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ABSTRACT
IMPACT OF NUTRITIONAL SODIUM ZEOLITE SUPPLEMENTATION IN THE
EQUINE AND BOVINE
By
Kari Krick Turner
This group of experiments focused on determining the effects of dietary sodium

zeolite A (SZA) supplementation on animal mineral concentrations (plasma, milk or
tissue) and joint and bone physiology. Sodium zeolite A is broken down into silicon and
aluminum in the digestive tract and contains approximately 650 mg Si/kg SZA and
130,000 mg Al’kg SZA. Eight two-year-old Standardbreds were used to evaluate SZA’s
effect on osteochondrotic lesions in the metacarpo-, metatarsophalangeal and tarsocrural.
To determine alterations in plasma and milk mineral concentrations following SZA
supplementation, 20 lactating Holsteins were utilized. Twenty Holstein bull calves were
used to determine the effects of SZA supplementation on plasma and tissue mineral
concentrations, mineral retention and absorption, qualities of the fused third and fourth
metacarpal bones, synovial fluid hyaluronic acid (HA) concentration, and cartilage
glycosaminoglycan (GAG) content. Bone metabolism markers were analyzed in both
cows and calves. There were no effects of SZA on osteochondrotic lesions in
Standardbreds. Feed intake and milk production in the cows were decreased by SZA
(P<0.003). Plasma phosphorus concentrations were decreased in the SZA-treated cows
and plasma calcium concentrations were increased (P<0.0002). Milk aluminum
concentration was increased, and phosphorus concentration was decreased in the SZA-

treated cows (P<0.03). Plasma magnesium concentration was decreased by SZA



supplementation in the calves, and plasma phosphorus concentration tended to be
decreased (P<0.1). Aluminum retention was increased in the calves (P=0.001), but
plasma aluminum concentrations did not change. Aluminum content was substantially
increased in all analyzed tissues except bone (P<0.05). There was little effect of SZA on
bone or joint physiology, with an increase in deoxypyridinoline in the calves as the only
difference (P<0.05). The results from the series of experiments described here suggest
that SZA has an impact on mineral metabolism. The use of SZA as a dietary supplement
to animals should be reconsidered. The substantial accumulation of tissue aluminum and
therefore potential adverse consequences would preclude any benefits, regardless of
whether or not the animal is intended for human consumption. The possibility of excess

aluminum in human diets is a situation which should be avoided.
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CHAPTER 1

INTRODUCTION

Supplemental silicon, primarily in the form of sodium zeolite A (SZA), has been
gaining popularity in the equine industry as a supplement for bone health. The interest
arises predominantly from a study conducted at Texas A&M University (Nielsen et al.,
1993). Researchers found SZA to be associated with both decreased skeletal injuries and
increased training distance until injury. Moreover, plasma silicon concentrations were
correlated with training distance before an injury occurred. However, the mechanism by
which SZA was associated with the decreased injuries is unknown.

Trainers feeding silicon to their horses have reported a decrease in
osteochondrosis in the joints of their horses. Although anecdotal, the underlying results
of osteochondrosis — disturbed endochondral ossification and glycosaminoglycan loss —
may be remedied by supplementation of silicon. Chicks supplemented with silicon had
increased cartilage glycosaminoglycan concentrations (Carlisle, 1976), hastened bone
mineralization (Carlisle, 1982) and improved endochondral bone growth (Carlisle, 1980)
compared to controls on a silicon-deficient diet. The incidence of osteochondrosis in the
horse population, specifically in Standardbreds, is quite high. Although surgery is a
viable option, the inherent risks and costs of surgery mean it would be beneficial to have
a non-invasive method that reduces osteochondrosis in horses.

Sodium zeolite A is being used in the feed industry as an anti-caking supplement,
with allowable levels up to 2% SZA. However, there are many questions surrounding the

feeding of SZA. Studies using SZA have found conflicting results in feed intake,



digestibility, and mineral metabolism, both within and between species. For example,
feeding 2% SZA to horses has not been reported to affect feed intake (Frey et al., 1992;
Nielsen et al., 1993; Lang et al., 2001b,c), but cows fed the same level reduced their feed
intake (Johnson et al., 1988; Thilsing-Hansen et al., 2002). Alternatively, less than 2%
SZA to cows increased feed intake (Roussel et al., 1992). Research needs to address this
issue. Additionally, most studies have overlooked the effects of aluminum. As SZA is
an aluminosilicate that breaks down in the digestive tract to aluminum and orthosilicic
acid (bioavailable silicon), aluminum cannot be ignored as is can cause toxicities in
animals and humans (Goodman, 1986; Nayak, 2002). The ramifications of feeding a
supplement high in aluminum should be investigated, particularly in food producing
animals. Additionally, beneficial effects have been seen when supplementing silicon. By
identifying tissues that accumulate silicon following supplementation, future research can

be planned accordingly.

The primary objectives of this project were to:

1. determine if supplementation of SZA decreases osteochondrotic
lesion size in Standardbreds.

2. determine if supplementation of SZA to lactating dairy cows
would affect plasma mineral metabolism as well as bone
metabolism.

3. attempt to elucidate a mechanism by which SZA was associated
with decreased skeletal injuries in racing horses by evaluating

bone mechanical properties, turnover, and architecture.



evaluate the tissue mineral composition following SZA
supplementation to determine the extent of tissue mineral

accumulation in young calves.



CHAPTER 2

REVIEW OF LITERATURE

Silicon

Silicon (Si) is the second most abundant mineral found in the earth’s crust
(Carlisle, 1984). As silicon is not found free in nature, it exists mainly as silicates and the
oxide, silica. Silicon is relatively inert, but can be reactive to halogens and dilute alkali.
Most acids do not affect it. Silicon has three stable isotopes — 2851, 2Si, and *°Si, and two
radioisotopes that can be used as tracers — *'Si and *’Si (Carlisle, 1984). Silicon is found
throughout the environment, particularly in glass and sand. Forages and grains also
contain silicon.

Silicon is found throughout the mammalian body in various tissues. Early data on
the silicon content of mammalian tissues have reported variable results. This could be
due to the use of glass in experiments that would result in leaching of silicon from glass
Lang et al., 2001c).

Silicon is present in the blood as free soluble monosilicic acid, and is found in
similar concentrations (~ 100 pg/dl) in monkey, rat, and human whole blood (Carlisle,
1984). Silicon appears to be freely diffusible throughout tissue fluids as other examined
body fluids had similar silicon concentrations as the blood serum (Carlisle, 1984). Blood
silicon levels remain fairly constant except in instances in which additional silicon is
added to the diet (Carlisle, 1984). Supplemental silicon increases plasma silicon
concentrations in horses (Frey et al., 1992; Nielsen et al., 1993; Lang et al., 2001b,c;

Mazzella et al., 2005).



Various tissues throughout the body, particularly the connective tissues such as
the aorta, trachea, tendon, bone, and skin are unusually rich in silicon (Carlisle, 1972).
Carlisle (1972) suggested that the high silicon content of connective tissue is mainly from
its presence as an integral component of the glycosaminoglycans and their protein
complexes that contribute to the structural framework of the tissues. Furthermore, these
tissues show a decline in silicon concentration as the animal ages. While the heart, liver,
and muscle silicon concentrations remained unchanged over several years, concentrations
in the aorta and skin decreased significantly (Carlisle, 1974). Moreover, a decrease in
total glycosaminoglycan synthesis seems to occurs in human skin (Vuillermoz et al.,
2005), lending some support to the hypothesis that the majority of silicon in connective

tissue is associated with glycosaminoglycans.

Rat kidney, liver, bone, skin, spleen and lung were found to accumulate the
greatest amounts of 3! labeled silicic acid one hour after intracardiac injection of the

labeled element

Few studies have investigated tissue silicon accumulation following silicon
administration. One such study found that silicon was increased in several rat tissues
post-intracardiac injection of *'-labeled silicic acid (Adler et al., 1986). Initially, the
skin, bone, and muscle contained the largest amounts of silicon, with 85 % of the total
31Si in those three organs. However, as time progressed, the 31Si concentration of the
three organs decreased as the concentrations in the other organs did not change or
increased. After four hours, 56% of the total >'Si was found in the bone, muscle and skin.
The decreases in those tissues and the subsequent increases in the other tissues could be a

result of equilibrium. The same study also reported that the *'Si was found almost



entirely in a nonprotein bound form in the plasma (Adler et al., 1986). Additionally, the
blood-brain barrier excluded *'Si from the brain as it was present only in negligible
concentrations. This appears to be the only study that investigated the effects of
supplemental silicon on tissue uptake. Silicon supplemented through dietary means, and
not via injection into circulatory system, might have different effects. Also, a livestock
species such as the horse or cow, might have dissimilar tissue responses to supplemental
silicon as the tissues might have different concentrations than the rat due to the livestock
diet of grains, forage, and oftentimes, sand. The effects of long-term supplementation of
silicon are unknown as well.

Reported silicon concentrations in cow milk have been conflicting.
Concentrations have been reported to be 0.81 ppm in normal cows (Parantainen et al.,
1987), 0.39 ppm in mastitic cows (Parantainen et al., 1987), or absent entirely (Anderson,
1989). Differences may come from the use of glass labware, processing procedures, or
simply cow differences due to diet or environment. Supplemental silicon, in the form of
sodium silicate (Na,SiO3)and at a dosage rate of 1 gm/d, did not consistently or
significantly increase the silicon content of milk in Holstein, Ayrshire, and Guernsey
cows (Archibald and Fenner, 1957). However, the form of silicon may not be as
bioavailable as other forms, such as sodium zeolite A, and the low dosage rate may not be
sufficient to cause an increase in milk concentration. Finally, the study was conducted in
only six cows, two per breed, which may explain the variability in results.

Unlike cows, an increase in milk silicon concentration has been reported in mares
(Lang et al., 2001b). Within 24 hr of foaling, mares were supplemented with sodium

zeolite A at a dosage rate of 2% dietary intake, for 45 days. Milk silicon concentration



was higher (P <0.01) on d 45 than d 0 in treated mares, and on d 45, milk silicon
concentration was higher (P <0.001) in treated mares compared to control mares (Lang
etal.,, 2001b). Additionally, plasma silicon concentration in treated mares’ foals was
higher (P < 0.05) on d 45 than d 0 and plasma silicon concentration on d 45 was higher
(P <0.01) in treated mares’ foals compared to control mares’ foals. This study suggests
that supplemental silicon can increase silicon concentrations in milk, and that the milk
silicon can be consumed and absorbed. Therefore, studies need to be conducted with a
bioavailable source of silicon, and at a higher dose than in a previous study, to determine

if milk silicon concentration can be increased in supplemented cows.

Silicon essentiality

Silicon has been suggested to be an essential element for several biological
processes including bone formation and mineralization, glycosaminoglycan synthesis and
composition, collagen formation, and brain function. As a result of the research
implicating silicon as an essential element, the American Institute of Nutrition added
silicon to the purified rodent diet (Reeves et al., 1993). Numerous studies have been
conducted in rats and chicks, but no studies on silicon essentiality in other animals have
been found. Additionally, the studies were conducted primarily by one research group
(E.M. Carlisle) using extreme conditions. Essentiality was determined by the finding of
adverse effects when silicon was deficient in the diet, as compared to when adequate to
high levels of silicon were supplied in the diet. To obtain the deficient diets, extreme
measures such as washing ingredients like casein to remove silicon (Carlisle, 1980a),

were taken so that the highly purified diets induced responses to the low intakes.



Furthermore, the crystalline amino acid diets used in studies by Carlisle prior to 1980
were admittedly inadequate diets that produced less than optimum growth even in the
control animals (Carlisle, 1981). Silicon deficiencies have not been reported under
normal management circumstances, and requirements for humans and animals have not
been established (Nielsen, 1991). However, the requirements for silicon are probably
fairly low as diets used to induce adverse effects typically must be below 2 mg Si/kg diet
(Nielsen and Poellet, 2004). Rats fed 4.5 mg Si/kg diet did not differ from rats fed 35 mg
Si/kg diet, and both prevented the deprivation signs exhibited by rats fed 1 mg Si/kg diet
(Seaborn and Nielsen, 1993). Additionally, essential elements are normally found in
adequate quantities in milk, so that young animals may receive nutrition to enhance
proper growth. Silicon has been found to be absent (Anderson, 1989) or present in low
quantities (0.81 mg Si/kg milk) (Parantainen et al., 1987) in cow milk. Horse milk also
contained low quantities of silicon (Lang et al., 2001b). There is some support to the
suggestion that silicon is an essential element; however, a more appropriate term might

be “probably essential”, as suggested by Georgievskii (1982).

Bone formation and mineralization. Some evidence exists that suggests silicon
may be an essential element for bone formation and mineralization. Silicon deprivation
in chicks caused depressed long bone skeletal development, and also caused the skulls to
be abnormally shaped and smaller (Carlisle, 1972). Dietary silicon deficiencies in rats
caused depressed growth and skull abnormalities (Schwarz and Milne, 1972). .
However, the diets used in the previous studies were inadequate to maintain optimum

growth in the control group as well. Subsequent studies using a more appropriate diet



seem to support the earlier postulates that silicon is essential for bone formation. A
study conducted in chicks revealed a difference between chicks consuming a silicon-
supplemented diet and those consuming a silicon-deficient diet (Carlisle, 1980a). The
matrix of the deficient chicks’ skulls lacked the normal striated trabecular pattern. The
deficient chicks also showed a nodular pattern of bone arrangement, indicative of a
primitive type of bone. Additionally, collagen content was reduced in the deficient
chicks. Silicon deficient chicks also had gross abnormalities in skull architecture, with
fewer trabeculae and less calcification (Carlisle, 1981).

A study conducted in vitro showed that silicon was present in active growing
areas of bones in young rats and mice (Carlisle, 1970). In the process of mineralization,
initially silicon and calcium concentrations rose congruently in osteoid tissue. In the
more advanced stages of mineralization, silicon concentrations fell markedly while
calcium concentrations approached proportions found in mature bone (Carlisle, 1970).
Silicon appears to be involved in calcification through some effect on preosseous matrix.
In vivo studies show that silicon hastens the rate of bone mineralization. The tibia of rats
fed a high (250 ppm) silicon diet reached a higher degree of mineralization in a shorter
time than the tibia from a medium (25 ppm) and low (10 ppm) silicon diet (Carlisle,

1970).

Glycosaminoglycan synthesis and structure. Formerly called
mucopolysaccharides, glycosaminoglycans (GAGs) are isolated from vertebrate
connective tissue. The structures of the different families of GAGs are similar, as each

are hydrophilic, unbranched single chain polymers with repeating disaccharide units



(Lovekamp et al., 2005). Glycosaminoglycans, with the exception of hyaluronic acid,
contain sulphate groups (Fraser et al., 1997). They are synthesized in the endoplasmic
reticulum and Golgi bodies. Hyaluronic acid is the major GAG of synovial fluid (Scott et
al., 2000). Unlike other GAGs, hyaluronic acid’s primary structure does not contain a
protein portion, a reflection of plasma membrane synthesis origin, and not Golgi body.
Hyaluronic acid gives synovial fluid its viscosity, and is synthesized by cells in the
synovial membrane. It appears to have several functions, which include lubrication,
water homeostasis, filtering effects, and plasma protein distribution. Common thought
has been that hyaluronic acid itself was the active ingredient in boundary lubrication of
the joint, allowing the joint surfaces to reduce friction, thereby preventing wear.
However, hyaluronic acid is not necessarily the lubricant of the joint, but rather the
carrier of the lubricant to the binding site to facilitate boundary lubrication, as lubrication
was not changed when hyaluronidase was applied to synovial fluid, even though viscosity
was decreased (Hills and Monds, 1998). Furthermore, hyaluronic acid acts as a wetting
agent, reducing the surface energy of the interface between synovial fluid and the
hydrophobic articular surface. This could have an important role in promoting
hydrodynamic lubrication, which is favored where load permits because it involves no
contact on the sliding surfaces and, therefore, no wear (Hills and Monds, 1998).
Hyaluronic acid concentration in the synovial fluid varies with species, with higher
concentrations found in rabbits (3.6 mg/ml) (Price et al., 1996) than adult horses
(approximately 0.5 mg/ml) (Persson, 1971). Bovine metatarso-phalangeal synovial fluid

also contains approximately 0.5 mg/ml hyaluronic acid (Coleman et al., 1999). Age of

10



the subjects appears to play a role in hyaluronic acid concentration as the young human
concentration of 3.8 mg/ml falls to 2.5 mg/ml in the elderly population (Balazs, 1982).

Results from several studies suggest that silicon may be important in
glycosaminoglycan synthesis and composition. The total amount of hexosamines and the
proportion of hexosamine in the comb were found to be greater in combs of chicks
supplemented with silicon, as compared to combs of chicks on a silicon deficient diet
(Carlisle, 1976). Additionally, articular cartilage from chicks supplemented with silicon
contained greater amounts of GAG than cartilage from silicon deficient chicks (Carlisle,
1974). The same supplemented chicks also had greater water content in their tibial
bones, which the author concluded was due to an increased GAG concentration as GAGs
attract and bind water (Carlisle, 1976).

Fractionation procedures reveal that connective tissues yield high amounts of
silicon (Carlisle, 1984). No less than 330 to 554 ppm bound silicon has been detected in
chondroitin 4-sulfate, heparin sulfate and hyaluronic acid from umbilical cord (Schwarz,
1973). This could correspond to one atom of silicon to about 0.3 molecules of hyaluronic
acid. However, hyaluronic acid from bovine vitreous humor contained negligible
amounts of bound silicon. The silicon found in the GAGS exists not as free silicate ions
or silicic acid, but as a firmly bound component of the polysaccharide matrix. Therefore
the bound silicon could function in several ways. It could modulate molecular shape and
establish a secondary structure by connecting different portions of the same chain
(Schwarz, 1973). Instead of connecting the same chain, it could connect different
polysaccharide chains together, thereby contributing to the high molecular size of GAGs

(Schwarz, 1973). Additionally, silicon could connect polysaccharides and collagen
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(Schwarz, 1973). Silicon could link the binding sites throughaR; - O -Si—- O -R;
group. Thus silicon could aid in the architecture and stability of GAGs. As the Schwarz
(1973) study appears to be the only study pinpointing silicon as an actual component of
GAGs, a more current study utilizing current technologies should be conducted to
confirm the findings.

Osteochondrosis. Supplemental silicon might impact osteochondrosis.

Osteochondrosis (OC) is defined as a disturbance of cell differentiation in joint cartilage
leading to altered endochondral ossification (Jeffcott, 1991). No specific cause of OC
has been identified yet, but there are multiple factors that have been pinpointed including
growth rates, nutrition, endocrinological factors, genetics, and trauma (Jeffcott, 1991).
Regardless of the factor(s), the result remains the same — disturbed endochondral
ossification. Key cellular events in the normal developing epiphysis include chondrocyte
proliferation, extensive extracellular matrix creation, chondrocyte differentiation,
vascular invasion and matrix calcification. In OC, vascular penetration of the distal
region of the proliferative zone fails, which leads to a failure of the final stages of
cartilage maturation and modification of the surrounding matrix, resulting in the
accumulation of small rounded chondrocytes apparently trapped in the predifferentiation
stage within the cartilage (Jeffcott and Henson, 1998). The early lesion of OC develops
as a small retained core of cartilage extending into the subchondral bone.

Cartilage extracellular matrix alterations have been identified in naturally
occurring OC in horses (Lillich et al., 1998). These included a loss of
glycosaminoglycans, including chondroitin sulfate, in cartilage from OC lesions when

compared to normal (Lillich et al., 1998). Proteoglycan production from chondrocytes
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was decreased in explant cultures of cartilage from equine OC lesions (van den Hoogen
et al., 1999). The authors hypothesized that the chondrocytes had lowered metabolism
and decreased vitality, and that spontaneous regression of the lesions could not occur at
that point. The disturbed proteoglycan synthesis was more likely to be a consequence

than a primary cause of the disturbed ossification (van den Hoogen et al., 1999).

Silicon toxicity

The main problems with silicon toxicity occur in the lungs and kidneys.
Inhalation of dust and silicates can cause silicosis, which stimulates a severe reaction in
the lungs (Carlisle, 1984; Rimal et al., 2005). A subsequent increase in immunoglobulin
production and lymphocyte production occurs (Moseley et al., 1988). After phagocytosis
of the silica particle by the macrophages, the macrophages are killed, reingested by other
macrophages, and the cycle continues. Collagen synthesis is then stimulated by the
macrophage death (Carlisle, 1984). Additionally, inflammatory cytokines such as TNF-
alpha are increased, causing damage to the lungs (Rimal et al., 2005).

In some instances, silica is deposited in the urinary tract, forming calculi (Carlisle,
1984). Eventually the calculi may become large enough that urine excretion is blocked,
which could lead to death. There is little understanding of the formation of calculi, as
efforts to create them in sheep and cattle, such as increasing silicon intake, have been
unsuccessful. However, calculi were created in rats and dogs fed high levels of a silicon

supplement, not silica (Carlisle, 1984).
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Supplemental bioavailable silicon

Although abundant in the environment, silicon is usually not readily absorbed by
animals. The naturally occurring form is silica (SiO;) (Carlisle, 1982) which is present in
grasses and cereal grains. However, silica is considered to be largely insoluble, and thus
relatively unavailable. Silica would need to be broken down into soluble parts.
Orthosilicic acid (Si(OH)) is formed by hydration of silica. Orthosilicic acid is the
major form of silicon in drinking water and other liquid sources, including beer (Reffitt et
al., 1999). Studies suggest that orthosilicic acid might be the only detectable, absorbable
form of silicon (Jugdaohsingh et al., 2000) and has an approximate absorption rate of
53% in humans. Therefore, studies interested in supplementing silicon should use the
bioavailable form, orthosilicic acid.

A study conducted on 60 calves demonstrated the high bioavailability of
orthosilicic acid (Calomme and Vanden Berghe, 1997). The treated group received 377.5
mg of silicon, including basal diet silicon content and supplemental orthosilicic acid,
while the control group received 360 mg of silicon through their basal diet. With just a
4.9% increase in dietary silicon intake from supplemental orthosilicic acid, the treated
group had a 70% higher serum silicon concentration than control calves after 23 wks.
Additionally, the treated calves had higher levels of collagen in the skin, indicating that
not only was there increased absorption as evidenced by increased serum silicon, but that
the silicon was able to illicit changes in extracellular matrix formation, suggesting
bioavailability.

Increasing dietary silicon may have beneficial effects on bone health, as suggested

by in vitro and in vivo work. Orthosilicic acid (absorbable form of silicon) at
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physiological concentrations stimulates in vitro collagen type 1 synthesis in human
osteoblast-like cells and enhances osteoblastic differentiation (Reffitt et al., 2003).
Osteocalcin was used to determine osteoblastic differentiation, and was found to be
increased by both 10 uM and 20 uM orthosilicic acid. Gene expression of osteocalcin
was also increased in the presence of orthosilicic acid. Furthermore, alkaline
phosphatase, a marker of bone formation, was increased by supplementation of
orthosilicic acid (Reffitt et al., 2003). The precise method by which silicon enhances
collagen type I synthesis is unknown.

The population sector that may reap the most benefits of silicon supplementation
is that of post-menopausal women as well as people afflicted with osteoporosis. Silicon
appears to alleviate the loss of bone mineral content or mass, common symptoms of
osteoporosis and ones that normally accompany menopause. Rats that underwent an
ovariectomy, and thereby experienced menopausal conditions such as a decrease in
estrogen, did not show a loss of bone mass when supplemented with silicon, as compared
to sham-operated controls (Rico et al., 2000). Not only did silicon appear to inhibit bone
loss, it also stimulated bone formation in the ovariectomized rats. Silicon has also had
positive effects in humans as well. Silicon supplementation in the form of monomethyl
trisilanol at a dosage rate of S0 mg twice a week for a period of 4 months was associated
with increased femoral bone density in post-menopausal, osteoporotic women (Eisinger
and Clairet, 1993). Silicon may have a therapeutic effect on osteoporosis by the

prevention of bone loss and stimulation of bone formation.
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Sodium zeolite A. Sodium zeolite A (SZA) is an aluminosilicate that is
hydrolyzed at low pH into silicic acid, amorphous aluminum silicates and aluminum
(Thilsing-Hansen et al., 2002). Thus, by supplying SZA to the diet, an animal’s
gastrointestinal tract can break down the zeolite into orthosilicic acid. The orthosilicic
acid is absorbed, thus providing the body with supplemental silicon. The extent of
absorption of Al released from the zeolite is unknown. Zeolites are crystalline structures
that have a high attraction for water and a large number of positively charged ions, such
as K*, NH,*, Ca®*, and Mg®*, which can be reversibly bound or released (Mumpton and
Fishman, 1977). Multiple studies have been conducted in mammalian species with
sodium zeolite A supplementation (Frey et al., 1992; Roussel et al., 1992; Nielsen et al.,
1993; Lang et al., 2001b,c; Thilsing-Hansen et al., 2003).

An in vitro study conducted with avian osteoclasts concluded that sodium zeolite
A can inhibit bone resorption (Schutze et al., 1995). When osteoclasts were treated with
100 pg/ml of SZA, the number of pits per osteoclast was reduced 3-fold at 24 hours after
treatment. Thus, osteoclast-mediated resorption activity was reduced. Additionally,
secreted cathepsin B enzyme activity was reduced 3-fold. The conclusion was that the
actual structure of SZA is responsible for the effects as compounds used to mimic
constituents of SZA failed to illicit the same responses (Schutze et al., 1995). Thus,
inferences on the effect of SZA on bone resorption in vivo are limited, as the compounds
in SZA are separated in the digestive tract, and therefore may be ineffective.

Studies conducted in horses produced inconclusive results on bone metabolism.
Pyridinoline crosslinks (PYD) and carboxy-terminal pyridinoline cross-linked telopeptide

region of type-I collagen (ICTP), markers of bone resorption, were measured in mares
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from 1-d post-parturition to one month post-parturition (Lang et al., 2001b). Sodium
zeolite A tended to decrease PYD in supplemented mares on d 30, but by d 45 the
differences were gone. However, ICTP was not affected. Pyridinoline is not a bone
specific marker, and can be affected by collagen breakdown in other tissues, such as the
uterus (Christenson, 1997). The more specific bone marker, ICTP, was unaffected,
implicating that SZA has little to no effect on bone resorption in broodmares.
Alternatively, PYD was not affected in SZA supplemented yearlings, while ICTP was
decreased on d 45 (Lang et al., 2001c). Not only are bone resorption results inconclusive,
but bone formation results as well. Osteocalcin, a marker of bone formation, was not
different between control and SZA supplemented yearlings (Lang et al., 2001c).
However, supplemented broodmares tended to have higher concentrations of osteocalcin
compared to control horses (Lang et al., 2001b). The effects of SZA on bone metabolism
in vivo are uncertain, and should be clarified. Sodium zeolite A has been associated with
reduced skeletal injuries in race horses. Fifty-three race horses entering race training at
18 months of age were divided into four groups at 6 mo of age: 0, 0.92, 1.86 or 2.00 %
dietary SZA (Nielsen et al., 1993). The medium and high treatment groups had greater
distances traveled before injury, and the medium group also had more cycles (strides)
until injury. Fewer injuries occurred in the treated groups as well (Nielsen et al., 1993).
Of thirteen control horses, 8 became injured during the study. Five horses (out of 13) in
the 0.92% SZA group became injured, two horses (out of 9) in the 1.86 SZA% group
were injured, and 4 (out of 12) horses in the 2.00% SZA became injured during the study.

Furthermore, plasma Si concentrations correlated with training distance to failure
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(Nielsen et al., 1993). However, the mechanisms by which SZA is associated with fewer
injuries is unknown.

Sodium zeolite A has also been used in several ruminant studies, with marked
effects on mineral metabolism, particularly that of calcium and phosphorus. Decreases in
plasma phosphorus concentrations occurred in cows fed varying levels of SZA, from 0.5
to 1.0 kg daily (Thilsing-Hansen et al., 2003). Additionally, the incidence of parturient
hypocalcemia (milk fever) was decreased in cows fed SZA (Thilsing-Hansen and
Jorgensen, 2001; Thilsing-Hansen et al., 2003). Serum calcium concentrations were
higher in treated cows than control cows following SZA supplementation, thereby
preventing hypocalcemia. Cows also had increased serum calcium when fed 1.0 and
1.5% SZA of a diet consisting of 50% alfalfa hay as well as 1.5% SZA of a diet
containing 50% corn silage (Roussel et al., 1992). An increase in calcium absorption has
been shown in chickens fed 1.0% zeolite A for 7 d (Ballard and Edwards, 1988).

A single study investigating the effects of sodium zeolite A on tissue mineral
composition was found. Swine fed 0.50% SZA had increased liver and bone zinc, but no
accumulation of Ca, P, or Al in the bone (Ward et al., 1991). The pigs also had decreased
serum Ca and P concentrations. However, silicon concentrations were not determined.
As SZA appears to alter mineral metabolism, both in the blood and tissue, in-depth
studies should be conducted to determine the extent of alteration, particularly that of

silicon in tissues.
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Silicon and aluminum interactions

There is a dearth of information pertaining to silicon and its interactions with
other minerals, with the exception of aluminum. There appears to be a strong interaction
between silicon and aluminum. Silicon may be the natural antidote to aluminum toxicity
(Reffitt et al., 1999). An inverse relationship exists between silicon and aluminum in
water supplies (Birchall and Chappell, 1989). Alzheimer’s disease appears to be
prevalent in areas with high concentrations of Al in drinking water supplies. The low
incidence of Alzheimer’s in areas with low aluminum concentration, and thus high
silicon concentration, may be due to the excess silicon forming hydroxyaluminosilicates,
and thus prevention of Al uptake. Supplementation of aluminum increased brain Al
concentrations when rats were fed a low silicon diet, yet the increase was negated when
rats were fed a silicon supplemented diet (Carlisle and Curran, 1987). Silicon has been
hypothesized to be essential for collagen formation (Seaborn and Nielsen, 2002a,b), in
which silicon deprivation decreased the amount of hydroxyproline. Aluminum appears to
inhibit prolylhydroxylase activity; however, this inhibition is relieved when silicon is
present.

Orthosilicic acid reduces Al absorption in humans (Edwardson et al., 1993).
Silicate did not affect gastrointestinal uptake of 26A1, but rather increased renal clearance
almost two-fold over the first 24-hr post supplementation in humans (King et al., 1997).
Bellia et al. (1996) found an increase in aluminum renal clearance in response to
monosilicic acid in beer, and suggested that silicon and aluminum may form
hydroxyaluminosilicates in the kidney, thereby decreasing aluminum reabsorption.

Alternatively, Reffitt et al. (1999) found no increase in urinary Al in humans
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supplemented with orthosilicic acid, and suggested that perhaps something in the beer
besides silicon in the Bellia et al. (1996) study may be responsible for excretion of
aluminum from body stores. The form of silicon also plays a role on its effect on
aluminum metabolism. Monomeric silicon (orthosilicic acid) failed to prevent an
increase in serum aluminum following ingestion of an aluminum supplement, while
oligomeric silicon reduced serum aluminum by approximately 67% (Jugdaohsingh et al.,
2000). Moreover, the oligomeric silicon also reduce<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>