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The trace mineral nutrient, selenium, occurs mostly 

as selenoamino acids in biological systems.  The general 

involvement of vitamin B-6 in amino acid metabolism 

suggests a possible function of this vitamin in 

intermediary metabolism of selenium.  Previous studies of 

possible involvement of vitamin B-6 in selenium 

metabolism have produced conflicting and inconclusive 

results.  The current study used more comprehensive 

indicators of selenium utilization in an attempt to 

produce a more definitive answer to this question. 

Rats were fed either a vitamin B-6 deficient or 

adequate diet for 25 days with dietary selenium as either 

selenite, selenocystine or selenomethionine. They were 

injected with 75Se radiotracer of the same form as 

provided in the diet on day 2 3 of the experiment.  Urine 

samples were collected from animals at 6 and 4 6 hours 

after 75Se injection and animals were sacrificed two days 

after radioisotope injection for analysis of tissues. 

Selenium deposition and activities of the selenium 

dependent enzyme, glutathione peroxidase, were reduced in 

erythrocytes of B-6 depleted animals relative to 
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controls, regardless of dietary form of selenium 

provided.  In other tissues selenium deposition varied 

with dietary form of selenium, but was not affected by 

vitamin B-6 status.  Radiolabeled Se deposition in 

tissues was increased by vitamin B-6 deficiency in 

animals injected with 75Se-selenomethionine, but was not 

affected by B-6 status in animals injected with 75Se- 

selenite or 75Se-selenocystine. Cation exchange 

chromatography of liver and muscle hydrolysates showed 

that vitamin B-6 deficiency decreased the conversion of 

injected 75Se-selenomethionine to 75Se-selenocysteine. 

Cation exchange chromatography of deproteinized liver 

extracts showed no difference in form of non-protein 75Se 

due to vitamin B-6 status or due to the form of 75Se 

injected, but suggested that approximately 3 5% was 

present as selenite and 35% as selenotrisulfide of 

glutathione.  Similarly cation exchange analysis of urine 

samples showed no effect of vitamin B-6 status, form of 
75Se injected, or time after injection on urinary 75Se 

metabolites, but the major 75Se metabolite was probably 

selenite in all samples examined. 

These studies indicate a role for vitamin B-6 in 

selenomethionine utilization, however they do not suggest 

an essential central role for B-6 in selenium metabolism. 

The effect on selenomethionine utilization is probably 

related to catabolism to inorganic forms of selenium for 

utilization in synthesis of glutathione peroxidase and 

other seleno proteins. 
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EFFECT OF VITAMIN B-6 STATUS 

ON SELENIUM METABOLISM IN THE RAT 

SUMMARY OF STUDY 

The first evidence for the essentiality of selenium 

(Se) in animal nutrition was presented in 1957 (1), but 

additional information is needed on the metabolism of 

this element by animals.  Dietary forms of Se are 

incorporated in animal proteins as analogues of the 

sulfur amino acid, cysteine, but the metabolic route to 

formation of selenocysteine (SeCYS) is not known.  The 

general involvement of vitamin B-6 as the cofactor 

pyridoxal 5'-phosphate (PLP) in sulfur amino acid 

metabolism suggests a possible role of vitamin B-6 in the 

metabolism of certain Se compounds.  The purpose of the 

present study was to determine the influence of vitamin 

B-6 status on Se metabolism in animals. 

Two previous studies of altered Se metabolism in 

vitamin B-6 deficient rats (2,3) produced inconclusive 

and contradictory results.  Both studies used induction 

of the seleno enzyme glutathione peroxidase (GPx) as the 

sole parameter of Se utilization.  In the present study 

additional detailed and comprehensive examinations of Se 

utilization were used to produce a definitive answer.  In 

addition to induction of GPx, excretion of urinary Se 
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metabolites, incorporation of Se into protein and non- 

protein fractions and the presence of seleno compounds in 

tissues were examined. 

These studies show a definite effect of vitamin B-6 

status on the utilization of a major dietary form of Se, 

selenomethionine (SeMET), but they do not suggest an 

essential role for vitamin B-6 in general Se metabolism. 

The detailed analyses of Se utilization also produced new 

information about urinary excretion of Se and the nature 

of nonprotein tissue Se not related to the effects of 

vitamin B-6 status. 



INTRODUCTION 

SELENIUM AS A NUTRIENT 

The trace element selenium (Se, Z = 34) was 

discovered by the Swedish chemist Berzelius in 1817 in 

residues from the manufacture of sulfuric acid.  Unique 

photoexcitation properties of the element have lead to 

its wide use in photoelectric cells, light meters, 

rectifiers and most importantly, xerographic copying 

machines.  The first interest in physiological aspects of 

Se came in 1934 with the discovery that it was the toxic 

agent responsible for blind staggers and alkali disease 

of cattle in the American midwest (4).  The focus of Se 

in physiology has switched to its nutritional functions 

since Schwarz and Foltz (1) provided evidence of its 

essentiality for the rat in 1957. 

Selenium deficiency diseases of economic importance 

were identified in the 1960s in poultry (5), swine (6) 

cattle (7) and sheep (8).  This resulted in approval of 

Se as an animal feed additive in the 1970s (9).  The 

demonstration of endemic human Se deficiency in China 

(10) and clinical deficiency in patients receiving total 

parenteral nutriture (11) resulted in the inclusion of a 

"safe and adequate" dietary recommendation for Se in the 

RDAs in 1980 (12) and an official RDA in 1989 (13). 
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Se toxicity again became a major issue in the 1980s 

with the discovery that irrigation practices in the 

Imperial Valley of California produced Se toxicity in 

birds in the Kesterson Wildlife Reserve (14) and the 

occurrence of accidental human Se poisoning in 1981 due 

to errors in manufacturing of a Se containing human 

nutrient supplement (15).  A current issue in human Se 

nutrition is the possible role of high dietary Se in 

chemoprotection of cancers.  This chemoprotective effect 

is supported by both epidemiological (16) and laboratory 

animal (17) studies. 

In the late 1980s it was shown that the seleno 

amino acid, selenocysteine (SeCYS), is encoded in 

messenger RNAs for the bacterial enzyme formate 

dehydrogenase (18) and the mammalian enzyme glutathione 

peroxidase (GPx) (19).  Because of this unique pattern 

for incorporation into proteins some investigators have 

called SeCYS the 21st amino acid.  The elucidation of the 

process by which SeCYS is incorporated during mRNA 

translation promises to provide new insights into the 

basic processes of gene expression and protein 

biosynthesis. 

REVIEW OF SELENIUM METABOLISM 

Se serves essential functions in both bacteria (20) 
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and animals (21) as a catalytic SeCYS residue 

incorporated into the peptide chain of enzymes.  Se as 

both inorganic and amino acid forms is nutritionally 

available for synthesis of SeCYS in GPx (22), however the 

route to formation of SeCYS is not understood. 

The principle dietary forms of Se are believed to 

be the two seleno amino acids, SeCYS and SeMET, and the 

inorganic forms, selenite and selenate.  The following 

discussion of Se metabolism is organized according to 

these dietary forms.  Figure 1 presents a general outline 

of Se metabolism in which possible points of vitamin B-6 

involvement are indicated. 

Selenomethionine Metabolism.  The amino acid, 

selenomethionine (SeMET), is believed to be a major 

dietary form of Se for both herbivores and omnivores. 

This amino acid is a major form of Se in plants (23-26), 

but plants of economic importance have not been shown to 

have a Se requirement.  Therefore plant protein foods 

provide Se principally as SeMET.  Animal protein 

synthesis efficiently utilizes SeMET in place of 

methionine (27).  Several studies on metabolism of SeMET 

in rats have shown that this seleno amino acid is 

incorporated into muscle protein (28-31) and that the 

incorporation is competitive with dietary methionine (3 2- 
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33).  In vitro metabolic studies have also shown 

competitive inhibition of SeMET incorporation by 

methionine in muscle derived cultured cells (34).  Thus, 

although meat producing animals would necessarily 

incorporate some Se from dietary SeMET as SeCYS in Se 

requiring proteins such as GPx, they would also 

incorporate some dietary SeMET into all proteins.  Both 

animal and plant protein foods probably contain a 

substantial proportion of Se as SeMET, however the actual 

proportion of Se as the two amino acid forms and as 

inorganic Se in natural foods has been determined in only 

a few plant foods (2 3-26). 

In addition to substitution for methionine in 

protein synthesis, SeMET has also been shown to 

substitute for methionine in intestinal transport (35), 

and in all steps of the transsulfuration pathway which 

converts methionine sulfur to cysteine (36,37) 

Presumably this is a potential pathway for conversion of 

SeMET to SeCYS.   The general chemical similarity of 

methionine and SeMET suggests that the seleno amino acids 

would substitute for methionine in any enzymatic process 

which does not directly involve chemical reaction of the 

methionine thioether.  In the case of cystathionine 

synthase and lyase reactions, in which the sulfur is a 

direct reactant, the seleno analogues are efficient 
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substrates (37).  The ability of transaminase and 

decarboxylase enzymes to utilize SeMET has not been 

demonstrated, but substitution of SeMET for methionine in 

many other enzymatically catalyzed reactions suggests 

that SeMET would be a substrate for such enzymes. 

The major catabolic pathways for methionine are 

transsulfuration and transamination-decarboxylation.  The 

transsulfuration pathway allows synthesis of cysteine 

using sulfur of methionine and carbon skeleton from 

serine.  The initial steps of this pathway, synthesis of 

S-adenosylmethionine and methyl transfer to form S- 

adenosylhomocysteine, are also critical for one carbon 

metabolism.  Methionine synthetase remethylates 

homocysteine and is the sole route for regenerating 

tetrahydrofolate from 5-methyltetrahydrofolate.  The pool 

of methionine, S-adenosylmethionine, S-adenosylhomo- 

cysteine and homocysteine serves as a reservoir for 

methyl groups.  Methionine is typically cycled through 

these intermediate forms with the preponderance of 

methylated and demethylated forms regulated according to 

the biological availability and demand for methyl groups. 

Methionine sulfur leaves the methyl-carrier pool 

upon synthesis of cystathionine from homocysteine and 

serine.  Pyridoxal 5'phosphate (PLP) is a cofactor for 

both this synthesis, via cystathionine synthetase (38), 
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and cleavage of the thioether, via cystathionine lyase 

(38) to form cysteine.  The activities of both these 

enzymes decrease in vitamin B-6 deficiency (39,40). 

Vitamin B-6 deficiency has been used in animal models for 

the human metabolic disorders resulting from congenital 

deficiency of these enzymes, homocystinuria and 

cystathioninuria (41) . 

If the transsulfuration pathway is a major route of 

SeMET metabolism, vitamin B-6 deficiency should decrease 

the utilization of SeMET for synthesis of GPx.  As in 

sulfur metabolism, B-6 deficiency should result in 

accumulation and excretion of the intermediates which 

depend on B-6 for further metabolism, ie. SeMET, 

selenohomocysteine and cystaselenonine (selenocysta- 

thionine).  Selenomethionine misincorporation for 

methionine in protein synthesis might also be affected. 

The reversibility of reactions in this pathway prior to 

cystathionine synthesis results in accumulation of 

homocysteine and methionine if cystathionine synthetase 

activity is reduced (41).  Therefore, SeMET 

concentrations would be expected to increase, but this 

would be balanced by increased methionine concentration. 

The net effect on the relative rates of protein 

incorporation of methionine and SeMET might be altered, 

but the direction of the alteration is unpredictable on 
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the basis of our limited knowledge. 

The alternate major catabolic pathway for 

methionine is transamination and decarboxylation to form 

3-methylthiopropionic acid (Figure 1).  The thiomethyl 

group of this compound is cleaved enzymatically and 

degraded to carbon dioxide and sulfate.  This pathway was 

largely ignored in the past, and it is due almost solely 

to Benevenga's research that this pathway is now 

recognized as an alternate if not the principle route for 

methionine catabolism.  Benevenga's interest in this 

pathway arose from anomalies in the rate of oxidation of 

methionine methyl group (42) .  It is estimated that 

approximately 90% of dietary methionine is metabolized 

through this pathway (43), however metabolism along this 

route is responsive to dietary methionine levels and thus 

the proportion of total methionine utilized through this 

pathway will vary with the diet. 

The initial two enzymes of this pathway are PLP 

dependent.  Therefore, vitamin B-6 deficiency could 

result in a lower level of metabolism of both methionine 

and SeMET by this pathway and therefore result in 

accumulation of each amino acid and their demethylated 

metabolites.  In general transaminases are resistant to 

loss of PLP during vitamin B-6 depletion, making it 

difficult to assess the actual effect on the pools of 
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SeMET and methionine due to B-6 deficiency. 

In summary, initial metabolism of SeMET is expected 

to follow the same routes as methionine due to chemical 

similarity of the two amino acids.  The two major 

catabolic routes for methionine, transsulfuration and 

transamination-decarboxylation, are dependent on PLP. 

The expected result of vitamin B-6 deficiency on SeMET 

metabolism is thus to decrease catabolism and to increase 

the pool size of the free amino acid and the demethylated 

form, selenohomocysteine.  Since the pool size of 

methionine and homocysteine will also be increased, the 

relative incorporation of SeMET into tissue protein may 

not be affected due to competition with the sulfur amino 

acid.  Excretion of Se as SeMET or selenohomocysteine may 

be increased as in the case of the sulfur amino acids 

(41).  Metabolism to a form available for incorporation 

into the seleno protein, GPx, is expected to be 

decreased. 

Selenocysteine Metabolism.  In contrast to SeMET, 

SeCYS does not substitute for its sulfur analog, 

cysteine, in animal protein synthesis (44). 

Selenocysteine occurs in animal proteins as a component 

of specific seleno proteins, and not through 

misincorporation for cysteine.  Selenocysteine is not a 
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significant form of the element in plant protein foods 

(23-26).  Since plants of nutritional importance do not 

require Se, and do not synthesize Se requiring proteins, 

they do not incorporate Se as SeCYS. 

After equilibration of rats with dietary 75Se- 

selenite for 6 weeks, Hawkes et al (45) determined that 

greater than 95% of radiolabel was retained in tissues as 

SeCYS.  In a study by other investigators (30), 

equilibration with 75Se-SeMET provided in drinking water 

for seven weeks resulted in 19% of radiolabel in muscle 

and 58% of label in liver as SeCYS and the remainder in 

both tissues as mostly SeMET.  Therefore, meat producing 

animals which consume Se as SeMET from plant protein 

foods apparently convert a substantial amount to SeCYS. 

Selenite is the most common form of Se added as a 

supplement to animal feeds (9).  When selenite is the 

major sources of Se in animal diets, the predominant form 

expected to be retained in tissues is SeCYS.  Therefore, 

animals receiving either natural sources of Se or 

supplements will incorporate some of the element as 

SeCYS, but a larger proportion will be as SeCYS in 

animals given inorganic supplements. 

Metabolism of SeCYS is not clearly understood. 

SeCYS is ultimately incorporated in Se requiring 

proteins, but the mechanism of incorporation is 



13 

uncertain.  Hawkes et al (46) demonstrated that 75Se-SeCYS 

was incorporated into a specific SeCYS tRNA which served 

as a substrate for incorporation of SeCYS into GPx in a 

cell free protein synthesis system (47).  This was the 

first evidence of translational incorporation of SeCYS as 

opposed to formation by post translational modification 

of a different original residue. 

More recent evidence suggests that Hawkes and 

Tappel (47) did not interpret their results correctly. 

Incorporation of SeCYS into an aminoacylated tRNA 

probably occurred after the 75Se-SeCYS was degraded to an 

inorganic form.  The SeCYS tRNA has been identified in 

animal tissues (48), and has been shown to initially 

aminoacylate with serine (49).  The serine aminoacyl tRNA 

is a substrate for a kinase which forms a phosphoseryl 

aminoacyl tRNA (49).  The phosphoseryl aminoacyl tRNA is 

believed to be an intermediate in formation of 

selenocysteyl aminoacyl tRNA which is the SeCYS donor in 

biosynthesis of GPx.  Therefore, although Hawkes1 early 

research (46,47) strongly supported the concept of 

translational incorporation of SeCYS in GPx, some of the 

assumptions concerning intermediate metabolism of SeCYS 

were apparently mistaken. 

If the route to SeCYS incorporation into GPx and 

other seleno proteins requires inorganic Se such as 
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selenide or selenite, the formation from SeCYS could 

occur through the action of the PLP dependent enzyme, 

selenocysteine lyase (50).  This enzyme cleaves SeCYS to 

form dehydroalanine and selenide.  Its primary substrate 

may be a different molecule, but its action toward SeCYS 

is sufficient to ensure that free SeCYS will not persist 

animal tissues.  This enzyme may be essential for 

utilization of dietary SeCYS and SeCYS derived from 

degradation of seleno proteins.  Because the enzyme 

requires PLP it is possible that vitamin B-6 deficiency 

could reduce the efficiency of SeCYS utilization. 

In summary, the only known influence of vitamin B-6 

status on SeCYS utilization would be through action of 

selenocysteine lyase.  However, the lack of knowledge of 

the mechanism of SeCYS incorporation into selenoproteins 

does not rule out other possible PLP involvement.  For 

example, PLP is a cofactor in catalysis of nucleophilic 

substitution reactions with sulfur and may perform a 

similar role in synthesis of SeCYS from serine. 

Selenite and Selenate Metabolism.  The primary 

difference in sulfur and Se metabolism is the ability of 

Se to be reduced under physiological conditions.  Sulfur 

in general follows oxidative pathways in animals while Se 

is reduced.  The requirement for either preformed 
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cysteine or derivation from methionine metabolism in 

animals stems from the inability to reduce inorganic 

sulfur.  The enzyme for synthesis of cysteine from 

sulfide is present in animals, but there is no mechanism 

for reducing sulfate or sulfite to sulfide (38). 

Selenite is a weak oxidizing agent while sulfite is 

a weak reducing agent.  The route for selenite reduction 

to selenide is the most clearly understood metabolic 

pathway for Se.  Ganther demonstrated this pathway in a 

series of studies beginning in 1967 (51,52).  Selenite 

reacts spontaneously with sulfhydryl compounds to form 

compounds referred to as selenotrisulfides.  A 

selenotrisulfide consists of Se sandwiched between two 

sulfurs, eg. R-SSeS-R.  The stoichiometry of this 

reaction requires four sulfhydryls to reduce selenite 

(+4) to the zero oxidation state as in the following 

reaction: 

4 R-SH  + Se03
= > R-SS-R  +  R-SSeS-R  +  H20  +  2 OH" 

Biological sulfhydryl compounds, including lipoic 

acid, coenzyme A, glutathione, cysteine and protein 

cysteyl residues are suitable reactants for formation of 

selenotrisulfides.  Glutathione is the most abundant 

physiological sulfhydryl compound, therefore selenite 

reaction to form glutathione selenotrisulfide or 
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selenodiglutathione is probably the predominant 

physiological reaction of selenite. 

Selenodiglutathione is a substrate for glutathione 

reductase (52).  Reduction of the selenotrisulfide with 

nicotinamide adenine dinucleotide phosphate (NADPH) 

results in formation of reduced glutathione and a 

selenopersulfide, eg. R-S-SeH, as in the following 

reaction: 

GS-Se-SG  +  NADPH  +  H+   >  GSH  +  GS-SeH  +  NADP+. 

The formation of the glutathione selenopersulfide 

by glutathione reductase was demonstrated by trapping the 

product with the alkylating agent, iodoacetic acid (52). 

The exact physiological fate of the selenopersulfide is 

uncertain, however it is expected to be unstable.  The 

formation of acid volatile Se, most likely selenide, has 

been demonstrated for selenite in liver slice metabolic 

experiments (53).  A possible reaction  for selenide 

formation is shown below: 

GS-SeH  +  GSH   >  GSSG  +   H2Se. 

The amino acid structural precursor of SeCYS is 

serine (54).  The mechanism and enzymes involved are not 

known, however a nucleophilic substitution with a 

phosphate as the leaving group is the likely mechanism 

(48).  Since PLP is a cofactor in catalysis of other 

nucleophilic substitution reactions, such as 
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cystathionine synthesis, it is possible that SeCYS 

synthesis involves PLP as well.  However, studies of 

vitamin B-6 status effects on Se metabolism have not 

detected a general inhibition of GPx synthesis in B-6 

deficiency (2,3) . 

Another fairly well characterized route for 

selenide metabolism is methylation.  Dimethylselenide and 

trimethylselenonium are normal minor excretory products 

of Se metabolism which become significant in Se toxicosis 

(55,56).  Dimethyl selenide is exhaled as a gas through 

the lungs (57) and is responsible for the 'garlic breath' 

associated with Se toxicity.  Trimethylselenonium is a 

urinary metabolite.  In rats, these compounds represent 

less than 2% of excreted Se under normal dietary 

conditions, but they may account for 50% of non-fecal Se 

excretion under toxic conditions (57). 

The formation of these compounds has been studied 

by Hoffman et al who identified the sites of methylation 

as both the cytosol and endoplasmic reticulum and the 

methyl donor as S-adenosyl methionine (55).  The 

formation of methylated Se compounds may be a normal part 

of intermediary metabolism under non-toxic conditions, 

since demethylation of Se has been demonstrated in vivo 

(58).  Excretion in toxicity may represent overloading of 

a normal process, however trimethylselenonium was found 
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to be relatively unavailable in a bio-assay of efficacy 

in prevention of rat liver necrosis (59).  Utilization of 

methylated compounds may involve oxidation and release 

from the alkyl compound as occurs for methylsulfide (60). 

The limited understanding of Se intermediary metabolism 

does not preclude a role for the methylated compounds in 

synthesis of seleno proteins. 

The methylation of selenide could be affected by 

vitamin B-6 deficiency through altered pools of S- 

adenosyl methionine and S-adenosyl homocysteine. 

Increased pool size of S-adenosyl methionine should 

result in greater methylation of selenide due to 

increased substrate availability, if S-adenosyl 

methionine is limiting.  If methylation of Se truly is a 

detoxification-excretion pathway, the expected result 

would be increased excretion of Se in vitamin B-6 

deficiency.  However, the role of methylation in Se 

metabolism is not well understood and may be involved in 

processes other than excretion. 
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PREVIOUS STUDIES OF SELENIUM AND VITAMIN B-6 INTERACTIONS 

Two previous studies have directly examined the 

role of vitamin B-6 in Se utilization (2,3).  The first 

of the studies by Yasumoto et al (2) examined liver and 

erythrocyte GPx of rats initially depleted of both Se and 

vitamin B-6 for two weeks, and subsequently repleted for 

two weeks with vitamin B-6 plus Se as either selenite or 

SeMET.  Other groups of rats were given Se as these two 

forms without B-6, B-6 only without Se, or continued on 

the depletion diet.  Yasumoto et al found that selenite 

was equally effective in restoring GPx activity in both 

tissues regardless of vitamin B-6 status, but SeMET was 

less effective in the B-6 deficient animals.  They 

concluded that SeMET utilization was dependent on vitamin 

B-6 but selenite was readily available for synthesis of 

GPx and its metabolism did not require vitamin B-6. 

Sunde et al (3) raised questions on several points 

of the study of Yasumoto et al (2).  First, the level of 

Se used in repletion, 2 mg/ kg diet, was excessive.  It 

seemed unlikely that an effect on utilization would be 

observed when the Se level was approximately 10 times 

higher than required to induce maximum GPx activity in 

animals.  Secondly, Yasumoto et al reported no effects of 

vitamin B-6 deficiency on growth or feed consumption, 

which suggested that the animals may not have been 
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depleted of B-6.  Further, the indices of B-6 status 

measured by Yasumoto et al, aspartate amino transferase 

and cystathionine lyase activity of liver and 

erythrocytes were decreased by only 35 to 50% in B-6 

deficient compared to adequate animals.  Because they 

observed no feed consumption effects, the animals were 

not pair fed.  Unnoticed differences in feed consumption 

could have affected the rates of GPx repletion. 

Sunde et al using a different experimental design 

reexamined the possibility of vitamin B-6 involvement in 

Se metabolism (3).  Animals were initially depleted of Se 

for 28 days, followed by one week adaptation to vitamin 

B-6 deficient and adequate diets.  Subsequently animals 

were repleted for one week with Se as selenite, SeCYS or 

SeMET at 0, 0.2, 1.0 or 2.0 mg Se/kg diet.  Two 

experiments were conducted.  The first used ad libitum 

feeding, and the second used paired feeding, limiting the 

feed consumption of the vitamin B-6 adequate animals to 

that of the deficient groups. 

Sunde et al (3) found in the ad libitum fed animals 

that SeMET and SeCYS at 0.2 mg Se/kg diet were not as 

biopotent as selenite for restoring liver GPx in vitamin 

B-6 deficient animals, but SeMET was also not as 

biopotent as selenite or SeCYS in vitamin B-6 

supplemented animals.  Furthermore all forms of Se were 
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less biopotent in the vitamin B-6 deficient as compared 

to supplemented treatment groups.  At 2.0 mg Se/kg diet, 

all forms of Se were equally biopotent and there was no 

difference in biopotency associated with vitamin B-6 

status.  In the second experiment Sunde et al found no 

difference in biopotency for the three forms of Se nor 

any effect of vitamin B-6 status when feed consumption 

was equalized between treatment groups. 

Sunde et al (3) concluded that the only evidence of 

B-6 status effects on Se utilization were for SeCYS.  It 

showed greater biopotency relative to selenite in B-6 

supplemented as compared to deficient animals in their 

initial experiment.  The failure to produce this effect 

in the second experiment, when feed consumption was 

controlled, however bars any definite conclusion.  Sunde 

et al noted that the differences in vitamin B-6 status 

induced in the second experiment may not have been as 

great as in the first experiment based on liver aspartate 

amino transferase activities.  In both experiments of 

Sunde et al (3) the difference in PLP enzyme levels 

between vitamin B-6 treatment groups were similar to or 

greater than those measured by Yasumoto el al (2). 
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DESIGN OF CURRENT STUDY 

In designing a study to overcome the possible 

deficiencies of these two published studies (2,3) of 

vitamin B-6 involvement in Se metabolism some of the 

considerations were: 

1. the degree of vitamin B-6 deficiency used in the 

experiment should be greater than in either previous 

study, 

2. controlled feeding should be used as in the 

studies of Sunde et al (3), 

3. other tissues than liver and erythrocytes, 

especially muscle and kidney, should be examined since 

they are major sites of Se deposition, 

4. other factors than GPx induction should be 

examined, especially Se deposition in tissues, excretion 

and metabolic transformation of Se compounds, and 

5. both short and long term deposition and 

utilization should be examined. 

In design of the current study these factors were 

included by, 

1. depletion of animals of vitamin B-6 for 25 days 

while they consumed Se as either selenite, SeCYS or 

SeMET, 

2. use of a controlled feeding protocol, 

3. examination of liver, kidney, muscle, 
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erythrocytes and plasma which together account for more 

than 60% of total body Se in the rat (30), 

4. use of 75Se radiotracer to examine chemical form 

of Se deposited in tissues and forms of Se excreted in 

urine using previously developed techniques, 

5. use of a short term (2 day) radiolabeling 

protocol which could be compared to the long term (25 

day) chemical Se deposition results. 

The over all aim of this study was to use more 

detailed metabolic parameters to increase the chances of 

producing definitive answers to the question of whether 

vitamin B-6 is involved in Se metabolism, and to clearly 

define this role on the basis of altered Se metabolism in 

vitamin B-6 deficiency. 
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METHODS 

Animal Treatment.  Six groups of weanling male 

Sprague-Dawley rats (Simonsen Labs, Gilroy, CA) were fed 

(three per group) experimental diets for 25 days.  The 

AIN-76 purified rodent diet (61) prepared from vitamin- 

free casein without addition of selenite and pyridoxine- 

HC1 was provided as the basal diet.  Pyridoxine-deleted 

vitamin mix and selenite-deleted mineral mix and other 

diet components were obtained from ICN Biomedicals, Inc. 

(Costa Mesa, CA).  The basal diet provided 0.13 mg 

vitamin B-6 (pyridoxine-HCl equivalent)/kg and 0.018 mg 

selenium (Se)/kg by calculation from component 

concentrations.  No vitamin B-6 was added to three diets 

and the other three were supplemented with 7 mg 

pyridoxine-HCl/kg.  All diets were supplemented with 0.2 

mg Se/kg provided as either selenite, DL-selenocysteine 

(SeCYS), or DL-selenomethionine (SeMET) in a 2 X 3 (two 

vitamin B-6 treatments by three Se treatments) factorial 

design. 

The animals were housed, three per cage, in 

stainless steel hanging wire cages and fed the 

experimental diets for 2 3 days.  Animals had continual 

free access to water.  Air temperature was maintained at 

23C with a 12 hour light/dark cycle.  On day 23 each 
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animal was injected intraperitoneally with 50 juCi of 75Se 

of the same chemical form as supplied in the diet. 

Radioisotopes were obtained from Amersham Corp. 

(Arlington Heights, IL) .  Specific activities of all 75Se 

compounds were greater than 1 Ci/g Se.  The animals were 

transferred to stainless steel metabolic cages to 

facilitate collection of radioactive feces and urine. 

Feed consumption (by group) was recorded daily and 

feeding was restricted to match consumption of the group 

consuming the least amount.  Each animal was weighed at 

day 0, 7, 14, 21 and 25.  Feed efficiencies were 

calculated (by group) for each interval between 

weighings. 

At 6 and 46 hours post-injection each animal was 

transferred to a glass metabolic cage to collect a small 

amount (0.25-0.50 mL) of urine.  Urination was encouraged 

by opening windows to temporarily drop the room 

temperature to about 15C.  After collection of the urine 

samples they were diluted 1:1 with 10% trichloroacetic 

acid (TCA) and frozen at -60C. 

Each animal was lightly anesthetized with diethyl 

ether at 48 hours post-injection and blood samples were 

drawn by cardiac puncture into heparinized tubes.  While 

still anesthetized the animals were decapitated with a 

guillotine.  Whole liver and kidneys and a sample (1-2 g) 
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of rear leg muscle were collected from each animal. 

Livers and kidneys were weighed.  Blood samples were 

centrifuged (10 min at 1500 g at room temperature). 

After removing plasma, erythrocytes were washed once with 

physiological saline.  All tissue samples were stored 

frozen at -60C until thawed for the various assays. 

Liver Composition.  Livers of the vitamin B-6 

deficient animals were observed to be substantially 

larger than those of the vitamin B-6 adequate animals. 

Since the enlarged livers could affect normalization of 

other experimental parameters, the cause of the 

difference in size was investigated by examination of 

liver•composition.  Water composition was determined by 

drying a sample to constant weight in a ventilated oven 

at 63C.  Protein was determined in diluted liver 

homogenates by the Lowry assay (62).  Glycogen was 

determined with anthrone reagent (63).  Fat content of 

dried pulverized liver samples was determined by Soxhlet 

extraction with ether. 

Assay of Pyridoxal 5•Phosphate-Dependent Liver 

Enzymes.  Samples of liver were homogenized with a 

Potter-Elvehjem apparatus in ten volumes of ice-cold 0.1 

M sodium phosphate buffer, pH 7.5, containing 4 fih  2- 

mercaptoethanol (BME) per L.  Homogenates were further 

diluted to final dilutions (wt/v) of 1:20 for 
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cystathionine lyase (EC 4.4.1.1) assays and 1:1000 for 

aspartate amino transferase (EC.2.6.1.1) assays.  The 

1:10 homogenates were centrifuged at 27,000g for 30 

minutes at 4C, and assays for SeCYS lyase (no EC # 

assigned) activity were performed on the supernatants. 

Samples of diluted liver homogenate were 

preincubated 30 minutes at 37C with and without 55 /zM 

pyridoxal 5'phosphate (PLP) prior to assay of 

cystathionine lyase by the method of Matsuo and Greenberg 

(64) using homoserine as the substrate.  Aspartate amino 

transferase was assayed with a Sigma Chemical Co (St. 

Louis, MO) kit (65) with or without 50 /zM PLP added to 

the final dilution of the homogenates.  SeCYS lyase was 

assayed as described by Esaki et al. (50) with the 

modifications noted by Deagen et al. (28) with or without 

10 /iM added PLP. 

The activities of PLP-dependent enzymes were 

normalized to protein as determined by the Lowry assay 

(62) of homogenate or cytosol dilutions, liver wet weight 

and whole liver.  Stimulation by PLP was calculated as 

the difference in activity assayed with and without PLP 

expressed as a percentage of the activity measured in the 

presence of added PLP. 

Tissue Glutathione Peroxidase Assays.  Glutathione 

peroxidase (GPx) activities were measured in stroma-free 
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erythrocyte lysates and dilutions of plasma and tissue 

homogenates at 37C with hydrogen peroxide as the 

substrate using the coupled enzyme procedure of Paglia 

and Valentine (66).  Homogenates of liver, kidney and 

muscle were prepared in 10 volumes of 0.10 M sodium 

phosphate buffer, pH 7.0, with a Potter-Elvehjem 

apparatus.  Muscle samples were first ground in a steel- 

bladed mixer (Omnimixer, Ivan Sorvall, Newtown, CT) prior 

to homogenization with the Potter-Elvehjem apparatus. 

Enzyme activities (nmol NADPH oxidized/minute) were 

normalized to tissue weight, whole tissue, ng Se and 

protein or hemoglobin for erythrocytes.  Protein was 

determined by the Lowry assay (62).  Hemoglobin was 

determined in erythrocytes by absorbance at 54 0 nm of 

dilutions in Drabkin's solution (67). 

Selenium and ^Se Content of Tissues.  Radioactivity 

of tissue samples was determined with a well-type gamma 

scintillation counter (Gamma 8000, Beckman Instruments, 

Palo Alto, CA).  The counting efficiency of this 

instrument was 70%.  Tissue radiolabel concentrations 

were converted to percent of dose based on comparison to 

samples of the injection solutions. 

Tissue samples were wet digested with nitric and 

perchloric acid before Se was determined by an automated 

fluorometric method (68) using equipment from Alpkem 
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(Beaverton, OR).  Radiolabel and chemical Se contents 

were normalized to both tissue weight and whole tissue. 

Whole erythrocyte (69), plasma (69) and muscle (70) 

weights were estimated as 3.15, 3.85, and 32.7 %  of 

whole body weights.  Normalization to whole tissue 

allowed summation of total Se and radiolabel in examined 

tissues which served as an index of total retention in 

the animals. 

Tissue ^Se as Protein and Non-Protein Forms. 

Samples of 1:10 homogenates of liver, muscle and kidney 

and 1:10 dilutions of plasma and stroma-free erythrocyte 

lysate in 0.1 M sodium phosphate buffer, pH 7.0, were 

mixed with egual volumes of ice-cold 10% TCA.  After 

incubation for one hour at 4C the mixtures were 

centrifuged 15 min at 1500xg.  Nonprotein-bound 

radiolabel was determined as the portion of total 75Se not 

pelleted in the centrifugation.  Radiolabel loosely bound 

to protein through selenide-sulfide bonds was determined 

by this same procedure with addition of 0.1 M 2- 

mercaptoethanol (BME) to tissue dilutions prior to TCA 

precipitation of protein.  The difference in non-pelleted 

radiolabel between samples with and without BME treatment 

was considered the loosely protein-bound fraction.  The 

portion of radiolabel pelleted in the presence of BME was 

considered the strongly protein-bound fraction. 
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The nature of the nonprotein and loosely protein- 

bound 75Se in tissues was examined in single 

representative samples of liver TCA supernatants with and 

without BME from each dietary group.  Samples were 

chromatographed on a DC6A (Dionex, Sunnyvale, CA) amino 

acid analysis column (31) .  Standard 75Se-labeled 

selenotrisulfides of glutathione, cysteine and BME were 

prepared by combining 75Se-selenite with the sulfhydryl 

compounds at a 4:1 stoichiometry of sulfhydryl to 

selenite.  These standards were diluted in 5% TCA and 

chromatographed for comparison with the tissue TCA 

supernatants. 

Tissue TCA supernatants were filtered with a 0.22 

/^m filter prior to loading on the amino acid analysis 

column.  Column eluent was collected in 80 1.0 minute 

fractions of approximately 0.6 mL.  The elution time of 

radiolabeled compounds was determined by counting 

fractions in the Gamma 8000 counter. 

Tissue ^Se as Selenoamino Acids.  Samples (100 mg) 

of liver and muscle from each animal were acid hydrolyzed 

and chromatographed on the DC6A amino acid analysis 

column.  Standard 75Se-SeCYS, 75Se-SeMET, and 75Se-selenite 

were chromatographed to compare with the hydrolysate 

samples.  75Se-SeCYS was combined with excess cysteine 

before chromatography to form the mixed selenide-sulfide, 
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since this is the expected form of SeCYS in the 

hydrolysates. A major portion of 75Se in all hydrolysates 

eluted in the position of SeCYS.  To confirm the identity 

of this compound a single sample of liver hydrolysate was 

treated with iodoacetate to form the Se-carboxymethyl 

SeCYS derivative (71).  This sample was combined with 

authentic 75Se-Se-carboxymethyl SeCYS and chromatographed 

to demonstrate that the putative SeCYS in hydrolysates 

was the suspected compound. 

Analysis of ^Se in Urine.  A single 0.50 mL urine 

sample (diluted 1:1 with 10% TCA) from each treatment 

group at both the 6 and 46 hour collections was 

chromatographed on the DC6A amino acid analysis column. 

Further information about 75Se in urine was obtained by 

treating a urine sample with 2.3 /zmol carrier sodium 

selenite and 9.2 /mol reduced glutathione prior to 

loading on the amino acid column.  A sample of standard 

75Se-sodium selenite was treated by an identical method 

for comparison. 

Statistical Analysis.  Effects of vitamin B-6 

status on utilization of specific forms of Se were 

analyzed by multifactorial analysis of variance (ANOVA) 

using the Statgraphics program (STSC, Rockville MD). 

Pooled standard errors (12 degrees of freedom) from the 

ANOVA were used for computation of t-values (72). 
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Comparisons of parameters affected only by vitamin B-6 

status were made between all combined supplemented and 

deficient vitamin B-6 groups of animals (16 degrees of 

freedom). A P-value of < 0.05 was chosen for statistical 

significance, but calculated lower values are reported 

for the readers' benefit. 



33 

RESULTS 

Animal Performance.  Feed consumption in all 

vitamin B-6 supplemented groups was restricted to match 

the lower ad libitum consumption in the deficient groups 

after the first week.  Average feed consumption during 

the 25 day dietary period was 220 g per animal.  Feed 

efficiency calculated on a group basis was similar for 

all groups during the first (0.45 g/g feed) and second 

week (0.30 g/g feed).  Feed efficiencies were lower (P < 

0.05) in the vitamin B-6 deficient groups compared to 

supplemented groups during the third week (0.30 vs. 0.37 

g/g feed), and final 4 day period (0.07 vs. 0.17 g/g 

feed).  Average weight gains were 65.0 + 3.0 and 70.2 + 

1.7 g (average + standard deviation) for animals in the 

vitamin B-6 deficient and supplemented groups, 

respectively. 

Liver Composition.  Average total liver weight, 

water content, glycogen, and lipid were significantly 

higher in the vitamin B-6 deficient groups compared to 

the supplemented groups (Table 1).  Liver protein was not 

affected by vitamin B-6 status. 

Pyridoxal 5•Phosphate-Dependent Liver Enzyme 

Activities.  Due to differences in liver size and 

composition, enzyme activities were normalized in several 
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TABLE 1.  EFFECT  OF  VITAMIN  B-6  STATUS  ON 

RAT  LIVER  COMPOSITION 

Dietary Vitamin B-6 Treatment  Significance 

Deficient      Adequate Level 

Whole liver 6.9 + 0.5 

Water 4.7 + 0.3 

Protein 1.1 + 0.1 

Glycogen 0.6 ± 0.2 

Lipid 0.25 ± 0.03 

Remainder 0.24 + 0.24 

4.4 + 0.4 

3.1 + 0.3 

1.0   +   0.2 

<   0.01 

0.15   ±   0.03 

0.10   +   0.09 

P   <   0.001 

P   <   0.001 

N.S. 

P   <   0.001 

P   <   0.05 

N.S. 

1   Values are g / whole liver, mean + SEM, n = 9. 

N.S. indicates not significantly different, P > 0.05. 
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ways.  Assay results normalized to protein are presented 

in Table 2.  Regardless of normalization, the activities 

of cystathionine lyase and aspartate amino transferase 

were significantly lower in the vitamin B-6 deficient 

animals when assayed without addition of pyridoxal 

5'phosphate (PLP).  When assayed in the presence of added 

PLP, the vitamin B-6 supplemented rats showed higher 

activities of these enzymes when normalized to liver 

weight (Appendix Table 1), but there was no difference 

when normalized to either whole liver (Appendix Table 1) 

or per mg protein (Table 2).  The in vitro stimulation of 

these enzyme activities by PLP was higher in livers of 

the vitamin B-6 deficient animals. 

Selenoncysteine (SeCYS) lyase activities were 

higher in the vitamin B-6 supplemented groups under all 

normalizations with and without added PLP.  Stimulation 

of SeCYS lyase by added PLP was not significantly higher 

for the vitamin B-6 deficient animals. 

Tissue Glutathione Peroxidase Activities. 

Individual tissue values are reported in Appendix Table 2 

to illustrate the variability of these assays.  When 

glutathione peroxidase (GPx) activities were normalized 

to protein, only activity in kidneys from selenomethione 

(SeMET)-fed rats and in erythrocytes from all groups was 

significantly affected by vitamin B-6 treatment (Table 
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TABLE 2.  EFFECT  OF  VITAMIN  B-6  STATUS  ON 
ACTIVITIES  OF  RAT  LIVER  PLP-DEPENDENT  ENZYMES 

Enzyme Enzyme Activity1        % 
B-6 Status    -PLP +PLP     Stimulation 

Cystathionine Lyase2 

Deficient    0.06 + 0.02**  1.28 + 0.09   95.4 ±1.6** 

Adequate     0.45 ± 0.03    1.52+0.08   70.6+1.4 

Aspartate Amino Transferase3 

Deficient    0.59 + 0.03**  0.97 + 0.07   36.5 + 6.7* 

Adequate     0.96+0.06    1.03+0.11    5.0+9.3 

Selenocysteine Lyase4 

Deficient    2.86 + 0.20**  4.03 + 0.24** 27.8 + 5.0 

Adequate     5.86+0.32    7.07+0.34   16.2+5.1 

1 Values reported as means + SEM, n = 9. 

2 Units are nmol  product formed / hr / mg protein. 

3 Units are Sigma-Frankel units / mg protein. 

4 Units are nmol H2Se formed / min / mg protein. 

Significance level of differences between vitamin B-6 
deficient and adequate animal values: 

*   P < 0.05 
**   P < 0.01 
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TABLE 3.  EFFECT  OF  VITAMIN  B-6  STATUS  ON  TISSUE 
GLUTATHIONE  PEROXIDASE  ACTIVITIES  OF  RATS 

PROVIDED  DIFFERENT  FORMS  OF  DIETARY  SELENIUM 

Dietary Treatment    Glutathione Peroxidase Activity1 

Form Se    B-6   Liver  Kidney Muscle  Erythro-  Plasma 
cytes 

Selenite - 874 632 28 342** 120 
Selenite + 829 576 28 459 121 

SeCYS _ 908 642 32 323*** 125 
SeCYS + 926 590 30 438 104 

SeMET _ 1029 697* 19 327*** 112 
SeMET + 759 565 27 448 113 

Pooled SEM 48 39 4 14 9 

Values are reported as nmol NADPH oxidised/min/mg 
protein (hemoglobin for erythrocytes), means, n = 3 

Significance level of differences between vitamin B-6 
deficient and adequate animal tissues for same Se 
treatment: 

*   P < 0.05 
**   P < 0.01 

***   P < 0.001 
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3) .  However, normalization of liver activities to a 

whole tissue basis indicated non-significantly higher 

activity in all vitamin B-6 deficient groups compared to 

supplemented groups (Appendix Table 3), but normalization 

to weight indicated significantly lower hepatic activity 

in the vitamin B-6 deficient groups (Appendix Table 4). 

The kidney enzyme tended to be higher in all vitamin B-6 

deficient groups compared to supplemented groups, but the 

difference was only significant in comparing the SeMET- 

fed groups (Table 3).  Erythrocyte GPX was higher in all 

vitamin B-6 supplemented groups when normalized to mg 

hemoglobin (Table 3), weight (Appendix Table 4), and 

whole tissue (Appendix Table 3).  However, due to higher 

selenium (Se) levels in erythrocytes of vitamin B-6 

supplemented animals, these differences were not 

significant when normalized to tissue Se content 

(Appendix Table 5). 

Selenium and ^Se Content of Tissues.  Total Se and 

75Se content of tissues and sums of all examined tissues 

are presented in figures 2 and 3, respectively. These 

values were also calculated on a concentration basis (per 

g tissue, Appendix Tables 6 and 7), but these data are 

not discussed.  Because of the difference in liver size 

and composition the total content per tissue is a more 

reliable indicator of 75Se deposition. 
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FIGURE 2.  Effect of Vitamin B-6 Status and Dietary Form 

of Selenium on Selenium Content of Tissues.  Cross- 

hatched and open bars represent, respectively, vitamin B- 

6 deficient and supplemented rat tissues.  Error bars 

represent standard deviations.  Significe levels of group 

differences are indicated: *  P < 0.05, **  P < 0.01. 
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FIGURE 3.  Effect of Vitamin B-6 Status and Form of 

Administered 75Se on 75Se Content of Tissues.  Cross- 

hatched and open bars represent, respectively, vitamin 

B-6 deficient and supplemented rat tissues.  Error bars 

represent standard deviations.  Significe levels of group 

differences are indicated: *  P < 0.05, ***  P < 0.001. 
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Tissue Se content (Figure 2) was only affected by 

vitamin B-6 status in erythrocytes and liver of rats fed 

selenite and SeMET.  All vitamin B-6 supplemented groups 

tended to have higher Se levels in erythrocytes, but the 

difference in levels was significant only for the rats 

fed selenite and SeMET.  The vitamin B-6 deficient groups 

fed selenite and SeMET had higher liver Se than the 

corresponding supplemented groups. 

Independent of vitamin B-6 status, there was a 

significant effect of dietary form of Se on tissue 

deposition and total combined tissue Se content (Figure 

2).  Animals provided the amino acid forms of Se, SeCYS 

and SeMET, retained more Se in the examined tissues than 

did the rats given selenite.  The increase in the sum of 

all tissue Se was due to higher levels in liver and 

kidney for rats fed SeCYS and higher muscle Se in rats 

fed SeMET. 

Radiolabel retention (Figure 3) did not exactly 

mirror the chemical Se distribution in tissues.  This was 

not unexpected since the chemical Se represented both 

initial tissue Se plus 25 days controlled dietary Se 

assimilation, whereas the radiolabel represents only two 

days assimilation.  Vitamin B-6 status effects were 

apparent only in the ^Se-SeMET treated animals.  Except 

for plasma, which was still higher, but not 
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significantly, vitamin B-6 deficient animals retained 

significantly more ^Se from ^Se-SeMET in all tissues than 

did the supplemented animals. 

Independent of vitamin B-6 effects, there was a 

strong effect of chemical form of administered 75Se on 

tissue deposition.  75Se-SeMET retention was higher than 

retention of other forms of 75Se in the sum of all 

examined tissues and in all individual tissues except 

erythrocytes.  This effect was greatest in muscle where 

75Se-SeMET resulted in four times higher radiolabel level 

than for 75Se-SeCYS or 75Se-selenite. 

The 75Se-SeCYS groups had higher radiolabel levels 

in erythrocytes than the other 75Se treatment groups, and 

lower levels in plasma and muscle than the other 

treatment groups (Figure 3) . 

Tissue ^Se in Protein and Non-Protein Fractions. 

Tables 4 through 8 present the distribution of 75Se in 

examined tissues in non-protein, loosely protein-bound 

and strongly protein-bound fractions as determined by 

precipitation with trichloroacetic acid (TCA) in the 

presence or absence of 2-mercaptoehtanol (BME).  Vitamin 

B-6 adequate animals had higher levels of loosely 

protein-bound 75Se in liver (Table 4), kidney (Table 5) 

and plasma (Table 8), but not in muscle (Table 6) and 

erythrocytes (Table 7) . 
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TABLE 4, 
75 

EFFECT  OF  VITAMIN  B-6  STATUS  ON 
Se  DEPOSITION  IN  LIVER  FRACTIONS  OF  RATS 

TREATED  WITH  DIFFERENT  FORMS  OF 75 Se 

Dietary Treatment 

Form Se B-6 

Tissue Fraction 

Strongly 
Bound 

Non-Protein    Loosely 
Bound 

(% Whole Animal Dose/Tissue Fraction)2 

Selenite 
Selenite 

SeCYS 
SeCYS 

SeMET 
SeMET 

Pooled SEM 

+ 

0.400 0.374 4.139 
0.516 0.614 3.864 

0.783 0.588* 3.524 
0.788 0.952 3.492 

0.531 0.137 9.259*** 
0.436 0.285 5.580 

0.066 0.084 0.355 

1 Dietary form Se is same as form 75Se injected. 
2 Values reported are means, n = 3. 

Significance level of difference between vitamin B-6 
adequate and deficient animals for same Se treatment: 

* 
*** 

P < 0.05 
P < 0.001 
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75 
TABLE 5. EFFECT  OF  VITAMIN  B-6  STATUS  ON 
Se  DEPOSITION  IN  KIDNEY  FRACTIONS  OF  RATS 

TREATED  WITH  DIFFERENT  FORMS  OF 75 Se 

Dietary Treatment 

Form Se B-6 

Tissue Fraction 

Loosely 
Bound 

Strongly 
Bound 

Non-Protein 
Bound      Bound 

(% Whole Animal Dose/Tissue Fraction)2 

Selenite 
Selenite 

SeCYS 
SeCYS 

SeMET 
SeMET 

Pooled SEM 

O.079 0.145** 1.202 
0.119 0.257 1.248 

0.105 0.189*** 0.851 
0.160 0.432 0.921 

0.256** 0.187 2.872*** 
0.167 0.213 1.792 

0.020 0.026 0.116 

1 Dietary Form Se is same as form 75Se injected. 

2 Values reported are means, n = 3. 

Significance level of difference between vitamin B-6 
adequate and deficient animals for same Se treatment: 

** 
*** 

P < 0.01 
P < 0.001 
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75 
TABLE 6.  EFFECT  OF  VITAMIN  B-6  STATUS  ON 
Se  DEPOSITION  IN  MUSCLE  FRACTIONS  OF  RATS 

TREATED  WITH  DIFFERENT  FORMS  OF 75 Se 

Dietary Treatment 

Form Se B-6 

Tissue Fraction 

Non-Protein Loosely 
Bound 

Strongly 
Bound 

(% Whole Animal Dose/Tissue Fraction)2 

Selenite 
Selenite 

SeCYS 
SeCYS 

SeMET 
SeMET 

Pooled SEM 

0.258 0.183 2.600 
0.270 0.210 2.871 

0.245 0.186 1.592 
0.244 0.241 1.695 

0.422 0.154 11.695*** 
0.435 0.157 8.153 

0.041 0.026 0.317 

Dietary Form Se is same as form 75Se injected. 

Values reported are means, n = 3. 

Significance level of difference between vitamin B-6 
deficient and adequate animals for same Se treatment: 

*** P < 0.001 
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TABLE 7.  EFFECT  OF  VITAMIN  B-6  STATUS  ON 
75Se  DEPOSITION  IN  ERYTHROCYTE  FRACTIONS  OF  RATS 

TREATED  WITH  DIFFERENT  FORMS  OF  75Se 

Dietary Treatment 

Form Se B-6 

Tissue Fraction 

Non-Protein Loosely 
Bound 

Strongly 
Bound 

(% Whole Animal Dose/Tissue Fraction) 

Selenite 
Selenite 

SeCYS 
SeCYS 

SeMET 
SeMET 

+ 

+ 

+ 

0.014 0.056 0.411 
0.017 0.055 0.561 

0.038 0.141 0.812 
0.032 0.137 0.835 

0.008 0.018 0.721* 
0.006 0.014 0.454 

Pooled SEM 0.003 0.009 0.071 

1 Dietary Form Se is same as form 75Se injected. 
2 Values reported are means, n = 3. 

Significance level of difference between vitamin B-6 
deficient and adequate animals for same Se treatment: 

P < 0.05 
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TABLE 8.  EFFECT  OF  VITAMIN  B-6  STATUS  ON 
75Se  DEPOSITION  IN  ERYTHROCYTE  FRACTIONS  OF  RATS 

TREATED  WITH  DIFFERENT  FORMS  OF  75Se 

Dietary Treatment 

Form Se B-6 

Tissue Fraction 

Non-Protein Loosely 
Bound 

Strongly 
Bound 

(% Whole Animal Dose/Tissue Fraction)2 

Selenite 
Selenite 

SeCYS 
SeCYS 

SeMET 
SeMET 

+ 

0.012 0.024*** 2.142 
0.015 0.046 2.472 

0.015 0.039*** 1.638 
0.017 0.062 1.618 

0.025 0.030 3.600 
0.021 0.029 3.388 

Pooled SEM 0.002 0.003 0.157 

1 Dietary Form Se is same as form 75Se injected. 
2 Values reported are means, n = 3. 

Significance level of difference between vitamin B-6 
deficient and adequate animals for same Se treatment: 

*** P < 0.001 
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The most consistent specific effect of vitamin B-6 

status was on the strongly protein-bound 75Se fractions of 

animals administered 75Se-SeMET.  Vitamin B-6 deficiency 

resulted in greater deposition of 75Se-SeMET in this 

fraction of all tissues (Table 4-7) except plasma (Table 

8).  Except for muscle, vitamin B-6 deficiency increased 

75Se-SeMET deposition in the non-protein fraction in all 

tissues, but this increase was significant only in the 

kidney.  75Se-SeMET deposition in the loosely protein- 

bound fraction was not affected by vitamin B-6 status in 

any tissue.  Vitamin B-6 deficiency significantly 

decreased 75Se-SeCYS deposition in the loosely protein- 

bound fraction of liver, kidney and plasma; and 

significantly decreased 75Se-selenite deposition in the 

loosely protein-bound fraction of kidney and plasma. 

Cation exchange chromatography of liver TCA and 

TCA-BME supernatants indicated no difference in 75Se 

elution patterns between the treatment groups. 

Representative chromatograms are presented in Figure 4. 

In TCA supernatants, major peaks of 75Se eluant were 

centered at 9 and 23 minutes (Figure 4, top panel). 

These elution times correspond to the elution positions 

of standard selenite and selenotrisulfide of glutathione 

and accounted for, respectively, 38+4 and 36 + 4% (mean 

+ standard deviation, n = 6) of total TCA supernatant 75Se 
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Figure 4.  Cation-Exchange Chromatography of 

Deproteinized  75Se Rat Liver Extract.  Upper two panels 

show chromatograms of liver TCA extract and extract plus 

standard.  Lower two panels show chromatograms of liver 

BME-TCA extract and extract plus standard. 
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in the samples examined.  The coelution of standard 

selenotrisulfide of glutathione with the peak at 23 

minutes was verified by addition of standard 75Se labeled 

compound prior to chromatography (Figure 4, second panel 

from top). 

Liver TCA-BME supernatants contained 75Se material 

that eluted at 12, 39 and 53 minutes which accounted for 

respectively 10+5, 16+4 and 55 + 10 % (means + 

standard deviations, n = 6) of soluble ^Se (Figure 4, 

second panel from bottom).  The major peak at 53 minutes 

was shown to coelute with standard 75Se-selenotrisulfide 

of BME by addition of the standard compound to a sample 

prior to chromatography (Figure 4, bottom panel).  The 

identity of the compounds at 12 and 39 minutes are not 

known, but their formation or release from protein 

binding is dependent on the presence of BME since they 

were not observed in the TCA supernatants. 

Amino Acid Form of ^Se in Muscle and Liver 

Hydrolyzates.  A typical liver hydrolysate chromatograph 

(animal from the vitamin B-6 adequate, selenite-fed 

group) is presented in Figure 5 (top panel).  In all 

hydrolyzates 75Se was recovered in peaks centered at 3 2 

and 52 minutes, corresponding to the elution positions of 

standard SeCYS and SeMET respectively.  Minor 75Se peaks 

of unknown identity also eluted at 17, 47 and 74 minutes. 
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SeCYS. 



52 

lodoacetate treatment of a liver hydrolyzate sample 

(Figure 5, middle panel) prior to chromatography resulted 

in the formation of a ^Se compound that coeluted with 

authentic 75Se-Se-carboxymethylselenocysteine (Figure 5, 

bottom panel).  The yield of carboxymethyl derivative 

formation based on shift of 75Se elution position upon 

treatment was 61% for putative tissue 75Se-SeCYS and 60% 

for the authentic 75Se-SeCYS. 

Muscle and liver total hydrolyzate recoveries and 

percentages of 75Se eluting at the positions of SeCYS and 

SeMET are presented in Tables 9 and 10 respectively. 

Hydrolysis recoveries in tables 9 and 10 represent the 

proportion of initial sample radioactivity retained in 

the hydrolysate sample prior to chromatography.  About 5% 

of the losses occurred because of retention of sample in 

filtering prior to chromatography.  Other losses, which 

were not investigated, may have occurred due to formation 

of either volatile or insoluble forms or irreversible 

adsorption to glassware.  Recoveries were consistently 

higher for muscle than for liver samples.  Recoveries 

were greater for tissues of animals administered 75Se- 

SeMET than for those given 75Se-selenite, which were 

greater than for tissues of animals administered 75Se- 

SeCYS.  Recoveries were greater for liver, but not 

muscle, of vitamin B-6 adequate animals administered 75Se- 
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TABLE 9.  EFFECT  OF  VITAMIN  B-6  STATUS  ON 
75Se-SELENOAMINO  ACID  CONTENT  OF  RAT 

MUSCLE  HYDOLYZATES 

Dietary Treatment 

Form Se B-6 

Hydrolysis 
Recovery 

(%)2'3 

Hydrolyzate 75Se as:2^ 

SeCYS (%)   SeMET (%) 

Selenite 
Selenite 

SeCYS 
SeCYS 

SeMET 
SeMET 

Pooled SEM 

83.6 63.7 13.6 
83.5 64.1 9.8 

80.6 56.4 12.4 
80.6 61.7 8.0 

90.7 11.9* 76.1* 
91.6 17.9 70.8 

0.8 1.8 1.4 

1 Dietary Form Se is same as form ^Se injected. 
2 Values reported are means, n = 3. 

3 Percentage of total tissue ^Se recovered in 
hydrolyzate. 

4 Percentage of hydrolyzate 75Se recovered in position 
of standard amino acid. 

Significance level of differences between vitamin B-6 
deficient and adequate animal tissues for same Se 
treatment: 

*   P < 0.05 
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TABLE  10.  EFFECT  OF  VITAMIN  B-6  STATUS  ON 
75Se-SELENOAMINO  ACID  CONTENT OF RAT 

LIVER HYDROLYZATES 

Dietary Treatment 

Form Se1 

(%) 
B-6 

Hydrolysis   Hydrolyzate 75Se as:2,4 

Recovery      

s^2,3 
(%) SeCYS (%) SeMET 

Selenite 
Selenite 

SeCYS 
SeCYS 

SeMET 
SeMET 

64.9 53.0 7.3 
71.3 48.9 9.2 

55.2 34.0 7.4 
63.7 32.6 11.5 

85.0 29.5*** 47.4** 
87.7 46.5 29.8 

Pooled SEM 2.0 1.5 0.7 

Dietary Form Se is same as form "^Se injected. 

Values reported are means, n = 3. 

75 c Percentage of total tissue ^Se recovered in 
hydrolyzate. 

4   Percentage of hydrolyzate 75Se recovered in position 
of standard amino acid. 

Significance level of differences between vitamin B-6 
deficient and adequate animal tissues for same Se 
treatment: 

**   P < 0.01 
***   P < 0.001 
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selenite and 75Se-SeCYS than for the corresponding vitamin 

B-6 deficient animals. 

The percentage of muscle hydrolyzate ^Se recovered 

as SeCYS (Table 9) was higher for the vitamin B-6 

adequate animals administered 75Se-SeMET compared to the 

corresponding vitamin B-6 deficient animals.  Conversely 

the percentage of muscle hydrolyzate 75Se eluting in the 

position of SeMET was increased by vitamin B-6 deficiency 

in animals administered 75Se-SeMET. 

In liver hydrolyzates (Table 10) recovery of 75Se 

from animals administered 75Se-SeMET was similarly 

affected by vitamin B-6 status.  Vitamin B-6 deficiency 

reduced recovery of 75Se as SeCYS and increased recovery 

as SeMET. 

Cation-Exchange Chromatography of Urine.  The 

majority of 75Se in all urine samples eluted in a peak 

centered at 10 minutes with an unresolved preceding 

shoulder.  Figure 6 (top panel) shows a representative 

chromatogram of a urine sample collected at 46 hours from 

a vitamin B-6 deficient animal administered 75Se-selenite. 

Based on examination of a single sample from each 

treatment group at both 6 and 46 hours there was no 

indication of effect of vitamin B-6 status, form of 75Se 

administered or time of collection on the forms of 75Se 

observed in the urine. 
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Figure 6.  Cation-Exchange Chromatography of 75Se Rat 

Urine.  Upper panel shows typical urine chromatograph. 

Middle panel shows chromatograph of product of urine 

reaction with glutathione and carrier selenite.  Bottom 

panel shows that major peak from urine:glutathione 

reaction cochromatographs with authentic glutathione 

selenotrisulfide. 
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The major peak of 75Se at 10 minutes accounted for 

74 + 4% (mean + standard deviation) of total 75Se in the 

12 samples examined.  Minor peaks representing less than 

10% of total urine 75Se were also observed at 23, 48 and 

greater than 70 minutes. 

Addition of glutathione to urine 75Se (Figure 6, 

middle panel) was performed to determine whether the 

elution of the peak at 10 minutes could be altered.  The 

reaction produced a material that eluted in the position 

of selenotrisulfide of glutathione.  The identity of the 

formed compound was confirmed by coelution with authentic 

75Se-selenotrisulfide in a mixed sample (Figure 6, bottom 

panel). 

The unresolved 75Se peak preceding the peak at 10 

minutes could be selenate.  Standard selenate elutes at 8 

minutes and is not readily reduced by sulfhydryls.  In 

the single sample treated with glutathione 15% of total 

urine 75Se remained in the position of selenate in the 

chromatogram. 
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DISCUSSION 

Vitamin B-6 deficiency was achieved in 

rats fed the diets without addition of this vitamin as 

evidenced by decreased feed consumption and feed 

efficiency, changes in liver composition (Table 1), lower 

activity of hepatic pyridoxal S'phosphate (PLP) dependent 

enzymes and increased stimulation of those enzymes by 

addition of PLP (Table 2). 

The degree of induced vitamin B-6 deficiency was 

similar to or greater than that produced in previous 

studies of vitamin B-6 status effects on selenium (Se) 

utilization (2,3).  In the report of Yasumoto et al (2) 

hepatic aspartate aminotransferase and cystathionine 

lyase were respectively 36 and 49% lower in B-6 deprived 

compared to supplemented animals.  In the current study 

these enzyme activities were respectively 39 and 87% 

lower in the deficient animals.  Yasumoto et al also 

reported no effect of vitamin B-6 status on growth or 

feed consumption, but both were affected in the current 

study. 

In the report of Sunde et al (3) hepatic aspartate 

amino transferase was decreased by 42% in one experiment 

and by 61% in another.  The larger relative decrease in 

enzyme activity in the controlled feeding experiment may 
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have resulted from improper normalization of enzyme 

activity to grams liver as opposed to liver protein.  If 

liver composition was affected as it was in the current 

experiment by vitamin B-6 status the control (B-6 

supplemented) values may have been inflated by reduced 

liver water and glycogen content.  In any case, despite 

the greater relative decrease in the second experiment of 

Sunde et al (3), the actual enzyme activities of vitamin 

B-6 deprived animals in the controlled feeding study were 

approximately equal to the activities of vitamin B-6 

supplemented animals in the earlier ad libitum feeding 

experiment.  Sunde et al concluded that the degree of 

vitamin B-6 deficiency induced in the controlled feeding 

experiment was probably not as great as in the earlier 

experiment. 

The resulting effects of vitamin B-6 deprivation on 

Se utilization can be attributed to either non-specific 

effects resulting from general nutritional impairment, or 

specific effects due to a role of vitamin B-6 in Se 

intermediary metabolism.  Since the aim of these studies 

was to find specific effects as a means of identifying 

possible roles of vitamin B-6 dependent enzymes in Se 

utilization, discrimination between the two types of 

effects was essential.  The examination of liver 

composition (Table 1) assisted in making this 
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distinction. 

The principle factor in differences of liver 

composition and size between the vitamin B-6 deficient 

and adequate groups was probably glycogen content.  The 

controlled feeding protocol resulted in partial 

starvation of the vitamin B-6 supplemented animals and 

probably prevented significant liver glycogen 

accumulation.  Postprandial liver weight increases due to 

glycogen synthesis have been shown to exceed 50% in the 

rat (73). 

Liver protein was not significantly affected by 

vitamin B-6 status (Table 1), so the basis of comparison 

for liver parameters was either whole liver or liver 

protein.  Normalization to grams liver would have 

produced anomalous results for PLP dependent enzyme 

activities (Appendix Table 1), glutathione peroxidase 

(GPx) activities (Appendix Table 4), Se (Appendix Table 

6) and 75Se (Appendix Table 7) contents of liver.  As 

discussed above, inappropriate normalization of enzyme 

activities to gram liver may have affected the results 

reported by Sunde et al (3). 

Another effect of vitamin B-6 status on Se 

utilization is differences in deposition of Se in 

erythrocytes (Figure 2).  The mechanism of the effects of 

vitamin B-6  on erythrocyte Se content is not certain, 
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however competition between liver and erythrocytes for Se 

deposition provides a possible explanation.  Liver Se 

content was greater for vitamin B-6 deficient compared to 

adequate animals for all forms of dietary Se, although 

again the difference was not significant for the 

selenocysteine (SeCYS) groups.  The effect of vitamin B-6 

status on liver Se content was significant (P < 0.01), 

independent of dietary form of Se.  The average magnitude 

of this difference was 10%, or 0.6 /xg Se/liver.  The 

average difference in erythrocyte Se content was 27%, or 

0.44 /ng Se/whole animal erythrocytes.  The higher level 

of Se in livers of vitamin B-6 deficient animals could 

have resulted from increased protein content of livers. 

Although the difference was not statistically 

significant, vitamin B-6 deficient animals had 10% higher 

liver protein content compared to B-6 adequate animals. 

The higher hepatic protein may be a requisite of greater 

glycogen storage. 

GPx activities of erythrocytes were similarly 

affected by vitamin B-6 status.  Vitamin B-6 deficiency 

resulted in lower erythrocyte GPx activities for all 

dietary forms of Se (Table 3).  Yasumoto et al (2) found 

similar decreases in erythrocyte GPx for animals provided 

Se as either selenomethionine (SeMET) or selenite, but 

the effect was only significant for animals provided 
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SeMET.  In the current study, this decrease was 

associated with decreased Se levels, such that there was 

no effect of vitamin B-6 status when GPx activities were 

normalized to Se content rather than hemoglobin (Appendix 

Table 4).  The constant GPx activity relative to Se 

content suggests that the decrease results from altered 

body distribution of the element rather than altered 

utilization within the erythrocyte. 

It should be noted that no similar effect on 

radioisotope deposition in erythrocytes was observed 

(Figure 3).  Vitamin B-6 status had no consistent effect 

on 75Se deposition in erythrocytes, although vitamin B-6 

deficiency did increase erythrocyte deposition of 

radiolabel from 75Se-SeMET injection.  This apparent 

discrepancy is probably due to the time scale of the two 

observations.  The chemical Se content of erythrocytes is 

the product of exposure to the element in the diet over 

2 5 days and reflects the synthesis of Se containing 

proteins in maturing erythroid cells.  The radioisotope 

content of erythrocytes is probably the result of 

diffusion of low molecular weight forms of 75Se into 

erythrocytes and adsorption to preformed proteins 

(74,75).  The short time of exposure to radiolabel 

precludes a significant contribution of protein synthesis 

to 75Se deposition in erythrocytes.  After two days, only 
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6% of erythrocytes would contain protein synthesized 

during exposure to radioisotope. 

Vitamin B-6 deficiency increased deposition of ^Se 

from 75Se-SeMET in all examined tissues (Figure 3) except 

plasma.  No similar effect of vitamin B-6 status was 

detected for deposition of 75Se-selenite or 75Se-SeCYS. 

The increased 75Se-SeMET deposition may result from 

impaired metabolism of SeMET to a form of Se available 

for excretion.  If SeMET catabolism is impaired it will 

remain in competition with methionine for protein 

synthesis, resulting in greater retention in tissues. 

Tissue 75Se as protein and non-protein forms (Tables 

4-8) also showed a strong effect of vitamin B-6 status on 

75Se-SeMET deposition.  75Se-SeMET deposition in the 

strongly protein-bound fraction was increased by vitamin 

B-6 deficiency in all examined tissues except plasma. 

This observation is consistent with the concept of 

decreased catabolism resulting in greater competition 

with methionine for protein incorporation. 

No difference in liver nonprotein 75Se fraction was 

observed through use of ion-exchange chromatography 

(Figure 4) .  No amino acid forms of 75Se were observed in 

any of the non-hydrolyzed tissue extracts.  The majority 

of 75Se in all liver trichloroacetic acid (TCA) extracts 

occurred as materials which eluted in the position of 
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selenite, selenide and selenate (which cannot be 

distinguished by this analysis) and selenotrisulfide of 

glutathione.  In liver TCA plus 2-mercaptoethanol (BME) 

extracts the major component was apparently 

selenotrisulfide of BME.  This information is useful 

despite the absence of any observed effect of either 

vitamin B-6 status or form of 75Se administered.  There 

are currently only limited data concerning the form of 

non-protein bound tissue Se (51-53,76).  The observation 

of approximately equal amounts of inorganic Se and 

glutathione selenotrisulfide supports the concept of non- 

protein Se cycling through selenite, selenotrisulfide and 

selenide forms as it is continuously reduced by 

glutathione and subsequently oxidized by molecular 

oxygen. 

Chromatography of muscle and liver hydrolyzates on 

Dionex DC6A (Tables 9 and 10) supports the findings of 

reduced catabolism of SeMET in vitamin B-6 deficient 

animals.  For animals administered ^Se-SeMET, vitamin B-6 

deficiency resulted in greater recovery of hydrolyzate 

75Se as SeMET and reduced recovery as SeCYS in both liver 

and muscle.  The identity of the 75Se material eluting in 

the position of SeCYS was confirmed by both 

cochromatography with the standard compound and 

cochromatography of the carboxymethyl derivative with 
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authentic Se-carboxymethylselenocysteine.  It should be 

noted that the identity of the material eluting at the 

position of SeMET was verified only by cochromatography 

with the standard.  The selenotrisulfide of cysteine is 

not resolved from SeMET with this column (30,31). 

Several reasons, however suggest that at least most of 

this peak is SeMET when this selenoamino acid is 

administered.  This peak increases in hydrolysates of 

tissue shortly after injection of animals with 75Se-SeMET 

(31) and after addition of 75Se-SeMET to the media of cell 

cultures (34).  The addition of methionine to the cell 

culture media decreases 75Se in this peak but increases 

the 75Se in the SeCYS peak (34) . 

The cysteine selenotrisulfide is formed by 

hydrolysis of glutathione or protein selenotrisulfides 

which were known to be present in the tissues examined. 

Therefore, the peak from animals injected with 75Se-SeCYS 

or 75Se-selenite reported as SeMET is probably entirely 

cysteine selenotrisulfide since there is no known or 

proposed mechanism for mammalian synthesis of SeMET from 

either SeCYS or selenite. 

Examination of 75Se excreted in urine revealed no 

effect of either time after injection, vitamin B-6 status 

or form of 75Se injected.  This result suggests that a 

common metabolite of Se is the principle form available 
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for excretion regardless of the form administered.  The 

principle form observed in Dionex DC6A chromatographs 

eluted in the position of inorganic Se compounds 

(selenide, selenite and selenate) (Figure 6).   Reduction 

of this 75Se material with glutathione suggests that it 

was primarily selenite.  Selenide would be rapidly 

oxidized by molecular oxygen after excretion, and thus 

there is no way to determine from this study whether the 

initial secretogogue is selenite or selenide.  The 

presence of selenite was demonstrated in liver extracts 

in this study (Figure 4), however this observation could 

also be affected by air oxidation during sample 

preparation. 

Previous studies of Se urinary excretion forms have 

concentrated on methylated forms of Se (56-58,77,78). 

The methylated metabolites of Se become significant in 

excretion of toxic levels of Se but make up less than 5% 

of urinary Se under normal nutritional conditions (78). 

The effects of vitamin B-6 deficiency on 

utilization of 75Se-SeMET suggest a specific role for the 

vitamin in SeMET metabolism.  Analogy to methionine 

metabolism suggests some possible sites for PLP 

involvement in SeMET metabolism.  SeMET and its 

metabolites are substrates for all steps of the 

transsulfuration pathway (37) which converts methionine 
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to cysteine , or SeMET to SeCYS.  Two enzymes of this 

pathway require PLP as a cofactor, cystathionine 

synthetase and cystathionine lyase.  The occurrence of 

SeCYS in GPx and the ability to form SeCYS from SeMET 

suggest that this could be a major route for utilization 

of Se from SeMET.  However, recent discoveries concerning 

the mechanism of SeCYS incorporation in proteins (48) 

suggest that the immediate precursor of SeCYS in proteins 

is a selenocysteinyl charged tRNA formed from serinyl 

charged tRNA.  Since the tRNA is not initially charged 

with SeCYS, it seems likely that SeCYS must be 

catabolized prior to donating Se to GPx synthesis. 

Therefore, the ability to form SeCYS from SeMET through 

the transsulfuration pathway is probably not significant 

in SeMET utilization. 

In a study of Se status of human patients with 

defects of transsulfuration pathway enzymes (79) the 

major effects on Se status appeared to result from 

altered competition with methionine for protein 

synthesis.  In patients with cystathionine synthetase or 

methionine adenosyltransferase deficiency, which result 

in elevated tissue methionine levels, plasma and 

erythrocyte Se concentrations were low while GPx 

activities were elevated.  In patients with a defect of 

homocysteine methylation  (methionine synthesis), which 
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results in methionine depletion, erythrocyte and plasma 

Se levels were elevated.  These results are exactly the 

opposite of what would be predicted if the 

transsulfuration pathway played a significant role in 

SeMET utilization. 

An alternate possibility for PLP involvement in 

SeMET metabolism is the transamination-decarboxylation 

route of methionine catabolism to sulfate (42,43).  This 

route has been shown to be a major mode of methionine 

catabolism in liver of the rat and rhesus monkey (43). 

Although both transaminases and decarboxylases require 

PLP, the actual effect of vitamin B-6 deficiency on the 

flux of methionine, or SeMET, through this route is 

unknown.  Since SeMET substitutes for methionine in many 

other biochemical processes, the major routes of 

methionine metabolism are probably also important routes 

of SeMET metabolism. 
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SUMMARY OF RESULTS AND CONCLUSIONS 

Vitamin B-6 deficiency reduced glutathione 

peroxidase (GPx) activity (Table 3) and selenium (Se) 

deposition (Figure 2) in erythrocytes for all forms of 

dietary Se.  GPx activity relative to Se content was not 

affected suggesting that the vitamin deficiency altered 

body distribution of the element rather than intermediary 

metabolism within the erythrocyte.  Altered body 

distribution of Se could have resulted from altered liver 

composition and size (Table 1). 

Vitamin B-6 deficiency resulted in greater 

retention of injected 75Se-selenomethionine (SeMET) in 

liver, kidney, muscle and erythrocytes at two days after 

injection (Figure 3) .  The increase in retained 75Se was 

due to greater deposition in the strongly protein-bound 

75Se fraction of these tissues (Tables 4-7).  Vitamin B-6 

deficiency increased the amount of injected 75Se-SeMET 

retained as SeMET in muscle and liver and decreased the 

amount retained as selenocysteine (SeCYS) (Tables 9 and 

10).  These results indicate that pyridoxal 5'phosphate 

(PLP) requiring enzymes are important in the utilization 

of Se from SeMET for incorporation as SeCYS in Se 

requiring proteins.  Similar effects of vitamin B-6 

status were not observed in animals injected with 75Se- 
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SeCYS or 75Se-selenite. 

Cation exchange chromatography of deproteinized 

liver extracts (Figure 4) indicated that approximately 

38% of the nonprotein fraction of 75Se might be selenite 

and 36% as selenotrisulfide of cysteine.  The remainder 

were unidentified compounds.  There was no apparent 

effect of vitamin B-6 status or form of ^Se administered 

on the composition of the liver nonprotein 75Se. 

At both 6 and 4 6 hours after injection of 75Se, more 

than 50% of urine 75Se eluted at the position of selenite 

in cation chromatography.  Reactivity toward glutathione 

suggested that the majority of this material was 

selenite.  However, if this is selenite, it is the 

opposite of the general pattern of selenocompounds to 

follow reductive pathways (80).  There was no effect of 

vitamin B-6 status, time after injection or form of 75Se 

injected on the form of 75Se observed in urine samples. 
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APPENDIX  TABLE  1. 

ACTIVITIES  OF  HEPATIC  PLP-DEPENDENT  ENZYMES  - 
ALTERNATE  NORMALIZATIONS 

Activity/g liver   Activity/whole liver 

Basal     +PLP     Basal     +PLP 

Cystathionine Lyase 

B-6 Deficient   9+9 209 +37 60 +  51 1325 + 461 

B-6 Adequate  101 + 19 344 + 39 443 +  90 1482 + 221 

P <         0.001 0.001 0.001      N.S. 

Aspartate Amino Transferase 

B-6 Deficient  96 + 14  160 + 35 658 + 105 1091 + 220 

B-6 Adequate  217 + 42  229 ± 69 951 + 260 1004 + 315 

P <          0.001     0.05 0.05       N.S. 

Selenocysteine Lyase 

B-6 Deficient 249 + 56 350 + 62 1710 + 420 2410 + 480 

B-6 Adequate  585 + 93 705 ± 91 2570 + 470 3100 + 480 

P <         0.001 0.001      0.001      0.01 

Units are defined as in table 2 (page 37). 
Values are means + SEM, n = 9. 
N.S. indicates not significantly different. 



APPENDIX  TABLE  2. 

TISSUE  GLUTATHIONE  PEROXIDASE  ACTIVITIES 
INDIVIDUAL  ANIMAL  VALUES 
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Diet Treatment    Glutathione Peroxida se Activity i 

Form Se B6    Liver Kidney Muscle Erythro- Plasma 
Animal cytes 
Number 

Selenite Deficient 

1 919 741 21 374 105 
2 877 575 40 311 148 
3 826 579 22 341 107 

Selenite Supplemented 

1 751 592 25 479 108 
2 967 568 28 446 127 
3 768 568 29 452 128 

SeCYS Deficient 

1 940 634 27 341 126 
2 831 591 48 305 143 
3 954 700 22 325 104 

SeCYS Supplemented 

1 949 653 30 472 106 
2 928 555 34 407 110 
3 902 563 26 437 97 

SeMET Deficient 

1 875 705 20 306 104 
2 949 594 22 303 112 
3 1111 793 16 339 120 

SeMET Deficient 

1 1076 613 30 450 125 
2 948 532 28 428 112 
3 1062 550 23 464 103 

Values are nmol NADPH oxidised / min / mg protein. 
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APPENDIX  TABLE  3. 

TISSUE  GLUTATHIONE  PEROXIDASE  ACTIVITIES 
NORMALIZED  TO  WHOLE  TISSUE 

Diet Treatment Glutathione Peroxidase Activity 1 

Form Se   B-6   Liver  Kidney  Muscle  Erythro- Plasma 
cytes 

Selenite - 945 124 195 376** 35.9 

Selenite + 790 122 219 558 37.7 

SeCYS - 1038 136 212 416** 39.2 

SeCYS + 906 130 210 557 33.0 

SeMET - 1127 147 138 389*** 33.8 

SeMET + 1061 117 213 572 34.3 

Pooled SEM 81 13 33 25 2.7 

1   Values are reported as nmol NADPH oxidised / min / 
whole tissue (x 10"3) , means, n = 3. 

Significance level of differences between vitamin B-6 
deficient and adequate animal tissues for same Se 
treatment: 

*   P < 0.05 
**   P < 0.01 

***   P < 0.001 
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APPENDIX  TABLE  4. 

TISSUE  GLUTATHIONE  PEROXIDASE  ACTIVITIES 
NORMALIZED  TO  GRAMS  TISSUE 

Diet Treatment Glutathione Peroxidase Activity 1 

Form Se   B-6   Liver  Kidney  Muscle   Erythro- Plasma 
cytes 

Selenite - 138* 94 

Selenite + 188 101 

SeCYS - 142** 100 

SeCYS + 199 109 

SeMET - 175** 116 

SeMET + 237 95 

Pooled SEM 13 8 

4.4 

4.8 

4.8 

4.6 

3.1 

4.6 

0.7 

89*** 

127 

97*** 

128 

92*** 

129 

6.9 

7.0 

7.5 

6.2 

6. 5 

6. 4 

0. 5 

1   Values are reported as nmol NADPH oxidised / min / g 
tissue (x 10"3) , means, n = 3. 

Significance level of differences between vitamin B-6 
deficient and adequate animal tissues for same Se 
treatment: 

*   P < 0.05 
**   P < 0.01 

***   P < 0.001 
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APPENDIX  TABLE  5. 

TISSUE  GLUTATHIONE  PEROXIDASE  ACTIVITIES 
NORMALIZED  TO  TISSUE  SELENIUM 

Diet Treatment Glutathione Peroxidase Activity 

Form Se   B-6   Liver  Kidney  Muscle   Erythro- Plasma 
cytes 

Selenite - 160 92 49 292 17 

Selenite + 162 77 43 298 15 

SeCYS - 131 64 46 209 16 

SeCYS + 116 58 45 242 13 

SeMET - 188 83 18 243 15 

SeMET + 204 73 27 281 15 

Pooled SEM 13 8 5 19 1 

1   Values are reported as nmol NADPH oxidised / min / 
ng tissue Se, means, n = 3. 

No significant (P < 0.05) differences between vitamin B-6 
deficient and adequate animal tissues for same Se 
treatment. 
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APPENDIX  TABLE  6. 

TISSUE  SELENIUM  CONCENTRATIONS 

Diet Treatment  Selenium Concentration (UQ/Q  tissue) 

Form Se   B-6   Liver  Kidney  Muscle   Erythro- Plasma 
cytes 

Selenite   -     867**  1085 

Selenite  +    1161    1330 

SeCYS      -    1089**  1545* 

SeCYS      +    1750    1921 

SeMET      -     933*   1400 

SeMET      +    1170    1317 

Pooled SEM        68     102        5       27       18 

95* 307*** 396* 

111 427 464 

109* 471 468 

130 534 478 

186 378 441 

174 461 438 

Significance level of differences between vitamin B-6 
deficient and adequate animal tissues for same Se 
treatment: 

*   P < 0.05 
**   P < 0.01 

***   P < 0.001 
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APPENDIX  TABLE  7. 

TISSUE  75Se  CONCENTRATIONS 

Diet Treatment 75 Se  Concentration C% dose/g tissue) 

Form Se   B-6   Liver  Kidney  Muscle   Erythro- Plasma 
cytes 

Selenite   -    0.71***  1.10     0.07 

Selenite   +    1.19     1.35     0.07 

SeCYS 

SeCYS 

SeMET 

SeMET 

0.67*** 0.84** 0.05 

+    1.18 1.29 0.05 

1.54 2.60*** 0.28***  0.18* 

+    1.42 1.78 0.19 

0.11 0.42 

0.14 0.47 

0.23 0.30 

0.23 0.32 

0.18* 0.70* 

0.11 0.64 

Pooled SEM 0.08 0.09 0.01 0.02 0.02 

Significance level of differences between vitamin B-6 
deficient and adequate animal tissues for same Se 
treatment: 

*   P < 0.05 
**   P < 0.01 

***   P < 0.001 


