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Abstract

Selenium, being an essential mineral in the mammalian diet, is important in providing protection against oxidative
damage. Numerous vitro studies of selenium compounds reveal a very high correlation between catalytic activity

of selenium compounds and toxicity. The present study was designed to investigate the effects of dietary selenium
on the biomechanical properties of bone. New born rats of both sexes were fed with either a control, or a selenium-
and vitamin E-deficient, or a selenium-excess and vitamin E-adequate diet. We obtained the stiffness (modulus of
elasticity) of bones (femur and tibia) by tensile test for all groups considered. Both the deficient and the excess
groups have decreased biomechanical strength with respect to the control group. To support our biomechanical
results for both experimental groups, X-ray diffraction analysis and FTIR spectroscopic study were performed on
the femurs and tibiae. The X-ray diffraction analysis showed that the intensities of the peak observed at around
20° = 31.820, in the control femur and tibia are stronger than the intensities of the corresponding peak of two
experimental groups. In FTIR spectroscopy, the disappearance and/or reduction of the intensities of some carbonate
bands in the two experimental groups indicate that there is a decrease in crystallinity and mineral contents which,
together with X-ray diffraction analysis, correlate very well with the biomechanical data.

Introduction sues is responsible for at least some of the symptoms.
Although similarly well-defined primary selenium de-
Selenium, known to be essential for mammals since ficiency diseases have this far not been observed in
1957, is an integral component of glutathione perox- humans, many authors consider it to be a contributing
idase (GSH-Px), an important enzyme of the cellu- factorin a variety of human pathological conditions. In
lar protecting system against lipid peroxide-initiated certain regions of China, severe selenium deficiency is
damage. Following absorption, selenium makes com- associated with an endemic disease known as Keshan
plexes with plasma proteins and is rapidly distributed disease (Cheast al. 1980) and Kashin-Beck disease,
into all tissues (Venugopal & Luckey 1974) where it an osteoarticular disease. Kashin-Beck disease is a
is retained and believed to replace sulphur in sulphur case of endemic, chronic, degenerative osteoarthro-
containing compounds (Cummins & Martin 1967). In  sis which is characterized by the selective necrosis
animals suffering from selenium deficiency diseases, of articular and growth plate chondrocytes (Sokoloff
GSH-Px activities in organs and tissues are decreased,1985).
suggesting that peroxidative damage of cells and tis-
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Multiple degenerative and necrotic lesions within deficiency symptoms in several species (Sebtal.
the articular cartilage and the growth plate represent 1967; Hakkaraineet al. 1978; Ytrehuset al. 1988).
the initial pathological changes associated with dis- The present study was therefore designed to inves-
tributed mineralization and disfiguration of joints. In tigate the effects of combined deficiency of dietary
the study of an animal model of Kashin-Beck disease selenium and vitamin E and of sole selenium excess
(Yang et al. 1993a), irregular bone formation was on some biomechanical characteristics of rat bones.
observed by radiography and morphometry as well In this study, we obtained the stiffness (modulus of
as biochemical analysis showing overmodified lysine elasticity) of bones by using tensile test. We also used
residues in collagen | from bone and in collagen Il a variety of physical and chemical techniques, includ-
from cartilage. In the histological and biochemical ing conventional X-ray diffraction analysis, Fourier
studies of bone and articular cartilage specimens ob- transform infrared spectroscopy and light microscopy
tained from rats fed a low-selenium diet, it was shown to support the biomechanical observations from these
that there were some noticeable changes in bone min-bones.
eral density and in some biochemical parameters of the
serum and the changes were related with the diet and
the feeding duration (Sasaktial. 1994). In addition to
the other histopathological studies, Yaetal.(1993b)
carried out histologic staining to detect mineralized
and unmineralized bone and cartilage in the mice fed Both-sex weanling Wistar rats were divided randomly
a selenium deficient diet and fulvic acid supplemented into three groups and housed in stainless-steel, wire-
drinking water. The results of this study have shown pottomed cages initially at a density of three per cage
that the degeneration of the articular cartilage in the and, as they grew, were then caged individually. They
knee joints of these mice resembles the early stages ofyvere maintained at an ambient air temperature af 22
osteoarthrosis. 1°C and a 12 h light/dark cycle. All experiments were

Selenium is unusual among elements in that it is performed in accordance with the guiding principles in
both toxic and beneficial to animals under natural con- ‘Care and use of animals’ publishedAm. J. Physiol.
ditions of living. Extremes of selenium uptake by The deficient diet was obtained commercially. Se-
animals are related to the content of the element in |enjum and vitamin E were supplemented in adequate-
food plants and in the soil. These concentrations are and rich- diets with sodium selenite and -tocopherol
varied and localized. Selenium tOXiCity in liverstock acetate. The Se content of the diets was determined by
that consumed selenium accumulator plants can beysing a graphite furnace atomic absorption spectrom-

Materials and methods

Animals, diets, tissue preparation, and analysis

traced back to Marco Polo (Spallholz 1994). When
dietary selenium is in excess of 4 ppm in mammalian
diet (Olsonet al. 1970; Olson & Kobayoshi 1992),
this effect is more pronounced. Experimental chronic
selenium toxicity in animals affects the major organs;
more particularly sodium selenite has been shown
to cause cellular dysfunction in a number of tissues
(Young et al. 1981; Anundiet al. 1982; Lin-Shiau
et al. 1989; Turaret al. 1996, 1997a, b, 1998). The
mechanisms of selenium toxicity as well as deficiency
are not clearly established yet. It is thought to be
related to its ability to form covalent linkages with in-
tracellular proteins and reduced glutathione (Dickson
& Tappel 1969).

Although various effects of selenium deficiency or

eter. Based on analysis of random batches of diet, the
Se concentration of the deficient diet was @.§/kg
diet and the adequate and rich diets contained;225
Se/kg diet and 4.2 mg Se/kg diet, respectively (Turan
et al. 1999). Deionized distilled water was given to the
animals which contained very little Se:(1 ©g/l). The
animals were fed with either an adequate diet (Group I:
control group), a deficient diet (Group II: Se- and Vi-
tamin E-deficient group), or a rich diet (Group lll:
Se-rich and vitamin E-adequate group). The animals
were permitted free access to the food and water for
about 12 to 14 weeks.

Rats were heparinized and anesthetized with
sodium pentobarbital (30 mg/kg). Plasma vitamin E
concentrations were determined by high-performance

excess have been reported in humans and animalsjiquid chromatographic (HPLC) technique. Selenium

most of the studies give little information on the status
of vitamin E in those cases. This point is of impor-

levels were measured using the same graphite furnace
atomic absorption spectrometer mentioned above. The

tance because vitamin E is known to decrease theresults of Se and vitamin-E determinations were pre-

threshold dietary selenium needed to elicit selenium

sented in our previous study (Turahal. 1999).
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Biomechanical testing machine via an RS232 serial communication port. The

force versus deflection curves obtained from the tests
The bones of the animals were taken to the mechani- were transformed into stress versus strain diagrams
cal testing |ab0rat0ry |mmed|ate|y after removal from using the data pOStprOCGSSing program, version 3.21,
the body. The muscles surrounding the bones were ayailable in the testing machine. The modulus of elas-
carefully removed by lancet. The two ends of the ticity of the bone under consideration was calculated

bones were immerged into an adhesive material (Sun-from the slope of the linear region of the stress-strain
fix) poured into a special die so that the shape of the ¢yrve.

two ends of the bone became appropriate to be held

by the grips of the tensile testing machine used (Lloyd Fourier transform infrared spectroscopy and X-ray
LS-500, Southampton, UK). The sunfix material con- diffraction analysis

taining the ends of the bone was kept in the die for 3 h

at room temperature. The ‘axes’ of the rat bones con- The femura and tibiae specimens from all animals of
sidered were not straight. This fact, of course, causeseach group under consideration were removed from
a natural eccentricity of the loading during the ten- freshly killed animals. The bones were carefully re-
sile tests creating bending stresses in addition to the moved from the surrounding soft tissue, placed in a
pure normal tensile stress. This undesired eccentric- freezer, and then were placed in an Edwards vacuum
ity of the bone between the two dies was minimized freeze dryer. The samples were powdered in a nitrogen
adjusting the locations of the ends in the dies during mill to an approximate mesh size of 600 and stored
solidification. As a result of the alignment of the ten- in a dessicator. Fourier Transform Infrared spectra
sion axis with that of the ends of the bones, the axial (FTIR) were recorded in the range 4000-400¢m
(tensile) load passes through the center of the crosson a Bomem MB157 spectrometer purged with dry
section of the bone at the midpoint of its length where air. Interferograms were averaged for 100 scans at
bone breaking generally occurs. In other words, at the 2 cn! resolution. KBr pellet technique (2.5 mg of
section of breakage there is no eccentricity of the load sample per 300 mg KBr) was used. X-ray diffraction
and we have pure tension. Obviously, at other sections patterns of all powdered samples were recorded on
of the bone we have combined axial load and bending a Rigaku model diffractometer using Culadiation.
case; however, we are interested in the section of fail- The selenium (Se), calcium (Ca) and phosphatefPO
ure which turned out to be generally at the midlength concentrations of the bone samples were measured by
in our experiments. The stresses and strains reported inatomic absorption spectrometry.

our work all refer to this breakage section and they are

both pure tensile. The adhesion between the sunfix andStatistics

the bone was properly established and the sunfix solid- _
ified totally in 3 hours. This procedure was applied to 1€ results were expressed as mearstandard devi-

all the specimens tested. Three separate bone group&tion (SD). Data were analysed statistically by using
of tibiae, femora and humera were selected as the testStudentsi-test and the differences ¢f < 0.05 were
groups. The geometrical properties of the bones, suchconsidered statistically significant.

as span length, wall thickness and cross-sectional di-
mensions, were recorded. The cross sections of the
tibiae were considered to be in the form of a circular
tube of uniform thickness whereas the cross sections
of the femora and of the humera were treated as ellip-

tical tubes having uniform thicknesses. The specimens Most of the animals fed with the selenium- and vita-

were tested using the material testing machine men- i, £ _geficient diet and the selenium rich and vitamin
tioned above. The tensile tests were performed on all E-adequate diet showed hair loss in both cases. Some
specimens with a constant speed of 2 mm/min and 4t ihe animals from the deficient group showed testic-
the loading was of d|splac_ement-controlled type. The 1o hypertrophy. Body weights of the animals from
tests were undertaken using a 500-N load cell. Data y,o56 two groups were significantly lower than those
samplmg rate was 3.3 Hz. The measured force and de-of the control group (Turart al. 1999). Selenium
flection data throughout the tests were collected using deficiency and selenium excess were verified by se-
a Pentium 166 MHz computer connected to the testing lenium concentration measured in plasma. Vitamin E

Results

Animal characteristics
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was also confirmed by vitamin E level measured in
plasma. Both selenium and vitamin E levels in the
deficient group were about 50% of the corresponding
levels of the control group. In the selenium rich group,
the plasma selenium level was increased significantly
(280% of the control) while the vitamin E level was 80
comparable to that of the control group.

Effect of selenium on bone mechanics

The results of the tensile tests on bone mechanics
were presented as stress versus strain curves. Durin
the tests, most fractures occurred near the midpoint
of the span and very few occurred near one of the
grips generally in the transverse direction. The data
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are presented in Figures 1A, B, and C for femur, tibia Strain (mm/mm)
and humerus, respectively. For each bone type, the
three test groups I, I, and Il are presented with dif-

ferent centre symbols and the corresponding average 100
slope of the group data. Ten points from each ten-

sile test are selected randomly and plotted in these 80
graphs. Ninety points in one graph represent 9 tensile

tests performed. The slope specifies the stiffness of the g 60
bone under consideration. The slopes of the graphs

for femur and tibia show that the stiffnesses in the 2 40
experimental groups (Groups Il and Ill) are different

-iililivlllll‘illll\\lllillti]w

from the stiffnesses of the corresponding bones of the 20

control group (Group I). On the other hand, the stiff-

nesses of humerus in the experimental groups are no o e ‘
significantly different from the corresponding control 0.00 0.04 0.08 0.12 0.16

Strain (mm/mm)

value. It should be stressed that the values presente:
as moduli of elasticity have a relative implication for
comparison. In bone, being not an isotropic material,
there is an easy and difficult direction. In other words,
the bones tested are structures showing anisotropic
behavior. Because of this anisotropy, the modulus of
elasticity varies with direction and the bone specimens
used in the present experiments must, therefore, beg
considered as structures (macro size) rather than ma
terials (micro size). The stiffness that we are talking
about is the structural stiffness of the bone as a whole
not the stiffness of the individual materials constitut-
ing the bone. Thus, we are comparing the macro level
properties of the bones from various groups. To point 0.00 0.04 0.08 onz 016
out the differences in stiffness more clearly, the results Strain (mm/mm)
on the moduli of elasticity of femur, tibia and humerus Fig. 1. Effect of dietary selenium on the stress versus strain dia-
are examined separately for each one of the two diet 9rams of femora (A), tibiae (B), and humera (Gp samples data

. . from each group are selected. Group I: Control group. Group Il
groups and then compared with those of the other diet Selenium and vitamin E deficient group. Group Ill: Selenium- and
group. The mean values of the moduli of elasticity, vitamin E-excess group.
including the standard deviations, of all bone sam-
ples in all three groups are presented in Table 1. In
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Table 1. Effect of dietary selenium on modulus of elasticity of rat bones

Rats Femur Tibia Humerus
(n=14) n=14) n = 14)

Group | @ = 10) 6844+ 1306 1036441542 6399+ 1432
Group Il (@ = 8) 5271+ 854* 6532+ 1428 5706+ 1100
Group Il (n = 7) 4944+ 1068** 7268+ 1157 5661+ 934

Values are given as meanSD with units of MPa. Modulus of elasticity
is calculated from the slopes of the stress-strain curves.

Group | : animals fed with selenium and vitamin E adequate diet, contrc
group.

Group Il: animals fed with selenium and vitamin E deficient diet.
Group llI: animals fed with selenium excess and vitamin E adequate di¢ 5

ce
o

** p < 0.01 compared with control rats. g
*** p < 0.001 compared with control rats. 2
n: number of the animals and also of the bones. <
Table 2. FTIR assignments.
Peak number ~ Wavenumber  Assignment
(see graphs)  (cmb) .
1 3450-3300 O-H stretch
2 2900-3000 Carbonate and lipid
3 1800 Carbonate
4 1700-1600 Amide | ) ) )
5 1550 Amide Il 3000 2000 1000
6 1250 P-OH deformation Wavenumber (cni')
7 1082 Carbonate
8 1050 P-O stretch in PO
9 550-600 P@bend

all the cases considered, the control group always has
the highest modulus of elasticity. The two diet groups
have lower averages but the difference between them is
not statistically significant. The statistical analysis of
the data is also given in Table 1 to potentiate the effect
of selenium more clearly. A study of Figures 1A, B,
and C together with Table 1 reveals that both selenium-
and vitamin E-deficient diet and selenium rich diet de-
creased the biomechanical strengths of femur and tibia
significantly while the corresponding bones belonging
to the control group always had the highest modulus

Absorbance

of elasticity.
Results of Fourier transform infrared spectroscopy 3000 2000 : 1000
and X-ray diffraction analysis Wavenumber (cri™)

Fig. 2. A typical recording of FTIR spectra of the femora (A) and
Fourier transform infrared spectra (FTIR) were the tibiae (B) of all considered groups. The spectra of control, se-
recorded from all the bone specimens considered lenium-excess and vitamin E-adequate, and selenium and vitamin
and they were analyzed by comparing the vibrational E deficient groups are presented in the figures as (a), (b), and (c),

respectively. The peak numbers indicated on the spectra and their
bands of each sample. The common changes observegssignments are reported in Table 2.
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in the spectra of the two experimental groups were A
noted and compared with the control data. Typical
spectra of one femur and of one tibia from the two

experimental groups and from the control group are 2

shown in Figures 2A and B, respectively. As seen i
from the figures, the complex spectra consist of sev-
eral vibrations of protein component and the inorganic | .,

mineral phase of the bone. The band assignments MM

have been reported in Table 2. We have mainly as-

signed OH, P@and carbonate group frequencies and .
amide bands which are in good agreement with previ-

ous FTIR study where more detailed band assignment
was reported (Cassellet al. 1994). As seen from
the spectra of two types of bones from control group
(Figures 2A and B), the strong broad band appeared B
in the spectral region of 3450-3300 this assigned
as OH stretching mode. The bands appear at 2900- M
3000 cnt!, around 1800 cm!, 1450 cnt! and

871 cnt! are carbonate bands. The bands observed
in the region 900-1250 cnt and 500650 cm' are b
assigned as P4group modes. The amide | and amide %
Il absorptions occurs in the region 1600-1700¢m
and at around 1550 cm, respectively. As seen from
the figure, similar group frequencies have also been %
observed for the two experimental groups under diet. e
In the figure, the major intensity changes according to 0.0 30.00 40,00 45.00
the control group have been observed in the carbon- Fig. 3. Typical X-ray diffaction patterns (intensity versug)Zrom

ate bands in the spectral region of 2900-3000tm  the femora (A) and the tibiae (B) of a) control (Group 1), b) sele-

and at around 1750 cm. and in the 1250 cmt nium-excess and vitamin E-adequate (Group lIl), and c) selenium-
! and vitamin E-deficient groups (Group Il). The mineral contents of

band which is assigned as P-OH deformation. FOr ihe femora from all groups considered are the followings: Calcium
gualitative analysis, the intensity ratio of the each 25.5%, 24.1%, 26.5%; phosphate 6.2%, 9.2%, 10.8%; selenium
band of the died groups to the coresponding bands 1.1%, 0.4%, 0.2% for Group I, Group ll, and Group Il respec-
o he corirol groups were clcuated afer the nor 4%, 1) s of e i i plotng Catir
malization of the spectra according to the strong OH 3 g, 0.9%, 0.6% for Group I, Group I1l, and Group II, respectively.
band located at 3300-3450 chregion. In the 2900—

3000 cnt? region, the carbonate bands of the excess

group have intensities smaller than the deficient group. in the intensity of the band labeled 6. For femur, in-
Also intensities of the deficient group is significantly tensity of the this band is found to be 392% and
smaller than the intensities of the control group. The 42= 1% of the control group for the deficient and the
calculated meani(SD) values for carbonate band (|a_ excess groups, respectively. WhilSt, for tibia this value
belled 2) intensities (as percentage changes) of thewas 674% of the control group in both experimental
excess group were 581% and 42 2% of the control groups.

values for femur and for tibia, respectively. Whilst in X-ray diffraction analyses were performed on all
the deficient group, values for the carbonate band were the bone samples acquired. Representative X-ray dif-
observed to be (42 1)% and (34 3)% of the con- fraction partterns obtained from one femur and from
trol group, for femur and tibia, respectively. For both ©one tibia of all the groups considered (Group I, Il and
groups, the intensity of another carbonate band ob- Ill) are shown in Figures 3A and B, respectively. As
served at 1750 crt (labeled 3) was also smaller than  s€en in the figures, the intensity of the peak observed
the control. This decrease was much more profound at around 2° = 31.820 is the strongest in control fe-
for femur in both experimental groups. For both ex- Mmurwith respectto the other two experimental femora,
perimental groups, we have also observed a decreasévhile the intensity of the same peak for the excess
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group is less than those of the deficient group. The some adverse effects on the mechanical properties of
mineral contents, as percentage amount, of these specfemora and tibiae of the rats. The moduli of elastic-
imens are also given in the figure legends of X-ray ity in these two experimental groups (Group Il and
diffraction patterns. Group Ill) are about 25-30% less than those of the
control group. Although it is clearly known that the
values that we have presented as stiffness or modulus
Discussion of elasticity have only a relative implication for com-
parison rather than representing values for a material
Bone, which is formed by the infusion of an organic parameter, the results of bone biomechanical testing
matrix, principally collagen, with calcium phosphate, and the histopathological findings (data not given) in
performs two major functions in the body. Firstly, the both Group Il and Group Il support the sendromes
combination of about 25 wt% collagen and 75 wt% of the diseases such as Kashin-Beck. In the study of
calcium phosphate provides the biomechanical prop- Sasakiet al. (1994), in addition to the changes in bone
erties needed for body support and movement. Sec- mineral density of the femur obtained from Kashin-
ondly, bone mineral is in metabolic interrelation with Beck diseased rats which were fed a low selenium diet,
body fluids, serving principally as a reservoir for biomechanical and histological changes in bone and
body minerals, storing or releasing them as the need articular specimens were also demonstrated. Similarly,
arises. Mature bone mineral, which is an analogue of Yang et al. (1993a, b), in their study of an animal
the compound hydroxyapatite (HA), is characterized model study of Kashin-Beck disease, investigated the
by a specific surface, carbonate substitution, non- altered parameters of skin, bone, and cartilage, and
stoichiometry and internal crystal disorder. However, an irregular bone formation and a lesser force in tibia
studies indicate that its structure is more like that of were noted.
a poorly crystalline apatite and amorphous calcium To support our biomechanical results of both femur
phosphate (ACP) may be a component of bone. Struc- and tibia of both experimental groups, we performed
ture of the mineral particles change with species, age X-ray diffraction analysis and FTIR spectroscopic
and disease state, and it has been already discussedtudy. In X-ray diffraction analysis, the observed re-
that calcium deficiency distorts the apatite structure duced intensity of the peak at aroun@°2—= 31.820
(Bettset al. 1981). The present work reports the re- in both the femora and the tibiae for both experi-
sults of light microscopy, X-ray diffraction analysis, mental groups indicate the possible alterations in the
infrared spectroscopy and biomechanical studies on crystallinity or a poorly crystalline substance. It is
the structural details of bone in the case of selenium presently known that there is a close relationship be-
and vitamin deficiency and selenium excess. tween the low Ca: PQratio with a corresponding
It is known that one of the methods to quantify os- increase in apparent HI%Ocontent and the high con-
teoporosis is to measure bone mass. This method hagent of tightly bound water, and the low degree of
been used by many researchers (Boskey 1990; Gins-crystallinity (Glimcher 1976; Glimcheet al. 1981)
berg et al. 1990; Matzschet al. 1990). Obviously, which is usually measured in terms of diffracted X-ray
bone mass is related to the mechanical strength of boneintensity. Bone mineral is assumed to contain varying
(Turner & Burr 1993). However, bone mass is not the proportions of these two constituents, depending on its
only property which affects bone strength. The archi- stage of development or maturity, physiological state,
tecture and the composition are also strongly related etc. Diseased bone, similarly to immature bone, is
to bone strength. Thus, it is important to measure the tought to contain more ACP, having a low Ca: PO
bone mechanical properties. The results of the presentratio, with a low degree of crystallinity than mature
study and our previous related published data indi- or untreated bone. Under consideration of our X-ray
cate that both the deficiency and excess of seleniumdiffraction patterns, it is very tempting to suggest the
have some alternative and degenerative effects on thepossibly apperance of ACP in the bones of rats under

structure and function of tissues (Dalay al. 1993; our experimental conditions.
Turanet al. 1997a, b, 1999) besides the decreased  The FTIR spectra of both femora and tibiae from
biomechanical strength of the bones (Turenal. both experimental groups show a decrease in intensity

1997c). The results obtained from the biomechanical of carbonate bands in the spectral region of 2900—
tests indicate that combined deficiency of selenium 3000 cnt?, and at 1750 cm! with respect to those
and vitamin E or excess of selenium in diet both have of the controls. It is previously reported that the in-
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crease in the crystallinity of the crystals is due to an Chen X, Yang G, Chen J, Chen X, Wen Z, Ge K. 1980 Studies
increase in the carbonate ion concentration (Glimcher on the relationships of selenium and Keshan diseBis Trace

. : Element Reg, 91-107
et al. 1981; Reyet al. 1991b)' Our results, so, in- Cummins LM, Martin JL. 1967 Are selenocystine and selenome-

dicate that in the investigated bones of both excess thionine synthesizeih vivo from sodium selenite in mammals.
and deficient group, there is a decrease in the crys- Biochemistry6, 3163—-6168
tallinity and in the mineral content of the bones. It is Dalay N, Turan B, Koc E, Afrasyap L, Delilbasi E. 1993 The ef-

. . AT fects ofin vivo selenium supplementation on the amplitude of
also observed that this decrease in the Cry5ta|||n|ty IS the spontaneous contractions and the responses to acetylcholine

more profound for the excess group in both tibia and  in isolated rabbit ileumNeurobiologyl (1), 83-90
femur. Our FTIR results and X-ray diffraction analysis Dickson RC, Tappel AL. 1969 Reduction of selenocystine by
are in agreement and they are supporting the above cysteine or glutathionéArch Biochem Biophysick30, 547-550

Usi Alth h tudi t . Ginsberg JS, Kowalchuk G, Hirsch J, Edwards PB, Burrows R,
conclusion. ough some studies report an INVerse  caieq G, Webber C. 1990 Heparin effect on bone density.

relation between the change in the concentration of  Thrombosis Haemostasig (2), 286-289
carbonate ions and nonapatitic phosphate ions in boneGlimcher MJ. 1976 In Greepp RO, Astwood EBB, edsandbook

mineral (Reyet al. 1991a) we have not observed a of Physiology: EndocrinologyVol. 7, Eds. Washington, DC:
' Am. Physiological Soc.

significant change in the intenSity of the p_hosphate Glimcher MJ, Bonar LC, Grynpas MD, Landis WJ, Roufosse AH.
bands except that a remarkable decrease is observed 1981 Recent studies of bone mineral: is the amorphous calcium

in the P-OH deformation bands for Group Il and IlI. phosphate theoryl Crystal Growth53, 100-119

Our X-ray diffraction analysis and the FTIR results are Hakkarainen J, Lindberg P, Bengtsson G, Jonsson L, Lannek N.
1978 Requirement for selenium (as selenite) and vitamin E (as

very encouragi_ng whep they are.taken into considera- a-tocopherol) in weaned pigs. Ill. The effect on the develop-
tion together with the biomechanical data because they ment of the VESD syndrome of varying selenium levels in a
correlate well with each other. A study of all of the low-tocopherol dietJ Anal Sci46, 1001-1008

: : : . Lin-Shiau SY, Liu SH, Fu WM. 1989 Studies on the contracture
data obtained implicates the bones as one of the major of the mouse diaphragm induced by sodium selerier J

target organs in intoxication as well as deficiency Syn-  pparmacol167 137-146
dromes, confirming the earlier reports (Sokoloff 1985; Matzsch T, Bergqvist D, Hedner U, Nilsson B, @stergaard P.
Symthet al. 1990; Turanet al. 1997a—c). When we 1990 Effects of low molecular weight heparin and unfrag-

. . . mented heparin on induction of osteoporosis in ratsombosis
bring our previously and presently obtained data all Haemostasi$3 (3), 505-509

together along with the results of other studies on the ojson JA, Kobayashi S. 1992 Antioxidants in health and disease:
effects of antioxidants and/or oxidants on the structure  overview.Poc Soc Exp Biol Med00, 245-247

and function of tissues. we conclude that the mech- Olson OE, Novacek EJ, Whitehead El, Palmer IS. 1970 Investiga-
' tion on selenium im wheaPhytochemistry, 1181-1188

anls_ms underlying these e_ﬁeCtS are still not clearly Rey C, Beshah K, Griffin R, Glimcher MJ. 1991a Structural studies
clarified and need to be defined. of the mineral phase of calcifying cartilagéBone Mineral Res
6, 515-525
Rey C, Renugopalakrishnan V, Collins B, Glimcher MJ 1991b
Fourier Transform Infrared Spectroscopic Study of the Carbon-
ACknOWIedgemems ate lons in Bone Mineral During AgindgCalcif Tissue Int49,
251-258
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