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Abstract Synchrotron radiation X-ray fliorescence ( SR-XRF) approach was ap-
plied to analyzing of Chinstrap penguin ( Pygoscelis Antarctica) cortical bone The
m ethod enabled the m situ detem nation of Ca and P concentrations and the Ca/P ra-
tio in cortical bone The prelin mary results show that (1) there is the bone site-re-
lated difference for Ca and P concentrations Them ean values for the mvestigated pa-
ran eters (on a diyweight basis) are 30 Po (Ca) and 14 9% (P) for the fenoral
cortical bong 21 4% (Ca) and 1L F (P) forw ing cortical bone (2) The varia-
tion for the Ca/P ratio n cortical bone is lower than those for Ca and P separately
This is in agreementw ith the previous report that the specificity of the Ca/P ratio is
better than that of Ca and P concentrations and is more reliable for the diagnosis of
bone disorders The authors suggest that further studies be conducted to estab lish nor-
mal values of Ca P and Ca/P ratio for polar anin als and provide a basis for the diag-
nosis of bone disorders
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1 Introduction

The role of elanents n anmal health and disease has been extensively studied in re-
cent years using all kinds of analysismethods ( Saltanan et al 1990). In canparison w ith
the tissues such as hair urme and blood etc (W hite and Sabbioni1998), there have been
few studies about elan ents w ith regard to bone (Kuo ez al 2000). Bone tissue can store a
w ide variety of elanents the levels ofwhich are found to correlate w ith m any physiochen r
cal and enzym ic reactions ( Saltaman et al 1990). These elaments are classified into wo
categories essential and trace elaments For bone tissug Ca and P are wo mportant es-
sential elenents which dan mate the bone m meral canposition

It iswell known that nomal bonem meral generally consists of a poorly crystalline ana-
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log of the naturally occurring m neral hydroxyapatite [ Cao ( PO, ) (OH ), ] with 39 Y%
(Ca), 18 3% (P) and 2 16 (Ca/P, weight ratio) ( Zaichick and T zaphlidou 2002).
Changes m the concentration of Ca and P are linked to the variation of bonem meral density
and w ill pose significant mpact on the bone disorders and m echanical strength It is repor-
ted that the Ca/P ratiomay be a reliable mdex for the diagnosis of the dynam ic and static
strength of the skeleton ( Zaichick and T zaphlidou 2002 2003 T zaphlidou and Zaichick
2002). Theorectically for stoichianetry the Ca/P ratio n nomal bonesmust be kept con-
stant butmay follow same changes in diseased bone (e g osteoporosis). For exanple
O steogenesis lmperfecta (OI) is a heterogeneous heritable disorder affecting both m neral
ized and nonm meralized connective tissues resulting low Ca/P ratios ( Sarathchandra et
al 1999). Detem mation of the Ca/P ratio thusmay add to our understand ing of the chan-
ges i bone disease ( Zaichick and T zaph lidou 2003).

For polar anmals there are very few data on elaments n bone In a previous prelim r
nary study qualitative m easuran ents of elanents such as Ca P and the other trace ele-
ments were performed i cross section of the mtactw ng bone of A delie penguin in Antarctr
ca using synchrotron X -ray fluorescence method ( SR-XRF) (Xie et al 2003).

In this not¢ SR-XRF method was used for quantitative analysis of the cortical bone of
w ing and fanoral bone of Chinstrap penguin The ob jectives are ( 1) applying m icroscopic
method (SR-XRF) to i situ study the cortical bong whichmamly regulated the mechanr
cal strength of bong (2) detem ning the levels of Ca P, and Ca/P i the cortical bone of
Chmstrap penguin as a basis for further studies on bone health

2 M aterials and M ethods

A fresh skeleton of Chinstrap pengumn (Pygoscelis Antarctica) was collected on the
A rdley Island near the Chese GreatW all Station during the Chinese Antarctic R esearch
Expedition ( Decanber 2001 to February 2002). The sanple was placed and sealed n
clean plastic bags and kept at 4 °C until laboratory analysis A femoral bone and a w ing
bone namely CPO3 and CPOS were randan ly selected for the analysis A toolmade of
stainless steel and plasticwas used to clean sanples of soft tissues and blood Fat and mar
row I the sanples were ranoved using chloroform (99 6 ) and ethanol (99 o ) m x-
ture (v/y 1:1) for 12 hours then the sanples were rinsed w ith deionized water n an ul
trasonic cleaner several tmes and an~dried before analysis so that the results were given on
a dryweight basis

SR -XRF m easure was carried out at the synchrotron radiation m icroprobe XRF experr
m ental station of Beijing Synchrotron Radiation Facility (BSRF) mM arch 2004 E lectron
energy 182 2GeV, mtensity is 40— 80 mA, the energy of radiation is 4 0— 30 keV, the
exciting radiation iswhite light and the bean line is4W 1B. Reflector is not used The X -
ray irradiation area touching the sample surface was set by adjstable slits which were
fixed on 20 x 20 Bm’. The Si (Li) detector was work ing under liquid nitrogen and was
placed 4an away fran the sanples w ith energy resolution about 150— 350 eVHW kM. The
dead tme rate of the detector was beween 20 - 250. A 2048 multichannel analyzer
(MCA) was used to record and analyze the XRF spectrums The sketchmap of the experr

mental equipmentwas shown i several previous references ( Shen et al 200 Xie et al
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2003).

Samples were mmobilized on the sanple platfom about 1 meter away fran the ad justa-
ble slits The angles beween the mcident X -ray bean, the sanple plane and the detector
were 45°and 90°, respectively An opticalm icroscope w as used to ad just the position of the
sanples For the fanoral bong 4 sites along a line fran upside to downside were randan ly
chosen for analysis For the w ng bong 2 sites one is near the tip and the other near the
root ofw ng bone were randan ly selected to bemeasured The effective tme of X -ray irra-
diation was 100 secon at roan temperature The qualitative experment data was processed
by software AX IL

The powermaterial of N ISI' SRM 1486 w as used as standard reference m ateria] which
was pressed to be a hanogeneous circle slice w ith Imm -thickness and 10mm -dianeter The
relationship between ntensity and the known concentrations of Ca and P in standard m aterr
alwas established Based upon this relationshin the quantitative data for Ca and P i bone
sanpleswere obtamed fran themeasured ntensity Them nmum detection I its (MDLs)

for Ca and P were approxm ately 248ppm and 345ppm, respectively
3 Results and D iscussion

3.1 The total concentrations of Ca and P and the Ca /P ratios

There is no standard m ethodology for analysis of elanents m bone to date ( Robert et
al 1996). Inmost cases bone sanples are pretreated w ith solvents such as acetone and
alcohol m order to remove collagen fal marrow and are then ashed and acid digested
Three methods ( dry ash wet digest and m icrow ave digest) of bio-specmen digestion are
w idely used (Turker and Yusel 1997). A fter that ICPMS or AAS etc method are can-
monly used to detem ine the elaments Recent years there are sane reports using neutron
activation analysis to measure ntact bone such as rid trabecular bone and cortical bone of
hun an being ( Zaichick and T zaphlidou 2002 2003 T zaphlidou and Zaichick 2002). In
canparison w ith cheam ical methods synchrotron radiation X-ray fluorescence method re-
quired m nmum pretreating and caused non-damage of sanple (Wu et al 1995 Chen et
al 200Q Shen etal 2001 Xieetal 2003). It is am icroscopic approach form easuring
a snall area of sanple or few anount of sanplew ith lov MDLs and high accuracy Itsmerit
m akes it favorable to n situ measure the cortical bone sanple w ithout pretreating

The values vary betwween 3 68% and 45 39% forCa (mean value 27 58% ) and L
7% - 24 01% for P (mean valug 13 79 ). The highest values of Ca and P are ap-
proximately 13 tmes of the lowest values The Ca/P ratios range fran 1 73 to 2 31 (mean
valug 2 02). In spite of the wide variations n the Ca and P concentration values the
mean values lie close to sane of the published data such as the values m the ntact hunan
femoral cortical bone (23 0% forCa 10 P for P, table 2) and are higher than there n
the trabecular bone fran human fanoral neck ( Zaichick and T zaph lidou 2002). The Ca/P
ratio is relatively lower m canparison w ith that of human cortical bone (2 17) and canpa-

rable to that of the trabecular bone (2 07).
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Table 1 presents data for the Ca and P concentrations and Ca/P ratio in the cortical bone fran fanoral bone
and w mg bone of Chnstrap penguin

Bone Sanple Ca(% ) P(% ) Ca/P
CP0O3- 1 3 68 L 79 2 05
CP0O3- 2 43 39 20 11 2 26
CP0O3- 3 41 53 24 01 L 73
Fanoral bone
CP0O3- 4 32 03 13 86 2 31
M ean 30 7 14 9 2 05
CV% 61 65 13
CP0O5- 1 22 43 12 41 1. 81
. CPO5- 2 20 39 10 54 . 94
W g bone
M ean 21 4 115 . 87
CV% 7 12 5
M ean 27 58 13 79 2 02
Total )
CV% 56 56 12

Table 2 Canpared the Ca and P concentrations and Ca/P ratios in the bone of Chinstrap penguin w ith the pre-
vions data

Ca P Ca/P
Mean | v | Mean| ¢V | Mean| cv References
(%) | )| (%) | (%) | (%) | (%)
Fﬂtl()]éllC(]rli(fa 30 7 61 14 9 65 2 05 13 This study
Chnstrap one
Penguin s o Corlic:
W ing Cortical 21 4 7 1.5 12 1 87 5 This study
Bone '

Trabecular bone
fran the 11 4 25 36 27 2 07 12 Zaichick et al (2003)

fam oral neck
Cortical bone
Hum an fran the 23 0 17 10 7 22 2 17 14 Zaichick et al (2002)

fam oral neck

Intact rib / / / / 233 | 15 | Tzaphidou et al (2002)

bone

The variations for Ca and P m cortical bone of Chinstrap penguin are both 56%
(CV), approxmately 5-tine higher than the CV for the Ca/P ratio (1% ). The high CVs
for Ca and P concentrations i the cortical bone ndicate thatm meral canposition namely
hydroxyapatite heterogeneously distrbuted in cortical bone The CV obtamed for the Ca/P
ratio is obviously lower than that for Ca and P. This finding is n agreamentw ith the prevr
ous report about those i the human cortical bone ( Zaichick and T zaphlidou 2002 2003
T zaphlidou and Zaichick 2002), mwhich the lower CV of Ca/P was ascribed to the strong
correlation beween Ca and P in bone and the Ca/P ratio was suggested to be amore relia-
ble mdex for the diagnosis of bone disorders than Ca and P concentrations

3. 2 Bone site-related difference

The bone site-related difference is obviously observed Both of Ca and P concentrations
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peak in them iddle part of famoral cortical bone Ca level is detected only 3 68% n upside
surface while it mcreases to 43 3% mn the middle part surface m the fenoral cortical
bone mdicatng a very heterogeneous distribution of Ca and P. This is n agreamentw ith
the well-known reason that calcification m the bone varies and the m iddle part of fanoral
cortical bone is canmonly calcified more significantly than the edge For wing cortical
bone it shows that Ca level is sanewhat lower i the site near the tip than that n the site
near the root The mean values for Ca and P are 30 Po and 14 %% mn femoral cortical
bone and 21 4% and 11 o mw ing cortical bone respectively The Ca and P concentra-
tions n w ing cortical bone are approxmately 7070 of those n the fanoral cortical bone mn-
dicating thatm meral density seems to be higher n the fanur cortical bone than n the w ng
cortical bone ForCa/P ratig it is higher n the fenoral cortical bone (mean valug 2 05)

than n the w ng cortical bone (mean value 1 87) and lower than the stoichian etric value
(2 16). Due to the bone site-related difference for Ca and P concentrations the authors
suggest thatmore sanples should be collected and m easured to obtam the nomal values of
Ca and P levels m the cortical bone

3.3 The potential causes for the lav er values of Ca /P ratio

The Ca/P ratios for the cortical bone of Chmnstrap penguin are lower than the stoich io-
metric value There may be three possible reasons accounting for this phenanenon One is
a possble loss of Ca and P i the cortical bone during the fat and m arrow being removed u-
sing organic solvents ( Tzaphlidou 2004 personal canmunication). The oiganic solvents
mav incomorate w ith the Ca and destrov the structure of apatite causing bone erosion In
this casg itwill reduce the Ca and P concentrations m the bone and m ay alter the Ca/P ra-
tios To evaluate this effect of factor more experment should be done

The second possble reason is the mfluence of organic matrix In sane sanples the
fresh bone may be canposed of 90% organic part most of which is red marrow ( Brandt
1977). The P content n red marrow is about 20 tmes higher than that n the vellow m arrow
(W oodard andW hite 1982), thus thewhole cortical bone contams much more P than the
norganic part of the bone and reduces the Ca/P ratio ( Zaichick and T zaphlidou 2003). In
this study although the fat and m arrow were ranoved by chlorofom and ethano] collagen
was still ranained i the cortical bone which will contribute to the variations of Ca and P
in the cortical bone Changes mn the anounts of Ca and P mn collagen do not go hand-n-
hand, ifCa/P ratios n the collagen were lower than 2 1§ itw ill naturally reduce the cortr
cal bone Ca/P ratios

The third possible reason can be ascribed to the bonem meral altered fran nom alm n-
eral either by lattice substitutions of ions such as CO;", HPO;, Na', Sr", andM g2+ or
by surface adsorption of foreign ions ( Sarathchandra et al 1999). Recent studies reveal
that the aci phosphate-containing species n bonem meral could lower the Ca/P ratio ( Pas-
chalis et al 1996). Especially it is known thatHPO; ion concentrations are the highest
in the new ly deposited bone and that the concentration decreases as the m meral matures
(Reyetal 1991). Canmonly the biological apatitemamnly canposed by hydroxyapate If
bone diseases or bone disorder occur Ca and P w ill exit as other acid phosphate-containng
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species such as CHPO, * 2H,0, CaH, (PO4)¢* SH,0, Ca (PO,), ete (Li2004).

For exanple there are abnomal m neral canpositions in O steogenesis lperfecta ( O I)

bone ( Sarathchandra et al 1999). The defective collagen fibrils in O1 can hinder the
grow th of the crystals resulting m snaller crystaly which would adsoth more HPO; and
CO;  ions and reduce the ratio ( Sarathchandra et al 1999). The status of healh of the
penguins fran which the bone sanples collected is not clear It could not conclude that the
low Ca/P ratios reveal bone diseases of Chnstrap penguin

4 Summary and Outlook

In this study we firstly applied synchrotron X -ray fluorescence method ( SR-XRF) to
analysis of the cortical bone of penguins The prelin mary concentrations of Ca P and Ca/
P ratios m cortical bone were obtamed The concentrations of Ca and P varied considera-
bly while the Ca/P ratios had relative lower CV, revealed that the specificity of Ca/P is
better than that of Ca and P concentrations and may be more reliable for the diagnosis of
bone disorders for polar anmal The Ca/P ratios m this study were almost lower than the
stoichiam etric value (2 16), which m ight be owned to the pretreamentmethod organic
matrix and substitutions of ons Smnce the Ca P and Ca/P m the bone are generally ac-
cepted as an appropriate estinate of bone strength and bone disease this note represents a
first step to establish nomal values of Ca P and Ca/P ratio for polar animals using SR -
XRF method
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