actaphysicaslovacavol. 51 No. 6, 339-345 December200L

INVESTIGATION OF THE HUMAN SPLEEN BY X-RAY MICR OANALYSIS
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Qualitative and quantitatve topografic analysisusing X-ray fluorescencgXRF), X-ray
powderdiffraction(XRD) andscanningelectronmicroscoy wasperformedn tissuesamples
of ratandhumanspleens.The presene of silico-aluminiumandsilico-calcareos particles
of varioussizescould be seen. The presene of the inorganic substance mentionel in the
humanred pulp cordsis assumedo be a conseuenceof the purifying functionof thespleen.

PACS: 32.30.Rj42.25.Fx,68.37.Hk,68.37.Lp

1 Intr oduction

Elemerary analysisof animalorgansandtissueswith respecto the deternination of the loca-
tion of the individual chemi@l elemetts remairs anintricate prablem. In studyingortho- and
pathanorphology of animalorgans,arang of methalscanbeusedto prove oligo- andpolysac-
chaides, prateins, fats, etc., to provide specificevidencefor the organic tissueconstituents. A
permanentiprodem concensidentificationof low molecuar weightsubstancethatareeitherin-
sufficiently autosomabr lack specificchemcal characteristicaccessibléo microscgic studies.
Dueto a varigty of industrialactities, suchsubstancearegradually increasingy gettinginto
theervironmen and,in turn, into theinternalernvironmert of animalsandplants. They may, at
otheroccasionsaccumiate in various organsdueto somedisturbancesof systemsnvolved in
their elimination.

Until recently thetoolsof physicalinvestigationavailableto identify theelementarcompo-
sition of organs tissuesandcellsin specialcasenly includedpolarisatiormicroscoje to make
visible anisotrgic substances.

Analytical method basedon X-ray radiationandelectronbeans [1,2] utilize various prod-
ucts. Theresultingproductof the interaction betweerprimaryelectrors anda samplearetrans-
mitted electrors, backscattei electrors (interactiondepthfrom 100nmto 1 um), secondey
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electrans (from 5 to 50 nm), Auge electronsgelectrors absorled in the sample typical X-ray
radiatian (from 5 pm), light photans. Emissionof electrors from the surfaceareaof the sam-
ple depend on numker of factorsincluding acceleratingoltageV, surfacemomholayy andthe
ande of incidenceof the primaly beam,samplequality (praton numbe, density)and surface
chageof thesample Thedeph R to which electronsanpenetateuntil their enepgy falls below
theexcitation enegy of thegivenelemenis char&terizedby therelationslip.

pR=k(E" — B"), (1)

wherek andn areconstantgor given protan nunberandatomicmassof the material, E is the
enegy of theprimarybeam, E is theionisationenegy of thegivenelementandp is thematerial
dersity [3].

Sinceelectronsare unableto pendrate deepinto biological sampleqk = 0.033 A/Z, n =
1.5, R =~ 3um) andthevolume analyzedis small,geneally athin supeficial layeronly severd
micrometersthick canbeinvestigaed.

Of theproductsmentiored, morghologcal analysisutilizessecondry electronsnainly. Sec-
ondary, backscatteirdandabsobedelectronsmay apgopriatelybe usedto deternine the com-
positionof the samplestudied[4].

X-ray phaonsarealsousedfor the determiration of the elementay compsition of the ex-
citedvolumeof asample Sincethisis alocal methal, we alsomay; to a certainextent,studythe
areadistribution of the elemems in the materialstudied.

Sinceatomenepy levels aretypical of the individual typesof atoms,it is evidentthatthe
X-ray phota enepy is specificfor eachelementandthatit providesthe informationon the
chenical compgaition of thesample.

Silicon andoxygenarethetwo mostcomnon elemetts in the Earths crust,so pertapstheir
diverse modesof organization are not so unexpected. The naturalabundance,gedogical and
geghyacal importance andtechnolgical propetiesof silicamalkesit oneof themostthroughly
studiedcompaunds.

Its polymorphismis very complex. Theke is notlessthannine differert waysof organizing
SiOy, referedto assilicondioxide or silica. An alternatenamefor the QuartzGroupis the Silica
Group [5]. Butin reality it is simply a matterof thetempeatureandpressuregspeciallyat the
time of crystallization thatdetermiswhich form silicon dioxide will organizeinto.

Amorphoussiliconis currerily notconsiderd aspathognic material.Informationconcen-
ing its occurenceareoccasioal, abore all becaus®f thelack of methalsfor its localisationin
tissuesprgansandcells. SiO; particlesin the form of crystalsthatrotatethelevel of polaized
light, from 1to 5 umin size,areconsiderd patho@nic,i.e. diseasendudng [6,7]. Having got
into thelungs,they areenguphedby macrghagesThelysozone appaatusof themacopha@s
is unableto processthem,andthe macrghagessoonetror laterdye. SiO, particlestherefae get
outsideof the cells, again The body attemptsto separatesuchparticlesfrom the ervironmen
by prodicing collagenfibresat least. This proceshowever gradudly rediwcesthe areaavailable
for gasexchangein the lungs, causingsubsequerncomgications. SiOxH, particles(crystals?)
thatinduce the process mentimedin animalshave beenmadevisible in severalworks[8,9,10]
usinglight microscopeutilizing polarizediight. Only few dataon the presewe of siliconin ani-
mal organs, its origin, localisationandimpactshave beenpulishedsofar. The databaesystem
PUB-MED [11] cortainsonly four itemsof informationaboutthe occurenceof silicon in hu-
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Fig. 1. X-ray microanalysigevealthe presencef silicon, calcium,sulphur, iron, andmagnesiumSpectral

line of copperis causedy copperlayeronthe surface.Range0 - 10keV. Realtime 200s, live time 140s,
deadtime 30%, 1 900 counts/s.

manandlabomtory rat spleen publishedbetween1962and200Q We therefoe shoud like to
descrile our own findings concering Si andX-ray fluorescene.

2 Samplepreparation and experiment

A total of five samplesof human spleentissueand three samplestaken from the spleensof
Wistar strainrats-malesveighing 2309 (Breedirg Stationof the Slovak Acadeny of Sciences,
Dobra Voda,Slovakia)wereanalyzed Thefirst threesamplesverefrom patientssuffering from
autoimnmunethrombocytopenia (AITP). Two contiol sampleswere taken from the spleensof
stillbornfetuses All thesamplesverefixatedin 3% glutamaldehyesolution(Sena, Heildelbep,
FRG)[12], andweredehydratedin increasilg acetoneseries.The samplesveredriedin a CPD
030appaatus(Bal-Tec)atthe CO, critical tempeature(31.2° C, 7.38MPa). Thesamplesvere
attachedo aluminiumor carbam suppats andmetalisedby a 20 - 25 nm thick copyer layer by
ion sputteringn anSCD050device (Balzers Vadig, Lichterstein)[13] to prevert thegeneréon
of disturbingchage onthe surfaceof the samplestudied.

Investigationsvereperformedin ascanningelectronrmicrosc@peBS 340(Tesla,Brno,Czech
Repultic) attheacceleratig voltageof 20kV.

Theelementay analysiswasperfamedin aQuantunmenegy-dispesionspectrometeK evex,
Valenda, CA) at the acceleratingvoltageof 20 kV. The spectrumcollectiontime took 200 s
within therange of enegiesbetweerD.16 and10.23 keV.

Histologicalsectionsrom spleensverestainedwith hemataylin andeosin. Thusprepaed
sectionsvereexaninedby light microscgein polaizedlight.

3 Results

In additionto current histologcal [14] examinationsincluding that using polarisationmicro-
scopealsoX-ray fluorescencandX-ray powder diffractionwasperfamed.No pin-like forma-
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Fig. 2. X-ray microanalysif particlesthe multi-elementacompositionreveal. Spectraline of sulphuris
dominant.Range0 - 10keV. Realtime 200s, live time 1405, deadtime 30%, 1 900 counts/s.
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Fig. 3. X-ray microanalysisof stillborn humanfetuses.Spectralline of silicon is not present.Range0 -
10keV. Realtime 200s, live time 140 s, deadtime 30%, 1 900 counts/s.

tionsrotatingthe polarized light level could be seenin polarize light. Multi-elementarycom-
positionof particlespresenin spleensamplescould be demorstratedusing XRF (Figs. 1 and
2). XRF alsoenabledo detectsilico-aluminiun andsilico-calcaeousparticlesin thecytoplasm
of macophagsin thered pulp cordsin spleensf patientswith AITP (4, 17 and25 yearsold)
aswell asin the spleensf Wistar rats. They werenot found in the spleenof stillborn human
fetuseq(Fig. 3). The formationsweremostly of irreguarly shapedrarious sizes(10to 30 um)
(Figs.4 and>5). In rarecasesthey were polygonalin shape.Somestructuresvere sometimes
alsolocatedoutsideof themacrofhagecytopasm.

Moreover, thepresereof magresium,sulphu, potassiumandiron wasfound in thesamples.
Unlike our obserations, Ropeto et al. [15] could also detectzinc. The elementsthat these
authas obsered in polaisation microscge appearedaslight-blue pin-shged crystals. Also,
they couldobsene polyhedricandsphericakrystals.

Thespectraband (K, 8.00 keV, Kz 8.904 keV, L, 0.9 keV) aredueto the presese of
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Fig.5. Particlesof inorganicmaterialarevisible. Seizeandshapeof particlesarevarious.SEMmicrogragh,
line sizeis 10 um.

copper on the surfaceof the samplestudied Gold dustedsampleggive more contrast.On the
otherhard, the spectrabandfor gold (M ,2.121 keV) mayhidethe presencef phosplorus(K
2.013keV) andsulphu (K, 2.307 keV) [16,17].

Thesample631017examiredby XRD methal is alittle morecrystallinethantheotherwhich
arewholly cryptocrystalline. Somesampleshave several diffractionsof small onesintensities,
but notall concerimg thesilicon. Thesourceof thesediffracionsis unknown.

4 Discussion

The pathogniceffects of Si angulamasseén the pulmonarytissuehave beensuficiently stud-
ied from a numbe of aspectd18 - 23]. In amophots or crystalline state,silicon and/orits
compund have not yet beensubjectto broader concéved studies. Reportsdealingwith the
presewe of siliconin the humanspleenor in spleenf experimentalanimads arerare[24 - 27].
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Themajorreasorwhy thetopagraphc localisationof silicon hasnotattractectloserattentionyet
hasbeenthe fact that light microscoly doesnot offer satisactory methalologicd appraches.
UnfortunatelybothXRF andXRD have sofarbeenonly rarelyusedby biologicd morplologicd
laboratories.

The clarification of the prablem in questionalso requres methalologial solutionto the
following question:ls the presere of silicon (silica) in the spleendueto the biological funcion
of theorganor is it anartificial finding dueto the sampleprocessingcortaminationfrom vessel
walls)? Silicon hasnot beenidentifiedin samplef human spleengakenfrom stillborn fetuses,
andit is therefoe assumedhatsilicon entershumanspleensandto the spleenof Wistarratsin
natual waysratherthanartificially.

Ontheotherhandthequestiorarisesvhy silicondoesnotgetto stillbornhumarfetusedrom
materral blood circulationvia the placenta.Being a substancevith alow molecuar weight, it
is expectedto crossthe feto-gdacentalbarier without ary problems. Two possibilitiescanbe
offeredto explainthesituation:

1. Maternalspleerperfomsasabloodfilter sowell thatnosiliconor its compaindsSiO,H,
cangetinto thefetal circulation;

2. Theamoutts of siliconthatenterspleniccirculation of thefetusremainunderthethrestold
valuesdetectake by XRF. Neithercanthefactberuledout thatspleenof humanfetuses
remainexcludel from fetal systemiccirculationduringtheembryonaldevelopmert [28].

From the X-ray diffraction patternthe preseie of some(certair) amorgous,cryptoays-
talline or glassy-like phasglcompund is seen.After a light comhustionor burningthe brovn
colowed matrix beganto be blackandcarborse andremainednly a traceof blackresiduesas
powderor agglonerateof veryfine structue.

5 Conclusion

Beinganon-destructve methodfor theinvestigdion of theelementargompgition of biologicd
materials, XRF may help to exterd our knowledge on somediseasesndto help precisetheir
diagrosis.

Our measurmentsidentifying the presencef silicon particlesin thered pulp of the human
andrat spleerwerenotartifactsdueto tissueprocessingor morghologcal studies.
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