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CHAPTER I 

INTRODUCTION 

Selenium is an essential trace element in many 

animal species. It can be assumed that this element is 

essential in humans as well. Previous investigators have 

demonstrated that selenium supplemented in pharmacological 

amounts to the diet of weanling albino mice significantly 

enhanced their immune response. The purpose of the experi

ment conducted and reported in this thesis is to determine 

whether selenium supplemented in pharmacological amounts to 

the diet of mature albino mice will enhance their immune 

response. Such an enhancement would be important as a 

defense mechanism against infectious diseases and perhaps 

against cancer. Such maladies are more likely to occur in 

old age. 



CHAPTER II 

REVIEW OF LITERATURE 

Some Early Reports of Selenosis 

Alkali Disease 

For many years farmers of the great plains of the 

North Central Region of the United States observed a chronic 

disease in livestock commonly known as alkali disease (1) . 

The first scientific report of this disease was written in 

1856 by Dr. T. C. Madison (2), an Army surgeon who observed 

this condition in cavalry horses in South Dakota. In horses, 

cattle, and swine alkali disease is characterized by an 

alteration in the growth of the hoofs, loss of hair from the 

mane and tail of horses, from the switch of cattle, and the 

hair of swine. These symptoms range from mild, where only a 

minor loss of hair occurs, to severe where hoofs may actually 

slough off (3). Animals that consume seleniferous grains and 

forage grasses containing 5 to 40 parts per million (ppm) 

selenium over a period of several weeks or months will 

develop the disease (4). 

Blind Staggers Disease 

Blind staggers is an acute form of selenium toxicity 

found in range animals such as cattle, sheep and horses. 

2 



Consumption of plants containing several 1000 ppm selenium 

have proved fatal to these animals (4). Symptoms of this 

toxicity include lack of coordination, loss of object dif-

ferentation, greatly impaired vision and paralysis. These 

animals assume a characteristic stance wandering aimlessly, 

often in circles; blindness may be present. The S3rmptoms 

may develop within a few hours or may take several days (5). 

In Wyoming, Beath et al. (6) observed that 340 sheep died 

within 24 hours after consuming Astragalus bisulcatus, a 

plant known to accumulate selenium in high concentrations. 

Selenium Deficiency in Livestock 
and Laboratory Animals" 

Liver Necrosis 

In 1951 Schwarz (7) concluded that the substance 

that prevented liver necrosis in rats fed vitamin E free 

diets and American torula yeast was not vitamin E or cystine, 

but a third lonidentified nutrient which he termed "factor 

3." In 1957 Schwarz and Foltz (8) discovered that selenium 

was the active principle in factor 3. These researchers 

stated that "at least for the rat, factor 3 is not an essen

tial organic dietary constituent since it can be replaced by 

selenite. In addition, they stated that the specific poten

cies of various inorganic and organic selenium compounds 

remained to be established." 



Exudative Diathesis 

In 1955, Scott et al. (9) found that dried brewer's 

yeast contained a factor having biological activity similar 

to that of vitamin E which prevented exudative diathesis in 

chicks. Immediately following the discovery of Schwarz and 

Foltz (8) that seleniijm was the active principle in factor 

3, Schwarz et al. (10) demonstrated that as little as 0.1 

ppm selenium as sodium selenite completely prevented exuda

tive diathesis in chicks fed vitamin E deficient diets. In 

1968, Thompson and Scott (11) conducted a series of experi

ments to verify that selenium is indeed a dietary require

ment in chicks. Chicks were protected against exudative 

diathesis by the supplementation of either 10 ppm d-a-to

copherol acetate or 0.04 ppm selenium to a semipurified diet 

Also, chicks given diets containing crystalline amino acids 

and containing less than 0.005 ppm selenium had poor growth 

and high mortality even when the diet contained up to 200 

ppm d-a-copherol acetate. It was apparent that vitamin E 

could not entirely replace the need for selenium in the diet 

of chicks. These results definitely established that in 

chicks selenium is a nutritionally essential element. A 

sparing effect was also demonstrated between the selenium 

requirement and the level of vitamin E in the diet. The 

nutritional role of selenium was found to be more than just 

a substitute for the normal intake of vitamin E. The 



addition of vitamin E merely reduced the level of the 

requirement for selenium by the chick. 

White Muscle Disease 

Because of the interrelationship between selenium 

and vitamin E in liver necrosis (8), and exudative diath

esis (10), experiments were conducted to study the factors 

involved in the cause of white muscle disease. In 1958 

Muth et al. (12) used five groups containing 12 ewes each 

to conduct their experiment. The ration fed the control 

group consisted of Ladino clover and alfalfa hay grown in 

relatively nonaffected areas plus 0.25 pounds (lb) (0.11 

kilogram (kg)) per ewe per day. The second group was fed a 

basal ration consisting of Ladino clover hay from an area 

severely low in selenium, plus 0.25 lb (0.11 kg) of oats per 

ewe per day. The third group was fed the basal ration and 

supplemented with 770 international units (lU) of a-tocoph-

erol per ewe per week parenterally. The fourth group was 

fed the basal ration and each animal supplemented with 100 

lU of a-tocopherol per day. The fifth group was fed the 

basal ration supplemented with sufficient sodium selenite to 

bring the final concentration to 0.1 ppm. The ewes were fed 

the five rations for fifty days. At that time, they were 

placed with bucks and continued on the five rations for an 

additional 140 days. The lambs born to the ewes were sacri

ficed, and necropsy examinations indicated that selenium at 



this level (0.1 ppm) had a definite protective effect 

against white muscle disease. 

In 1961 Schubert et al. (13) produced white muscle 

disease in dams during gestation by feeding them native hays 

from selenium deficient areas in Oregon. S3miptoms including 

erratic locomotion, cardiac failure, histopathological 

lesions showing skeletal and heart muscle degeneration and 

calcification were observed in preweaning offspring. Supple

mentation of the ration of the dams during gestation to wean

ing with 0.1 ppm selenium as sodium selenite consistently 

provided essentially complete protection against white mus

cle disease, whereas vitamin E did not provide this protec

tion. 

Selenium as a Domestic Feed Additive 

With the knowledge that selenium is an essential 

dietary element in chicks (10), and that exudative diathesis 

in chicks was caused by selenium deficient diets (11), and 

that approximately seventy percent of domestic feeds contain 

less selenium than that required to meet the animal's nutri

tional needs, the Food and Drug Administration of the Depart

ment of Health, Education, and Welfare proposed the use of 

selenium as an additive in animal feeds. Therefore, on April 

24, 1973, the Commissioner of the Food and Drug Administration 

approved the proposed use of 0.1 ppm selenium in the feed of 

swine and chicks, and no more than 0.2 ppm in the feed of 



turkeys (14). This proposal became effective February 7, 

1974 (15). Likewise, on January 26, 1979, the Commissioner 

of the Food and Drug Administration approved the use of 

selenium in cattle feed at a level of 0.1 ppm (16). 

Selenium as a Recommended Dietary 
Allowance in Humans 

With the knowledge that selenium is an integral 

part of the enzyme glutathione peroxidase (17) and that 

selenium is an essential nutrient for many animal species, 

it may be assumed that selenium is essential for man as well. 

In 1980 the Food and Nutrition Board of the National Research 

Council recommended that selenium at a level between 0.01 

and 0.2 milligrams (mg) is a safe and adequate daily dietay 

intake for the American hijman (18) . 

Selenium as a Carcinogen in 
Experimental Animals" 

In 1943 Nelson et al. (19) conducted a series of 

experiments in which they used eight experimental groups 

consisting of 18 rats per group. The purpose of the experi

ment was to determine the lowest level of selenium necessary 

to produce chronic toxicity. The first, second, and third 

experimental groups were fed diets which contained organic 

selenium from corn at a level of 5, 7, and 10 ppm, respec

tively. The fourth, fifth and sixth experimental groups 

were fed diets which contained organic selenium from wheat at 
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a level of 5, 7, and 10 ppm, respectively. The seventh 

experimental group was fed a diet which contained 10 ppm 

selenium as selenide added to a basal diet. The eighth 

group was used as the experimental control. 

The seleniferous diets were fed to 126 rats. In 

order to compute the experimental data, the rats were 

grouped according to survival time in months. Among the 

fifty-three rats fed the seleniferous diets for at least 

eighteen months or more, tumors of the liver were diagnosed 

as hepatic cell adenoma and low grade heaptic cell carcinoma 

in eleven rats. In seventy-three rats that died or were 

sacrificed before eighteen months, there were no liver 

tumors. No tumors occurred unless livers were cirrhotic. 

No encapsulation was noted and no metastases were seen. 

Since selenixjmi had been determined to be an essen

tial micronutrient in several animal species including rats 

(8), chicks (10), and ewes (12), it was necessary to reevalu

ate the work of Nelson et al. In 1969 Tinsley et al. (20) 

and Harr et al. (21) in a collaborative study reinvestigated 

the possible carcinogenicity of selenium. Eight hundred and 

twenty-nine rats were fed diets supplemented with selenium 

at various levels. Either sodium selenite or sodium selenate 

was supplemented at a level ranging from 0.5 to 16 ppm selen

ium. Two hundred seventy-four rats received control diets 

containing no supplemental selenium, and eighty-eight rats 



were given N-2-fluorenylacetamide (FAA), a known hepato-

carcinogen. Of the total number of rats, 175 lived two 

years or more. 

One thousand one hundred twenty-six rats were autop-

sied in the course of the experiments. Sixty-three neoplasms 

occurred in the 274 rats receiving the control diets, nine 

neoplasms were found in the 829 rats that had received 

selenium at levels ranging from 0.5 to 16 ppm. None of these 

rats showed hepatic neoplasms. Although toxic levels of 

selenium were found by these workers to produce drastic 

changes in liver and other organs of rats, this element, 

even at high levels did not produce cancer. 

In 1966 a report appeared from Russia by Volgarev 

and Tscherkes (22) claiming that in one of their experiments, 

ten out of twenty-three male rats fed 4.3 ppm selenium had 

tumors, and in a second experiment, five out of nineteen 

animals fed 8.6 ppm of selenium had tumors. The third series 

of trials involved 100 rats in five groups of twenty each. 

The amount of selenium in each of the five diets was 4.3 ppm. 

None of the rats developed tumors or precancerous lesions up 

to the termination of the experiment at twenty-five months. 

According to Scott (23) this report should be entirely dis

counted because the Russian workers did not include any con

trol groups of rats which received the basal diet without 

selenium. 
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In 1971 Schroeder and Mitchener (24) fed 418 Long-

Evans strain rats a diet containing whole rye flour, dried 

skimmed milk, corn oil, iodized salt, vitamins, and trace 

minerals. One hundred five rats were fed the basal diet as 

controls. Sodixjm selenite and sodium selenate were given 

in drinking water to 313 of the rats at a level of 2 mg 

selenium per liter of water for a period of one year. The 

rats showed no signs of tumors after one year. At this 

time, the level of selenite and selenate in the drinking 

water was increased to 3 mg selenium per liter of water. 

Since most animals drink about 1.5 grams (g) of water per 

g of dry food intake, this represents a level of approxi

mately 4.5 mg of selenium per kg of diet (4.5 ppm). A high 

mortality rate of fifty percent occurred in the selenite 

fed males by fifty-eight days of age. 

These investigators reported that an eight percent 

tumor incidence in the selenite group was not significantly 

lower than the 27.4 percent incidence in the control group. 

They claimed that the forty percent tiomor incidence in the 

selenate fed rats represented a significant increase over 

the 27.4 percent tumor incidence obtained with the controls. 

These workers further proposed that the age of the 

rats was important in the causation of cancer in that only 

one tumor occurred before eighteen months of age. There was 

a discrepancy between these results (24) and those of 
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Tinsley et al. (20) and Harr et al. (21) on the basis that 

the Tinsley and Harr animals did not survive the tumor 

bearing age of twenty-four to thirty-nine months. This was 

probably because the dose of selenium fed was at the toxic 

level (4.3 ppm or more in feed), whereas the dose of selen

ate given by Schroeder and Mitchener was at a subtoxic level 

(2 to 5 ppm selenium). 

Scott pointed out (23) that the level of 3 ppm 

selenium as selenate in the drinking water was not toxic to 

the experimental animals. In fact, the selenate fed rats 

did not show fifty percent death from old age until 235 

days after fifty percent of the control rats had died. 

Scott also noted that the most likely effect of seleniijm on 

longevity of the rats may have been entirely responsible for 

the higher incidence of tumors observed in the selenate fed 

rats as compared to the controls. 

In view of the reported carcinogenic activity of 

selenium (19), the effect of selenium on the carcinogenicity 

of the azo dye, m'methyl-p-dimethylaminoazobenzene (m'DAB) 

was investigated by Clayton and Baumann in 1949 (25). Hepa

tic tumors were induced in rats fed a basal diet containing 

the azo dye m'DAB. All experiments were conducted for a 

twelve week period and the control group received the dye 

continuously. Two groups were fed m'DAB at a level of 0.048 

percent for the first four and the final four weeks of the 
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twelve week experiment. During the period that the azo dye 

was not being fed, selenium at a level of 5 ppm as sodium 

selenite was supplemented to the diets. The food consump

tion of the rats on the azo dye was equal to or greater 

than that of the control group. Incidence of liver tumors 

was reduced by fifty percent in all groups supplemented 

with 5 ppm selenium as compared with the controls. Reduced 

tumor incidence could not be ascribed to a diminished intake 

of the carcinogen. The authors concluded that the inhibi

tory effect of selenium on tumor development was evident 

from their results. 

In 1977 Jacob (26) used male Sprague-Dawley rats 

that received weekly subcutaneous injections of 20 mg per 

kg body weight of either 1,2-dimethylhydrazine (DMN) or 

methylozoxymethanol (MAM). The animals were divided into 

four groups of fifteen rats per group. Two groups received 

DMN and two groups received MAM. One group on each carcin

ogen was provided 4 ppm selenium as sodium selenite ad 

libitum in the drinking water throughout the carcinogen 

administration. The animals were sacrificed after twenty 

weeks on the diet. The tumor incidence and distribution 

were determined in each group. The colon tumor incidence in 

the DMN treated rats was reduced from eighty-seven to forty 

percent by supplementing selenium in the drinking water. 

Supplemented selenium decreased the total number of colon 
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tiomors more than three fold in the DMN group and more than 

two fold in the MAM treated group. 

With the knowledge that tumor growth can cause 

antioxidant disturbances in certain tissues of tumor host, 

Baumgartner et al. in 1978 (27) conducted a study to deter

mine the effect of vitamin E and selenium deficient diets 

on tiomor growth and selenium turnover rate in tumors. 

Swiss-Webster mice were fed a vitamin E and selenium defi

cient tortula yeast diets for eight weeks. To measure liver 

selenium turnover rate, mice were injected intraperitoneally 

(ip) with a dose of selenium-75 containing 0.26 micrograms 

(ug) of selenium in the form of sodium selenite. Four days 

following ip injection of selenium, half of the animals 

were inoculated ip with 15 x 10 Erlich ascites t\jmor cells. 

In the groups fed diets containing vitamin E supplemented 

tortula yeast diets, selenium was added as sodium selenite at 

a level of 0.6 mg per 100 g diet and a-tocopherol acetate at 

a level of 100 mg per 100 g diet. A control group maintained 

on normal Purina laboratory chow was also included. The 

animals received tap water and were fed ad libitum. 

Four mice each from the control, vitamin E and selen

ium supplemented, and tumor bearing groups were sacrificed 

after three, six, and eight days of tumor cell inoculation 

to determine tumor growth. It was found that the selenium-

75 content of liver tissues decreased at a faster rate in 

tumor bearing animals than in normal animals. The turnover 
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rate of liver selenium in deficient and supplemented non-

tumor bearing torula yeast fed controls differed signif

icantly from each other. Nutritional antioxidant deficiency 

caused liver selenium-75 levels to drop from 33.5 percent 

to 15.4 percent. It appeared that the degree of seleniiam-75 

depletion from the liver due to tumor growth was almost 

identical to the losses induced by a nutritional antioxidant 

deficiency that ultimately led to liver necrosis. Selenium 

sequestering capacity of the liver was not altered by diet

ary conditins. It appeared that selenium sequestering 

capacity of tumor cells depends to a large extent on the 

nutritional status of the tumor host. The results show that 

nutritional selenium and vitamin E deficiency caused a stat

istically significant decrease in tumor volume between day 

eight and ten, although tumor growth was not retarded until 

day eight. Baumgartner et al. suggested that the stress 

caused by the tumor induced antioxidant deficiency could 

play a role in depressed immunity. 

In 1978 Schrauzer et al. (28) conducted experiments 

testing their hypothesis that selenium is a natural cancer 

protecting agent. The C^H strain of mice used in this 

experiment have a normal spontaneous mammary adenocarcinoma 

incidence of eighty to one-hundred percent when maintained 

on a standard laboratory chow diet containing 0.15 ppm 

selenium. This particular diet consisted of meat and dried 
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milk solids as the major protein source. The normal tumor 

incidence in these C3H strain of mice dropped to forty-two 

percent when maintained on another standard laboratory chow 

diet which contained 0.45 ppm selenium. This second diet 

used fishmeal as its major source of protein and was sup

plied to the animals ad libitum. Using this second diet, 

experimental groups received 0.1, 0.5, and 1.0 ppm selenium 

in the form of sodium selenite in their drinking water. 

Each experimental group contained thirty mice. The drinking 

water containing the supplemented selenium was administered 

to the mice from two months of age through their full life 

span. The tumor incidence declined to twenty-five percent, 

nineteen percent and ten percent in the animals receiving 

0.1, 0.5, and 1.0 ppm selenium, respectively, in the drink

ing water. From these results, the authors suggested that 

a human diet rich in seafood and cereals could lower the 

cancer risk as compared to a predominantly meat based diet. 

Vitamin E and Immunity 

In 1972 Tengerdy et al. (29) conducted a study to 

identify a lesser known function of vitamin E, its involve

ment in the immune response. Hens and their chicks were main

tained on a diet fortified with 60 mg vitamin E per lb (132 mg 

per kg) of feed. The normal diet contained about 10 mg of 

vitamin E per lb (22 mg per kg). Seven day old chicks were 
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immunized with 0.2 ml of a twenty percent suspension of 

sheep red blood cells (SRBC). Antibody (Ab) producing cells 

were counted from pooled spleens from each group by the 

microslide plaque forming cell (PFC) test. After the second 

immunization, PFC and hemagglutination (HA) titers of the 

serum were also measured. Results indicated that vitamin E 

significantly increased the amount of Ab and number of spleen 

PFC. 

In 1973 Tengerdy et al. (30) conducted a similar 

study using mice to study the mechanism involved in the 

enhancement of the hiomoral immune response. Vitamin E at 

a level of 60 to 180 mg per kg diet was supplemented to 

either semisyirithetic or natural commercial diets. Each 

experimental group contained twenty mice which were main

tained on these diets for thirty days prior to immunization. 

The PFC test and HA titers were used to measure the response, 

and either SRBC or tetanus toxoid was used as the antigen. 

In vitamin E supplemented diets, the humoral immune response 

of mice was increased by thirty percent to forty percent as 

compared to the nonsupplemented groups. 

In 1979 Nockels (31) found that supplementing vita

min E in pharmacological amounts significantly increased the 

hemoral immune response in mice. The mice were immunized 

with SRBC or tetanus toxoid and fed a normal diet supplemen

ted with vitamin E at a level of zero to 2035 lU per kg diet. 
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Results indicated increased PFC and HA titers. Hens immun

ized with Brucella abortus and fed supplemented levels of 

vitamin E produced chicks with increased PFC and HA titers 

and increased passive immunity. Vitamin E fed to nonimmun-

ized hens was found to significantly increase the primary 

immune response of their immunized chicks. Chicks and 

turkeys infected with Escherichia coli and fed supplemental 

vitamin E had reduced mortality and increased HA titers. 

In 1979 Sheffy and Schultz (32) found that a defi

ciency of vitamin E and selenium in dogs caused suppression 

of their cell mediated immune response system. Oral supple

mentation of vitamin E transformed or removed the suppress

ive factor; dietary selenium had no effect. 

Selenium and the Immune Response 

In Russia, Berenshtein et al. conducted a number of 

studies involving selenium and the immune response. In 1972 

(33) these researchers reported that rabbits given sodium 

selenite (0.05 mg per kg) subcutaneously together with 

vitamin E (0.03 mg per kg) before or during immunization 

with typhoid vaccine showed higher Ab titers than did rabbits 

given the vaccine alone. Sodium selenite given alone was 

less effective in stimulating Ab formation and vitamin E had 

no effect on Ab formation. In 1969 (34) these same research

ers reported that sodium selenite fed to rabbits at a 0.05 mg 

per kg daily for eighty-eight days increased the level of 
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serum complement and lysozyme. When sodiiom selenite was 

fed at a 0.1 mg per kg level daily for fifty days, there 

was no effect on the lysozyme level. In 1975 (35) these 

researchers also reported that sodium selenite given sub

cutaneous ly to rabbits at a level of 0.05 mg per kg body 

wt increased the immune response against typhoid vaccine. 

A combined treatment of vitamin E and selenium stimulated 

immunity for a longer time than selenium alone. 

In 1973 Spallholz et al. (36) conducted a series 

of experiments to determine whether selenium could function 

as an immuno adjuvant in mice. Swiss-Webster mice (10 ani

mals per group) were fed Purina laboratory chow diets sup

plemented with 0.0, 0.7, 2.8 or 14-42 ppm selenium as 

sodium selenite. Purina laboratory chow is reported to 

contain approximately 0.5 ppm selenium according to Ewan 

et al. (37). After inoculation with SRBC, individual sera 

were assayed for Ab production. Mice fed Purina laboratory 

chow diets supplemented with selenium at 0.7 and 2.8 ppm 

had mean Ab titers approximately 7 and 30 fold, respectively, 

above that obtained from Purina fed controls. Mice fed 

Purina laboratory chow supplemented with 14 to 42 ppm selen

ium had a mean Ab titer less than that found in the control 

mice. These results indicate that dietary selenite at 

levels not toxic to mice could stimulate increased Ab synthe

sis to the SRBC antigen. 
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In 1973 Spallholz et al. (38) found that injectable 

selenium would enhance the primary immune response in mice 

sensitized with SRBC antigen. Female Swiss-Webster mice 

were used in these experiments. The researchers found that 

sodium selenite administered intraperitoneally to individ

ual mice (approximately 5.0 ug selenium) enhanced the 

primary imm\ane response to the SRBC antigen. The enhance

ment was greatest when selenium was administered prior to 

or simultaneously with SRBC antigen. 

In 1974 Spallholz et al. (39) found that selenite 

and selenide were most effective in enhancing Ab titers 

after testing several selenicals by injection. Selenate 

and diphenyl selenide showed much less biological activity 

than either selenite or selenide. In 1977 Koller et al. 

(40) reported that selenium at 6 and 12 ppm in drinking 

water of mice increased the relative number of spleen cells 

producing Ab measured five days after inoculation with SRBC, 

This effect of selenium was not seen four days after inocu

lation although the response to antigen of control and 

treated animals was higher four days after inoculation than 

after five days. 

In 1980 Desowitz and Barnwell (41) reported that 

selenium added to the drinking water at 2.5 ppm potentiates 

the protective effect of killed Plasmodium berghei vaccine 

in Swiss-Webster mice. Even greater protection against 
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malaria is afforded when the above treatment is combined 

with the addition of 200 ug dioctadecyl ammonium bromide 

to the inoculijm. 



CHAPTER III 

EXPERIMENTAL DESIGN 

Forty-one 257-day old male Sprague-Dawley mice of 

the HA/ICR strain were used. All mice were randomly separ

ated into four groups of fifteen each. The mice were indi

vidually housed in stainless steel cages in a temperature 

controlled animal facility. All mice were fed Purina 

laboratory chow containing approximately 0.5 ppm selenium 

(37) ad libitum. The control group was provided with dis

tilled water for drinking and the three experimental groups 

were provided with distilled water containing 1.0, 2.0, or 

3.0 ppm seleniiom in the form of sodium selenite. 

After one month, all mice were injected intraperi

toneally with 0.2 ml of a twenty percent suspension of SRBC 

(approximately 5 x 10 cells). Six days following sensi

tization with SRBC, the mice were anethetized with ether 

and sacrificed by severing the brachial artery. Preliminary 

HA assays had determined that the maximum SRBC Ab production 

of mice of the same age and strain occurred six days after 

inoculation. The blood was collected from each mouse and 

allowed to clot. Individual samples were centrifuged 

and the antisera collected. Sera were frozen for later use. 

21 
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A control serum sample was used as a standard in the HA 

test to assure viability of the SRBC. 

Using the method of Taskatsy (42) as modified by 

Herbert (43), HA tests were conducted in duplicate with the 

Ab titers recorded and analyzed statistically (See Appendix 

C). 



CHAPTER IV 

RESULTS 

From the forty mice in this experiment (ten from 

each group) , thirty-five mice provided sufficient seriom for 

duplicate analysis. From three mice, there was only suffi

cient serum to carry out a single analysis, and in two mice 

(one from control and one in the 2 ppm group) , was there 

insufficient serum to carry out any analysis. Two mice 

(one in the 1 ppm group and one in the 3 ppm group) reacted 

so poorly to the antigen that their titers were rejected. 

Thirty-six samples (nine from each group) , were included in 

the analysis. Of the thirty-six samples, thirty-three were 

run in duplicate. In twenty of the thirty-three samples 

the duplicate titer values were identical. The titer values 

varied by only ± 1 dilution in nine samples, and in four 

samples the titers differed by ± 2 dilutions. Thus, there 

was considerable uniformity in the duplicate analyses (See 

Appendix D). Table 1 shows the means, standard deviations, 

and statistical analysis of the HA data. 

Using the Student's t test, it was found that there 

was a statistically significant increase (p < 0.05) in the 

titer values observed in the antisera of mice in the 1 ppm 

group when compared to those observed in the control group. 
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TABLE 1 

HEMAGGLUTINATION TITERS OF ANTISERA OF MICE 
SUPPLEMENTED WITH VARIOUS LEVELS OF 
SELENIUM IN THEIR DRINKING WATER 

Sample 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Group means 

± S.D. 

Control 

11.0 
10.5 
10.5 
10.0 
10.5 
10.5 
11.0 
10.5 
10.5 

10.5555 

±0.28 

1 ppm 

11.5 
10.5 
10.5 
11.0 
10.5 
12.0 
11.5 
11.0 
11.0 

11.0000^ 

± 0.58 

2 ppm 

11.0 
12.0 
11.5 
11.5 
10.5 
10.0 
10.0 
11.0 
11.0 

10.8888 

±.0.70 

3 ppm 

11.0 
11.0 
10.0 
8.5 
10.0 
10.0 
10.0 
10.0 
10.0 

b 
9.9444 

± 0.76 

The values are the mean of the last serial dilu
tions of antiserum capable of agglutinating SRBC. 

a. Statistically significant increase (p < 0.05) 
from control using the Student's t test. 

b. Statistically significant decrease (0.05) from 
control using the Student's t test. 

S D =\/̂ (X - X)^ 

There was a statistically significant decrease (p < 0.05) 

in titer values observed in the antisera of mice in the 

3 ppm group when compared to those observed in mice in the 

control group. There was no significant decrease in the 

titer values of antisera of mice in the control group 

and those of mice in the 2 ppm group or between the 1 ppm 

group and the 2 ppm group. 
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The hair coat of the animals that consumed water 

containing 3 ppm selenium, appeared slightly coarse and 

somewhat discolored prior to sacrifice. No other S37mptoms 

of selenium toxicity in this group were observed. No 

deaths occurred in any mice during the experimental period 



CHAPTER V 

DISCUSSION 

It has been shown that weanling mice fed Purina 

laboratory chow diets supplemented with selenium at 0.7 and 

2.8 ppm respond to the SRBC antigen approximately seven and 

thirty fold, respectively, above that observed in Purina 

fed controls (36). The experimental results reported in 

this thesis indicate that mature mice drinking water supple

mented at 1 ppm showed a marginal, yet statistically signif

icant increase in the production of SRBC agglutinating Ab 

as compared to that observed in the control mice. Animals 

drinking water containing 2 ppm selenium did not show a 

significant increase in the production of SRBC agglutinating 

Ab when compared to that of mice in the unsupplemented con

trol group. There was a slight yet statistically signif

icant decrease in the production of SRBC agglutinating Ab 

of mice drinking water containing 3 ppm selenium when com

pared to controls. These data indicate a suppression of the 

immune response in mice receiving selenium at this level. 

It is concluded that perhaps selenium should be supplemented 

to growing mice in order to produce the greatest increase in 

the production of SRBC agglutinating Ab. The greatest 

development in the immune system occurs during growth. 
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Weanling albino mice fed diets supplemented with 

pharmacological amounts of selenii:im respond to SRBC antigen 

by producing a rather large increase in SRBC agglutinating 

Ab when compared to the response observed in control mice. 

On the other hand, retired male breeder albino mice, whose 

drinking water is supplemented with pharmacological amounts 

of selenium, respond to SRBC antigen by producing only a 

small increase, or no increase, or even a small decrease in 

SRBC agglutinating Ab when compared to the response observed 

in control mice. This effect of selenium on the Ab response 

depends on the level of selenium supplemented in the water. 

Recommendations for Further Studies 

The Swiss-Webster strain of mice, which was used in 

the studies of Spallholz et al. should be used in future 

studies. This would eliminate the need for parallel studies 

with weanling mice of the HA/ICR strain. 

Titers should be determined at four, five, six, and 

seven days following inoculation since the greatest enhance

ment of selenium on Ab production may not necessarily occur 

with the greatest production of Ab in both control and 

supplemented groups. 

Since selenium at 1 ppm in drinking water stimulates 

the immune response and selenium at 2 ppm in drinking water 

had no apparent effect on the immune response, it is not 
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known if the stimulatory effect of selenium at 1 ppm is on 

the decline or on the increase. Therefore the stimulatory 

effect of selenium at 0.5 ppm and 1.5 ppm should be investi

gated. 
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APPENDIX A 

Materials 

Sheep Red Blood Cells (SRBC): 

Packed in Alsever's solution stored at 4*̂ 0. 
Cells may be stored for two weeks. 

Colorado Serum Company 
Laboratory Reagents Division 
4950 York St. 
Denver, Colorado 80216 

Cook's Microtiter Plates and Diluters 

900 Slaters Lane 
Alexandria, Virginia 22314 

Flex Microtiter Plates (disposable U shaped wells) 

Fisher Scientific Co. 
711 Poke Avenue 
Pittsburgh, Pennsylvania 15211 

Mice 
Retired male breeder strain 

Sprague-Dawley, Inc. 
P. 0. Box 4220 
Madison, Wisconsin 53711 
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Solutions 

PHOSPHATE BUFFERED SALINE (PBS) (44) 

NaCl 
Na^HPO, (anhydrous) 
KH^PO^^ (anhydrous) 

36.0 
7.4 
2.15 

g 

Dissolve in distilled water to make 1.5 liters. 
For use, dilute 1:5 at pH 7.2. Keep refrigerated. 

NORMAL MOUSE SERUM (NMS) Inactivated and Absorbed. 

Brachially bleed several normal mice, and combine 
the blood samples; centrifuge and collect the 
serum. Heat serum at 56""C for one-half hour. 
Leave at room temperature for about one-half hour 
or until cool. Add one drop of packed SRBC (washed 
three times in PBS) to the serum. Mix gently and 
centrifuge at 1000 rpm for five minutes. Store 
supernatant frozen at -20°C. 

PBS-NMS DILUENT 

Add NMS to PBS to make a 1 percent NMS solution. 
Prepare immediately before use. 

20 PERCENT SUSPENSION OF SRBC 

1. Centrifuge SRBC in Alsever's Solution at 
1000 rpm for five minutes. Remove supernatant. 

2. A 1:5 suspension of SRBC in PBS is vibrated 
until no cells remain packed at the bottom of 
the tube. Centrifuge and remove supernatant. 

3. Repeat step number 2 two times. 

4. From packed SRBC, prepare a 20 percent suspen
sion in PBS. 
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1.25 PERCENT SUSPENSION OF SRBC 

1. Centrifuge SRBC and wash three times in PBS 
Discard supernatant. 

2. Prepare a 1.25 percent suspension of packed 
volume in PBS-M4S diluent. 

3. Stir gently prior to use. 
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APPENDIX C 

Procedure for Determination of 
Hemagglutination Titers 

1. Using a 0.05 mililiter (ml) microtiter pipet 
add one drop of the PBC-NMS diluent to all 
wells of the microtiter plates (Fig. 1) except 
the first row of the horizontal wells. 

2. Heat all antisera at 56^0 for 30 minutes to 
inactivate complement. Then, in duplicate, pipet 
0.10 ml of heat inactivated antiserum of each 
mouse to the first row of wells of the microtiter 
plate. 

3. Wash diluters prior to each use. Dunk the 
diluters in distilled water and shake. Then dunk 
the diluters in ethanol, flame, and allow to cool. 

4. Using the diluters, serially dilute the antisera from 
well one through well twelve. If diluting higher 
than well twelve, a second plate must be used to 
further dilute the antisera. 

5. Using a 0.025 ml microtiter pipet, add one drop of 
1.25 percent suspension of SRBC into each well. 

6. Agitate the plates gently and let them incubate at 
room temperature for three hours or until agglutin
ation is completed. 

In the presence of agglutination, an even coat of red 
cell network is seen at the bottom of the wells. 
Absence of agglutination is represented by an accom
panying button of red blood cells or a smaller disc 
with agglutination halo. 
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w ĉ  
H PC M 
M H W 
H M a: 

H
E
M
A
G
G
L
U
T
I
N
A
T
I
O
N
 

S
U
P
P
L
E
M
E
N
T
E
D
 
W
 

S
E
L
E
N
I
U
M
 
I
N
 T
 

B 

CO 

CU - H 

en 

S 
P. 
a 

CM 

1 

C 
oj e 

>—• 3 
CU ' H 

en 

B 

a 
r-l 

1 

c Q) B 
rH P 
0) ' H 

en 

.—1 

o 
u 
u 
c o 
o 

OJ 
r H 

le
an
 

13 

c cd 
CU 

e 

c 
c;J 
0) 
6 

C 
cd 
0) 
6 

y"-^ 

<D 
4-» 
Cd 

o 
•H 

&. C rH 

e-H 
cd w 

en 

a 
3̂ 

T3 

OO moooooo 
rHi—1 I C 0 O O C 3 N O O O 
i-t i - l r H r H r^ r H r^ 

r H t — l L r ) C J ^ 0 0 < 3 ^ 0 r H 0 
rH rH r^ rH rH ^ ^-i 

r H r H i n O O O O C j N O C T N O 
rH ,—1 rH rH rH rH 

o o m t n o o o o o 

r H I C N j r H r H O O O i - H r H 
r H ,-{r-\T-\r-ir-iT-\r-{r-< 

r-i I C N r H t — l O O O r H r H 
r-A r H i - H i — i i H r H r H r H i — 1 

r H I C V J C N C M O O O r - l r H 
1—1 r H r H r H r H i — l i — I r H t — 1 

m L o m o o o m o o 

1 r H O O r H O C N j r H r H r H 
r H r H r H r H r H r H r H i — I t — 1 

i n t - H r H O r H O r H C N O O 
! — I r H r H r H r H r H t - H r — I r H 

i n C N J O i — I r H O C O r H C M C N 
T-ir-^r-\T-\r-\r-ir-t<-ir-^ 

o m t n O L O o o L o m 
• • • ^ J • • • • • • 

r - H O O 1 0 0 0 . - I 0 0 
r — I r H r H r H r — I r H r H r H r H 

m Lo un 
• • • 

i - H r H O l O O O t o o 
r H r H r H r H r H I—1 r-i ,-\ 

m m m 
• • • 

1 O r H 1 O O O r H O O 
r H r H r-A r-A r-^ ^ T-i r-\ 

r H c M c n < l - m v . o r ^ o o a > o 
r-4 

m 
CM 

• 
o 
r-i 
O 
00 

60
4
 

0^ 

r H 

o 
00 
<y\ 

m 
CM 
O 
a> 

CM 
/-^ 
>^ 
> j 
s-X 

r^ 
r^ 
r^ 
CM 
O 

• 
O 
<J\ 
<X) 

,-\ 

I 1 

. 
r^ 
v>0 
O 
t-\ 

O 
O 
o 
O 

• 
(T> 
CO 
O 
t—i 

CO 
r^ 
r^ 
r^ 

. 
CM 
O 
o 
r-i 

rvj 
• - ^ 

>^ 
w 
^ 

o 
o 
m 
CM 

• 
m 
CĴ  
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a. Data was rejected for statistical analysis. 

b. Insufficient amount of serum to run hemagglutin
ation test. 

Control 
vs. 

1 ppm 

Control 
vs. 

2 ppm 

Control 
V. s 

3 ppm 

t = 1.954 1.25 2.126 

For t to be significant, the critical region 
is >-+ 1.746 or £ - 1.746 at the 0.05 level of 
significance. 

t = 

Sp2 = 

ss = 

V 9 ^ ^ 

Sp̂ (n-L + n2) 

SS^ + SS2 n-1 + n2 - 2 

2 C"Y)^ 
EY^ - ^^y n 
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