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Abstract

Human senile cataractous lenses and their aqueous humor were analyzed by an X-ray fluorescence
analyzer to determine whether any changes occurred in the composition of these tissues during the
development of the senile cataract. Thirty human senile cataractous lenses and their aqueous humor
were examined. The number of speciment at each stage was as follows : incipient 10, immature 10 and
mature 10. In the elemental analysis of the lenses and aqueous humor, fluorescent X-rays of sodium,
phosphorus, sulphur, chlorine, potassium, calcium, zine and magnesium were detected. Among these
lens elements only potassium decreased, whereas the other elements increased with the maturation of
the cataract. In the elemental analysis of aqueous humor, sodium and calcium presented intensity
changes opposite to those shown in the lens analysis. Clear changes could not be seen in the other
elements. From these results, it seems that the elemental changes of the lenses are related not only
to the elemental changes of the aqueous humor but also to the changes of membrane functions of the
lens. The characteristic elemental changes during the development of senile cataract are the decrease
of calcium in the aqueous humor and increase in the lens in advance of the decrease and increase of
sodium. These results indicate that the elemental changes in the lens during the development of the
senile cataract result from changes in the membrane function of the lens. (Acta Soc Ophthalmol Jpn
92 : 82—8&9, 1988)
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(X-ray fluorescence analyzer)
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FEE R (LABPERT, SK200) # R\ TS
(—40°C, FH50REHD Lz, #EHz= %A ¥ — 5T
S¥cE A4 L XRF (RIGAKU Ultra Trace Sys-
tem) % F L CINEREE20KY, REIER2mA TTES
HrUte, SimiailiEs: (Mo SR X SEEk 4 i L
L1k XETTizars—2HELCFOEEX
oA EBET 5 98B TfT e -, XRF o417
RENEHETS BTl L LTERWARKERL D
BAKZHE L, £®0.025ml, 0.050ml, 0.075ml, 0.100
ml iz oW TEEX ooz, il shics
TROEN X HEEX W Th bR EcELFT
BiERTH-7 (Fig. 2). Lo T XRF 240D
SATCIG R ATRE el B T H D LHIMT L TER R T -
e

Im # %

1) KSEEDODIHER

A AR KA 58T, Groupl, TI, TII 3%
iz Na, P, S, Cl, K, Ca, Zn, Mg & 2 h7-(Fig.
3), #FEO X R Gt X SRR 0 b X #58
Exglvicbo) oBMEREYL ) OHXNEEY
Table 1 &R L7z,

Na @5 iz Group 1 & Group Il oIz FE
EHED BT o 1ch, Group X Group I, 111z
HENTEhEE (0.1%) o&EfExR LI (Table 1,
Fig. 4). P®{E$ Na & R Group I & Group II
ORI ELARD bhishofcd, Group I
Groupl, Groupll TEE<=T X b EHE (0.1%) C&EH
T3 -7-(Table 1, Fig. 5). Cl 4 Na % P &LFEERIC
Group I & Group l olic z FEELED bR
Asotch, Group 1T X Group I, Group Il izke~<T

electron

Ka characteristic
K.G X-rays

(Electron probe X-ray microanalyzer)

Fig. 1 mechanism of microbeam analysis
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Table 1 means and standard deviations of the fluorescent X-ray intensities of the

human senile cataractous lenses

Elements Group I (n=10) Group II (n=10) Group I (n=10)
Sodium 4.7+ 13.3 46.3+ 12.6 118.6+ 19.3***
Phesgbons 48.7+ 20.8 49.4% 17.4 132.8+ 39.7%%%
Sulphur 168.5+ 35.9 2978+ 60.1°"" 55374101 1%%%
Chlorine 177.0+105.1 243.9+165.9 1,118.3+177.6%%*
Potassium 157.6 44.4 79.1% 15.0*** 43,0+ 147555
oz 533.84109.5 1,194.2+ 151 4%** 1,826.9+141 5%
Zinc 24.1% 2.3 Bux 3> 5.5+ 6.1°%%
Magnesium 55.7% 11.6 85.0+ 33.2* 1550+ 24 7%s

Note : An asterisk (+) and triple asterisks (+++) show the significant levels of 0.5% and 0.1%
between group I and II, or I and IIl. Triple circles (---) show the significant

levels of 0.1% between Group II and III.
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Fig. 2 fluorescent X-ray intensity of P, S, Cl, K
and Ca in the aqueous humor of the normal rabbit
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K @34 Eo 53 Tt S hic § TRb oHE— i
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(0.1%) 23@ZBd B At (Table 1, Fig. 4), Ca oftii
BB DT IZRIG L C SRS A R L2 0
BWINCIERM 0L Tt EE (0.1%) BE Dbk
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Flg 3 fluorescent X-ray spectrurn of the human
senile cataractous lenses
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(Table 1, Fig. 6), Mg Group I & I1T130.5%,
Group II & Group III T0.1%OHEED H 58
iR L7(Table 1, Fig. 7). SiX Ca & (3iFmtEcs
ERREE IR R L BRI A EE (0.1%) 237
Hbhte (Table 1, Fig. 5). Zn % Group I & 11,
Group Il MO WFRUc b HEE (0.1%) ©H 58
DERD Btz (Table 1, Fig 7).

2) BRKODIFHER

BROGPICE-TH Na, P, S, Cl, Ca, K, Zn,
Mg 2%l 2 vt (Table 2). 2hbDOTHED 55 Na
LCan XRBECANEDOET CHIELLHE
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Fig. 4 histograms of the fluorescent X-ray intensities of Na and K
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Fig. 5 histograms of the fluorescent X-ray intensities of S and P
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Fig. 6 histograms of the fluorescent X-ray intensities of Ca and Cl
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Fig. 7 histograms of the fluorescent X-ray intensities of Zn and Mg

(0.1%) DEA2EREE & hote, BEEHiC Group II 78 Zn LU Mg w3 dh Groupl, II, III @ 5471l A
IOEVERRLA: (Figs. 4 &6), P, S, Cl, K, BRERMLTHoT, DI bZInwBos5TET
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Table 2 means and standard deviations of the fluorescent X-ray intensities of the

aqueous humor in human senile cataracts

Elements Group I (n=10) Group II (n=10) Group III (n=10)
Sodium 159 = 1.1 185 % f,5 7+ 3y e
Phosphorus 4.4 £ 5.3 43.5 + 6.2 4.2 = 3.2
Sulphur 58.1 £ 10.7 56.4 = 4.9 59.9 =+ 3.8
Chlorine 2,474.8 £331.8 2,417.8 +353.1 2,592:1 L£198.7
Potassium 21.5 = 4.6 18.1 & 58 18.7 £ 8.7
Calcium 290.7 + 23.2 280.9 & 28.5 135.0 = 3019 ***
Zinc 0.24= 0.03 0.2t 0.05 0.23 0.05
Magnesium 17.3 £ 72 15.8 + 2.4 18.0 =+ 7.7

Note : Triple asterisks (+++) show the significant levels of 0.1% between Group I and II, or

Group I and III. Triple circles (--+) show the significant levels of 0.1% between Group
II and IIL
Table 3 instruments of microbeam analysis
Probe source Instrumention
(action) (reaction)
electron electron-ray emmision Auger electron analyzer
X-ray emmision Electron probe X-ray microanalyzer (EPMA)
electron scattering Electron microscope
Electron diffraction
X-ray X-ray emmision X-ray fluorescence analyzer (XRF)
ion ————  — charged particle formation Ton mass microanalyzer
Light (Laser) emmision spectrum Laser spectrum analyzer
Raman spectrum Laser Raman spectrophotometer

1% Group II ®fE»* Group I, III X b =2=>{K\ (& (Figs.
4,5, 6 & DTH-1H, HEESEDLhIEh T,
3) K@F L BROZIER O LB
KeafkEBRKOGWHRA BT L, Kk, &
KEBICHABOETICHIE L X EECE LY
RLITCFE I Na & CaDARTH o7, Group I & Hisg
LT Na lxBEKTE Group I 2 HED L, KT
Group III 2> B3I L 7= D1z kf L Ca OHEE LA ShiE,
Bk & iz Group Il 25T, K& ETxBEms, Bk
TR R bhte, %7Kk E Tl Group I 2256
P & Cl#% Groupll 725 S, Mg, Zn " EEZ% 4 -
THML K 2@ L), BARADOZhbo&ZTHRTw
ThIFREOMELTR I ed o,

IV & %

NEEER T EGCHE0 L S, BdTH—7
BN EL, EFRREBOBL0E LS T
BB I NETILS S OESOHENEA IR TE

7273, microbeam analysis & D —2>T#H % (Table
3). 7ehT% electron probe X-ray microanalyzer
(EPMA) BFREICHIG Lic R oo ngE 7o liss &
LTEFHE~OEHAS &0, FEEL L EPMA %
AuvTEBAEAREOKGEL ST 5 2 & 2R A,
Na, P, S, Cl, Ca, KoZX#H¥EEL T3, &
[ 4#ric Av7z XRF 1, EPMA 12k L T 80N B6r
TOTREGICHIE LIc o Tk & B0 E 0 REET s
bLEE, EECHIHLTFHATETH  HAEHF
BLBHTLrARABOBRBL < ST TELRED
FlErdbsl#gchs, $EO5H TILEPMA TK
HEhieh-TcMgZn dBHL TEY, SHEEF
oA b T o EFHEB COFIEI+TELLA
i,

HABOHETIZH > KAEREREOEEIC o\ T
Duncan & Bushel'?XEAEOEEHIC L Hh ERED
BERELALEEAL TS, KTFLYPILUELY
BEAEOCBERICL Y ERBEOEH VRSO TR
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LB LARBEOEBORE LY Na, Ca, ClHH
mL, KA+ aELTw5, EAMANEDKS
R REBOBEICL b 3B (WF - £# - K
R4 L74Eo XRF i X 5447 T% Na, Ca, Cl 111
ML K BEAT5E0IRT, KTHIRUALYD
WAL T B LD Th -, XRF 2 X 554 Citi
B b oL M- MiscHEELcbo b TN TR EE
L7 TEHES O I Lo b 0B 3 HIH £ e
V. L LA BEOb A BV E LD L
TRICHARD T Z L RTIDTHD EE 2 TH
RO A,

Kol BH T 2B 14+ vD5H, Na & K3k
BTk 5 %< DELFENRECIE L CERCELT
B9 FZFEORRE T, BABEOMIE & bic Na (11
b, K kA Licds, 2 HUEE 60 Na 1 + vkl
AEDHETIFE > THEML, K 1 A+ viddicid 5
EVIIMEL—FH LA, EARAAREKSECETS
WILHFEORE LY, £ Na/K 3 X #osEb(= b
TR ey B0 X BB I X iE AR AR, BIE S
Bl L UBEAEOEE W TIRSEEBHTS)
X b HE 5 L (Table 4), KB EBIEETH S
WHEFE (Group DD DfEIZ, 0.284TH - 1=h, EEH
HEATZREEE (Group 11D TEHI0fED2.701 & 7e -
7z, BKickT5 Na/K B3 #%8 (Group 1) Tit
0.740 L KA L b bR ETH 72, HAR
(Group IIl) TX0.406 L fEFL, ZhidKdED Na
EOMME KBOETICIZEEZONS, ZOZ &
D BEKRD Na 2K ERICHE &8 Na & LTER
EhB L Ebic, KEHESEI X KRG EN,~D
KoHH M EEShicZ AT ER5, HSHLWIL
KEED A+ v v dkEEREBRTO—2E 8 h
TWwaCadAdAvratREOHEERSB ERNT
WBH, S0 OS5 TR Ca 0Nt Na oinics
TLCBBXAL, CaM1rvitMgaA4v it
KeatE D LB BEECBIRT 5 201 A v Th s,
FRiZ Ca A & 3K S A I & AT o Bt (B A 1o
B 2BREARSPEETHLLIATEY, Thb
LI EY O ER ek dkbdo CalE 25K D Ca
BE X b LEVINS 20 Ca At Na oBgino oy
FHBE (Group 1D 2 BE%EMBN ML, 15K
K@ Ca (kA Lz, = #uid Ca 23K Bk kR
CBTLEREIA L LE LB, KAGBORE
ECat+vEinlEAEtco LTIREL DBRELDS
DR OB oWt 0e B 2T uw i

HIREEE %% 1%

Table 4 change in Na/K ratio of fluorescent
X-ray intensities of lens and aqueous humor
in the progress of human senile cataracts

Group [ Group II | Group Il
Lens 0.284 0.585 2.701
Aqueous humor 0.740 0.735 0.406

W, AEMICIIKERE S v 2 BT ORIE L E 2
LATWSH, TOFEEELT Ca DFE A CEET
HEREOWBECL 1MBI A < F v A0EEIZL S
HAHOEM R EDBBTFER TV B, 1lEF1 + v
A7V ADEBNCHEIT LT Ca BB bAEZd bhi
ZEREHYOBERANE <Y 2 K&l 5
CagBicoWToREEANETS &, SEBRE L X
h RO HAEKSEICE T T Ca 0Nt
ZoTWAI ENEZ LIS, K EEOHE L Ca
1A VEEROBEE I L) BKkbKGEE~Ca 1+
YORA s BB LKV TIAORBR A A v icEBhids &
TebE2BRZERTH-I, b H—D2D 2R A A
¥ ThH5 MgieowtoFmbiidin, Kk
HEEE L HBEE & L CoREREM ST EER s &
DHIGRTWADLZTHBY, AT B9 Swanson &
Truesdale’® X ZE{bai s EHE L TV 505, EEO
G TREBEOHDENNR LR TE Y SEOHEE
ETD,
FOMOTEHFED 5 b ClizEA Tk Ll 1 +
vORA A ELCHEL, BERE, BIELESE X
SREICBET 5 L1 A v Th B, 20 Cl b ik
DEFTIC E - TN L7223, = huid Maraini 590
Hr—H+5. BAo O RBcEREEOHMEL V-0
Keutko Cl AN L2 &%, Caick 2K&EERD
1fli4 AT A5ERABA A v R bTEA +
YIEBREZ ENELZBRB, £72P b ClEREEK
SRIEDFREE &L RBBETIRER D Ve < HBBHC D 218
ENGEHbH, POBRKOLhCIB LA eh- T,
FAETHEE I P REEY ABLEWIGT 5
LOLEZLNDNPHEDL 5 i s L TH
ETHAPNRBETHEIDRANICH T AP OME
OEHEZHHLEE-A, Ca ol L LG TADTY
YBAN AT ATHBEIELELZBRE, SLEAN
BEDAEFTIZHE K SR TN L e B AR TR E LA
HZbhileh-tz, SOMEREHEHICEFEINE S
GWM7 /M HHCIEEOS 1 v RERLTHL
HEEZLNRBED, SEOERFETILEOEE,IY
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