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CHAPTER I 

INTRODUCTION 

Selenium (Se) was identified as an essential trace element for 

animals following Schwarz's initial discovery of its prevention of 

liver necrosis (Schwarz and Foltz, 1957). An inadequate supply of 

selenium can cause vastly different deficiency symptoms in various 

animals such as liver necrosis in rats, muscular dystrophy in sheep, 

calves and foals, exudative diathesis and pancreatic fibrosis in 

chickens, hepatosis diatetica in pigs and impaired reproductive per

formance in all species (Schwarz et_ aj_., 1958; Oldfield ejt aj_., 1963; 

Thompson et_ aj_., 1970; Ewan et al., 1969; Hartley, 1961). 

Selenium deficiency in animals has caused great economic damage 

in some parts of the United States, New Zealand and other countries 

(Muth et̂  aj_., 1961). Recognition of the importance of selenium in 

poultry nutrition and demonstration of selenium deficiency in commercial 

flocks led to establishment of a federal regulation in the United States 

allowing addition of up to 0.1 ppm of Se to chicken feed and 0.2 ppm Se 

to turkey feed as sodium selenite (Federal Register, 1974). 

The selenium content of human foods is influenced by (1) the amount 

of selenium in the soil where the food is produced, (2) the type of 

food, (3) processing, and (4) method of food preparation. Hadjimarkos 

(1961) reported that in Oregon the Se content of 73 egg samples averaged 

0.317 ppm Se and that of 67 milk samples averaged 0.034 ppm Se. Allaway 

at al. (1968) reported that cow's milk from a low Se area in Oregon 



contained less than 20 ng Se/ml compared with 50 ng/ml from a hign Se 

area in South Dakota. 

Morris and Levander have reported that seafoods, kidney, liver, 

meat, and whole grains are generally good Se sources and that fruits 

and most vegetables are poor sources (1970). Cooking meats and boiling 

cereals resulted in almost no Se loss, whereas dry heating of cereals 

caused losses of up to 23% (Higgs et̂  al., 1972). 

Se is also lost in refining. Various milled wheat and corn products 

contain 70% or more of the Se in the original crop (Ferretti et al., 

1974). Morris and Levander (1970) found a level of 0.012 ug Se/g for 

brown sugar and 0.003 yg Se/g for white sugar. 

Total daily dietary Se intake by adults varies greatly with source 

of the foods consumed and, to some extent, with the choice of foods, 

particularly the extent of the consumption of marine fish. Recently, 

a daily intake range for adults of Se was suggested to be between 50 

to 200 yg Se by the Food and Drug Administration (NAS, 1980). 

Se is found in glutathione peroxidase (GSH-Px) as selenocysteine. 

The presence of GSH-Px was first shown by Mills (1951) to occur in 

mammalian erythrocytes where it was believed to function as a protective 

agent for hemoglobin. In studies of mitochondrial swelling, GSH-Px was 

identified as the so called "contraction factor 11". It prevented the 

glutathione (GSH) - induced acute swelling of liver mitochondria (Neubert 

et al., 1962). 



In 1972, Rotruck and co-workers demonstrated that peroxide induced 

hemolysis was greatly enhanced in red blood cells of Se deficient rats. 

This work indicated that Se is an active catalyst in peroxide metabolism, 

and contributes to a rapid enhancement of peroxide utilization. In 1973, 

Se was identified as an integral and necessary part of erythrocyte GSH-Px. 

GSH-Px is an enzyme of great importance in the metabolism of peroxides 

in liver, kidney, erythrocytes, the endothelial lining of vessels, the 

lens of the eye, etc. GSH-Px utilizes peroxides which are normal physi

ologic products of intermediary metabolism as substrated to oxidize GSH. 

GSH-Px has a high specificity for reduced GSH but can use a large variety 

of peroxides as the source of its oxidative capability. The reaction 

mechanism is as follows: 

2 GSH + ROOH ^^'^"^^—y GSSG + ROH + H2O 

In 1976, additional GSH-Px activity in rat liver supernatants, which 

is not selenium-dependent, was found by Lawrence and Burk. Two peaks of 

GSH-Px activity were present in the chromatogram of rat liver supernatant 

when cumene hydroperoxide was used as the substrate. Only the first 

peak was detected when hydrogen peroxide was used as the substrate. 

The first peak was absent from chromatograms of Se deficient rat liver 

supernatants; but the second peak appeared unchanged. This second enzyme 

was identified as having non-selenium-dependent GSH-Px activity. 



Lawrence and Burk (1978) also demonstrated a large amount of vari

ation in non-selenium-dependent GSH-Px among tissues and species. Rats 

have relatively high liver selenium GSH-Px activity. In contrast, sheep 

have low selenium GSH-Px activity and high non-selenium GSH-Px activity. 

Sheep do not develop liver necrosis in Se and vitamin E deficiencies 

but develop white muscle disease. 

GSH-Px activity is affected by the amount of dietary Se. Hafeman 

et̂  a_l_. (1974) fed weanling male rats torula yeast-basal diets with 0, 

0.05, 0.1, 0.5, 1.0, or 5.0 ppm Se supplemented as sodium selenite. 

Liver GSH-Px activity fell to undetectable levels within 24 days in 

the 0 ppm Se group. Maximal liver GSH-Px activity was found with rats 

fed 1.0 ppm Se. Results showed that GSH-Px activity decreased in tis

sues of rats fed a Se deficient diet, while it increased gradually and 

significantly in tissues of deficient rats supplemented with dietary 

Se. However, rats fed with 5.0 ppm Se did not show the highest liver 

GSH-Px activity. This result was attributed to tissue damage caused 

by Se toxicity. 

GSH-Px activity is also affected by the chemical forms of Se sup

plied in diets. Different Se compounds have different bioavailabilities 

to meet the Se needs of animals and to induce toxic effects. Sodium 

selenite has been demonstrated as most effective in preventing liver 

necrosis (Schwarz, 1958). The ED^g and LD^g of sodium selenite were 

2.2 yg Se/100 g diet and 4.1 mg Se/kg of body weight respectively. 



Biological activity of organoselenium compounds such as monoselenodiacetic 

acid is lower than that of sodium selenite. The EDcg and LDCQ of mono

selenodiacetic acid were 22.6 ug Se/100 g of diet and 312 mg Se/kg of 

body weight, respectively. Monoselenodiacetic acid is a precursor of 

both amide and amino acid derivatives whose biological activities are 

two or three times as great as the free acid, and even less toxic than the 

free acid. The toxic level of corresponding amides per atom of selenium 

is only 1/500 to 1/1000 as toxic as sodium selenite (Schwarz and Pathak, 

1975). 

The minimum fatal dose of selenomethionine to rats is 4.25 mg Se/kg 

body weight (Tuve and Williams, 1961). Several studies have been shown 

that the biological availability of selenomethionine varies in different 

organs as compared with sodium selenite. Schwarz and Foltz (19B8) fed 

selenium deficient rats with a variety of Se compounds at different dose 

levels. They found little difference between sodium selenite and seleno

methionine in the protection of rats from liver necrosis. The 60 percent 

effective level (EDgg) of sodium selenite and selenomethionine was 2.2 yg 

Se and 2.4 yg Se per 100 g of diet, respectively. 

Cantor et̂  a]_. (197B) showed that selenite and selenocystine were 

more effective than selenomethionine for prevention of exudative diathesis 

in chicks fed 0.02 to 0.86 ppm Se. The dependence of plasma GSH-Px on 

dietary Se was much greater for chicks fed sodium selenite than for those 

fed selenomethionine. 



In another study (Cantor et aj^., 197B) selenite, selenomethionine, 

and selenocystine were fed to chicks deficient in Se but adequate in 

vitamin E. Selenomethionine was more effective than sodium selenite 

or selenocystine for the prevention of pancreatic fibrosis in chicks, 

which contrasts with effects on exudative diathesis. 

Tappel and Chow (1974) used cumene hydroperoxide as a substrate 

for GSH-Px assay. These investigators found that the liver GSH-Px activity 

of rats fed a Se deficient diet for 17 days decreased 47%; liver GSH-Px 

activity increased to 45% in the Se-deficient rats when diets were sup

plemented with 2 ppm Se as selenomethionine. Tappel and Pierce (1977) 

gave Se deficient rats a single dose of 300 yg Se as sodium selenite or 

selenomethionine by stomach tube for 48 hours and assayed GSH-Px with 

cumene hydroperoxide as a substrate. The effect of sodium selenite and 

selenomethionine on GSH-Px activity were roughly similar. Tappel and 

Pierce concluded that Se from both sodium selenite and selenomethionine 

is readily available for synthesis of the selenoenzyme GSH-Px in rat 

tissues. 

Selenium yeast (Nutrition 21, California) is a commercial product 

which is currently ingested by people as purchased in health food stores. 

50% of the Se in this yeast is believed to be organically bound perhaps 

as selenomethionine (Myers et_ a1_., 1979). The biological availability 

of Se from this yeast for GSH-Px has not been studied in detail. 



The purpose of this present study was: (1) to establish the 

nutritional biological availability of Se from various organic and 

inorganic Se compounds -- sodium selenite, selenium yeast, seleno

methionine, and monoselenodiacetic acid (2) to find out whether 

selenium yeast, selenomethionine, or monoselenodiacetic acid is 

equally as effective as sodium selenite in replacing selenium in 

the GSH-Px in liver of Se deficient rats. These results may lay the 

groundwork for future application of human supplementation with Se 

compounds and be the basis of additional research. 



CHAPTER II 

MATERIALS AND METHODS 

Fifty 21-day-old female Sprague Daweley rats, weighing approximate

ly 25 grams, were purchased from Charles River Breeding Laboratories 

Cambridge, Massachusetts and were shipped to Texas Tech University by 

air. Upon receipt the rats were randomly divided into two groups--Se 

deficient group, and Se control group--individually marked by ear tags 

and housed in suspended wire cages (Figure 1). Diet and distilled 

water were both provided ad̂  libitum. 

All diets were prepared eyery two weeks. The torula yeast basal 

diet was prepared by initially mixing torula yeast, sucrose, and a salt 

mixture. Vitamins, cod liver oil, lard, and DL-methionine were then 

added later. Se supplemented diets were prepared by adding and mixing 

5 ml, 0.5 ppm Se as sodium selenite, monoselenodiacetic acid, seleno

methionine, or 3.7 g of selenium yeast per kg of torula yeast basal 

diet. All diets were refrigerated. 

The Se deficient rats were fed a torula yeast basal diet (Table 1) 

for eleven weeks. The control rats were fed a torula yeast basal diet 

supplemented with 0.5 ppm Se as sodium selenite. Two rats from each 

group were sacrified during the ten weeks to assay for Se deficiency 

by the GSH-Px assay. When the liver GSH-Px activity of Se deficient 

rats decreased to 2% of control, the Se deficient rats were subdivided 

into 4 groups and were fed diets supplemented with O.B ppm Se as sodium 
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selenite, monoselenodiacetic acid, selenomethionine, or selenium yeast 

for 32 days. 

One rat from each group was exsanguinated under ether anethesia at 

4, 9, 13, 18, 2B, 32, days following supplementation with O.B ppm Se as 

sodium selenite, selenomethionine, monoselenodiacetic acid, or selenium 

yeast. Rat livers were removed immediatedly. Approximately one gram 

of liver was perfused with 4 ml, 0.02 M potassium phosphate buffer, pH 

7.0. The remainder of the liver from each animal was frozen for Se 

analysis. One gram of liver was homogenized for IB seconds and was 

transferred to a plastic centrifuge tubes for centrifugation at 48,300 

xg for 40 minutes (Centrifuger, Beckman J-21). The liver supernatant 

fraction was retained at 0°C for the GSH-Px assay. 

GSH-Px activity was measured by a modification of the method de

scribed by Paglia and Valentine (1967) (Figure 2). The reaction mixture 

(Table 2) was made up and mixed at the beginning of each assay. The 

liver supernatant, 0.28 ml, was added to a cuvette which contained 1.7 

ml of the reaction mixture. The cuvette was incubated in a spectropho

tometer (Baush and Lomb, Spectronic 70) for five minutes at room temper

ature before initiation of the reaction by the addition of 0.02 ml, 12 

mM H20« solution. Absorbance at 340 nm was recorded for five minutes 

(Fisher Recordall Recorder, Series 5000) and the GSH-Px activity was 

calculated from the slope as the change in optical density of NADPH per 

minute per g of liver tissue. 



10 

The Se content of the liver tissue was measured by the fluorometric 

method described by Spallholz et al. (1978) (Figure 3). Standard Se 

solutions, 0.3 and 0.8 ppm, were diluted from a commercial Se solution 

(1000 yg/Se/ml). The liver tissue, standard Se solutions, or distilled 

water (Blank), and 2.0 ml of the digestion mixture were placed into 19 x 

150 mm acid cleaned test tubes, and were digested till the total volume 

of the mixture has been reduced to approximately one ml. Following 

digestion, 0.08 M EDTA, and 2.1 to 2.2 ml of concentrated NH^OH were 

added to each test tube. The pH of the digestion mixture was adjusted 

to 2.0. The digestion mixture with 4 ml freshly prepared diaminon-

apthalene (DAN) solution was incubated in a water bath at 50°C for 20 

minutes. After incubation, the mixture was cooled for five minutes, 

and was extracted with 4 ml of cyclohexane. The fluorescence intensities 

of the blank (0), 0.3 and 0.8 ppm standard Se solutions were recorded 

for a Se standard curve (Figure 4). The extracted Se in cyclohexane 

was transferred to the cuvette of a photofluorometer (Coleman 12C). The 

Se content of the liver tissue samples were determined from the standard 

curve and by the linear regression calculation. 

The difference in net weight gain and food intake between Se de

ficient and control rats during the first eleven weeks was analyzed by 

the Student-t-test. The differences in food intake among the 4 sub

groups of rats fed diets supplemented with 0.5 ppm Se as sodium selenite, 

monoselenodiacetic acid, selenomethionine, or selenium yeast was analyzed 
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by the One Way Analysis of Variance with Equal Samples. The Se content 

of liver tissues was determined from the standard curve which was de

rived from a linear regression by the following formulae: 

Y = a + bX a = Y - bX b = - f ^ r = ~^=^ 



CHAPTER III 

RESULTS 

Data on mortality showed that 13 of the 41 rats fed the basal diet 

died of stress, Se deficiency, or a combination of both. Six of them 

died within six days, one died at the third week, three died at the 

fourth week, two died at the eighth week, and one died at the ninth 

week. No animals died in the control group, nor in the Se treated 

groups. 

No significant difference was noted in food intake between groups 

of rats before and after Se supplementation (t < 0.05, F < 0.05). Rats 

fed the basal diet gained 147 grams, which was equal to the gain in 

weight of rats fed 0.5 ppm Se as sodium selenite (Table 3). 

The Se content was drastically decreased in the livers of Se de

ficient rats when compared to that of rats fed sodium selenite for 11 

weeks. The Se content in the liver of Se deficient and control rats 

measured fluorometricly was either nondetectable or 1.43 ppm, respective

ly (Table 4). The level of Se in the liver of rats increased drastically 

after Se supplementation except in rats fed diets supplemented with 

selenomethionine. As shown in Table 4 rats whose diet was supplemented 

with Selenium yeast had the highest liver Se content; rats whose diet 

was supplemented with selenomethionine had the lowest liver Se content. 

Dietary Se supplementation markedly influenced liver GSH-Px (Figure 

5). Extremely low liver GSH-Px remained in the rats fed the unsupplement-

ed diet for 11 weeks. However a rapid increase was shown in liver GSH-Px 

12 
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activity of rats fed the various Se supplemented diet, except for the 

rats fed selenomethionine supplemented diet. 

Following 4 days of Se supplementation, liver GSH-Px activity 

from each subgroup of rats varied little. However, liver GSH-Px ac

tivity was drastically different after rats had been fed Se supplemented 

diets for 9 days. The liver GSH-Px activity of rats fed diets with 

selenomethionine and monoselenodiacetic acid for 9 days was only 1% 

and 4.7% of that control, respectively; but with selenium yeast and 

sodium selenite supplementation for 9 days, it was 72.3% and 73.9% of 

that control, respectively. After 32 days of Se supplementation, the 

activity of liver GSH-Px of rats fed selenium yeast was 18% higher 

than that of rats fed sodium selenite. Liver GSH-Px of rats fed mono

selenodiacetic acid was consideredly lower than that of rats fed sodium 

selenite. Liver GSH-Px of rats fed selenomethionine showed little in

crease over the entire experimental period. 



CHAPTER IV 

DISCUSSION 

The results of this study show that Se deficient rats regained 

liver GSH-Px activity rapidly when sodium selenite or selenium yeast 

was fed as a Se source in the diet. This indicates that Selenium yeast 

is about as effective as sodium selenite for increasing its activity of 

the liver GSH-Px in rats when fed at the 0.5 ppm level. In addition, 

Se from selenium yeast increased liver GSH-Px activity 18% more than 

did sodium selenite. Morris and Levander (1980) found that Se from 

selenium yeast increased liver Se levels 20-30% more than that of Se 

from a comparable amount of Se as sodium selenite. Morris and Levander's 

results confirm the results of this study. Se from selenomethionine 

fed at the same level was much less effective as Se from sodium selenite 

in replenishing GSH-Px activity. Se from selenomethionine was only 

about 2% as effective as either sodium selenite or selenium yeast. 

This finding is in disagreement with that found by Tappel et^il- (1974) 

and Yasumoto el al. (1979). 

In Tappel's study Se from selenomethionine was only 45% as effective 

as Se from sodium selenite in replenishing GSH-Px activity. Yasumoto 

and co-workers reported that selenomethionine and sodium selenite were 

indistinguishable in their ability to replace GSH-Px activity in rats. 

A major difference between this study and both Tappel's (1974, 1977) 

and Yasumoto's (1977) work is that cumene hydroperoxide was used as the 

substrate for the liver GSH-Px assay. Cumene hydroperoxide is a substrate 

14 
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for both the Se-dependent and non-Se-dependent GSH-Px (Lawrence and 

Burk, 1978). Lawrence and Burk (1976) demonstrated that GSH-Px ac

tivity from liver of rats fed a Se-deficient diet for 2 weeks was only 

8% of the controls when H2O2 was used as the substrate, but was 42% of 

the controls when cumene hydroperoxide was used as the substrate. In 

the rats, one-third of the total GSH-Px was of the non-Se-dependent 

GSH-Px (Lawrence and Burk, 1978). Therefore, assessment of Se nutri

tional status by measurement of GSH-Px activity in liver using cumene 

hydroperoxide as the substrate will be erroneous. 

Using the data of Lawrence el al. (1976) and Tappel el al. (1974) 

the availability of Se from selenomethionine for liver GSH-Px can be 

estimated from levels of both non-Se-dependent and Se-dependent GSH-Px 

activities. It seems, therefore, that 45% of the GSH-Px activity re

placed by selenomethionine using cumene hydroperoxide as the substrate 

could have been approximately equal to 9% GSH-Px if measured with H2O2 

as a substrate. This calculation is closer to the current finding 

that Se from selenomethionine for GSH-Px is about 2% as available as 

Se from sodium selenite. Tappel el al- (1974) also used 2 ppm Se as 

selenomethionine for dietary supplementation instead of 0.5 ppm Se used 

in the present study. This may be why results from Tappel el al. (1974) 

are higher than those of data presented here. 

From Tappel's el al. (1974) and Lawrence's el al. (1978) results, 

and my own results suggest that selenomethionine is mostly unavailable 
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for liver GSH-Px synthesis fed to Se deficient rats at the 0.5 ppm 

level. The unavailability of selenomethionine may be caused by its 

incorporation into protein. McConnell and Hoffman (1972) demonstrated 

that selenomethionyl t-RNA participates in polypeptide synthesis at 

about the same extent as methionyl t-RNA. Thus, selenomethionine is 

probably sequestered into polypeptides via the methionine t-RNA system. 

Se in selenium yeast is thought not to be all selenomethionine or 

sodium selenite. One-half of Se from selenium yeast is believed to be 

selenomethionine or other organoselenium compounds (Myers el al., 1979) 

It is therefore possible that in selenium yeast supplemented diets, one-

half of Se is in the form of sodium selenite, and one-half of Se is in 

the form of selenomethionine. Because dietary Se requirement for rats 

is only about 0.1 ppm Se as sodium selenite, 0.25 ppm Se as selenium 

yeast would be more than adequate for rats. 0.25 ppm Se as seleno

methionine was not used by liver GSH-Px but could be incorporated into 

protein. This may be why GSH-Px activity of livers from Se deficient 

rats fed selenium yeast diet was similar to that of rats fed O.B ppm 

Se as sodium selenite. 

As shown in Figure 6, Se from monoselenodiacetic acid is less 

available for liver GSH-Px synthesis of Se deficient rats in this 

short-term dietary supplementation at the O.B ppm level. In spite 

of its low biological availability, monoselenodiacetic acid is a pre-

cusor of both an amide and an amino acid derivates of which the 
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biological activities are 2-3 times that of its free acid. Therefore, 

monoselenodiacetic acid can be considered as a indirect available Se 

source for GSH-Px synthesis. 

Se content of human food depends on v;here the food comes from, the 

type of food, food processing and preparation. The major Se sources 

for humans are from organ meat products or whole grains, but Se is lost 

in the processing and refining of food. Se enrichment in human food 

or Se supplementation to humans may need to be considered. Selenium 

yeast is not as toxic as sodium selenite (Morris and Levander, 1980) 

but was as effective as sodium selenite in this study. If Se enrichment 

in human food or Se supplementation to humans is possible in the future, 

selenium yeast could be employed. 
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TABLE 1 COMPOSITION OF THE TORULA YEAST BASAL DIET 

Ingredient % of the diet 

Torula yeast 30.0 

Sucrose SB.7 

2 
Salt mixture B.O 

3 
Vitamin mixture 1.0 
Cod liver oil^ 3.0 

4 
Lard-tocopherol stripped B.O 

DL-Methionine^ 0.3 

1 Lake States Yeast Corp. Monarch Paper Co. Wisconsin 

2 Hubbel-Mendel-Makeman, U.S. Biochemical Corp., Cleveland, Ohio. 
(Appendix A) 

3 Vitamin Mixture 76, American Inst, of Nutrition, U.S. Biochemical 
Corp., Cleveland, Ohio. (Appendix B) 

4 U.S. Biochemical Corp., Cleveland, Ohio. 

B Fisher Scientific Co., St. Louis, Missouri. 
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TABLE 2 REACTION MIXTURE FOR GLUTATHIONE PEROXIDASE ASSAY 
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Chemical 

Potassium Phosphate 
buffer pH 7.0 

Ethylenediamine 
Tetraacetic Acid (EDTA) 

Sodium Azide (NaN-.) 

Nicotinamid Adenine 
Dinucleotide 
Phosphate (NADPH) 

Glutathione 
Reductase (GSH-R) 

Glutathione 
(Reduced, GSH) 

Liver supernatant 

Hydrogen peroxide (H2O2) 

Concentration 
stock solution 

(mM) 

200 

Reaction 
mixture 
(yl/2 ml) 

1,000 

10 

1 

10 E. 

40 

-

12 

U./ml 

200 

200 

200 

100 

280 
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LIVER, DIGEST MIXTURE 
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TABLE 3 WEIGHT AND NET WEIGHT GAIN (g) OF THE SELENIUM-DEFICIENT 
RATS AND CONTROL RATS BEFORE SELENIUM SUPPLEMENTATION 

Week Weight Weight 
Se-deficient Control 

0 26 26 

1 46 44 

2 78 75 

3 99 101 

4 119 118 

5 135 138 

6 148 147 

7 154 156 

8 158 160 

9 166 165 

10 165 169 

n 173 172 

Net Gain 147 147 



TABLE 4 LIVER SELENIUM CONTENT OF RATS FED 
VARIOUS SELENIUM COMPOUNDS (ppm) 

29 

Compound 
Before Se 
supple

mentation 

After Se supplementation 

4-Day 13-Day 32-Day 

Control 

Sodium 
selenite 

1.43 

ND 

2.61 

0.57 

1.70 

0.90 

2.42 

1.69 

Selenome
thionine 

Monoseleno
diacetic acid 

Selenium 
yeast 

ND 

ND 

ND 

0.40 

0.35 

0.57 

0.54 

0.42 

0.72 

0.57 

1.16 

2.34 

V 
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APPENDIX A 

HUBBEL-MENDEL-MAKEMAN SALT MIXTURE 

Chemical Compound Percentage 

Aluminum Potassium Sulfate 0.017 

Calcium Carbonate 54.300 

Copper Sulfate • 5 H2O 0.090 

Ferric Phosphate 2.050 

Magnesium Carbonate 2.500 I' 

Magnesium Sulfate • 7 H2O 1.600 ••' 

Magnesium Sulfate • H2O 0.035 

Potassium Chloride 11.200 

Potassium Iodide 0.008 

Potassium Monophosphate 21.200 

Sodium Chloride 0.900 

Sodium Fluoride 0.010 

r 
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APPENDIX B 

VITAMIN MIXTURE 76 

Vitamin 

Thiamin Hcl 

Riboflavin 

Pyridoxine Hcl 

Nicotinic acid 

D-Calcium Pantothenate 

Folic acid 

D-Biotin 

Cyanocobalamin 

Rotinyl Palmitate pre-mix 

dl-a-Tocopheryl acetate 

Cholecalciferol 

Menaquinone 

Sucrose finely powdered 

Quantity 

600 mg 

600 mg 

700 mg 

3 ng 

1,600 mg 

200 mg 

20 mg 

1 mg 

800 mg 

20,000 mg 

2.5 mg 

5.0 mg 

972.9 g 

t 
J' 
I' 

I 

1-

38 



APPENDIX C 

PROCEDURE FOR SELENIUM DETERMINATION 

1. Prepare standard, sample, or blank 

2. Add 2 ml digestion mixture 

3. Digest 

4. Dilute digest with 7 ml 0.009 EDTA 

5. Add 2.1 ml NH^OH (Concentrated) 

6. Adjust pH to 2.0 (NH^OH or H2SO4) ^ 
e 

7. Prepare DAN solution r 
I' 
< 

8. Add 4.0 ml DAN solution 

9. Incubate in water bath at 50°C for 20 minutes 

10. Cool tubes 

11. Add 4.0 ml cyclohexane >} 

12. Extract by shaking '̂  

13. Centrifuge in same tubes 

14. Measure fluoroscence intensity 

15. Plot relative fluorescence vs ng Se/ 4 ml cyclohexane 
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APPENDIX D 

PROCEDURE FOR GLUTATHIONE PEROXIDASE ASSAY 

1. Prepare 0.02 M potassium phosphate buffer pH 7.0 

2. Prepare 0.01 M NaN^ solution 

3. Sacrifice rats, take out one gram of livers and put into a homo
genized tube with 4 ml 0.02 M buffer, keep cool 

4. Homogenize liver for 15 seconds 

5. Centrifuge at 48,300 xg for 40 minutes, place supernatant on ice 

6. Prepare GSH, GSSG-R, NADPH, and 12 mM H2O2 solution -

7. Make reaction mixture: 

0.02 M potassium phosphate buffer 1.0 ml 
0.01 M NaN^ 0.2 ml 
NADPH ^ 0.2 ml J 
GSSG-R 0.2 ml 
GSH-R 0.1 ml ; 

8. Spectrophotometer adjusted to 340 nm, and turn the machine and 
recorder on * i 

9. Adjust the optical density of reaction mixture to 0.9 

10. Add 0.28 ml liver supernatant (1:40 dilution) into a cuvette con
taining 1.7 ml of the reaction mixture 

11. Incubate for 5 minutes 

12. Add 0.02 ml, 12 mM H2O2 to the cuvette, and record the absorbance 
at 340 nm until reaction is completed 

13. Plot change in optical density of NADPH per minute per mg of liver 
tissue 
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