

women have lower levels of both vitamin B-6 and PLP in plasma (Clearly et al., 

1975, Schuster et al., 1984) as well as decreased red blood cell alanine 

aminotransferase activity compared to nonpregnant controls (Schuster et al. 1981; 

Lumeng et al., 1976), the National Research Council (1997-1998) has recommended 
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an additional vitamin B-6 intake of 0.6 mg/d for pregnant women. This additional 

allowance is needed to compensate for increased fetal and maternal metabolic needs 

for vitamin B-6 or for hormonal induction of vitamin B-6-dependent enzymes 

(Kirksey and Udipi, 1985). It is recommended that lactating women consume an 

additional 0.6 mg/d vitamin B-6 intake since the nutritional status of the mother 

influences the vitamin B-6 content of the milk (National Academy of Sciences, 1998; 

NRC, 1989). 

Supplementation and toxicity of vitamin B-6 

The use of vitamin B-6 supplements is widespread today (Zempleni,1995). 

Doses used are often much higher than the physiological range, reaching levels up to 

600-fold higher than the RDA for healthy individuals (Zempleni, 1995). Kang-Yoon 

and Kirksey (1992) investigated the effect of a short- term supplementation of 27- 

mg/d PN-HC1 (> 10-fold the 1989 RDA for women) to 10 young female subjects. 

Plasma PLP concentration varied from an initial mean value of 45 + 2 nmol/L to 377 

+ 12 nmol/L after a 7-day supplementation, representing an 8.5-fold increase from 

the initial concentration. Before vitamin B-6 supplementation, PLP, PL and 4-PA 

were the major vitamin B-6 compounds in the plasma, followed by PN. PLP 

constituted more than 65% of the active vitamers whereas very little PMP and PM 

were detected. After 7 and 14 days of supplementation, concentrations of plasma PLP 

increased 7 to 8-fold; plasma PL increased 5 to 7-fold; and 4-PA increased 5-fold 

compared to the control group. Little change was observed in PM, PN, and PMP 

concentrations. The increase in plasma PLP concentrations of individual subjects 
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after supplementation ranged from about 400% to 1400%. In this study, 3 women had 

an initial plasma PLP concentration of 22 + 1 nmol/L, which was indicative of an 

inadequate vitamin B-6 status. The rest of the subjects had an initial plasma PLP 

concentration of 55 + 8 nmol/L, which reflected an adequate vitamin B-6 status. The 

vitamin B-6 dietary intake of subjects from the group with low plasma PLP was only 

0.4 + 0.2 mg/d (25% of the RDA), while that of the second group was 1.5 + 0.2 mg/d 

(94% of the RDA). The mean plasma PLP and PL concentrations of the 3 subjects 

who had a low vitamin B-6 intake were 60% and 92% lower, respectively, than the 

concentrations in subjects who had adequate vitamin B-6. With the nearly 20-fold 

increase in vitamin B-6 intake, plasma PLP and PL concentrations were increased by 

94% in the group with lower initial intake and by 84% in the group which had a 

sufficient intake of vitamin B-6 (Kang-Yoon and Kirksey, 1992). 

Speitling et al. (1988) assessed the pharmacologic effects of chronic high 

vitamin B-6 dosage in ten males, aged 20 to 30 years, who received 40 mg (194.5 

fimoles of PN) of pyridoxine HC1 (PN HC1) for 30 days. On the first day of 

supplementation, the subjects' mean plasma PLP concentration increased from 78 

nmol/L to 298 nmol/L. By the 4th day of PN HC1 supplementation, the subjects' 

mean plasma PLP concentrations reached 500 nmol/L and remained constant at this 

level during the remaining 26 days of supplementation. During the first 8 days of PN 

HC1 supplementation, mean daily 4-PA excretion increased from 69 to 135 

Hmol/day. It remained at this value during the remaining 22 days the subjects 

received the PN HC1 supplement. Approximately two-thirds of the ingested PN HC1 

was excreted as 4-PA.When PN HC1 supplementation was discontinued, urinary 4- 
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PA excretion decreased in a biphasic manner. Pre-supplement plasma PLP levels 

were reached after 16 days, and urinary excretion of 4-PA after 7 days (Speitling et 

al., 1988). 

Pyridoxine toxicity has been reviewed in studies conducted on animals and 

humans (Schaumburg and Berger, 1988). Sensory neuropathy produced by high doses 

of PN depended on the dosage. Moderately high levels of PN intoxication, 200 

mg/kg/day in rats, produced an unsteady gait after about six weeks. Animals dosed 

with an extremely high level, 600 or 1200 mg/kg/day in rats or 1 g/kg/day in dogs, 

developed a severe locomotor ataxia of gait within a few days. 

Humans who have ingested moderately high doses of PN (200 mg-10 g) have 

developed sensory neuropathies which were largely reversible. The ingestion of 200 

mg/day of pyridoxine for 33 days produced a dependency syndrome with withdrawal 

symptoms following the cessation of the supplement (Schaumburg and Berger, 

1988). 

Extraordinarily high levels of vitamin B-6 were observed in an individual 

mistakenly receiving 180 g of PN HC1 intravenously over a two-day period 

administered to the patient for mushroom poisoning. The patient developed a striking 

sensory neuropathy syndrome, which included sensory ataxia of all limbs, inability to 

swallow, autonomic disturbances, loss of sensation of entire body, absence of tendon 

reflexes and slight weakness. Recovery was poor. Thus, it appears that massive doses 

of pyridoxine HCL in man produces a syndrome mimicking that produced in animals, 

reflecting irreversible destruction of dorsal root ganglion cells. 
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Smoking as a Worldwide Health Problem 

Smoking is a pandemic but preventable nutritional and public health problem 

(Wald and Hackshaw, 1996; Doll, 1996; Heam et al., 1991; Yu et al., 1990; Pierce, 

1989; Shelton, 1988; Peto, 1986). There are nearly 1 billion smokers in the world 

today, one- third of whom live in China. About 3 million people currently die each 

year due to smoking-induced cancers and other fatal diseases, half of them before the 

age of 70 years old (Wald and Hackshaw, 1996; Peto et al., 1996). At present, the 

number of deaths attributable to smoking is estimated to be 2 million in developed 

countries and 1 million in the developing world. The majority of victims are males 

but smoking kills over half a million women around the world each year, and this 

number is increasing rapidly (Peto et al., 1996). 

A study of the prevalence of cigarette smoking among women in selected 

countries showed that cigarette smoking rates are higher among men than women; 

however, there is some variation between countries. In Sub-Saharan Africa and many 

developing countries, male prevalence rate is less than 15% and female prevalence 

less than 5%. In several countries of Asia, Latin America, China, Japan, and North 

Africa, male prevalence rate is 50 to 60%. In Canada 40% of women between 15 to 

19 are smokers (Chollat-Traquet, 1992; Valentich, 1994; Amos, 1996). There are 

about 2.3 billion children and teenagers worldwide, and current smoking patterns 

indicate that about 30 to 40 % (about 0.8 billion) will be smokers in adult life (Peto et 

al., 1996). These authors estimated that about a half billion of the world's population 

will eventually be killed by tobacco by the year 2025. Of the death estimates 

predicted for the 21st century, 70% will occur in the developing world where smoking 
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is increasing due to the rise in population, increased smoking among youth and 

women, lack of awareness of the harmfulness of tobacco, shortage of funding for 

tobacco control measures, and difficulties in implementing legistration (Mackay and 

Crofton, 1996; Mackay, 1994). 

Yach (1996) reported that in Africa an epidemic of lung cancer can be 

expected early in the next century since smoking rates among black African men 

exceeded 50% in the late 1980s and, although smoking rates among black African 

women are still low, they are starting to increase, particularly in metropolitan areas. 

In southern Africa, the proportion of lung cancer attributed to smoking is 86% for 

men and 39% for women. In Zimbabwe, lung cancer is the third cause of cancer 

death among African men. Lung cancer in South Africa accounts for 24% of all 

cancer deaths in men and 10.6 % in women. Overall, data from the national cancer 

registries indicate that lung cancer constitutes 5.8% of all cancers in Sub-Saharan 

Africa (Yach, 1996). Although breast cancer has been reported as the number one 

killer for women, Valentich (1994) reported that lung cancer in women has surpassed 

breast cancer. 

Female smokers are 13 times more likely to develop cancer of the cervix. 

Women who are exposed to passive smoking for at least 3 hours a day are 3 times 

more likely to develop cervical cancer than unexposed women (Valentich, 1994). In 

addition, women who smoke have a higher incidence of menstrual disorders and 

early menopause than non-smokers. Women who smoke and use oral contraceptives 

are 40 times more likely to have a stroke or heart attack compared to those who don't 

(Valentich, 1994). Smoking during pregnancy and neonatal period is associated with 
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the risk of limb reduction defects, spontaneous abortion, ectopic pregnancy, low birth 

weight, mortality and sudden death syndrome. In addition, there are long-term effects 

of maternal smoking on children. These include a high incidence of asthma, 

pneumonia and bronchitis, as well as development lags of three to five months in 

reading, mathematics and general ability (Valentich, 1994; Wald and Hackshaw, 

1996). 

Cigarette smoking has been identified as a public health problem among 

adolescents in both the USA and USSR. Researchers have shown that in the USA, 

about 1.7 million youth had smoked by their 12th birthday and 60% were smoking by 

the age of 16-17 (ASHA, 1993; Moss et al., 1992; Allen et al., 1993; Wald and 

Hackshaw, 1996). The national school-based Youth Risk Behavior Survey indicated 

that more one-third (36%) of all students in grade 9 to 12 used tobacco, and the 

majority of them (32.3% ) smoked cigarettes (Weinrich et al., 1996; Resnick, 1997). 

Heam et al. (1991) assessed smoking prevalence among 15 years old US 

students in Minneapolis and students in Moscow who averaged 14.5 years of age. 

Significant gender differences were found between the two national groups: among 

boys in the USSR as compared to those in the USA, there was a significantly higher 

rate of ever smokers and daily smokers, but also of ex-smokers, while a significantly 

higher rate of girls who smoked weekly was reported for American girls compared to 

girls in the USSR. These gender differences may reflect cultural differences in 

smoking patterns between the two countries, particularly because smoking is more 

strongly discouraged among girls in the USSR than in the USA (Heam et al., 1991). 
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A comparison of smoking trends between the US and the Republic of China 

(Yu et al., 1990) revealed a more catastophic national health problem in that country. 

The first national smoking survey which was conducted among over a half-million 

Chinese showed that 61% of Chinese males over age 15 smoked, with higher rates in 

all occupational groups than for corresponding groups in the United States. Smoking 

prevalence rates have increased by 2% per year in the developing world (Mackay and 

Crofton, 1996). According to Shelton (1988), more than 250 million people in China 

smoke. Based on current smoking levels and risk estimates developed for cigarette 

consumption levels similar to those in China, Peto (1986) has predicted that lung 

cancer deaths among Chinese males will increase from 30,000 in 1975 to 900,000 in 

2025. He has also, estimated that two million Chinese men will die annually from 

smoking and tobacco-related health problems by the year 2025. 

Smoking prevalence in the US declined at a rate of 0.5% per year from 1965 

through 1985 (CDC, 1989) and the rate of decline accelerated to 1.1% per year from 

1987 to 1990 (CDC, 1992). Pierce et al. (1989a) stated that the decline in smoking 

prevalence occurred five times faster among those with higher education compared 

with the less educated. From 1974 to 1985, smoking prevalence among persons with 

less than a high school diploma declined to 34.2 % whereas the prevalence for 

persons with four years or more of college education declined to 18.4%. Since 1985, 

less educated young females were the only group in which smoking initiation 

increased (Pierce et al., 1989a). Pierce et al. (1989b) predicted that at least 30% of 

those who have not completed more than a high school education will be smokers by 

the year 2000, compared to less than 10% of college graduates. These authors 
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concluded that smoking prevalence in the US has declined at a linear rate since 1974 

and predicted that, if this trend continues, 22% (40 million) of the American adult 

population will be smokers by the year 2000 and major inequalities in prevalence will 

occur among educational categories. 

The 1993 CDC report confirmed that cigarette smoking prevalence decreased 

with increasing education and that differences in prevalence among racial and ethnic 

groups may be influenced by differences in socioeconomic status. In 1991, 24.0 

million men (28.1%) and 22.2 million women (23.5%) were reported to be current 

smokers; and smoking was most prevalent among persons aged 25-44 years. The 

prevalence of smoking was highest among American Indians/Alaskan Natives and 

Blacks, and lowest among Asians/Pacific Islanders. A larger percentage of men than 

women were smokers in most socio-demographic groups, including Blacks and 

Whites (CDC, 1993). 

A survey conducted in 1981-1983 on behavioral risk factors associated with smoking 

concluded that, among young adults, the rate of smoking was highest among Whites 

compared with Blacks and Hispanics. However, Valentich (1994) reported that 

34.0% of African-Americans smoke compared with 28.8% of Whites. Compared 

with non-smokers, smokers, especially young women, had higher rates of other risk 

behaviors, which included alcohol misuse and lack of seat-belt use. The rates of these 

other risk behaviors were highest among young smokers aged 18-24 years 

(Remington et al., 1985). 
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Effects of smoking on morbidity and mortality. 

Smoking is of concern because of the human and economic cost and the 

greater risk of morbidity and mortality associated with it. Economic costs of smoking 

range from the use of land for growing tobacco and wood for curing to medical 

treatment costs, lost work days, sickness and disability benefits. Moreover, there is a 

loss of earnings as a result of sickness and death and cost the cost of welfare support 

for families deprived temporarily or permanently of a breadwinner. It has been 

reported that smoking cost U.S. companies $26 billion in lost hours (Valentich, 

1994). Smoking-related diseases annually account for an estimated $22 billion in 

health care costs and $43 billion in lost productivity (United States Office of 

Technology Assessment, 1985). 

Short- term effects of smoking include impairment of circulation, deposition 

of tar in lungs, increased coughing, reduced sense of taste and smell, reduction in 

active sperm and increased number of deformed sperm, and increased incidence and 

severity of colds and flu, as well as staining of teeth and fingers, stale breath, and 

hole bums in clothing and furniture. Long-term effects are serious illnesses and 

death (Valentich, 1994; Wald and Hackshaw, 1996). Fatal diseases related to 

smoking include lung cancer, respiratory disease, chronic obstructive lung disease, 

stroke, pneumonia, aortic aneurysm, and ischaemic heart disease (Wald and 

Hackshaw, 1996; Doll, 1996; Pessah-Rasmussen et al., 1990; Subar et al., 1990; 

Olsen et al., 1989; Ernster, 1988; McGill, 1988). 

Smoking contributes to 30% of all cancer deaths, including 87% of lung 

cancer deaths; 82% of chronic obstructive pulmonary disease deaths; and 20% of 
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heart disease deaths (CDC, 1989). Based on smoking prevalence rates in the US and 

cigarette tar content levels, the age-adjusted lung cancer mortality rates were 

predicted to peak at 71.7 years of age for males in 1995 and to drop to 43.0 by 2025. 

For females, the rate was predicted to peak at 43.2 years of age in 2010 and to drop to 

38.8 by 2025. However, mortality rates among American males have already 

exceeded the predicted peak and was reported to reach 73.2 years of age in 1987 for 

white males (Yu et al., 1990). Age, duration of smoking, amount smoked and type of 

cigarette are the principal determinants of an individual's risk of developing lung 

cancer (Doll and Peto, 1981). 

Cigarette smoking was also reported to contribute to cancers of the larynx, 

oral cavity, oesophagus, pharynx, bladder, kidney, pancreas, cervix and stomach 

(Subar et al., 1990; Emster, 1988). An increased risk for pancreatic cancer was 

observed for current cigarette smokers and, to a lesser extent, with smoking duration 

(Olsen et al., 1989). Based on the results from their study and those from previously 

published studies, these authors believe that cessation of cigarette smoking would 

result in a decreased incidence of pancreatic cancer in the adult male population. 

It is firmly established that cigarette smoking is a risk factor for coronary 

heart disease and peripheral vascular disease. Smoking is correlated with lower 

extremity atherosclerosis (Pessah-Rasmussen et al., 1990), but the risk of having 

coronary artery disease depends significantly on the total life consumption of 

cigarettes rather than on the current daily consumption of cigarettes; and the more a 

person smokes, the greater the risk (Weintraub et al., 1985). Heavy smokers are 2 

times, and mild/moderate smokers are 1.5 times, more likely to have 
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hypercholesterolemia than non-smokers (Tucker, 1989). In a review of the 

cardiovascular pathology of smoking, McGill (1988) indicated that cigarette smoking 

is associated with more coronary atherosclerosis, but not enough to account for the 

two-fold or greater risk of coronary heart disease among smokers. Smoking is 

associated with much more severe atherosclerosis of the abdominal aorta, which is 

consistent with the much greater risk of aortic aneurysm and peripheral vascular 

disease among smokers. 

Effects of Environmental Tobacco Smoke (ETS) on Health. 

Exposure to environmental tobacco smoke (ETS) has been identified as a 

health hazard for adults and children (Mascola et al., 1998; Wall et al., 1988; 

Eskenazi and Bergmann, 1995; Pirkle et al., 1996; Fried et al., 1995). Data from the 

Third National Health and Nutrition Examination Survey (NHANES HI) showed that 

43% of US children are exposed to smoking by a household member, 37% of the 

adult non-tobacco-using population reported exposure to smoking from home or 

from work, and 87.9 % of non-tobacco users had detectable levels of serum cotinine 

(Pirkle et al., 1996). These authors have indicated that exposure to ETS in the home, 

in the workplace, in social settings, and in public places is associated with acute and 

chronic health effects among non-smokers. These health effects include lung cancer, 

asthma, increased incidence of respiratory infections, decreased pulmonary functions, 

and cardiovascular diseases. (Pirkle et al., 1996). Infants or young children exposed 

to ETS by maternal and household smoking have been found to have numerous 

health problems such as prematurity, infant mortality, congenital malformations, a 
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higher rate of asthma and wheezing, sudden infant death, low birth weight, reduction 

of height, reduced performance on tests of language skills and increased problematic 

behavior (Fried et al., 1995; Mascola et al., 1998; Eskenazi and Brenda, 1995; 

Ehrlich et al., 1996). In addition, Mascola et al. (1998) reported breastfeeding as one 

of the routes of exposure to ETS. These researchers reported that infants exposed to 

ETS through breastfeeding have urinary cotinine ranging 1 to 10 times as high as 

those of environmental tobacco-exposed, bottle-fed infants. 

Physiological Effects of Smoking. 

A large number of physiological effects have been identified as researchers 

seek causes of increased health risks. Heavy cigarette smoking causes a number of 

alterations in both humoral and cellular components of the immune system. These 

alterations in immunity are believed to be causally related to the increased incidence 

of infections and neoplasia found in heavy smokers. In a study on the effect of 

smoking on human natural killer (NK) cells, Phillips et al. (1985) found that, 

compared to non-smokers, heavy smokers (50-120 pack-years) had marked 

depression in NK activity that was comparable to that of patients with carcinoma of 

the lung. Natural killer cells comprise a subset of lymphocytes that play a central 

role in immune surveillance and defense against malignant tumors and viral 

infections. Light/moderate smokers (4-45 pack-years) had NK activity comparable to 

that of non-smokers. Their results suggested that smoking-induced alterations in NK 

activity may have a role in the pathogenesis of smoking-associated carcinoma of the 

lung. 
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Lundman et al. (1990) found evidence that smoking is associated with 

impaired metabolic control in patients with diabetes. The impaired metabolic control 

accompanying smoking may be one of several reasons why smoking is linked to the 

development of long-term diabetic complications. Smoking is associated with 

diabetic neuropathy, nephropathy, retinopathy, and gangrene (Mitchell et al., 1990; 

Stegmayr and Lithner, 1987; Nielsen and Hjollund, 1978; Paetkau et al., 1977). 

Mitchell et al. (1990) stated that the prevalence of neuropathy increased with 

increasing number of pack-years smoked. Patients smoking 30 or more pack-years in 

a lifetime were 3.32 times more likely to have neuropathy than patients smoking less 

than this amount. However, the association between smoking and neuropathy was 

restricted to subjects with insulin-dependent diabetes mellitus (DDDM). Helve et al. 

(1986) reported that smoking has short-term stimulatory effects on insulin 

antagonists like cortisol, epinephrine, glucagon and growth hormone. 

Smoking is also associated with an increase in hemoglobin concentration 

(Lundman et al., 1990; Nordenberg et al., 1990). Using data from the Second 

National Health and Nutrition Examination Survey (NHANES H), Nordenberg et al. 

(1990) reported that cigarette smoking seemed to cause a generalized upward shift of 

the hemoglobin distribution curve, which reduces the utility of hemoglobin levels to 

detect anemia. In this study, comparison of women of similar socioeconomic status 

showed that the prevalence of anemia was 4.8% + 0.6% among smokers and 8.5% + 

1.2% among never-smokers. Among women, smokers had a mean (±SE) hemoglobin 

level of 137+0.4 g/L, significantly higher than the mean hemoglobin levels of 133 + 

0.5 g/L for never-smokers. Among men, the mean hemoglobin level for smokers and 
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never-smokers were 156 + 0.4 and 152 + 0.5 g/1, respectively. Mean hemoglobin 

levels and carboxyhemoglobin levels increased progressively with the number of 

cigarettes consumed per day. 

Effect of Smoking on Nutrition. 

Smoking may affect lifestyle factors, including nutrient intake and 

metabolism. Various data suggest that the high cancer risk associated with smoking 

is compounded by somewhat lower intake of nutrients and foods which are thought 

to be cancer protective (Subar et al. 1990). Results from the Second National Health 

and Nutrition Examination Survey showed that smokers in several age-race-sex 

categories have lower intakes of vitamin C, folate, fiber and vitamin A than non- 

smokers. The intake tended to decrease as cigarette consumption increased, 

particularly for vitamin C, fiber, and folate. Smokers were less likely to have 

consumed vegetables, fruits and vegetables high in vitamins A and C, high fiber 

grains, low fat milk and vitamin and mineral supplements than non-smokers (Subar 

etal., 1990). 

Similarly, data from the 1985 Continuing Survey of Food Intake by 

Individuals in which women aged 19 to 50 were surveyed revealed that the 

consumption of fruits and vegetables was significantly lower and the intakes of eggs, 

sugars, regular carbonated soft drinks, coffee and alcoholic beverages were 

significantly higher for women smokers than for non-smokers. Mean energy intakes 

were 1,627 kcal for smokers, 1,620 kcal for never-smokers, and 1,719 kcal for those 

who had quit smoking at least one year before the survey. Compared with never- 
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smokers, smokers had significantly lower protein, dietary fiber, vitamin C and 

thiamin intakes and higher cholesterol intakes per 1,000 kcal (Larkin et al., 1990). 

Klesges et al. (1990) observed that smokers had marginally higher intakes of sucrose, 

marginally lower protein intakes, and significantly lower fiber intake than non- 

smokers. Smokers also consumed more alcohol and sugar than non-smokers 

(Whichelow and Erzinglioglu, 1990; Larkin et al., 1990), and total energy intake and 

the percentage of energy derived from sugar were higher in smokers (Bolton-Smith et 

al., 1991). Overall, smokers tended to eat diets lower in total fiber and higher in fat 

and carbohydrate than non-smokers (Cade and Margetts, 1990; Whichelow and 

Erzinglioglu, 1990). Some of these dietary differences tend to increase cholesterol 

and triacylglycerols in smokers, thus increasing the risks of coronary heart disease 

among these subjects (Cade and Margetts, 1990). 

A survey conducted among Scottish men showed that both dietary and serum 

values of vitamin C, 6-carotene and vitamin E were lower in smokers than in non- 

smokers (Bolton-Smith et al., 1991). Among African-American women smokers, 

serum concentrations of alpha-carotene, 6-carotene, cryptoxanthin, and lycopene 

averaged only 71-79% of the concentrations among non-smokers. Mean serum 

concentrations of vitamins C and E and lutein/zeaxanthin were only slightly lower 

among smokers relative to non-smokers, and current smokers had lower 

concentrations of vitamin A. Schectman et al. (1989) reported that Americans who 

smoked at least 20 cigarettes daily had the lowest vitamin C dietary intake and serum 

levels, while those who smoked 1-19 cigarettes daily had decreased vitamin C intake 

and serum levels compared to subjects who had never smoked. Data suggested that 
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the inverse association between smoking and serum vitamin C levels occured 

independently of dietary intake. The risk of severe hypovitaminosis C was increased 

in smokers, particularly when not accompanied by vitamin C supplementation 

(Schectman et al., 1989). According to these authors, approximately 130 mg of 

dietary vitamin C would be required daily for smokers. However, the simplest and 

most direct method to increase the low serum vitamin C levels found in many 

smokers would be to stop smoking. 

In a study conducted in Bangladesh, smokers had lower intakes of dietary 

vitamin C, carotenes, and Zn but only the difference in Zn intake was statistically 

significant (Faruque et al., 1995). There were significant differences between 

smokers and non-smokers for vitamin A (retinol) or vitamin E (alpha-tocopherol) 

level. The plasma vitamin C level of smokers was significantly lower than that of 

non-smokers. Compared to non-smokers, smokers had significantly lower serum Cu 

and higher serum Zn levels (Faruque et al., 1995). These researchers concluded that 

the observed depressed antioxidant nutrient status in smokers may be due to both the 

smokers' aberrant dietary habits and the increased demand placed on the antioxidants 

by cigarette smoke itself. The increased free-radical load incurred by smoking and the 

lower intake of antioxidant nutrients may shift the normal free-radical antioxidant 

balance in the body with initiation of a deterioration process and, thereby, increase 

the risk of atherosclerotic and other diseases (Faruque et al., 1995). 

Albanes et al. (1987) used data from NHANES n to assess the associations 

between smoking and body weight in the US population. They found that cigarette 

smokers weighed less (69.8 + 0.2 kg mean weight) and were leaner (mean body mass 
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index, BMI, of 24.6 + 0.1) than non-smokers (72.5 + 0.2 kg mean weight and 25.7 + 

0.1 mean BMI). Body leanness increased with the duration but not the intensity of 

smoking. Observing that smokers involved in their study had identical dietary intakes 

and significantly lower levels of aerobic and leisure time activity than non-smokers, 

Klesges et al. (1990) stated that the lower weight and lower body fat among smokers 

is due to increased metabolism. Indeed, Hofstetter et al. (1986) demonstrated that 

cigarette smoking caused an increase in total 24-hour energy expenditure (from a 

mean value ± SME of 2230 + 115 to 2445 ± 120 kcal per 24 hours); although no 

changes were observed in physical activity or mean basal metabolic rate (1545 + 80 

vs. 1570 + 70 kcal/24h). Smoking 24 cigarettes per day increased overall energy 

expenditure by 10% (Albanes et al., 1987). 

The effects of cigarette smoking on the metabolism of nutrients were 

investigated in various studies. In vitro exposure of fresh human plasma to cigarette 

smoke (CS) was used as a model for reactions that could be occurring in vivo in CS- 

exposed respiratory tract lining fluids and lung parenchyma (Eiserich et al., 1995; 

Cross et al., 1993). Gas-phase cigarette smoke induced lipid peroxidation and protein 

oxidation (Eiserich et al., 1995; Cross et al., 1993). However, endogenous ascorbic 

acid protected against lipid (but not protein) oxidation; and whole CS caused protein 

oxidation but not lipid peroxidation (Cross et al., 1993). These authors also reported 

that CS contains aldehydes which cause protein damage when added to human 

plasma. Eiserich et al. (1995) hypothesized that alpha and P-unsaturated aldehydes 

(acrolein and crotonaldehyde) in CS may react with protein -SH and -NH2 groups and 

result in a protein-bound aldehyde functional group. Furthermore, gas-phase CS is 
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capable of converting tyrosine to 3-riitrotyrosine and dityrosine, indicating free 

radical mechanisms of protein damage by nitrogen oxides. These types of 

modifications may result in altered activity of critical enzymes, membrane receptors 

and transport proteins, and would be expected to interfere with cell signaling 

pathways such as those involving tyrosine phosphorylation (Eiserich et al., 1995). 

Aldehydes and nitrogen oxides in cigarette smoke may also be significant 

contributors to biomolecular damage. However, endogenous antioxidants can 

attenuate some of the CS-induced adverse effects, which include a variety of 

respiratory and cardiovascular diseases (Eiserich et al., 1995). The antioxidants, 

ascorbic acid, uric acid, ubiquinol-10 and alpha-tocopherol, afford protection against 

CS-induced damage to plasma lipids to varying degrees. However, with the exception 

of glutathione (GSH), these antioxidants do not inhibit protein modifications 

associated with CS aldehydes. 

Eiserich et al. (1995) reported that exposure of plasma to gas-phase cigarette 

smoke causes depletion of antioxidants, including ascorbate, urate, ubiquinol-10, and 

alpha-tocopherol and a variety of carotenoids, such as B-carotene. Various 

researchers confirmed this negative effect of smoking on serum concentrations of 

antioxidants in smokers (Faruque et al., 1995; Garewal, 1995; Pamuk et al., 1994; 

Bolton-Smith et al., 1991; Schectman et al., 1989). Smoking induces a wide variety 

of physiologic responses, some of which appear likely to be involved in accelerating 

atherogenesis or increasing the probability of thrombosis. These responses include 

reduction in plasma high-density lipoprotein cholesterol concentration, elevation in 

plasma fibrinogen concentration, and elevation in white blood cell count. 
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Effect of Smoking on Vitamin B-6 

Vitamin B-6 indices in smokers and non-smokers are documented in a large 

number of studies (Table 2.1). Depressed plasma PLP and PL concentrations in 

smokers were found in early studies (Serfontein et al., 1986; Serfontein and Ubbink, 

1988). Serfontein et al. (1986) assessed plasma PLP and plasma PL using a HPLC 

method in 106 male smokers aged 43.7 + 9.2, and in 143 male non-smokers aged 

45.4 + 8.5. Smokers had a 29% lower mean plasma PLP concentration than that of 

non-smoking controls. Although plasma PL concentration of smokers was also 

reduced, it was 50% higher than that of non-smokers (Table 2.1). 

Ritchie and Singakamani (1986) measured plasma PLP in free-living 

premenopausal women that included 12 smokers and 24 non-smokers. Mean plasma 

PLP concentration was 29% lower for smokers than for non-smokers (Tables 2.1). 

The dietary intake of the subjects was not reported. Serfontein and Ubbink (1988) 

studied 103 sedentary smokers aged 41+9 years and 122 sedentary non-smokers 

aged 45 + 8 years. Measurement of plasma PLP and PL concentrations by the HPLC 

method showed significant differences between smokers and non-smokers. Plasma 

PLP and PL concentrations were 29% and 19% lower in smokers than in non- 

smokers, respectively (Table 2.1). Manore et al. (1989) examined the effects of age, 

sex, dietary and supplemental vitamin B-6 intakes in 8 male smokers and 43 

male/female non-smokers. These free-living subjects were sampled from a low 

income elderly population. Dietary intakes were determined based on a 3-d diet 

record completed by phone calls or personal interviews with the subjects. Plasma 
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PLP concentrations were significantly lower (37%) for smokers than for non-smokers 

(Table 2.1.). 

Vermaak et al. (1990) investigated vitamin B-6 nutritional status in 286 free- 

living healthy males. These researchers studied fifty-nine ex-smokers ranging from 

18-64 years of age, one hundred fifty nine smokers aged 19-73, and sixty-eight non- 

smokers aged 22-71. Using a HPLC method, they found that plasma PLP and PL 

concentrations were significantly lower in smokers (19% and 13%, respectively) than 

in non-smokers and ex-smokers; whereas erythrocyte PLP and PL did not differ 

significantly between these groups. Alkaline phosphatase activity was not 

significantly different, but was 1.9% higher in smokers than in non-smokers, 

averaging 81.2 + 20.9 and 79.7 ± 27.4, respectively. Pessah-Ramussen (1990) 

assessed plasma PLP concentrations in 80 year-old subjects, 95 male smokers and 63 

male non-smokers. Mean plasma PLP was 22% lower for smokers than for non- 

smokers (Table 2.1). 

Giraud and Driskel (1994) studied vitamin B-6 status in free-living males 

aged 19 to 25 years old. The smokers were identified as those who smoked a mean of 

2.4 packets-year; non-users were defined as those who had not smoked more than 1 

pack of cigarette in their lifetime. The daily vitamin B-6 intake was 1.9 mg for 

smokers and 3.0 mg for non-users. The vitamin B-6 / protein ratio (mg/g) of smokers 

and nonusers was 0.018 + 0.008 and 0.024 + 0.013, respectively. Three smokers, two 

chewers, and 1 non-user had a vitamin B-6 / protein ratio smaller than 0.016, 



Table 2.1  Vitamin B-6 status in free-living smokers (S) and non-smokers (NS) from selected studies. 

Smoking Subjects Age 
Plasma vitamin i B-6 vitamers (nmol/L) 

Study PLP PL PN                 4-PA Tot-B6 Method 
status n/(Sex) (years) 

Giraud et al. S (7.5-60 cig ;./yr) 23 (M) 25-55 60.9+19.9 57.0+46.0 44.7+44.8       33.3+49.8 HPLC 
(1995) NS 11(M) 25-55 80.4±21.5 28.3+19.5 34.0±23.3       15.2±35.5 - - HPLC 

Giraud and S (2.4 packs/yr) 9(M) 19-25 67.4+12.3   --     --             18.2+17.3     HPLC 
Driskell(1994) NS 11(M) 19-25 70.0+32.2 ..   .. --     --             17.0+16.7 - - HPLC 

Vermaak et al. S 159 (M) 19-73 15.4+6.2 7.1+2.5   22.5+8.1 HPLC 
(1990) NS 68 (M) 22-71 18.9±6.7 8.2 + 2.5 " 27.1±8.4 HPLC 

Manore et al. S 8(M) 60-90 24.5+13.7         TDC 
(1989) NS 43 (MF) 40-90 39.0±20.0 ..   .. - - " TDC 

Ritchie and S 12(F) 30-39 31.0+19.5         TDC 
Singkamani NS 24(F) 30-39 43.9±23.7 —   „ __ — « TDC 
(1986) 

Serfontein et al. S 106 (M) 28-63 37.2+24.2 2.4+1.1 —   __ HPLC 
(1986) NS 143 (M) 28-63 52.6±24.9 1.2+1.3 ~ - ~ HPLC 

Serfontein and S (10-20 cig. ./day) 122 (M) 45+8 33.2+20.2 12.6 + 6.6       HPLC 
Ubbink(1988) NS 103 (M) 41+9 46.7+24.0 15.5 + 7.5 — — — HPLC 

Pessah-Rassmussen S 95 (M) 80 17.2+12.9         TDC 
etal.(1990) NS 63 (M) 80 23.3±11.0 -   .. - - ~ TDC 

n = number of subjects; M = males; F = females; HPLC = High performance liquid chromatography; TDC = Tyrosine decarboxylase. 
-i*. u* 
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the recommended ratio of vitamin-to-protein based on the 1989 RDA. The protein 

and vitamin B-6 intakes and the vitamin B-6 /protein ratio of the three groups were 

similar as estimated by 24-h recalls and 2-food day records, although the differences 

in vitamin B-6 intakes of the three groups approached significance (P=0.06) with the 

non-users having the highest intake. Using a HPLC method, these researchers found 

no significant differences between smokers and nonusers for plasma PLP 

concentration, plasma 4-PA concentration and urinary 4-PA excretion (Table 2.1). 

Giraud et al. (1995) measured plasma and erythrocyte vitamin B-6 

concentrations in free-living long-term tobacco smokers, chewers, and nonusers aged 

25 to 55 years. The smokers had smoked cigarettes for more than 15 years while 

nonusers had never smoked more than one pack a day or chewed more than 34 g of 

tobacco over their lifetime. A 24-hour recall for each subject was conducted by a 

trained interviewer by using food models and cross-checking. In addition subjects 

were asked to complete and return a self- recorded food intake record for the 

following 2 days. Vitamin B-6 dietary intakes were 1.75 + 0.79 mg/d for smokers, 

1.73 + 0.85 mg/d for non-users, and 1.77 + 0.72 mg/d for chewers, respectively. 

Erythrocyte B-6 vitamers and red cell 4-pyridoxic acid (4-PA) concentrations of all 

three groups were not significantly different. Erythrocyte B-6 vitamers and red cell 4- 

pyridoxic acid (4-PA) concentrations of all three groups were not significantly 

different. However, mean plasma PLP concentrations were significantly lower in 

smokers (24%) than in nonusers (Table 2.1). There were no significant difference 

between the groups with respect to plasma concentrations of pyridoxamine-57- 
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phosphate, pyridoxal phosphate, pyridoxine, pyridoxamine, and 4-PA, and with 

respect to ratios of urinary 4-PA to creatinine (Giraud et al., 1995). 

Results from these studies indicated that plasma PLP is 3.7 to 37% lower in 

smokers compared to non-smokers. No studies have been conducted to assess 

whether vitamin B-6 supplementation would improve vitamin B-6 status of smokers. 

All previous studies were conducted on free-living individuals whose diets were not 

controlled and the vitamin B-6 intakes were not generally reported. Therefore, it is 

difficult to ascertain whether the reported differences in plasma PLP concentrations 

between smokers and non-smokers were a reflection of low dietary intake of vitamin 

B-6 or whether the lower mean plasma PLP in smokers was induced by the chemicals 

contained in cigarette smoke. 
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ABSTRACT 

Previous studies have indicated that smoking may have a negative effect on 

vitamin B-6 indices and have demonstrated an association between smoking and 

depressed plasma pyridoxal-5'-phosphate (PLP) concentration. The objective of this 

research was to assess vitamin B-6 status in smokers as compared to non-smokers 

receiving a controlled diet and to evaluate the effect of an oral vitamin B-6 

supplement in these subjects. The vitamin B-6 (B-6) status of 5 (4 males /1 female) 

smokers (S) and 4 (3 males /1 female) non-smokers (NS) was assessed. A constant 

diet fed for 20 days provided 1.95 mg of B-6 for males or 1.65 mg of B-6 for 

females. For the last 10 days, an additional 2-mg of pyridoxine (PN) were given 

daily. Blood samples were collected on days 1,7, 11, 14 and 21; and 24 hour urine 

samples were collected daily. 

Plasma B-6 vitamers (PLP, PN, pyridoxal (PL), and 4-pyridoxic acid (4-PA) 

and red blood cell PLP (RBC PLP) concentrations, plasma alkaline phosphatase 

activity (AP), urinary 4-PA and total B-6 (UB6) excretion were determined. Mean 

plasma PLP, 4-PA, and RBC PLP concentrations were significantly lower (P<0.05) 

at all time points in S compared to that of NS, with the exception of RBC PLP after 

supplementation. With a daily supplement of 2-mg of vitamin B-6, the mean plasma 

PLP concentration of S increased 85.8 % but was still 48.5% lower than that of NS 

consuming 1.65-1.95 mg/d of B-6. Mean plasma PL concentrations were higher for S 

than for NS before and after supplementation, but the difference were not significant 

after supplementation. Excretion of urinary 4-PA was not significantly different 
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between S and NS, but the mean values were consistently greater in NS compared to 

that of S throughout the 20-day study. The % of ingested B-6 excreted as 4-PA 

during the non-supplemented period was 38.4 and 47.2% for the S and NS, 

respectively, and 43.3 and 49% during the supplemented period. There were no 

significant differences between S and NS for plasma PN concentration, AP activity, 

and UB6 excretion. Results indicated that smokers excreted more 4-PA after 

supplementation and suggested an adverse effect of smoking on B-6 metabolism, and 

thus an increased requirement of vitamin B-6 in smokers. Furthermore, the 2-mg PN- 

HC1 supplement was not sufficient to bring the lower plasma PUP concentration in 

smokers up to pre-supplement levels of non-smokers. 
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INTRODUCTION 

There are 1 billion smokers worldwide and nearly 3 million die each year due 

to smoking induced cancers and other fatal diseases (Wald and Hackshaw, 1996; 

Doll, 1996 ). Numerous health problems are induced by smoking, including coronary 

heart disease. Smoking is associated with a significantly reduced plasma PLP 

concentration (Hopkins and Williams, 1981; Serfontein and Ubbink, 1988; 

Serfontein et al., 1986; Ubbink et al., 1996; Froelicher and Oberman, 1972), and 

various studies have indicated a significant difference in mean plasma PLP between 

smokers and non-smokers (Giraud et al., 1995; Vermaak et al., 1990; Pessah- 

Rasmussen et al., 1990; Manore et al., 1989; Serfontein and Ubbink, 1988; and 

Serfontein et al., 1986). However, some studies conducted on free-living individuals 

indicated little difference in plasma PLP concentrations between smokers and non- 

smokers, but smokers were characterized by slightly lower plasma PLP values 

(Giraud and Driskell, 1994 and Ritchie and Singkamani, 1986). Plasma pyridoxal 

(PL) concentration was also depressed in smokers (Serfontein et al., 1986), but this 

finding was not consistent in all studies (Vermaak et al., 1990). Giraud et al. (1995) 

measured erythrocyte and plasma vitamin B-6 concentrations of long- term tobacco 

smokers, chewers, and nonusers. The smokers and the nonusers had similar vitamin 

B-6 intakes. Mean plasma PLP concentrations in smokers were significantly lower 

than in nonusers, but no significant differences were found for plasma pyridoxamine- 

5'-phosphate (PMP), and plasma 4-pyridoxic acid (4-PA). 

Previous studies (Ritchie and Singkamani, 1986; Serfontein et al., 1986; 

Serfontein and Ubbink, 1988; Manore et al., 1989; Vermaak et al., 1990; Giraud and 
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Driskell, 1994; Giraud et al., 1995) on the effect of smoking on vitamin B-6 were 

based on subjects consuming a self-chosen diet, as opposed to a controlled diet, and 

most of them (except Giraud et al., 1995; Giraud and Driskell, 1994; and Manore et 

al., 1989) did not report the vitamin B-6 intake. Therefore, it is not clear whether the 

reported low plasma PLP values were due to a low intake of vitamin B-6 or to the 

effect of smoking. 

Giraud et al. (1995) concluded that individuals with plasma PLP 

concentrations lower than 30 nmol/L, the suggested value for adequate vitamin B-6 

status (Leklem, 1990), might benefit from consumption of vitamin B-6 supplements. 

However, to our present knowledge, there are no data available on vitamin B-6 status 

in smokers receiving a controlled diet, and neither has research been done on the 

effect of vitamin B-6 supplementation on vitamin B-6 status in smokers consuming a 

controlled intake. Therefore, the objectives of this research were to assess vitamin B- 

6 status in smokers receiving a controlled diet compared to non-smokers and to 

evaluate the effect of an oral vitamin B-6 supplement. 
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SUBJECTS AND METHODS 

Subjects 

Four male and 1 female smokers and 3 male and 1 female non-smokers aged 

20-27 years were recruited as subjects. The study was approved by the University's 

Institutional Review Board for the Protection of Human Subjects. All candidates 

were interviewed initially to obtain a medical history and to determine smoking 

habits and to assess the use of vitamin supplements. The basic outline of the study 

was fully explained and informed consent obtained. Screening criteria for health 

included tests for normal blood chemistry, including normal hematocrit and 

hemoglobin. The subjects were in good health, not overweight and not using oral 

contraceptives or any vitamin supplement or medication that would affect vitamin B- 

6 status. Subjects were measured for height and weight while wearing light clothing. 

The subject's exercise level did not exceed 20-30 minutes per day. Smokers were 

defined as those who had smoked cigarettes for at least one year and who smoked at 

least ten cigarettes or more a day. Those smokers meeting these criteria were 

included in the study. All subjects were informed about diets and filled out a health 

and dietary history questionnaire. 

Diets 

The experimental period lasted 20 days during which subjects were fed a 

constant diet. This diet (Table 3.1.) was prepared and served in the metabolic kitchen 

at Oregon State University. The controlled basal diet provided 2500 kcal per day for 
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Table 3.1. Composition of the controlled diet fed to the subjects. 

Food items Males Females 

Breakfast 
Orange juice, unsweetened, frozen 
Puffed wheat cereal, fortified 
Milk, 1% fat 
Black cherries, canned, drained 
Whole wheat bread 
Soft margarine, tub 
Smooth peanut butter 

Lunch 
Apple juice, frozen 
Light tuna in water, canned, drained 
Lettuce, iceberg 
Sweet pickle relish 
Whole wheat bread 
Mayonnaise 
Carrots, raw, sliced 
Sweet green peppers, raw, chopped 
Red cabbage, raw, chopped 
French dressing 
Pears, canned halves, light syrup 

Dinner 
Turkey breast lunchmeat 
Long grain white rice, dry 
Whole wheat bread 
Soft margarine 
Carrots, raw, sliced 

Milk (1% fat) 
Green beans, canned drained 
Apple, raw, sliced 
Peaches, canned halves, light syrup 
Lowfat yogurt, plain 

(g) (g) 
200 200 
25 25 

220 220 
50 50 
75 40 
10 10 
20 10 

240 240 
60 40 
70 70 
15 15 
75 75 
20 20 
30 30 
15 15 
15 15 
20 20 
100 100 

100 60 
50 50 
70 35 
10 5 
50 50 

220 220 
100 100 
60 60 
200 200 
50 50 

Snack 
Vanilla wafer cookie, no egg 40 40 
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men and 2000 kcal for women. To maintain the subjects' body weight, additional 

energy was supplied by candy, soda pop, sugar, margarine and salad dressing. 

For the men, the diet supplied 1.95 mg of vitamin B-6 and 98 g of protein. 

For the women, the diet supplied 1.65 mg of vitamin B-6 and 80 g of protein, 

resulting in a vitamin B-6 to protein ratio of 0.02. From day 1 to day 10 (period 1) 

subjects were under a controlled diet. From day 11 to 20 (period 2), subjects received 

an additional 2.0 mg of vitamin B-6 as pyridoxine (hydrochloride form). This was 

given as a 1-mg oral solution at breakfast and dinner. The diet fed to the subjects 

during the study period was adequate in protein, energy, and other nutrients (National 

Research Council, 1989). 

Sample collection and analyses. 

Blood samples were collected on days 1,7, 11, 14, and 21 of the study after a 

12-hour fast. The samples were kept on ice, protected from the light, and centrifuged 

at 1800 x g for 15 minutes. Aliquots of plasma were frozen at -40oC until analyzed. 

Hemoglobin and hematocrit determinations were performed on whole blood using 

standard laboratory procedures. A 24-hour urine sample was collected daily from 

each subject for the assessment of completeness and the adherence to the diet. Urine 

samples were collected in 1-L polyethylene bottles containing toluene as preservative 

and were protected from light. Aliquots were frozen at -20oC for later analysis of 

urinary 4-PA, total vitamin B-6 and creatinine. 

Plasma B-6 vitamers (PLP, PN, PL, 4-PA) were measured using a HPLC 

method (Sharma and Dakshinamurti, 1992). The HPLC system consisted of a 
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Shimadzu SCL- 10H controller, two LC-10AD pumps, RF-10A fluorometer, and a 

CR501 recorder/integrator. The post column pump was an Eldex model A-30-S 

which pumped the bisulfite reagent through a T Injection. Solvents used were: 

solvent A, 0.033 M potassium phosphate/L and 0.08 M 1-octane-sulfonic acid/L, pH 

2.2; solvent B, 0.033 M potassium phosphate/L and 17% 2-propanol (vol:vol), pH 

2.2. A 150 uL sample was injected into a reversed phase HPLC column (Guard-Cis 

HBond-a-pak-Waters and analytical column-Rainin # 86-200-E3; dg 3U 4.6 x 100). 

A linear gradient from 100% A to 40% B for 30 min at a flow rate of 1.0 mL/min, 

and then at 40% B for 35 min, and finally 100% A for 55 minutes was used. 

Fluorescence detection of B-6 vitamers was accomplished after postcolumn 

derivatization with sodium bisulfite (1 g/Lin 1 mol monosodium-dipotassium 

phosphate/L, pH 7.5) prepared fresh daily. The solution was then mixed in a 30 cm of 

0.5 mm ID Teflon tubing filled with 250 mm beads (Supelco). The excitation and 

emission wavelengths were 330 and 400 nm, respectively. Concentrations of B-6 

vitamers were identified and quantified by comparing retention times and peak areas 

with standards. 

Red blood cell (RBC) PLP concentrations were determined by a tyrosine 

decarboxylase apoenzyme/isotopic procedure (Chabner and Livingston, 1970). 

Plasma alkaline phosphatase activity was determined by a colorimetric procedure 

(Roy, 1970). 

An automated procedure (Pino et al., 1965) was used to measure urinary 

creatinine. Urinary 4-PA was measured using a modified HPLC method (Gregory 

and Kirk, 1979). Urinary total B-6 was measured by a modified microbiological 
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procedure using Saccharomyces uvarum (Miller and Edwards, 1981). Urinary 4-PA 

and urinary total B-6 excretion were averaged for the first and last three days of each 

experimental period if the 24-h urine collections were considered complete based on 

creatinine excretion. Urinary cotinine was measured using a double antibody nicotine 

metabolite procedure for cotinine (Van Vunakis et al., 1987; Diagnostic Products 

Corporation DPC, 1997). All samples were measured in duplicate. A composite of 

the diet was made weekly for analyses of vitamin B-6 using Saccharomyces uvarum 

procedure as described by Miller and Edwards (1981). 

Statistical Analyses. 

Statistical analyses were performed using the SAS computer software (SAS 

Institute Inc., 1989). Mean plasma B-6 vitamer concentrations, urinary 4-PA and 

urinary total B-6 excretions for days 1,11, and 21 were compared using a two-way 

analysis of variance (ANOVA) for repeated measures to assess differences between 

smokers and non-smokers before and after supplementation (SAS Institute Inc., 

1989). Differences were considered significant at P<0.05. Pearson correlation 

coefficients between plasma PLP, plasma PL, RBC PLP and alkaline phosphatase 

activity as well as plasma 4-PA and urinary 4-PA were determined using Microsoft 

Excel 97 (Kelly, 1998; Microsoft Corporation, 1996; SAS Institute Inc., 1989). 
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RESULTS 

Subject characteristics 

The mean height, weight, and age of the two groups were not significantly 

different (Table 3.2., P<0.05). Smokers had slightly higher values for both hematocrit 

and hemoglobin, but the difference was not statistically significant between smokers 

and non-smokers. 

Four of 5 smokers reported smoking one pack (20 cigarettes) per day, and one 

subject smoked 10 cigarettes per day. Two of the non-smokers were exposed to 

second hand smoke. The qualitative and quantitative measurements of urinary 

cotinine verified the self-report on cigarette consumption of all subjects. The urinary 

cotinine of smokers was above the cutoff point stated as 200 ng/mL (Riboli et al., 

1995) and ranged from 750 to 4,000 ng/mL (Appendix Table 3.13). The non- 

smokers' urine samples, including that of the 2 subjects exposed to second hand 

smoke, contained less than 100 ng of cotinine /mL of urine. 

Measures of vitamin B-6 status 

The mean plasma PLP concentration (Table 3.3) was significantly lower in 

smokers compared to that of non-smokers prior to the controlled diet and both before 

(period 1) and after (period 2) vitamin B-6 supplementation (P<0.05). The mean 

plasma PLP concentrations of non-smokers on day 1 and at the end of period 1 (day 

11, just before vitamin B-6 supplementation), were approximatively twice that of 

smokers. After supplementation, the mean plasma PLP concentration of non-smokers 

was almost double that of smokers (Figure 3.1a). 



Table 3.2. Age, weight, height and smoking habits of the subjects. 

Sex Age Weight Height Number of 
cigarettes/day 

Length of 
smoking 

Exposure to 
second hand 

(yr) (kg) (m) (yr) smoke 
Smokers 

M 22 60.0 1.70 20 7 N 
M 25 74.9 1.79 10 11 N 
F 21 62.2 1.70 20 4 N 
M 24 64.4 1.82 20 4 Y(lpk/d) 
M 22 87.6 1.83 20 3 N 

Average: 22.8 69.7 1.77 18 5.8 
(SD) (1.6) (11.5) (0.06) (4.5) (3.3) 

Non-Smokers 
M 20 77.6 1.90 0 0 N 
M 24 68.5 1.71 0 0 Y (3 cigs/d) 
M 27 80.0 1.82 0 0 N 
F 27 53.0 1.56 0 0 Y (1 pk/d) 
Average 

(SD) 
24.5 
(3.3) 

69.9 
(3.3) 

1.75 
(0.15) 

M=male; F=female; Y=yes; N=no; pk =pack of cigarettes; cigs/d^cigarettes per day. 

to 



Table 3.3.: Mean (+ SD) plasma B-6 vitamer and red blood cell plasma pyridoxal-5'-phosphate concentration (nmol/L) and alkaline 
phosphatase activity (pmol/min/L) in smokers and non-smokers before and after vitamin B-6 supplementation. 

Before supple mentation After supplementation % increase**' 
Day 1 Day 11 Day 21 

Smokers Non-smokers Smokers Non-smokers Smokers Non-smokers S NS 

Plasma PLP 29.6+7.3" 64.1+22.2b 25.9+5.0a 52.7+14.0c 48.0+9.0c 93.3+21.8d 85.8 71.1 
RBCPLP 32.1+5.0" 46.3+18.2b 33.9+5.8" 46.2+12.1b 40.3+6.6b 49.1+16.0b 18.9 6.2 
Plasma PL 16.6+7.4* 18.0+8.0" 17.7+5.9" 17.0+6.8" 26.4+8.9b 33.2+12.7b 49.4 95.6 
Plasma 4-PA 14.2+3.9a 27.3+8.6b 14.2+1.6" 21.9+4.0C 29.5+6.0b 39.3+7.3d 108.0 79.8 
Plasma PN 8.1+1.9 10.1+1.8 7.1 + 1.7 9.7+2.8 6.7+2.5 7.6+0.9 -6.0 -21.2 
Plasma AP activity 28.6±5.3 27.6±5.4 28.3±5.9 26.8±7.2 29.1±6.7 28.1±7.3 2.8 4.8 

a'b'c'd Values with different superscripts in a row were significantly different (P<0.05). Day 1: pre-study; Day 11: end of the period 
before vitamin B-6 supplementation; Day 21: end of the period after vitamin B-6 supplementation. PLP: pyridoxal-S'-phosphate; 
RBC: red blood cell; PL: pyridoxal; 4-PA: 4-pyridoxic acid; PN: pyridoxine; AP: alkaline phosphatase. 
(*) Increase in mean plasma B-6 vitamer concentration and AP activity on day 21 relative to mean values on day 11. 
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Figure 3.1. Mean plasma PLP (a) and PL (b) concentrations in smokers and non- 
smokers before (period 1) and after (period 2) the 2-mg PN supplementation (a=0.05). 
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At the end of the supplementation period there was no significant difference 

in the mean increase in plasma PLP concentration (P>0.05), but a significant 

difference was found for the mean plasma PLP concentrations (P<0.05). 

The mean red blood cell PLP concentration (Table 3.3) was significantly 

lower (P<0.05) in smokers than in non-smokers prior to the controlled diet and 

before supplementation. However, the difference was not statistically significant after 

supplementation (P>0.05). After supplementation, the mean percent increase in red 

blood cell PLP concentration of smokers was triple (18.9% + 13.9) that of non- 

smokers (6.2% + 13.65). 

The mean plasma PL concentration was not significantly different between 

smokers and non-smokers prior to the controlled diet and both before and after 

vitamin B-6 supplementation (P>0.05). However, the absolute value of mean plasma 

PL concentration in non-smokers was higher than that of smokers after 

supplementation (Figure 3.1 b.), and there was a statistically significant difference 

between smokers and non-smokers with regard to the mean percent increase of 

plasma PL concentrations after supplementation (P<0.05) (Table 3.3). There was a 

strong correlation between plasma PLP and PL concentrations for non-smokers on 

days 1 and 11 (Table 3.4a.). 

The mean plasma PN concentration (Table 3.3.) was not significantly 

different (P>0.05), between smokers and non-smokers prior to the controlled diet and 

both before and after vitamin B-6 supplementation. However, smokers had lower 

plasma PN concentration for all periods (Figure 3.2a.). After supplementation, the 

mean plasma PN concentration for smokers and non-smokers both decreased slightly. 



Table 3.4.a: Pearson correlation coefficients between plasma pyridoxal-5'-phosphate (PLP), pyridoxal (PL), red blood cell PLP (RBC 
PLP), and alkaline phosphatase activity for smokers and non-smokers before and after vitamin B-6 supplementation. 

Day 1 
PLP      PL RBC PLP 

Before 
Day 11 
PLP 

supplementation 

PL        RBC PLP 

After supplementation 
Day 21 
PLP      PL        RBC PLP 

Smokers Cn=5) 
AP activity 
Plasma PL 

Non-smokers (n=4) 
AP activity 
Plasma PL 

-0.94*   0.01 
-0.10 

-0.85*  -0.22 
0.66 

-0.64 
-0.58 

-0.90* 
0.58 

-0.05 
-0.06 

-0.32 
0.69 

-0.14 

-0.12 

-0.51 
0.12 

-0.79* 
0.56 

0.16     -0.53 
0.07 

-1.00*  -0.31 
0.34 

-0.36 
0.05 

-0.68 
0.85** 

*: Strong inverse relationship between two variables; **: Strong positive relationship (a=0.05). 

Table 3.4.b: Pearson correlation coefficients between plasma 4-pyridoxic acid (4-PA) and urinary 4-PA for smokers and non-smokers 
before and after vitamin B-6 supplementation. 

Before supplementation After supplementation 
Day 1 Day 11 Day 21 
U4-PA U4-PA U4-PA 

Plasma 4-PA 
Smokers 0.57 0.51 0.33 
Non-smokers 0.96** 0.93** 0.71 

**: Strong positive relationship (a=0.05). 
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Figure 3.2. Mean plasma PN (a) and 4-PA (b) concentrations in smokers and non- 
smokers before (period 1) and after (period 2) the 2-mg PN supplementation (a=0.05). 
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changing from 7.14+1.67 to 6.71±2.51 and 9.72+2.79 to 7.66±0.89, respectively. The 

percent decrease was significantly greater for non-smokers compared to that of 

smokers (P<0.05). 

The mean plasma 4-PA concentration (Table 3.3; Figure 3.2b) was 

significantly lower in smokers compared to that of non-smokers prior to the start of 

the controlled diet and at the end of both experimental periods (P<0.05). The mean 

plasma 4-PA concentration increased significantly more for smokers than for non- 

smokers after vitamin B-6 supplementation. 

The mean values of plasma alkaline phosphatase (AP) activity (Table 3.3) 

were not significantly different between smokers and non-smokers (P>0.05). The AP 

activity did not vary significantly over time, and values were in the normal range for 

all subjects. However, non-smokers tended to have lower AP activity compared to 

that of smokers. There was a strong negative correlation of AP activity with plasma 

PLP and RBC PLP concentrations; and weaker correlations with plasma PL 

concentrations on day 1 for both smokers and non-smokers. Correlations between AP 

activity and all these variables were generally weaker on day 11 and 21 (Table 3.4a.). 

The mean urinary 4-PA excretion was not significantly different (P>0.05) for 

smokers and non-smokers prior to the controlled diet and for both the first and the 

last 3 days of experimental periods one and two (Table 3.5.; Figure 3.3a). However, 

for both experimental periods, the smokers had a lower mean urinary 4-PA excretion. 

The mean urinary 4-PA excretion increased in smokers and in non-smokers after 

supplementation, but the mean increase was higher in smokers compared to that of 

non-smokers. 
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Table 3.5. Mean urinary 4-pyridoxic acid (U4-PA) and total vitamin B-6 (UB-6) 
excretion in smokers and non-smokers. 

U4-PA UB-6 
umol/d % intake1        umol/d % intake1 

Non-Smokers: 
First three days, period 1 
Last three days, period 1 

First three days, period 2 
Last three days, period 2 

Smokers: 
First three days, period 1 
Last three days, period 1 

First three days, period 2 
Last three days, period 2 

1 % intake refers to the percent of ingested vitamin B-6 excreted as 4-pyridoxic acid or 
urinary total vitamin B-6. Periods 1 and 2 refer to the period before and after 

5.07±1.08 45.8±9.9 0.89±0.35 8.0±2.9 
5.39±1.88 48.6±5.8 0.79±0.27 7.1±2.1 

10.40±0.80 45.2±2.5 1.09±0.34 4.8±1.4 
12.10±1.84 52.6±7.1 1.13±0.35 5.0±1.5 

4.37±0.85 39.1±7.2 0.77±0.19 6.9±1.6 
4.28±0.94 37.7±7.8 0.75±0.13 6.7±1.6 

9.37±1.76 40.3±7.4 1.03±0.17 4.5±0.8 
10.90±1.83 47.1±7.1 1.17±0.71 5.1±0.8 

supplementation, respectively. 
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Figure 3.3. Mean urinary 4-PA (a) and total B-6 (b) excretions in smokers and non- 
smokers before (period 1) and after (period 2) the 2 mg PN supplementation (a=0.05). 
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The mean percent of the vitamin B-6 intake excreted as urinary 4-PA was 

higher in non-smokers compared to that of smokers for the period before 

supplementation. After supplementation, the percent of intake excreted as urinary 4- 

PA was 15% higher for non-smokers compared to that of smokers (Table 3.5.). 

There were significantly stronger positive correlations between plasma 4-PA 

concentrations and urinary 4-PA excretions in non-smokers compared to that of 

smokers on day 1,11, and 21 (Table 3.4b). 

There was no significant difference (P>0.05) in mean urinary total B-6 

excretion (Table 3.5.; Figure 3.3b) between smokers and non-smokers before and 

after supplementation. The increase in urinary vitamin B-6 excretion after 

supplementation was 11% higher in smokers as compared to that of non-smokers. 
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DISCUSSION 

Plasma vitamin B-6 vitamers and 4-PA 

In contrast to the previous researchers (Serfontein et al., 1986; Serfontein and 

Ubbink, 1988; Manore et al., 1989; Vermaak et al., 1990; and Giraud et al., 1995), 

the two unique aspects of this study were the use of vitamin B-6 supplement and a 

controlled dietary intake of vitamin B-6 to assess vitamin B-6 metabolism and status 

in smokers and non-smokers. In this study, plasma PLP concentration before 

supplementation was found to be 50 % lower in smokers compared to that of non- 

smokers. However, in the previous studies (Serfontein et al., 1986; Serfontein and 

Ubbink, 1988; Vermaak et al., 1990; and Giraud et al., 1995) the plasma PLP 

concentrations were found to range from 4 to 37% lower in smokers. Using a 24-hour 

recall and 2-3 diet records, with a similar intakes of vitamin B-6 between smokers 

and non-smokers, Manore et al. (1989) and Giraud et al. (1995) observed a lower 

plasma PLP concentration in smokers. This difference in mean plasma PLP observed 

in the present study and in these other studies may be due to the use of the controlled 

diet. After a 2-mg vitamin B-6 supplement, the plasma PLP concentration of 

smokers increased by 86 % but was still below the plasma concentration of non- 

smokers consuming 1.65-1.95 mg/d of vitamin B-6. Thus, an additional 2.0 mg of 

PN was not sufficient to correct the lower plasma PLP concentration found in 

smokers compared to that of non-smokers. This difference in mean plasma PLP 

concentration does not appear to be due to AP activity since plasma AP activity was 

not significantly different between the 2 groups. Previous studies of non-smokers fed 
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a controlled diet and varying amounts of vitamin B-6 (Hansen et al., 1996; Kretsch et 

al., 1995; Huang et al., 1998) found an average increase in plasma PLP of 23 nmol/L 

per 1 mg pyridoxine. Although a small sample size was used in this study, a 

comparable increase of 20 nmo/L of plasma PLP per Img of pyridoxine was 

observed. These results show the overall detrimental effects of smoking on plasma 

PLP concentrations. Prior to the start of the controlled diet, (dayl) the mean plasma 

PLP concentration of three of the five the smokers in this study was below 30 

nmol/L, the lower limit for adequate vitamin B-6 status (Leklem, 1990). The starting 

plasma PLP concentration of all non-smokers was greater than 30 nmol/L (range 41- 

93 nmol/L). 

The significant difference between smokers and non-smokers'mean RBC PLP 

concentration found at the beginning of the study and immediately before (day 11) 

vitamin B-6 supplementation was begun may be related to the difference in mean 

plasma PLP concentrations found between smokers and non-smokers. This is in 

contrast to the findings of Giraud et al. (1995) and Vermaak et al. (1990) who found 

no significant difference in RBC PLP concentrations between tobacco users and non- 

users. Feeding a controlled diet may explain the difference in mean RBC PLP 

concentration between the present study and the others (Giraud et al., 1995; Vermaak 

et al., 1990). The lack of significant difference in mean RBC PLP between smokers 

and non-smokers after vitamin B-6 supplementation was observed. There is no 

suggested value for an adequate level of red blood cell PLP in humans, even though 

RBC PLP has been suggested as an indicator of vitamin B-6 status (Leklem, 1990). 
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The lack of a significant difference in mean plasma PL concentration between 

smokers and non-smokers before and after vitamin B-6 supplementation is consistent 

with the findings of Serfontein and Ubbink (1988) and Vermaak et al. (1990), but not 

with that of two other studies (Giraud et al., 1995; Serfontein et al., 1986). These 

conflicting results might be related to the different experimental design used, the 

number of cigarette smoked per day, the length of smoking, or age of the subjects. 

The mean plasma PN concentration in the present study was not significantly 

different between smokers and non-smokers, both before and after supplementation, 

and thus contradicts the findings of Giraud et al. (1995). However, in this latter study 

the mean plasma PN in smokers and non-smokers was much higher and had a larger 

standard deviation than observed in the present study. Furthermore, Giraud et al. 

(1995) found that smokers had a higher plasma PN concentration than smokers. 

The measurement of both plasma 4-PA concentrations and urinary 4-PA 

excretions in smokers and non-smokers was another unique aspect of this study. 

Despite the small sample size, an adverse effect of smoking on vitamin B-6 

metabolism was observed in this study. In their last 3 days before supplementation, 

smokers excreted 38 % of their vitamin B-6 intake as 4-PA, while non-smokers 

excreted 49 % of their intake. For the last 3 days after supplementation, smokers 

excreted 47 % while non-smokers excreted 53 % as percent of their intake. This 

consistently lower mean urinary 4-PA excretion found in smokers compared to that 

of non-smokers is additional evidence of the detrimental effects of smoking on 

vitamin B-6 status. Further evidence of this difference is also reflected in the mean 

plasma 4-PA concentration which was significantly lower in smokers. This 
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relationship is also reflected by a strong positive correlation (P<_0.05) of plasma 4- 

PA concentration and urinary 4-PA excretion in non-smokers, but this correlation 

was not significant in smokers. This may be a further indication of altered vitamin B- 

6 metabolism in smokers. 

The lower plasma PLP and 4-PA concentrations of smokers, the lower 

urinary 4-PA excretion and smaller increase in plasma PLP concentration in response 

to PN supplementation of smokers, compared to that of non-smokers, indicate an 

adverse effect of smoking on vitamin B-6 metabolism. These results suggest that 

smokers require an additional vitamin B-6 intake to maintain an adequate vitamin B- 

6 status. A dietary intake of vitamin B-6 rich foods should be recommended to 

smokers. Alternatively, a vitamin B-6 supplement could be used. 

However, a limitation of this study was a small sample size. Therefore, 

application of this research to the larger population of smokers may not be 

appropriate. Similar research with a larger sample size and varying doses of vitamin 

B-6 supplements is needed in order to ascertain the quantitative need for vitamin B-6 

in the population. This study was conducted on younger subjects (20-27 years old). 

Further research on smokers and non-smokers is needed to assess vitamin B-6 status 

under controlled diet conditions in older subjects since vitamin B-6 metabolism 

decreases with age (Van den Berg et al., 1990). 

The differences in mean plasma vitamin B-6 vitamers (PN, PLP, 4-PA) and 

RBC PLP concentrations may be explained by the numerous chemical components in 

tobacco smoke (Cross, et al., 1993; Muto and Takizawa, 1989) which include 

cyanide (Lundquist et al., 1987), carbon monoxide (Mitchell and Schandel, 1973) 
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nicotine and aldehydes (Cross et al., 1993). Cyanide may affect vitamin B-6 

metabolism as reported by Keniston et al. (1987) who showed that cyanide reacts 

with PLP to form a cyanohydnn complex which could create a rapid depletion of 

plasma PLP. Thus, similar effects could be seen with the cyanide present tobacco 

smoke. Furthermore,possible other mechanisms by which cigarette smoke 

compounds affect vitamin B-6 metabolism are still unknown. There is a need for 

research that would lead to a clearer understanding of these mechanisms. 
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CHAPTER 4 

SUMMARY 

Previous studies indicated that smoking has a negative effect on vitamin B-6 

status indices especially plasma pyridoxal 5'-phosphate (PLP) concentration. These 

studies were conducted on free-living individuals whose diets were not controlled 

and their vitamin B-6 intakes were generally not reported. Researchers observed that 

plasma PLP concentration is lower in smokers than in non-smokers and it was 

hypothesized that individuals with plasma PLP values below 30 nmol/L (the 

suggested level for adequate vitamin B-6 status) might benefit from the consumption 

of vitamin B-6 supplements. However, no research has been conducted on the effect 

of vitamin B-6 supplementation on smokers consuming a controlled intake of 

vitamin B-6 and protein. 

In this study, the effect of controlled vitamin B-6 intake and pyridoxine 

supplementation on B-6 status of smokers was investigated in 5 smokers (4 males 

and 1 female) and 4 non-smokers (3 males and 1 female). To assess vitamin B-6 

status of the subjects, plasma pyridoxal 5' phosphate (PLP), pyridoxal (PL), 

pyridoxine (PN), 4 pryidoxic acid ( 4-PA), and red blood cell PLP (RPLP) 

concentrations, plasma alkaline phosphatase activity (AP), urinary 4-PA and total B- 

6 (UB6) excretion were determined. The hypotheses of this study were that (1) 

plasma vitamin B-6 vitamers and red blood cell PLP concentrations, and urinary 4- 

PA and total B-6 excretion would be significantly lower in smokers compared to that 

of non-smokers and that (2) oral vitamin B-6 supplementation would result in a 
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higher increase of plasma PLP concentration and urinary 4-PA excretion in non- 

smokers compared to smokers. 

A daily diet providing 1.95 mg of vitamin B-6 and 98 g of protein for males 

or 1.65 mg of vitamin B-6 and 80 g of protein for females was fed for 20 days. In the 

last 10 days, an additional 2 mg of pyridoxine (PN) was given daily. Blood samples 

were collected on days 1,7, 11, 14 and 21; and 24 hour urine samples were collected 

daily. 

Mean plasma PLP, 4-PA and RPLP concentrations were significantly lower 

(P<0.05) in smokers compared to that of non-smokers before and after 

supplementation. With a daily supplement of 2-mg vitamin B-6, the plasma PLP 

concentration of smokers increased 63.9% but was still 20.4% lower than that of non- 

smokers consuming 1.65-1.95 mg/d of vitamin B-6. Plasma PL concentrations were 

64.5% and 15.7% higher in smokers than in non-smokers before and after 

supplementation, respectively. 

Excretion of 4-PA was not significantly different between smokers and non- 

smokers, but the mean values of 4-PA concentration were consistently greater in non- 

smokers compared to that of smokers throughout the 20-day study. The difference in 

mean percent excretion of 4-PA of the last 3 days before supplementation was nearly 

significant (P=0.06). The % of ingested B-6 excreted as 4-PA for the smokers and 

non-smokers was 38.4 and 47.2% in the non-supplemented period, and 43.3 and 49% 

in the supplemented period, respectively, indicating that smokers excreted more 4-PA 

after supplementation. There was no difference between smokers and non-smokers 
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for plasma PN concentration, plasma AP activity, and urinary total B-6 (UB-6) 

excretion. 

The lower plasma PLP concentration of smokers, the lower urinary 4-PA 

excretion and smaller increase in plasma PLP concentration in response to PN HCl 

supplementation of smokers compared to that of non-smokers indicate an adverse 

effect of smoking on vitamin B-6 metabolism and a higher requirement for vitamin 

B-6 for smokers. Supplementation with 2.0 mg PN-HCL did not correct the lower 

vitamin B-6 status of smokers. 
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CHAPTER 5 

CONCLUSIONS 

The purposes of this study were: (1) to assess vitamin B-6 status in smokers 

receiving controlled vitamin B-6 and protein intakes and (2) to compare plasma 

vitamin B-6 vitamers (Plasma PLP, PL, PN) concentrations and metabolites (plasma 

4PA) urinary 4-pyridoxic acid (4-PA) and total B-6 excretions in smokers and non- 

smokers receiving vitamin B-6 intake at the RDA level supplemented with oral 

vitamin B-6 positively. Needs for further research have been identified. This study 

was conducted on younger subjects (20-27 years old). Further research is needed to 

assess vitamin B-6 status under controlled diet conditions in older subjects since 

vitamin B-6 metabolism decreases with age. Mechanisms by which nicotine and 

other cigarette smoke compounds interact and affect vitamin B-6 metabolism are still 

unknown. There is a need for research that would lead to a clear understanding of 

these mechanisms. Furthermore, since a 2 mg PN-HCL supplementation did not 

bring the plasma PLP concentration in smokers to that of non-smokers. Additional 

research with higher doses of PN-HCL supplement and under a controlled dietary 

intake is needed. 
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Appendix Figure 3.1. Screening personal information sheet 

Name:  

Age:     years Gender: F / M (circle one)    Height:    cm 

Phone #: (Home)      Hours:  

(Work)       Hours:  

Present weight: Length of time you have maintained present weight:  

1. Do you smoke? Yes / No (circle one) 
If yes:  1) How long have you been smoking?. 

2) How many cigarettes do you smoke per day?. 

2. Are you taking any vitamins? Yes / No (circle one) 
If yes,   1) How long?  

2) Are you willing to stop? Yes / No 
If yes. When?  

3. Are you taking any medication? Yes / No 
If yes, What kind?  

4. What is your daily activity and intensity? 
Do you exercise more than 30 minutes a day? Yes / No 

If yes, How long? 

5. Do you have any food preferences or foods you will not eat? Yes / No 
If yes, Please list:          

6. Will you be able to be on campus the entire 21 days between April 29 and May 
19? 

Yes / No 

7. Any other helpful information about the candidate:   

8. Would this candidate be a good subject? Yes / No 

Appointment schedule: Date:  

Time:  
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Appendix Figure 3.2. Informed Consent Form for Initial Subject Screening 

Department of Nutrition and Food Management 
Oregon State University 

Informed Consent Form for Initial Subject Screening 

I am interested in being considered as a possible participant in a human metabolic 
study on the effect of smoking on nutrient metabolism. To determine my eligibility 
for participating in this investigation, I understand that I will be asked to do the 
following: 

1. Answer a health/nutrition questionnaire. 
2. Come to 103 MLM on days 1, 7, 14, 21, and 28, between 7 and 8 a.m. without 

having eaten or drunk anything except water since 7 p.m. the night before. This 
includes vitamins or any other nutritional supplements. A registered medical 
technologist will draw 35 ml of blood from a vein in my forearm. 

3. Complete 3-day diet records. 

I also understand: 

1. That I will receive no direct benefits except information on my nutrient status and 
results of the chemistry screen (glucose, electrolytes, enzymes, etc.). 

2. That I will receive a slight bruise at the site of blood drawing. A sterile, disposal 
needle will be used to draw blood into evacuated tubes. 

3. Any information obtained from me will be confidential. The only person who 
have access to information obtained from me are the principal investigator, the 
medical technologist and the graduate students conducting this research. All 
information will be filed in the investigator's office. 

4. That I am not committed to participate in any other metabolic study even if I meet 
all of the criteria. 

All of my questions have been answered to my satisfaction. Should I have any 
further questions I can contact Dr.James E. Leklem between 8 a.m. to 5 p.m. 
weekdays at 737-0969. 

Name:  

Date:  

Principal Investigator:  



112 

Appendix Figure 3.3. Informed Consent Form for the Study 

Informed Consent Form for Smoking and Nutrition Study 
Department of Nutrition and Food Management 

Oregon State University 

The purpose of this study is to examine the effect of smoking on vitamin B-6 
metabolism. In this study, nutrient intake will be kept constant for 20 days. 

I have received a thorough explanation of this research and I understand the 
following: 

1.   I will not have taken any vitamin or other nutritional supplement for at 
least four weeks before the beginning of this project. 

2. I am not to take any vitamin or other nutritional supplement during this 
investigation. 

3. If I take any medication I will report this to the principal investigators. 

4. This is a 20-day study, ending the morning after day 20. 

5. I will consume only those foods and beverages that are served to me or 
permitted. No consumption of alcohol is permitted. 

6. During this study, 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. As much as it is possible, I will maintain a uniform daily schedule of 
physical activity and sleep. 

7. I will keep a record of my daily activities, including exercise and sleep, 
which I will turn in each day. 

8. Daily throughout this investigation, I will collect complete 24-hour urine 
specimens in the containers that are provided for me. If I accidentally lose 
some urine I will immediately report this to a member of the research staff. 

9. At regular intervals, a total of 5 times, a registered medical technologist 
will draw 35 ml of blood (equivalent to about three tubes) from my 
forearm. I understand that this procedure may cause a slight bruise (Blood 
will be drawn on days 1,7, 11, 14, and 21 of the study). 

10. I will receive a vitamin B-6 supplement (as an oral solution) from days 11- 
20 of the study. 
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11. All information obtained from me will be confidential. My data will be 
identified by a code number. The only person who will have access to my 
data are the Principal investigator, the medical technologist and the graduate 
student who are assisting this research. 

12. My participation in this research is voluntary and I can withdraw at anytime 
without loss of benefits except to those I am entitled. I understand that if I 
withdraw from the study before it is completed, the amount of money or 
other compensation that I receive for participating may be less than the full 
amount. 

13. At the end of this investigation, I will receive $6.00 for each day I 
participated. The total amount is $120.00. 

14. I will incur no medical or health risk from participating in this research. I 
will receive some benefits: a nutritionally adequate diet furnished free of 
charge for 20 days, and up to $120.00. 

15. 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. 

16. This study will be conducted from April 29 to May 19, 1997. 

All of my questions have been answered to my satisfaction. If I have any specific 
questions about this project, I will call Dr. James E. Leklem at 541-737-0969, 
Department of Nutrition & Food Management, Oregon State University. Questions I 
have concerning subjects rights can be directed to Mary Nunn, OSU Research office, 
541-737-0670. 

Understanding and compliance. My signature below indicates that I have read and 
that I understand the procedure 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. 

Signed: Date Signed:  

Subject's Printed Name: Phone Number: 

Subject's Present Address:  

Principal Investigator:  

Witness:  
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Appendix Figure 3.4. Dietary and medical history form 

HEALTH / DIET HISTORY - August 1990 version 
CONFIDENTIAL 

Dr. Jim Leklem Project Name 
Dept. Nutrition & Food Management 
Oregon State University Project Dates 

Code#:  Today's Date:  
Age:        Date of Birth:       Place of Birth: 
Sex: M / F Predominant Place of Residence:        

Present Employment: 

Race (circle one): 
a. American Indian b. Black 
c. Caucasian d. Hispanic 
e. Chinese f. Japanese 
g. Polynesian/Pacific Islander h. Other Asian (specify). 
i. Other (specify)  

Marital Status (circle one):     a. Single b. Maried 
c. Divorced/Separated d. Widowed 

How many people live in your household?  
Do you have any children? Yes / No If yes, give ages: 

Females: MENSTRUAL AND REPRODUCTIVE HISTORY 

When did your last menstrual period begin? 

Do you have regular menstrual periods?        Yes / No 
How long is your menstrual cycle?  
Do you have problems with your menstruation?  Yes / No 

If yes, please explain:        

Are you pregnant?   Yes / No Breast Feeding? Yes / No 
Have you ever been pregnant?   Yes / No 

If yes, how many times?          
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How many children have you carried?   
Please check if you have had any of the following complications of 
pregnancy: 

  1. hyperemesis gravidarum (morning sickness) 
  2. pre-eclampsia or eclampsia (toxemia) 
  3. high blood pressure 
 4. severe edema (swelling of your legs and feet) 
  5. numbness and tingling in your hands, wrists, or arms 
  6. gestational diabetes 
  7. premature birth(s) (please indicate gestational age of 

infant(s)):      
  8. kidney or bladder infections 
  9. premature rupture of membranes 
 10. small for dates infant (less than 5 lbs or 2500 g at term) 

HEIGHT /WEIGHT: Height (ft. & in.)    Present weight:   
Most ever weighed         What year:   
Length of time you have maintained current weight  

DIETARY HISTORY 

Dieting: Are you currently on a special diet? Yes / No 
If yes, for what purpose? (please check as many as apply): 

    1. weight loss 
   2. weight gain 
   3. control serum lipids 
   4. diabetes 
   5. kidney failure 
   6. ulcers 
   7. diverticulitis 
    8. allergies 
   9. heart trouble 
 10. high blood pressure 
 11. pregnancy 
 12. breast feeding 
 13. other (please specify):     

If you are on a diet, was it prescribed by a doctor, dietitian, or nurse? Yes / No 

If you are on a diet, what kind is it? (please check as many as apply): 
    1. low fat 
   2. low protein 
   3. high protein 

4. low salt 
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5. low carbohydrate 
6. low sugar 
7. low calorie 
8. low cholesterol 
9. high calorie 

10. a bland diet 
11. other (please specify): 

If you are currently on a diet, for how long have you been on this diet? 

If dieting, is your dieting associated with any commercial weight loss program? 

Yes / No If yes, please specify what program:  

Are you a vegetarian? Yes / No        If yes, circle the type of vegetarian diet you 
follow: 

a. ovo-lacto b. Ovo c. lacto d. vegan 

Do you take vitamins? (circle one): 
a. yes, daily    b. yes, frequently (3 to 6 times/wk)   c. often (once or twice/wk) 

d. occasionally (less than once/wk) e. never 

If yes, what type, how much, and for how long have you taken them? 

Type Amount per day How long have you taken them 

Do you take any other nutritional supplements (such as iron, calcium, other minerals, 
amino acids, fiber, supplement drinks [such as Ensure], etc)?    Yes / No 

Type Amount per day How long have you taken them 

Please list all foods which you refuse to eat, can not eat, or prefer not to eat: 
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Please list those foods and beverages that you eat/drink almost every day: 

HABITS: 

A. Smoking: 
1) Do you currently smoke? Yes/No 

If yes, please check below what you do smoke, and how much per day: 
Cigarettes   Packs per day   
Cigars   Number per day   
Pipe   Pipe Loads per day       

At what age did you start smoking? 

2) If you do not currently smoke, did you ever smoke? Yes / No 
If yes, at what age did you start?  
If yes, when did you quit?   
Was this the only time you have quit? Yes / No 
If you quit, please check below what you did smoke, and how much per day. 

Cigarettes         Packs per day   
Cigars   Number per day   
Pipe   Pipe Loads per day       

3) Does anyone else in your household smoke?        Yes / No 
If yes, please list type and how much per day: 

Cigarettes         Packs per day 
Cigars   Number per day 
Pipe   Pipe Loads per day 

B. Alcohol: 
1) Do you drink alcoholic beverages? Yes / No 

If yes, how many times do you drink per month?   
If yes, what do you drink and how many drinks do you consume each time you 
drink? 

Beer     ■ ■ Number of drinks at one time  
Wine           Number of drinks at one time  
Liquor        Number of drinks at one time  
Other         Number of drinks at one time  
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C. Caffeine: 
1) Do you drink beverages     containing caffeine?   Yes / No 

If yes, which of the following beverages do you drink, and how much? 
Coffee  Number of cups per day   
Tea       Number of cups per day   
Soda     Number of 12 oz servings per day       

2) Do you drink any decaffeinated or caffeine-free beverages?        Yes / No 
If yes, which of the following beverages do you drink, and how much? 

Coffee  Number of cups per day   
Tea       Number of cups per day   
Soda     Number of 12 oz servings per day       

D. Diet Soda Pop and other Sugarless Beverages: 
1) Do you drink any beverages containing artificial sweetners?       Yes / No 

If yes, what do you drink and how many drinks (ounces, servings) per day? 

EXERCISE LEVEL: Are you currently involved in a regular exercise program? 
Yes / No. If yes, please describe: 

Type of Exercise        # Minutes       Distance covered or Rpetitions # days/wk 

Do you monitor your heart rate during exercise?       Yes / No 
If yes, what heart rate do you try to maintain while exercising?  

If you do not have a regular fitness program, what types of exercise would you get 
a typical week? 

in 

MEDICAL HISTORY: 

Have you ever had a glucose tolerance test? Yes / No 
If yes, please explain when, the.reason, and the results: 
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Have you ever had a stress electrocardiogram? Yes / No 
If yes, please explain when, the reason, and the results: 

Have you ever had any health risk screening tests, such as serum cholesterol, blood 
glucose, or blood pressure? Yes / No 

If yes, please explain what tests you had, and what were the results and 
recommendations you received: 

Check any condition for which you have been diagnosed and give AGE at diagnosis: 

Diagnosis Age at Diagnosis 
    1. Acquired immunodeficiency syndrome (AIDS)  
   2. Diabetes   

3. Hypoglycemia 
4. Hypothyroidism . 
5. Hyperthyroidism. 
6. Goiter       
7. Osteoporosis 
8. Hepatitis  
9. Cirrhosis  

10. Kidney stones 
11. Nephritis  
12. Cystitis     
13. High blood pressure 
14. Angina     
15. Ulcer        
16. Pancreatitis 
17. Ulcerative colitis.:  
18. Recurring gastritis   
19. Allergies/hayfever   
20. Hypoadrenalism (Addison's disease) 
21. Spastic colon/diverticulitis          
22. Carpal tunnel syndrome  
23. Rheumatoid arthritis        
24. Systemic lupus erythematosus     
25. Mental depression requiring regular medication. 
26. Asthma     
27. Insomnia requiring frequent medication. 
28. Emphysema         
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. 29. Heart problems (specify) 
 30. Cancer (specify type)       
 31. Chronic infection (specify) 
 32. Tuberculosis         

33. Chronic headache or other pain (specify) 
34. Hereditary condition (specify)     
35. Premenstrual syndrome   
36. Other condition (specify)   

Comments: 

Are you currently suffering from any cold, flu, or allergy symptoms?          Yes / No 

If yes, please specify:        

Do any of your first-degree relatives (mother, father, brother, sister, son, daughter) 
have any of the following conditions? Yes / No 

If yes, please indicate which condition(s) and his/her relationship to you: 
 1. diabetes 
 2. heart disease before age 60 
 3. cancer before age 60 
 4. high blood pressure before age 60 
 5. allergies 

Have you ever had a nerve conduction/muscle stimulation study?    Yes / No 
If yes, when, for what reason, and what were the results? 

Have you ever had any other special diagnostic tests (such as special X-ray studies or 
a CAT-scan)   Yes / No.  If yes, please specify: 

SURGICAL HISTORY (Please specify any type of surgery you have had and the 
date and age when it occurred): 

Operation Age or Year 
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MEDICATION HISTORY (Check any which you take on a regular basis and when 
and how often): 

Medication Taking currently How often? 
 1. Sleeping tablets 
 2. Aspirin       

3. Cold medications 
4. Barbiturates 

. 5. Tranquilizers 
6. Diuretics    

 7. Blood pressure tablets 
 8. Antibiotics   
 9. Thyroid hormones  
 10. Oral contraceptives 
 11. Insulin      

12. Oral hypoglycemics 
13. Corticosteroids 
14. Estrogens (female hormones) 
15. Isoniazid  
16. Pain medications  
17. Muscle relaxants  
18. Theophylline        
19. Antiarrhythmatics 
20. Ulcers medications 
21. Antacids  
22. Digoxin   
23. Antidepressants   
24. Seizure medications         

. 25. Other medications (please specify): 

How long did you fast prior to having your blood drawn? 
 more than 12 hrs.  8-12 hrs.  less than 8 hrs. 

COMMENTS: 

Checked by:  Date: 
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Appendix Figure 3.5. Urine collection and other instructions 

General Instructions for Spring 1997 Diet Study 

COLLECTION OF URINE: 
1. Collect all urine in containers provided (24 hr. urine collection). You 

will receive clean urine containers each morning. 

2. Label all containers carefully and clearly with your initials and date. 

3. Each day: Urine collections will be made on a 24-hr. basis 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. Urine will be collected starting with breakfast on the day you start on the 
diet study. Return urine samples daily at any time convenient for you to 
Room 106, Milam Hall. 

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. The urine collections are a very 
critical part of this study. 

7. Drink approximately the same amount of fluids each day if possible. 

OTHER: 
1. Eat all food given to you each day. Let us know if you are receiving too 

much or too little food and we will adjust your diet accordingly. 

2. Record all activities every day. A journal will be provided for you at 
breakfast to fill in for the previous day's activities (# hrs. of sleeping, 
working, exercising, etc.). 

3. No alcoholic beverages, including beer and wine, are to be consumed 
during the study. 

4. No vitamin or mineral supplements and no contraceptives are to be 
consumed during the study. 

5. For non-smokers: no smoking or use of nicotine during the study. 
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Appendix Figure 3.6. Daily activity log form 

Diet study: Spring 1997 
Dept. of Nutrition and Food Management 
Oregon State University 

Name: 

Date: 

DAILY ACTIVITY SHEET 
1. Record all activities for the previous day and length spent at each. 

Activity Length of time 
(fraction of hours) 

Timeoftheday(*) 

Sleep 

Sitting 

Walking 
Physical work 
Other activities: 

Other sports or activities 
(indicate type): 

^Please use: M for morning; A - Afternoon; E - Evening; L - Late night/early 
morning. 

2. Record all "free" foods in exact amounts used. Indicate type also used, decaf, etc. 
Coffee (cups)   
Tea (cups)  
Pop (diet/regular. Candy/sugar. 

3. How do you feel today?     Excellent 
Good 
Fair 
Poor 

4. Please list any medication you are currently taking (i.e., aspirin, etc.) 

5. Other unusual events, exams, injuries, etc. 

6. Did you tum urine bottles in and pick up clean ones? Yes / No 

7. Did you weigh yourself today? Yes / No   Your weight today: _ 

8. Other comments:      

(lbs.) 
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Appendix Table 3.1. Weight (lbs.) of smokers and non-smokers during the 
experimental period. 

Smokers Nonsmokers 
Date 
I 

1 2 3 4 5 6 7 8 9 

4/29/97 131.0 165.0 135.0 141.0 195.0 174.0 151.0 180.5 117.0 
4/30/97 129.0 166.0 138.0 141.0 195.0 171.5 152.0 180.0 117.0 
5/01/97 129.0 167.0 136.0 142.0 193.5 171.0 150.5 177.0 118.0 
5/02/97 131.0 166.0 137.0 142.0 194.3 169.0 150.0 177.5 117.5 
5/03/97 130.5 166.0 138.0 141.0 192.5 170.0 151.5 177.5 116.5 
5/04/97 131.5 166.0 137.0 142.0 192.5 170.5 151.0 178.0 116.5 
5/05/97 129.0 165.0 138.0 142.0 194.0 171.0 151.0 178.0 118.0 
5/06/97 131.0 167.0 137.0 143.0 194.0 171.0 151.5 176.5 117.5 
5/07/97 128.5 164.0 137.0 143.0 192.5 172.0 150.0 177.0 117.0 
5/08/97 130.0 165.0 137.0 142.0 191.0 169.5 150.0 177.0 119.0 
5/09/97 129.5 165.0 136.0 142.0 191.5 172.0 149.5 176.5 118.5 
5/10/97 132.0 166.0 138.0 142.0 190.5 170.0 149.0 176.5 117.5 
5/11/97 132.0 166.0 138.0 142.0 194.0 170.0 149.0 175.5 117.5 
5/12/97 131.5 164.0 139.0 141.0 191.5 172.0 149.0 177.0 118.5 
5/13/97 132.0 164.0 141.0 143.0 192.5 170.0 150.0 176.0 118.0 
5/14/97 130.0 164.0 138.0 143.0 192.0 172.0 150.0 176.5 119.0 
5/15/97 137.0 167.0 137.0 143.0 193.5 170.0 150.0 176.0 119.0 
5/16/97 133.0 166.0 139.0 142.0 193.5 171.0 149.0 175.0 117.5 
5/17/97 132.0 165.0 140.0 142.0 190.5 170.0 148.5 176.0 117.5 
5/18/97 132.0 164.0 137.0 142.0 189.0 172.0 149.0 175.5 117.0 
5/19/97 129.0 164.0 137.0 142.0 190.0 119.5 148.5 176.5 118.0 
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Appendix Table 3.2. Hemoglobin concentration (g/L) in smokers and non-smokers 
before and after vitamin B-6 supplementation. 

Date(*) 

Pre-study 4/29/97 5/5/97 5/9/97 5/12/97 5/19/97 
Subjects 

Smokers 
1 156 164 153 155 162 157 
2 164 162 154 156 155 162 
3 152 158 154 154 139 144 
4 177 169 159 162 150 155 
5 174 160 144 169 169 172 

Non-smokers 
6 169 160 181 160 158 155 
7 165 152 154 154 148 157 
8 153 160 161 158 156 160 
9 142 142 144 145 144 163 

Appendix Table 3.3. Hematocrit concentration (%) in smokers and non-smokers 
before and after vitamin B-6 supplementation . 

Date(*) 

Pre-study 4/29/97 5/5/97 5/9/97 5/12/97 5/19/97 
Subjects 

Smokers 
1 46.2 48.2 45.0 45.5 47.5 45.5 
2 47.5 48.0 45.5 45.7 46.0 46.5 
3 43.0 43.7 44.0 42.7 41.0 43.0 
4 47.0 49.0 45.0 44.5 42.0 44.5 
5 50.0 48.0 47.7 49.0 49.0 48.5 

Non-smokers 
6 47.5 45.5 44.5 44.0 42.5 43.5 
7 46.0 46.5 45.7 45.5 44.2 48.7 
8 46.5 48.0 46.7 44.2 46.2 45.5 
9 43.5 41.5 41.5 40.2 41.0 42.5 

^Pre-study: subjects were on a self-chosen diet; 4/29-5/19: subject were fed a 
controlled diet; 4/29-5/09: data measured before vitamin B-6 supplementation; 5/12 
and 5/19: data collected during the supplementation period (May 09-19, 1997). 
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Appendix Table 3.4. Plasma pyridoxal-5'-phosphate concentration (nmol/L, HPLC 
method) for smokers and non-smokers before and after vitamin B-6 supplementation. 

Date(*) 

04/29/97      05/05/97       05/09/97      5/12/97        5/19/97 
Subjects      

Smokers 
1 21.1 20.2 22.0 38.2 44.2 
2 40.7 26.0 23.9 33.8 42.3 
3 32.0 32.3 26.0 54.0 48.7 
4 28.0 28.1 23.2 36.2 41.6 
5 26.4 33.7 34.3 53.9 63.5 

Non-smokers 
6 55.3 49.6 53.7 78.6 81.7 
1 93.4* 68.5 71.2 79.2 101.2 
8 40.9 40.7 38.8 57.6 70.5 
9 66.8 61.9 47.1 87.7 119.8  . 

^4/29-5/09: data measured before vitamin B-6 supplementation; 5/12 and 5/19: data 
collected during the supplementation period (May 09-19, 1997). 

Appendix Table 3.5. Red blood cell pyridoxal-5'-phosphate concentration 
(nmoles/L, TDC method) for smokers and non-smokers before and after vitamin B-6 
supplementation. 

Date(*) 

Pre-study 4/29/97 5/5/97 5/9/97 5/12/97 5/19/97 
Subjects 

Smokers 
1 34.9 29.2 27.3 31.5 29.6 41.2 
2 25.0 34.3 32.4 37.7 42.3 41.5 
3 37.8 38.0 25.4 36.2 41.8 45.6 
4 37.7 34.1 29.7 39.2 34.1 44.2 
5 22.8 25.2 26.9 24.8 18.5 28.9 

Non-smokers 
6 48.3 38.6 43.3 45.3 35.8 42.7 
7 66.0 69.0 66.2 58.1 77.1 69.7 
8 28.9 26.4 30.3 29.8 33.6 32.0 
9 51.5 51.3 52.5 51.7 61.3 52.0 

(*) prestudy. subjects were on a self-chosen diet; 4/29-5/19: subject were fed a 
controlled diet; 4/29-5/09: data measured before vitamin B-6 supplementation; 5/12 
and 5/19: data collected during the supplementation period (May 09-19, 1997). 
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Appendix Table 3.6. Plasma pyridoxal concentration (nmol/L, HPLC method) for 
smokers and non-smokers before and after vitamin B-6 supplementation.  

Date(*) 

04/29/97      05/05/97      05/09/97       5/12/97        5/19/97 
Subjects   

Smokers 
1 11.5 11.2 15.7 17.5 22.4 
2 13.6 12.2 26.2 17.8 36.6 
3 17.1 23.1 9.7 33.2 33.6 
4 11.5 14.0 18.4 15.9 14.2 
5 29.3 21.9 18.4 23.8 25.2 

Non-smokers 
6 21.7 23.2 24.6 38.6 37.6 
7 27.6 24.3 20.3 40.7 48.2 
8 12.6 13.1 9.5 15.8 18.5 
9 10.2 9.3 13.6 18.0 28.5 

Appendix Table 3.7. Plasma pyridoxine concentration (nmol/L, HPLC method) for 
smokers and non-smokers before and after vitamin B-6 supplementation.  

Date(*) 

04/29/97       05/05/97       05/09/97       5/12/97 5/19/97 
Subjects  

Smokers 
1 
2 
3 
4 
5 

Non-smokers 
6 
1 
8 
9 

6.6 7.0 
7.2 7.7 

10.6 7.9 
9.9 7.3 
6.4 8.1 

11.0 9.8 
11.9 7.9 
7.8 7.9 
9.6 8.2 

6.7 7.5 7.1 
5.5 14.0 2.4 
9.8 11.3 8.9 
6.2 6.8 8.1 
7.5 7.0 7.1 

13.2 12.9 8.8 
6.5 38.9 6.8 

10.2 8.0 7.8 
9.0 8.2 7.3 

^4/29-5/09: data measured before vitamin B-6 supplementation; 5/12 and 5/19: data 
collected during the supplementation period (May 09-19, 1997). 
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Appendix Table 3.8. Plasma 4-pyridoxic acid concentration (nmoles/L, HPLC 
method) for smokers and non-smokers before and after vitamin B-6 supplementation. 

Date(*) 

04/29/97       05/05/97       05/09/97       5/12/97        5/19/97 
Subjects 

Smokers 
1 13.0 17.3 14.9 28.8 34.6 
2 19.9 13.9 13.4 23.3 31.3 
3 15.3 12.0 15.8 29.3 34.9 
4 13.4 13.5 15.0 25.3 25.5 
5 9.2 10.4 11.8 18.7 21.2 

Non-smokers 
6 24.1 19.1 19.2 34.4 29.3 
1 39.6 24.3 27.6 40.1 39.5 
8 25.9 23.0 20.8 36.0 46.6 
9 19.6 21.1 20.0 42.8 41.9 

Appendix Table 3.9. Plasma alkaline phosphatase activity (nmoles/L, HPLC method) 
for smokers and non-smokers before and after vitamin B-6 supplementation.  

Date(*) 

04/29/97       05/05/97       05/09/97       5/12/97 5/19/97 
Subjects  

Smokers 
1 36.8 36.6 36.9 38.0 39.3 
2 22.7 23.2 22.7 23.0 23.5 
3 25.6 22.6 22.9 22.1 23.2 
4 27.8 28.6 28.8 27.7 27.8 
5 30.4 28.0 30.4 26.4 31.8 

Non-smokers 
6 29.9 25.1 29.4 31.0 32.8 
7 23.5 22.6 24.9 23.7 25.2 
8 34.1 34.7 34.8 34.7 35.2 
9 22.9 17.0 17.9 19.0 19.2 

(*)4/29-5/09: data collected before vitamin B-6 supplementation; 5/12 and 5/19: data 
collected during the supplementation period (May 09-19, 1997). 
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Appendix Table 3.10. Urinary total B-6 excretion (fimoles/day) in smokers and non-smokers 
before and after vitamin B-6 supplementation'^ 

Subjects 
Smokers Non-smokers 

Date 
I 

1 2 3 4 5 6 7 8 9 

4/29/97 1.10 0.89 0.82 
4/30/97 0.67 1.03 — — 0.99 0.55 1.35 0.84 — 
5/01/97 0.71 1.09 0.70 0.59 0.69 0.74 1.46 0.69 0.69 
5/02/97 0.57 0.94 0.92 0.55 0.69 0.68 1.39 0.81 0.67 
5/03/97 0.57 — 0.57 0.57 — — 1.31 — 0.66 
5/04/97 — — 0.80 — 0.72 0.51 1.09 — 0.59 
5/05/97 0.62 — — — 1.03 — 1.22 — — 
5/06/97 0.62 0.92 0.81 0.55 0.66 0.54 — 0.82 0.71 
5/07/97 0.63 0.81 0.91 0.64 — 0.59 — 0.79 0.61 
5/08/97 — 0.78 0.90 0.56 0.74 0.55 1.16 0.85 0.58 
5/09/97 0.95 — — — — 0.73 — 1.16 1.03 
5/10/97 0.95 1.18 — 0.82 — 0.78 1.60 1.01 0.91 
5/11/97 0.90 1.00 1.18 0.82 1.11 0.70 1.57 1.99 0.98 
5/12/97 0.89 0.98 1.07 0.81 1.30 0.86 1.45 1.18 — 
5/13/97 — — 0.70 — 1.74 0.75 — — — 
5/14/97 1.16 — — 0.91 1.36 0.68 1.87 — — 
5/15/97 1.19 1.12 — 0.92 — 0.79 1.56 0.64 — 
5/16/97 — 1.20 1.58 — 1.12 0.68 1.53 1.21 1.13 
5/17/97 1.09 1.41 1.26 0.95 1.31 — 1.57 1.22 1.00 
5/18/97 - - 1.14 - 1.33 - - - -   0.97 
(*)4/29-5/09/97: Data measured before the 2-mg PN supplementation; May 09-19, 1997: 
vitamin B-6 supplementation period; - : Data not available. 
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Appendix Table 3.11. Urinary 4-pyridoxic acid excretion (|jmoles/day) 
in smokers and non-smokers before and after vitamin B-6 supplementation^ 

Subjects 
Smokers Non-smokers 

Date 
i 

1 2 3 4 5 6 7 8 9 

4/29/97 2.41 4.43 1.74 2.80 3.00 4.35 6.62 4.18 3.25 
4/30/97 4.08 5.68 2.98 3.20 3.82 4.28 7.86 5.28 2.83 
5/01/97 5.46 5.46 3.38 4.13 3.24 4.57 6.62 5.40 4.49 
5/02/97 5.46 5.31 3.75 4.39 3.47 3.72 6.63 5.53 4.40 
5/03/97 5.75 4.80 3.64 4.64 4.59 3.93 6.28 3.87 3.96 
5/04/97 5.57 4.54 3.16 3.71 3.02 3.90 6.28 4.98 4.22 
5/05/97 5.25 5.06 1.82 4.36 3.10 3.99 7.09 5.46 4.11 
5/06/97 5.71 4.58 3.09 4.36 3.16 5.95 5.23 4.94 4.06 
5/07/97 3.91 4.52 3.92 4.73 3.06 5.37 6.46 4.89 4.77 
5/08/97 5.32 4.25 3.83 4.53 3.37 5.23 6.33 5.18 4.73 
5/09/97 9.38 5.62 5.41 8.34 5.53 10.92 9.23 8.73 8.97 
5/10/97 11.79 9.18 5.51 10.17 5.74 10.31 10.62 9.96 9.54 
5/11/97 10.00 9.96 5.71 9.63 9.40 10.03 10.17 12.66 9.26 
5/12/97 12.08 10.32 5.90 10.97 8.99 12.12 12.12 11.43 11.12 
5/13/97 10.46 11.55 6.33 12.42 9.15 11.55 15.03 12.99 12.04 
5/14/97 11.34 10.46 6.35 12.70 9.84 9.29 13.91 13.26 11.12 
5/15/97 11.51 11.84 9.03 12.79 9.55 10.41 13.81 13.81 10.72 
5/16/97 10.04 11.51 9.03 11.37 8.90 10.14 14.37 13.15 11.45 
5/17/97 11.14 11.14 9.06 12.36 9.05 7.78 13.07 13.67 9.81 
5/18/97 12.91 10.42 9.46 12.66 8.34 8.02 14.01 12.51 

■ 

10.61 
—— 

(*)4/29-5/09/97: data measured before the 2-mg PN supplementation; May 09-19, 
1997: vitamin B-6 supplementation period. 
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Appendix Table 3.13. Urinary cotinine excretion1 (ng/mL) for smokers and 
non-smokers. 

Date(*) 

05/01/97 05/10/97 05/18/97 Average number of 
cigarettes smoked/day 

Subjects 

Smokers 
1 750 2500 3750 20 
2 2500 3000 4000 20 
3 2500 3750 1500 20 
4 1500 2500 1500 10 
5 1400 2000 1250 20 

Non-smokers 
6 <100 <100 <100 0 
7 <100 <100 <100 0 
8 <100 <100 <100 0 
9 <100 <100 <100 0 

'Determined using a double antibody nicotine metabolite procedure (liquid phase 
radioimmunoassay, DPC 1997). 


