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ABSTRACT

THE EFFECTS OF VITAMIN E AND SELENIUM ON
THE RESPIRATORY BURST OF SWINE
POLYMORPHONUCLEAR NEUTROPHILS
AS MEASURED BY CHEMILUMINESCENCE

By
Andrea Denise Wastell

The effects of supplemental vitamin E and/or selenium on
swine

the phagocytic and killing abilities of growing
in three

neutrophils were evaluated by chemiluminescence
Twelve pigs in Trial 1 and 20 pigs in Trial 2 were

trials.
randomly assigned to one of four diets containing either no
vitamin E or selenium, 100 IU vitamin E/kg

supplemental
1.0 ppm selenium, or both vitamin E and selenium in a
In Trial 3, 18 pigs

diet,

2 x 2 factorial split plot design.

randomly assigned to one of three diets containing 0.1
100 1IU or 1000

were
ppm selenium and no supplemental vitamin E,
Supplementation

IU vitamin E/kg diet in split plot design.
of vitamin E increased plasma tocopherol concentrations.
selenium

Selenjium supplementation increased plasma
concentrations, plasma and whole blood glutathione
and the white blood cell count in

peroxidase activities,
Dietary supplementation of vitamin E and selenium

Trial 1.
did not result in any apparent treatment diffenences in the

chemiluminescence of neutrophils.
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INTRODUCTION

The need for vitamin E and selenium in swine diets has
been well established, but field reports of ‘ptoblems in
swine fed legally-permitted levels of selenium have led to
proposals that higher dietary concentrations of vitamin E
and/or selenium be used. Evidence from other species in
addition to swine indicates that a deficiency of vitamin E
and/or selenium may reduce immune responses. Moreover,
there are some reports that suggest pharmacological doses of
these two nutrients may enhance‘imnunity.

Leukocytes have the responsibility to defend the host
body against foreign invaders such as viruses and bacteria.
In particular, phagocytes engulf and kill foreign antigens.
During the phagocytic ingestion of bacteria, there is a 10
to 15 fold increase in oxygen consumption, known as a
respiratory burst. This increase is not due to
mitochondrial metabolism but does involve generation of
large amounts of superoxide. The release of superoxide or
other oxidants into the ingested bacteria is considered to
be the killing factor. Potentially reactive oxidants, such
as singlet oxygen, hydroxyl radical, and hydrogen peroxide,
escape the phagosome into the surrounding milieu during the
microbicidal process. These oxygen species are extremely

toxic to the host cells.
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A system of enzymes involving superoxide dismutases,
catalases, and peroxidases have evolved to avoid the
catastrophic damage that could be done to biologically
important molecules. These enzymes reduce superoxide and
hydrogen peroxide to form water. Glutathione peroxidase
(GSH-Px), a selenium-dependent enzyme, can also destroy
organic hydroperoxides within the cytosol and mitochondrial
membranes. Additionally, alpha-tocopherol has antioxidant
properties that are capable of neutralizing toxic oxygen
metabolites in cellular membranes.

Measurement of the oxygen species released during the
phagocytic process could be useful in assessing the
functional abilities of neutrophils associated with the
respiratory burst. Chemiluminescence (CL) is a method which
nonspecifically measures the oxygen species released during
phagocytosis and the respiratory burst. This procedure has
been used in the medical field to assess the killing
function of neutrophils in the rare inherited disorder,
chronic granulomatous disease, in which neutrophils are
deficient in myeloperoxidase. To amplify the
chemiluminescent response from the oxygen burst, 1luminol is
added in an in vitro system and reacts with the toxic oxygen
species to produce photons that can be measured.

To determine the effects of vitamin E and/or selenium on
the phagocytic and killing abilities of swine neutrophils, 3
trials were designed. The first 2 trials were 2 x 2

factorials in a split plot design in which either a basal
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diet or diets supplemented with 100 IU vitamin E/kg diet or
1.0 ppm selenium or both vitamin E and selenium were fed to
pigs. In the third trial, either a basal diet or 100 IU
vitamin E/kg diet or 1000 IU vitamin E/kg diet were fed to
pigs. Chemiluminescence was measured from the neutrophils.
In addition, the wvitamin E and selenium status of the
animals were assessed. An increase in CL reflects an
increase in the amount of oxygen species released during
phagocytosis associated with the respiratory burst. Animals
deficient in vitamin E and selenium would be expected to
have an increase in CL as compared to animals adequate in
these nutrients. Vitamin E and selenium have antioxidant
properties which would neutralize oxygen species produced

during the respiratory burst.



REVIEW OF THE LITERATURE

Vitamin E and Selenium Metabolism

I. History

In 1920, rats fed a semi-purified diet with all known
vitamins at that time, were not able to successfully
reproduce. Evans and Bishop (1922) identified a factor then
called factor X in lettuce and wheat germ which protected
the animals from fetal reabsorption. Factor X soon became
known as vitamin E and was shown to prevent sterility in
female rats, fetal reabsorption, and degeneration of
germinal epithelium of the testis in male rats (Mason, 1925;
‘Evans and Burr, 1927). Hence, the name tocopherol from the
Greek tokos (offspring) and pherein (to bear) and ol for the
alcohol form was proposed by Evans et al. (1936). The Greek
letters alpha, beta, gamma, and delta were used to designate
the different forms found in vegetable oil.

Chicks, guinea pigs, rabbits and ducklings fed semi-
purified diets in the 1920s and 1930s showed signs of
reproductive degeneration, nutritional encephalomalacia, and
nutritional muscular dystrophy (Pappenheimer and Goettsch,

1934). However, it was not until 1940 that vitamin E
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deficiency was specifically 1linked to these pathologies
(Pappenheimer, 1940). Finally in 1961, Grant established
the relationship between vitamin E and mulberry heart in
swine.

Schwarz and Foltz (1957) were the first to demonstrate
that sodium selenite would prevent liver necrosis in rats
fed torula yeast diets. Subsequently, selenium has been
shown to alleviate a number of deficiency signs including
exudative diathesis in chicks, mulberry heart in swine and
muscular dystrophy in lambs. The following year, Grant and
Thafvelin (1958) found a relationship between hepatosis
dietetica and selenium deficiency in swine. In 1957, an
enzyme, glutathione peroxidase (Mills, 1957), was discovered
in the ©presence of reduced glutathione to protect
erythrocytes from hemoglobin oxidation and hemolysis induced
by hydrogen peroxide and ascorbate.

Vitamin E, either dietary or added in vitro, also
protected erythrocytes against hemolysis (Dam, 1957);
however, early reports indicated selenium did not have the
same protecting effects as vitamin E (Christensen et al.,
1958; Gitler et al., 1958). Glucose was shown to protect
erythrocytes by maintaining glutathione levels within the
cell which was the source of reducing substrate for
glutathione peroxidase (Mills and Randall, 1958; Cohen and
Hochstein, 1963). Rotruck et al., 1971, 1972, 1973)
assimilated these facts and demonstrated that dietary

selenium would protect erythrocytes from hemolysis if
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glucose was also added to the system. Protection by vitamin
E was not dependent on glucose. Consequently, Rotruck et
al. (1973) focused on GSH-Px and discovered that it was a

selenium-dependent enzyme.

II. Vitamin E

A. Sources

Tocopherols and tocotrienols are synthesized by many
plants and occur mainly in green leaves and seeds. Alpha-
tocopherol has the highest biological activity of all eight
isomers. Animal tissues are not a good source of vitamin E.
Animals do not synthesize tocopherols; consequently, tissue
levels tend to be 1low and are a reflection of dietary
intake. Vitamin E activity levels are related to plant
species, stage of maturity, harvesting, storage and
processing. Artificial drying of grain is wunlikely to
greatly affect tocopherol loss. Forage crops exposed to
sunlight on the other hand, rapidly lose their tocopherol
content. Light is the major destructive force and can
initiate lipid peroxidation. The most commonly fed forms of
vitamin E are all-rac-alpha-tocopheryl and RRR-alpha-

tocopherol commercially available in liquid or dry form.

B. Absorption
Measurement of tocopherol levels in blood, plasma, or

serum reflect the influx and efflux between gut tissue
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concentration and various tissue concentrations. Twenty to
40 percent of tocopherols and/or their esters are absorbed
in the gut (Gallo-Torres, 1980). Bile and pancreatic lipase
and the rate of fat digestion can affect the absorption of
alpha-tocopherol (Wiss et al., 1962). The nutritional
status of the animal should be noted. Deficient animals will
more rapidly absorb vitamin E than repleted animals. As
oral doses of tocopherol increase, they are absorbed 1less
efficiently (Schmandke and Schmidt, 1965). Serum
concentrations of lipids and lipoproteins, tissue tocopherol
levels and gut-motility are other factors affecting vitamin
E absorption. Polyunsaturated fatty acids are inhibitory to
absorption, whereas, medium-chain triglycerides enhance
absorption.

Tocopherols are absorbed primarily through the
lymphatic system and are transported complexed to
lipoproteins, mostly of the very low density lipoprotein
(VLDL) fraction. Gallo-Torres and colleagues (1970, 1971,
1974) have established that esterified tocopherol is cleaved
to the free phenol before absorption. Investigation with
monogastrics and ruminants indicates that absorption takes
place in the medial small intestine (Gallo-Torres, 1980).
Hollander et al. (1975) found that the rate of absorption
was not affected by inhibitors, suggesting alpha-tocopherols
are absorbed by a non-saturable passive diffusion process.

Plasma transport of tocopherols is similar to lymphatic

transport (Chow, 1975). Low density lipoproteins (LDL)
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carry the majority of tocopherol although high density
lipoproteins also transport tocopherols (Davies et al.,
1969). There is a high correlation between serum 1lipid
levels and tocopherol levels. Thus, disorders affecting

serum lipids also affect circulating tocopherol levels.
C. Retention

Erythrocytes also transport tocopherols (Kayden et al.,
1973). Vitamin E is largely localized in the erythrocyte
cell membrane where it is rapidly exchanged with the plasma.
In erythrocyte membranes, the molar ratio of alpha-
tocopherol to PUFA was reported to be approximately 1:850
(Diplock, 1985).

Tissue uptake varies logarithmically with tocopherol
intake (Behrens et al., 1982) and varies considerably in
concentration. Adrenal and pituitary glands, testis, and
platelets have the highest concentrations of vitamin E.
Cell fractions with high concentrations of membranes, such
as mitochondria and microsomes contain most of the vitamin.
Adipose tissue, 1liver and muscle represent storage deposits
of vitamin E. Dietary intakes affect plasma and 1liver
concentrations most readily followed by a slower turnover in
skeletal and heart muscle and a very slow exchange in

adipose tissue (Machlin and Gabriel, 1982).
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D. Metabolism and Excretion

Current understanding of in vivo metabolism of alpha-
tocopherol is contradictory and controversial. Difficulties
arise in differentiating between metabolites which are
genuine and those which are artifacts induced by the
isolation process. Antioxidants are typically used in
analytical procedures, perhaps reducing true metabolites.
Vitamin E wundergoes very little metabolism in the tissues
(Gallo-Torres, 1980). Alpha-tocopherol is deposited mainly
unmodified in its unesterified form in tissues. Small
amounts of water-soluble metabolites have been found in
urine by Simon and coworkers (1956) and confirmed by other
investigators ({Bunyan et al., 1961). These compounds
referred to as Simon's metabolites, appear in urine as less
than one percent of alpha-tocopherol excreted. Fecal
excretion via bile is the major route of alpha-tocopherol

elimination.
E. Toxicity

Vitamin E 1is relatively nontoxic as shown by animal
studies with both acute and chronic doses (Food and Drug
Administration, 1975). Yasunaga et al. (1982) studied
optimal and toxic doses of vitamin E in mice. They reported
that all the mice died within 3 days after daily
intraperitoneal (ip) injections of 400 IU all-rac-alpha-

tocopherol/kg. The immune response as measured by
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lymphoproliferation assays with phytohemagglutinin (PHA),
concanavalin A (Con A) and lipopolysaccharide (LPS) was
enhanced with injections between 5 and 20 IU/kg per day but
inhibited at 80 IU/kg per day. Serum tocopherol levels were
5.39, 7.29, and 21.91 ug/ml for daily ip injections of 5,
20, and 80 1IU/kg, respectively. Twenty-eight human
volunteers were orally supplemented with 100 to 800 1IU
vitamin E/day over a 3 year period with no apparent affect
on the liver, kidney, muscle, thyroid, erythrocytes, and
leukocytes (Farrell and Bieri, 1975). Bendich et al. (1986)
concluded that 50 mg/kg daily (at least 3 times nutritional
levels) are necessary for optimum immune response in rats.
Other investigators are in agreement with these findings

(Tengerdy and Brown, 1977; Tengerdy, 1980).

III. Selenium

A. Sources

Selenium found in feedstuffs varies with plant species
and geographical area. The most common organic forms of
selenium in plant sources are selenocystine, selenocysteine,
selenomethionine, and methylselenomethionine (Shrift, 1969;
Olson et al., 1970). However, many areas in the United
States have selenium poor s0il resulting in selenium-
deficient feeds and forages. Deficient areas with
approximately 80% of all forages and grains containing less

than 0.10 ppm selenium include the Northeastern states, the
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Atlantic coastal areas, Florida, the Northwest and many
states east of the Mississippi River (particularly the Great
Lakes states including MI, 1IL, WI, 1IN, and OH). To
compensate for selenium deficiency in some feedstuffs,
sodium selenite or sodium selenate are added to animal

feeds.

B. Absorption

Wright and Bell (1966) found retention of selenium
taken orally to be 66 percent in swine. The greatest
absorption occurred in the last part of the small intestine,
cecum and colon. Different forms of selenium influence the
transport routes. McConnell and Cho (1965) reported
selenomethionine was transported against a concentration
gradient and was inhibited by methionine. By contrast,
selenite and selenocystine were not transported against a
gradient nor were they inhibited by their respective sulfur
analogues.

Selenium associated with GSH-Px in erythrocytes is
species dependent. In sheep 75 to 85 percent of selenium is
associated with erythrocyte GSH-Px compared to less than 10
percent for primates (Oh et al., 1974; Behne and Wolters,
1979). In the plasma, the binding of selenium in the
selenite form to plasma proteins is not energy dependent nor
is protein synthesis required (Porter et al., 1979).
However, selenium binding to protein is dependent on the

presence of erythrocytes (Sandholm, 1975). Rather, the
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uptake and incorporation of selenium is dependent on reduced
glutathione concentrations in erythrocytes (Gasiewicz and
Smith, 1978). The plasma carrier of selenium seems to be
species dependent. Selenium is mainly transported by
albumin in mice (Sandholm, 1974) whereas, lipoproteins seems

to be the selenium-binding protein in humans.

C. Retention of Selenium

Kidney has the highest selenium concentration followed
by liver, spleen and pancreas. Intestinal and lung tissues
have relatively high amounts followed by cardiac muscle and
then skeletal muscle. The selenium status of the animal
affects tissue content. Chemical form also affects
deposition. Organic forms, in general, are deposited in
higher concentrations. Diets containing seleno-methionine
compared to selenite or selenocystine result in higher

selenium muscle concentrations (Osman and Latshaw, 1976).

D. Metabolism and Excretion

Many factors affect selenium metabolism such as
chemical form of selenium, sulfur, arsenic, metals
microorganisms, vitamin E, and previous selenium intake.
Animal tissues are able to convert inorganic forms to
organic forms. Organic forms have different biopotency in
various tissues. Data from a number of investigators would

indicate that selenium compounds are not metabolized to
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common intermediates. The primary route of excretion of

selenium in monogastrics is urine (Burk et al., 1972).

E. Glutathione peroxidase

Selenium is essential for the synthesis of GSH-Px and
for the enzymatic activity. Sixty percent of GSH-Px
activity in rat 1livers 1is cytosolic and 30 percent
mitochondrial (Green and O'Brien, 1970; Flohe and Schlegel,
1971) with at least 60 percent of rat liver mitochondrial
selenium being associated with GSH-Px (Levander et al.
1974). Animals maintained on a selenium deficient diet
exhibit a rapid decline in tissue GSH-Px activity that is
correlated with selenium deficiency signs (Hafeman et al.,
1974); Cantor et al., 1975). Upon repletion of selenium,
tissue GSH-Px activity is restored (Chow and Tappel, 1974).
Glutathione peroxidase activities increase and decrease most
rapidly in liver and plasma in response to dietary levels of
selenium (Chow and Tappel, 1974; Lawrence et al., 1974).

Glutathione peroxidase (80,000 MW) has four identical
subunits. Erythrocytes from ovine and bovine contain 4 g-
atom of selenium per mole of GSH-Px (Flohe et al., 1973; Oh
et al., 1974). The molecular weight can vary from species
to species and from tissue to tissue (Flohe et al., 1971;
Nakamura et al., 1974; Sunde et al., 1978; and Awasthi et
al., 1979). Rat 1liver GSH-Px has 153 amino acids per
subunits compared to bovine GSH-Px with 178 per subunit. In

contrast to many other peroxidases, GSH-Px has a high
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specificity for its substrate, glutathione (Mills, 1959).
Moreover, no other thiol substrate has been found to have
more than 30 percent of the activity of glutathione (Flohe
et al., 1971). Unlike catalase, GSH-Px will destroy a
number of hydroperoxides at a similar rate as hydrogen
peroxide destruction (Little and O'Brien, 1968). Forstrom
et al. (1978) have suggested selenocyteine is the active

site for GSH-Px.

IV. Requirements for Vitamin E and Selenium

The National Research Council (1979) recommends 11 1IU
vitamin E/kg diet for swine. The requirement for vitamin E
is influenced by other dietary factors such as PUFA,
selenium and sulfur amino acids. Molds in feed and feed
processing may also affect the requirement for vitamin E.
Corn-soybean meal diets grown in the Midwest probably
contain inadequate amounts of vitamin E and selenium to meet
the needs of confined pigs. Ullrey (1981) proposed that
vitamin E concentration should be at least 10 to 20 1IU/kg
for corn-soybean type swine diets when supplemental selenium
is limited to 0.1 ppm. He further recommended that 30 1IU
vitamin E/kg diet may be beneficial for the breeding herd
and young pigs.

Approved selenium supplementation levels for swine are
upto 0.3 ppm in prestarter and starter diets and 0.1 ppm in

all other swine diets. Groce et al. (1973) demonstrated
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that supplementation of 0.1 ppm selenium as sodium selenite
to growing-finishing swine diets prevented death 1losses,
gross pathology and histopathological lesions of nutritional
muscular dystrophy, and dietary hepatic necrosis.

Trapp et al. (1970) thoroughly described the 1lesions
seen in vitamin E deficiency. The signs were described as
sudden death in feeder pigs (20-40 kg bodyweight), 1lesions
of hepatic necrosis, icterus, edema, ulcers, hyalinization
of walls of arterioles, and skeletal and cardiac muscular
degeneration. Ullrey et al. (1971) demonstrated a reduced
incidence of mastitis-metritis-agalactia complex (MMA)
involving 191 farrowings when 0.2 ppm selenium, 22 1IU
vitamin E/kg, and 880 mg choline chloride/kg were added to
a corn-soybean meal diet. These investigators also noted an
increase in number of live pigs born per litter of sows fed
the supplemented diet.

Anemia also has been associated with vitamin E
deficiency. Nafstad (1965) reported hematological changes
as anemia, leukocytosis, multinucleation of erythrocyte
precursors and increased numbers of megakaryocytes. These
observations were supported by the work of others (Obel,
1953; Grant, 1961; Baustad and Nafstad, 1972). However,
other researchers have found no hematological changes
associated with vitamin E deficiency in swine (Michel et
al., 1969; Fontaine et al., 1977a, 1977b). Niyo et al.
(1980) supported the conclusions of the latter investigators

and found no anemia or morphological changes in circulating
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erythrocytes or leukocytes of vitamin E- and selenium~
deficient pigs. However, in bone smears, multinucleated

erythroblasts were observed.

Vitamin E and Selenium Functions

I. Vitamin E

It seems most probable that vitamin E has functions
besides its role as an antioxidant. Diplock and Lucy (1973)
suggested that alpha-tocopherol may stabilize biological
membranes by binding its side chains with the membranes of
PUFA. As an antioxidant, vitamin E may affect arachidonic
acid metabolism by inhibiting the formation of hydroxy-
eicosatetraenoic acid, thromboxane A3, or prostaglandins
(Stuart, 1982; Chan and Leith, 1981; Goetzl, 1980), thereby
affecting platelet aggregation, blood clotting, the immune
system and inflammation. Mitochondria is rich in alpha-
tocopherol. Vitamin E may protect the membranes from
oxidative damage induced by the electron transport chain.
Although reproduction is impaired in vitamin E deficiency,
there is no clear evidence for vitamin E being involved with
hormone production. Many enzymes are affected by vitamin E
deficiency but no direct role for vitamin E in RNA or

protein synthesis has been established.
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II. Selenium

Glutathione peroxidase, a selenium-dependent enzyme
has many intercellular and intracellular functions. This
enzyme is the key to modulating the GSH/GSSH ratio and
indirectly the NADP/NADPH of the cell. Therefore, GSH-Px
may regulate a number of multiple cellular functions
including cell division (Kosower and Kosower, 1974),
pentose-phosphate shunt (Flohe, 1976), gluconeogenesis (Sies
et al., 1974), and mitochondrial oxidation of alpha-oxo-
acids (Sies and Moss, 1978). Other functions important to
the biomedical field include protection of unsaturated
lipids in cell membranes (Little and O'Brien, 1968; Flohe
and Zimmermann, 1974), prevention of chemical mutagenesis
(Schwarz, 1976; Shamberger, 1976), and interaction with the
arachidonic acid cascade (Nugteren and Hazelhof, 1973;

Gryglewski et al., 1976).

III. Lipid peroxidation

Lipid peroxidation is the reaction of polyunsaturated
fatty acids (PUFA) with oxygen or derived free radicals.
When this reaction occurs in membranes (endoplasmic
reticulum, mitochondrial membranes, or plasma membrane)
deleterious effects occur to the structural organization
(Slater, 1972) and to the associated enzymatic function
(Lewis and Willis, 1962). There are numerous examples where

lipid peroxidation causes irreversible damage that results
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in cell death. Some of these are from high-energy
irradiation (Desai et al., 1964), photosensitization (Slater
-and Riley, 1966), exposure to ozone (Goldstein et al.,
1969), administration of CCl4 (Slater, 1972) and exposure to
paraquat (Bus et al., 1975).

Initiation of lipid peroxidation involves the reaction
between a PUFA and an oxidizing radical (R.). A proton is
extracted from the PUFA to form a PUFA radical. Chain-

Re + PUFAH --> RH + PUFA°
propagation steps follow to form a fatty acid peroxy-
radical.

PUFA° + 0 -—> PUFAO2*
The first two steps involve oxygen-derived radicals such as
superoxide, singlet oxygen, hydroxyl radical, CCl1303., and
PUFAO7. (Baird et al., 1977; Fong et al., 1973). The latter
stages (3-5) involve forming a variety of low-molecular-
weight water soluble products.

PUFAO2°* --> bond rearrangement, diene formation

PUFAO2° + PUFAH --> PUFAO,H + PUFA.

PUFAO3°, PUFAOZH -=> degradation products;

malondialdehyde, ethane, etc.
Malondialdehyde production is not equivalent to the amounts
of fatty acid oxidized, nevertheless, it is a measure of

lipid peroxidation.

(1)

(2)

(3)
(4)

(5)
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IV. Protective Mechanism

The antioxidant effects of vitamin E have generally
been regarded as protection against lipid peroxidation of
cell membranes (Fahrenholtz et al., 1974). In vitamin E-
deficient animals, 1lipid peroxidation of all tissues is
likely to occur. The autooxidation of lipids may begin with
a free radical or by singlet oxygen. As free radical
scavenger and antioxidant, alpha-tocopherol is capable of
terminating chain reactions of PUFA (Figure 1). The
protective characteristics of tocopherols are derived from
its primary location in the cell membrane. This means it is
adjacent to membrane-bound enzymes, such as NADPH oxidase,
which generates free-radicals (Molenaar et al., 1980).

McCay and King (1980) proposed a mechanism by which
vitamin E and selenium work together. Hydrogen peroxide is
generated from superoxide which is distributed both in the
cytosol and membrane portions of the cell. Glutathione
peroxidase (a selenium-dependent enzyme) destroys hydrogen
peroxide in the inside aqueous portion leaving the remainder
of hydrogen peroxide in the membrane. Hydrogen peroxide and
superoxide react to form hydroxyl radical in the membrane
which is trapped by tocopherol. A shortage of tocopherol

may lead to 1lipid peroxidation of membrane PUFAS.
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Substrates Cell-Damaging Detoxified
+0, Products Proaucts
OH-
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2 —— HOOH =t =t HOH
2™ 50D GSH-Px
P
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sOD = Superoxioe Dismutase
GSH-Px = Giutatnione Peroxidase
GSH-T = Giutathione S-Transterase

Figure 1. Interrelationships of selenium, vitamin E, and

sulfur amino acids in oxidative metabolism
(From Ganther, 1983),
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V. Influence on Immunity

Vitamin E and selenium have been shown to improve
humoral immunity response of mice, chicks, turkeys, guinea '
pigs, and sheep (Nockels, 1980; Stephens et al., 1979; Marsh
et al.; 1981). Passively transferred antibodies in chicks
from hens fed 150 or 450 ppm vitamin E were significantly
higher than chicks from hens fed 0, 90, 300, or 900 ppm
(Jackson et al., 1978). Tengerdy et al. (1973) conducted a
series of experiments involving mice inoculated with sheep
red blood cells (SRBC) or tetanus toxoid and fed a vitamin
E- deficient diet supplemented with either vitamin E or the
antioxidant N,N-diphenyl-p-phenylene diamine (DPPD). Sixty
IU vitamin E/kg significantly increased spleen weight,
plagque forming colonies, and hemagglutinin titers. The
investigators also concluded that vitamin E , and not an
antioxidant, was necessary for IgG antibody production and
that vitamin E enhanced the primary response more than the
secondary response.

A two to three fold increase in antibody (Ab) titers in
6 to 8 week old pigs fed supplemental vitamin E was noted by
Ellis and Vorhies (1976). The pigs were supplemented with
110 IU vitamin E/kg diet two weeks before innoculation with

killed Escherichia coli. Peplowski et al. (1981) also found

increased Ab titers with vitamin E and selenium
supplementation. In two 2 x 2 factorial designs, these

investigators fed a diet or injected weaned pigs with 0 or
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220 IU vitamin E/kg diet and 0 or 0.5 ppm selenium. In both
experiments, 1 x 108 SRBC were administered ip weekly. The
results indicated higher hemagglutination titers with either
vitamin E or selenium supplementation by either
administration route.

Combination of both nutrients from either diet or
injection further enhanced hemagglutinin titers. Possibly
vitamin E and selenium have an additive effect on humoral
response. Dietary supplementation of 300 mg vitamin E/kg
diet reduced E. coli induced mortality (Tengerdy and Brown,
1977). These investigators attributed the protection to
increased antibody production and increased phagocytosis.
Marsh et al. (1981) concluded that both vitamin E (100 1IU
all-rac-alpha-tocopheryl acetate/kg diet) and selenium (0.1
ppm of selenium NajSeO3) are required for optimum immune
function in 2 week o0ld chicks. However, at 3 weeks, either
vitamin E or selenium was adequate for optimum immune
response.

Vitamin E also affects other aspects of the immune
system including antibody-dependent cell cytotoxicity
(ADCC), delayed hypersensitivity and mitogenic
responsiveness. Leb et al. (1985) studied the effect of
alpha-tocopherol on phorbol myristate acetate (PMA)-induced
monocyte cytotoxicity and on ADCC. They observed a decrease
in hydrogen peroxide release by monocytes preincubated with
alpha-tocopherol. Ultimately this led to a decrease in PMA-

induced monocyte cytotoxicity and to some extent inhibition
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of ADCC. Seemingly, PMA-induced monocyte cytotoxicity
depended on hydrogen peroxide release whereas ADCC was less
dependent on oxygen metabolism. Vitamin E may be an
important mediator in chronic infections or inflammations
where hydrogen peroxide is likely to cause damage to host
tissue.

Other investigators have found the macrophage to be the
cell most affected by vitamin E deficiency. Gebremichael et
al. (1984) found that vitamin E-deficient mice expressed
less Ia+ macrophages and were less able to present antigen
to nonadherent cells. The defect appears to be with the
accessory cell function since Ia+ macrophages are required
for antigen presentation and for initiation of lymphokine
production (Larsson et al., 1980).

Vitamin E 1is also required for optimal 1lymphocyte
mitogen response (Bendich et al., 1983). Spontaneously
hypertensive rats fed a vitamin E-deficient diet for 17
weeks as compared to rats of the same strain supplemented
with wvitamin E had depressed T- and B-cell splenic mitogen
responses to Con A, PHA, and LPS. Other investigators have
also reported that high 1levels of vitamin E are
immunostimulatory toward pathogens and mitogens (Sheffy and
Schultz, 1978; Corwin and Schloss, 1980a; Tengerdy et al.,
1984). Plasma vitamin E levels over a range of 0.04 ug/ml
are correlated with T- and B-cell responses to mitogens

(Bendich et al., 1986).
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The mechanism by which vitamin E stimulates
blastogenesis in deficient animals has not been elucidated.
Vitamin E may act similarly to antioxidants. Ethoxyquin and
2-mercapto-ethanol but not ascorbic acid stimulated
lymphocyte proliferation (Langweiler et al., 1983). Fanger
et al. (1970) proposed PMA-induced lymphocyte blastogenesis
was enhanced by supplementation with L-cysteine,
glutathione, and sulfite. They suggested that the reducing
agents made cells more sensitive to mitogenic agents by
cleaving disulfide bonds on the cell membrane.
Alternatively, Corwin and Schloss (1980) reported that
vitamin E has a stimulating effect for mitogenic response of
murine spleen cells, but the response was not related to
antioxidant properties (Corwin and Schloss, 1980b).

Arachidonic acid (AA) metabolism may be affected by
vitamin E. Vitamin E alleviates the immunodepressive effect
of prostaglandins (Machlin, 1978). As an antioxidant,
vitamin E inhibits prostaglandin synthesis by preventing the
oxidation of arachidonic acid. Tengerdy and Brown (1977)
demonstrated that vitamin E supplemented to E. coli-
infected chicks reduced the production of prostaglandin Ej
and prostaglandin E; in bursa homogenates. Likoff et al.
(1981) fed diets supplemented with 6 times normal levels to
chicks and found prostaglandin E;, prostaglandin Ej;, and
prostaglandin Fj4 levels decreased in the bursa and spleen.
Moreover, Ab titers to E. coli and phagocytosis increased at

the same time.
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Physiology of the Neutrophil

I. Functions

Neutrophils (polymorphonuclear leukocytes) are the
primary line of host defense against microbial invasion.
These cells have the ability to recognize and ingest foreign
particles, and thus are termed phagocytes. Once inside the
phagocyte, the foreign object is subject to chemical and
enzymatic attack. During the phagocytic process, the
neutrophil undergoes a respiratory burst which is comprised
of increased oxygen consumption, increased production of
hydrogen peroxide, production of superoxide (Babior, 1978),
and increased oxidation of glucose Dby the hexose
monophosphate shunt (Stahelin et al., 1956; Stahelin et al.,
1957). The respiratory burst is not due to oxygen
consumption by the mitochondria, but rather oxygen
metabolites are needed for killing bacteria.

Oxygen metabolites produced during the respiratory
burst also can damage the surrounding host cells and tissue.
Superoxide, hydroxyl radical, and singlet oxygen have been
implicated as initiating agents in lipid peroxidation (Fong
et al., 1973; Kellogg and Fridovich, 1975; Lynch and
Fridovich, 1978) which results in severe damage to cellular
organelles and membranes (Tappel, 1973). Hydroxyl radical

attacked neutrophils after phagocytosis resulting in death
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of the cell and the subsequent release of hydrolytic enzymes
into the surrounding milieu (Salin and McCord, 1977).

The cell has mechanisms to protect itself from oxidant
activity both inside and outside of the cells, glutathione
and vitamin E, respectively. Intracellular mechanisms for
detoxification of oxygen species include glutathione and the
hexose monophosphate shunt. Vitamin E acts as the reducer
for lipid peroxidation. Catalase also can destroy peroxides
but is not known to decompose 1lipid hydroperoxides, and
unlike GSH-Px is not usually predominant in the cytosol
(O'Brien, 1969). Superoxide dismutase is able to reduce

superoxide to prevent lipid hydroperoxidation.

II. Phagocytosis

Phagocytosis is the process by which cells recognize
particles on their cell-membrane and surround those objects
with plasma membrane (the phagosome). Some of the most
important phagocytes include neutrophils, macrophages, and
eosinophils. Throughout phagocytosis, there is an increase
in production of hydrogen peroxide, superoxide, and singlet
oxygen which is known as the respiratory burst. These toxic
oxygen metabolites and the lysosomal enzymes released into
the phagosome are the killing mechanisms of neutrophils.

DeChatelet (1978) has proposed the following hypothesis
of the sequence of events during phagocytosis. First, the

neutrophil encounters and recognizes a microbe or
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particulant through a cell membrane receptor (Figure 2a).
Upon attachment to the receptor, the membrane is perturbed
(Figure 2b). A signal from the altered membrane is
transduced to a granule which contains oxidase.
Microtubules and/or microfilaments may  Dbe the key
communication between the vacuole and the granule.
Pseudopodia form and begin to surrou<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>