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INVESTIGA TI ON OF THE HUMAN SPLEEN BY X-RAY MICR OANALYSIS
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Qualitative and quantitative topographic analysisusing X-ray fluorescence(XRF), X-ray
powderdiffraction(XRD) andscanningelectronmicroscopy wasperformedin tissuesamples
of rat andhumanspleens.The presence of silico-aluminiumandsilico-calcareous particles
of varioussizescould be seen. The presence of the inorganicsubstances mentioned in the
humanredpulpcordsis assumedto beaconsequenceof thepurifying functionof thespleen.

PACS: 32.30.Rj,42.25.Fx,68.37.Hk,68.37.Lp

1 Intr oduction

Elementary analysisof animalorgansandtissueswith respectto thedeterminationof the loca-
tion of the individual chemical elements remains an intricateproblem. In studyingortho- and
pathomorphology of animalorgans,a rangeof methodscanbeusedto proveoligo- andpolysac-
charides,proteins,fats,etc., to provide specificevidencefor theorganic tissueconstituents.A
permanentproblemconcernsidentificationof low molecular weightsubstancesthatareeitherin-
sufficiently autosomalor lackspecificchemical characteristicsaccessibleto microscopic studies.
Dueto a variety of industrialactivities, suchsubstancesaregradually increasingly gettinginto
theenvironment and,in turn, into theinternalenvironment of animalsandplants.They may, at
otheroccasions,accumulate in variousorgansdueto somedisturbancesof systemsinvolved in
theirelimination.

Until recently, thetoolsof physicalinvestigationavailableto identify theelementarycompo-
sitionof organs,tissuesandcellsin specialcasesonly includedpolarisationmicroscope to make
visibleanisotropic substances.

Analytical methods basedon X-ray radiationandelectronbeams [1,2] utilize various prod-
ucts.Theresultingproductof theinteraction betweenprimaryelectrons anda samplearetrans-
mitted electrons, backscattered electrons (interactiondepthfrom 100 nm to 1 � m), secondary
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electrons (from 5 to 50 nm), Auger electrons,electrons absorbed in the sample,typical X-ray
radiation (from 5 � m), light photons. Emissionof electrons from the surfaceareaof the sam-
ple depends on number of factorsincluding acceleratingvoltageV, surfacemorphology andthe
angle of incidenceof the primary beam,samplequality (proton number, density)andsurface
chargeof thesample.Thedepth R to whichelectronscanpenetrateuntil theirenergy fallsbelow
theexcitation energy of thegivenelementis characterizedby therelationship.

�������
	���������
��� (1)

where � and� areconstantsfor given proton numberandatomicmassof thematerial, � is the
energy of theprimarybeam, �� is theionisationenergy of thegivenelement,and� is thematerial
density [3].

Sinceelectronsareunableto penetratedeepinto biological samples( ������� ����� A/Z, � �� � � , �! "�#� m) andthevolume analyzedis small,generally a thin superficial layeronly several
micrometersthick canbeinvestigated.

Of theproductsmentioned,morphological analysisutilizessecondaryelectronsmainly. Sec-
ondary, backscattered andabsorbedelectronsmayappropriatelybeusedto determine thecom-
positionof thesamplestudied[4].

X-ray photonsarealsousedfor thedeterminationof theelementary compositionof theex-
citedvolumeof asample.Sincethis is a localmethod, wealsomay, to acertainextent,studythe
areadistribution of theelements in thematerialstudied.

Sinceatomenergy levels aretypical of the individual typesof atoms,it is evident that the
X-ray photon energy is specificfor eachelementand that it provides the informationon the
chemical compositionof thesample.

Silicon andoxygenarethetwo mostcommon elements in theEarth’s crust,soperhapstheir
diversemodesof organization arenot so unexpected. The naturalabundance,geological and
geophyzical importance,andtechnologicalpropertiesof silicamakesit oneof themostthroughly
studiedcompounds.

Its polymorphismis very complex. There is not lessthanninedifferent waysof organizing
SiO$ , referredto assilicondioxideor silica. An alternatenamefor theQuartzGroupis theSilica
Group [5]. But in reality it is simply a matterof thetemperatureandpressure,especiallyat the
timeof crystallization, thatdetermineswhich form silicondioxide will organizeinto.

Amorphoussilicon is currently notconsidered aspathogenicmaterial.Informationconcern-
ing its occurrenceareoccasional, aboveall becauseof thelack of methodsfor its localisationin
tissues,organsandcells. SiO$ particlesin theform of crystalsthat rotatethelevel of polarized
light, from 1 to 5 � m in size,areconsidered pathogenic,i.e. diseaseinducing [6,7]. Having got
into thelungs,they areengulphedby macrophages.Thelysozomeapparatusof themacrophages
is unableto processthem,andthemacrophagessooneror laterdye.SiO $ particlestherefore get
outsideof the cells,again. Thebodyattemptsto separatesuchparticlesfrom theenvironment
by producing collagenfibresat least.This processhowever gradually reducestheareaavailable
for gasexchangein the lungs,causingsubsequent complications. SiO % H& particles(crystals?)
that induce theprocessmentionedin animalshave beenmadevisible in severalworks [8,9,10]
usinglight microscopeutilizing polarizedlight. Only few dataon thepresenceof silicon in ani-
malorgans,its origin, localisationandimpactshavebeenpublishedsofar. Thedatabasesystem
PUB-MED [11] containsonly four itemsof informationabouttheoccurrenceof silicon in hu-
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Fig. 1. X-ray microanalysisrevealthepresenceof silicon,calcium,sulphur, iron, andmagnesium.Spectral
line of copperis causedby copper layeron thesurface.Range0 - 10 keV. Realtime 200s, live time 140s,
deadtime 30%,1 900counts/s.

manandlaboratory rat spleen,publishedbetween1962and2000. We therefore should like to
describe ourown findings concerning Si andX-ray fluorescence.

2 Samplepreparation and experiment

A total of five samplesof human spleentissueand threesamplestaken from the spleensof
Wistarstrainrats-malesweighing 230g (Breeding Stationof theSlovak Academy of Sciences,
DobŕaVoda,Slovakia)wereanalyzed. Thefirst threesampleswerefrom patientssuffering from
autoimmunethrombocytopenia(AITP). Two control sampleswere taken from the spleensof
stillbornfetuses.All thesampleswerefixatedin 3%glutaraldehydesolution(Serva,Heildelberg,
FRG)[12], andweredehydratedin increasing acetoneseries.Thesamplesweredriedin a CPD
030apparatus(Bal-Tec)at theCO$ critical temperature(31.2˚ C, 7.38MPa). Thesampleswere
attachedto aluminiumor carbon supports andmetalisedby a 20 - 25 nm thick copper layerby
ionsputteringin anSCD050device(Balzers,Vaduz,Lichtenstein)[13] toprevent thegeneration
of disturbingchargeon thesurfaceof thesamplestudied.

Investigationswereperformedin ascanningelectronmicroscopeBS340(Tesla,Brno,Czech
Republic) at theaccelerating voltageof 20kV.

Theelementary analysiswasperformedin aQuantumenergy-dispersionspectrometer(Kevex,
Valencia, CA) at the acceleratingvoltageof 20 kV. The spectrumcollectiontime took 200 s
within therange of energiesbetween0.160 and10.230 keV.

Histologicalsectionsfrom spleenswerestainedwith hematoxylin andeosin.Thusprepared
sectionswereexaminedby light microscopein polarizedlight.

3 Results

In addition to current histological [14] examinationsincluding that usingpolarisationmicro-
scope,alsoX-ray fluorescenceandX-ray powderdiffractionwasperformed.No pin-like forma-



342 M. Kopáni et al.

Fig. 2. X-ray microanalysisof particlesthemulti-elementalcompositionreveal. Spectralline of sulphuris
dominant.Range0 - 10 keV. Realtime 200s, live time140s,deadtime 30%,1 900counts/s.

Fig. 3. X-ray microanalysisof stillborn humanfetuses.Spectralline of silicon is not present.Range0 -
10 keV. Realtime 200s, live time140s,deadtime 30%,1 900counts/s.

tionsrotatingthepolarized light level couldbeseenin polarized light. Multi-elementarycom-
positionof particlespresent in spleensamplescould be demonstratedusingXRF (Figs.1 and
2). XRF alsoenabledto detectsilico-aluminium andsilico-calcareousparticlesin thecytoplasm
of macrophagesin theredpulp cordsin spleensof patientswith AITP (4, 17 and25 yearsold)
aswell asin thespleensof Wistar rats. They werenot found in thespleensof stillborn human
fetuses(Fig. 3). Theformationsweremostlyof irregularly shapedvarioussizes(10 to 30 � m)
(Figs.4 and5). In rarecases,they werepolygonalin shape.Somestructuresweresometimes
alsolocatedoutsideof themacrophagecytoplasm.

Moreover, thepresenceof magnesium,sulphur, potassiumandironwasfound in thesamples.
Unlike our observations,Roperto et al. [15] could also detectzinc. The elementsthat these
authors observed in polarisationmicroscope appearedas light-blue pin-shapedcrystals. Also,
they couldobservepolyhedricandsphericalcrystals.

Thespectralbands (K ' 8.040 keV, K ( 8.904 keV, L ' 0.930 keV) aredueto thepresenceof
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Fig. 4. Theparticlecontainsilicon, calcium,sulphur, iron, andmagnesium.SEM micrograph,line sizeis
10 ) m.

Fig.5. Particlesof inorganicmaterialarevisible. Seizeandshapeof particlesarevarious.SEMmicrograph,
line sizeis 10 ) m.

copper on the surfaceof the samplestudied. Gold dustedsamplesgive more contrast.On the
otherhand, thespectralbandfor gold(M ' 2.121 keV) mayhidethepresenceof phosphorus(K '
2.013keV) andsulphur (K ' 2.307 keV) [16,17].

Thesample631017examinedbyXRD method isalittle morecrystallinethantheotherwhich
arewholly cryptocrystalline.Somesampleshave severaldiffractionsof small onesintensities,
but notall concering thesilicon. Thesourceof thesediffractionsis unknown.

4 Discussion

Thepathogeniceffectsof Si angularmassesin thepulmonarytissuehavebeensufficiently stud-
ied from a number of aspects[18 - 23]. In amorphous or crystallinestate,silicon and/orits
compounds have not yet beensubjectto broader conceived studies. Reportsdealingwith the
presenceof silicon in thehumanspleenor in spleensof experimentalanimals arerare[24 - 27].
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Themajorreasonwhy thetopographic localisationof siliconhasnotattractedcloserattentionyet
hasbeenthe fact that light microscopy doesnot offer satisfactorymethodological approaches.
Unfortunately, bothXRF andXRD havesofarbeenonly rarelyusedbybiological morphological
laboratories.

The clarification of the problem in questionalso requires methodological solution to the
following question:Is thepresenceof silicon (silica) in thespleendueto thebiological function
of theorganor is it anartificial findingdueto thesampleprocessing(contaminationfrom vessel
walls)?Siliconhasnotbeenidentifiedin samplesof human spleenstakenfrom stillborn fetuses,
andit is therefore assumedthatsilicon entershumanspleensandto thespleensof Wistarratsin
natural waysratherthanartificially.

Ontheotherhandthequestionariseswhysilicondoesnotgettostillbornhumanfetusesfrom
maternal bloodcirculationvia theplacenta.Beinga substancewith a low molecular weight, it
is expectedto crossthe feto-placentalbarrier without any problems. Two possibilitiescanbe
offeredto explain thesituation:

1. Maternalspleenperformsasabloodfilter sowell thatnosiliconor its compoundsSiO % H&
cangetinto thefetal circulation;

2. Theamountsof siliconthatenterspleniccirculation of thefetusremainunderthethreshold
valuesdetectable by XRF. Neithercanthefactberuledout thatspleensof humanfetuses
remainexcluded from fetal systemiccirculationduringtheembryonaldevelopment [28].

From the X-ray diffraction patternthe presence of some(certain) amorphous,cryptocrys-
talline or glassy-like phase(compound) is seen.After a light combustionor burningthebrown
colouredmatrix beganto beblackandcarboniseandremainedonly a traceof blackresiduesas
powderor agglomeratesof veryfinestructure.

5 Conclusion

Beinganon-destructivemethodfor theinvestigation of theelementarycompositionof biological
materials,XRF may help to extend our knowledge on somediseasesandto help precisetheir
diagnosis.

Our measurementsidentifying thepresenceof silicon particlesin theredpulp of thehuman
andrat spleenwerenotartifactsdueto tissueprocessingfor morphological studies.
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