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A Study of Urinary Stone by X-Ray Diffraction

I. Preliminary Experiment of X-Ray Diffraction and Analysis

of Main Components of Urinary Stone by X-Ray Powder Diffraction

Sachio Asopa

From the Departmont of Urology, Faculty of M:dicine, Kyoto University, Kyoto, Japan
(Director ; Prof. Dr. T. Inada)

The performance of X-ray powder diffraction for analysis of main componts of

urinary stone have been undertaken by preliminary experiment.

Seventy urinary stones

were chemicaly analyzed by X-ray difraction in order to investigate main components of

the stones and their chemical structures.

1) With X-ray powder diffraction of the stone, it was possible to analyze main

components of the stone with extremely small samples and to differentiate mixture from

compound which was impossible with chemical analysis.
2) Main components of urinary stone were CaCz0,, Cas(PO,Hz0, Mg(H.PO,):4H:0,

CsH;N4O;, MgzNH,6H:0, Mg(HZPOQZ-

3) Main components of phosphate, urate and oxalate were Cays(PO,)»RH0, C:H,;N,O;

and CaCy0,, respectively.

4) Main components of the stone in the upper urinary tract was CaC;0, and that in

the lower urinary tract was CsHyN4O;.
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Fig. 1. X-ray diffraction
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Table 1. X-ray powder diffraction spacing data
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B7s Uric acid D74 VA L= LTW3BZ 28
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DfE P Uric acid D nE £ {—B L, BH Uric
acid @ diTEMEEA 3.0024, KiakIT 6.534A, 4.896
A, 3850A T3 bz o REEEOEITE TR
7% 3.157A, kg 6.533A, K\ T 4.877A TH B
D Z OFETIIMPLL 5 Uric acid O#ffH X DK
BLOTHEBEXFDLTNS.

0 P EMEs 3.085A TREEIT 6.508A,
4.816A, 3.850A OfrBK R LM, ik Uric
acid DR THAHHEETH LTS, HID74
BRPNNT LGRO T OFEF L That Rbhic
7, TR IEEREYEORE kiks D& Bbh
5.
3 Bl TILETEA 3.063A TG 6.5104,
4.870A Tz R d Uric acid DEGHLRDERLH
5.
B 46155 3 PIREES L 3.049A, Kiign
6.527A, 4.881A ¢H b, zhd Uric acid 2 FEh&

Table 2. X-ray powder diffraction spacing data of urinary calculi

: Calcium .
Uric aca | e | noirogen | Sofeum,
dA dA | 4A ‘ dA
6.534 (2) | 5.887 (1) 6.811 3.861
5.543 3.638 (2) 3.352 (1) 3.027 (1)
4.896 (2) | 2.949 (3) 3.110 2.482
3.850 (2) | 2.510 2.954 (2) 2.270 (3)
3.092 (1) | 2.351 (3) 2.740 (3) 2.081 (3)
2.574 2.130 2.501 1.910
2.264 2,082 2.243 1.721
1.790 1.957 1.981 1.520
1.434
RABBEHFBTH S .
RICAETE DO RESEA L0 >\ T XEEF 2T\,
FORREHE 2 Ricwd Lic.
1 1 2 ' 3 4 \ 5

ok |1] oA 1] aA [1] @A [1] @d |1 A

6 ’ 7| s | 9 ] 10
1] ad [1] a& [1] @A [1] aA |1

6.533 (2)| 6.508 [(2)l 6.510 |(2) 6.527 |(2) 5.810 |(1)| 6.537 |(2) 5.864 |(2)| 5.649 5.331 {8} 5.927 [(1)
5.543 4.816 [2) 5.493 5.530 3.688 |(2) 4.820 [2)| 3.669 [(3) 4.257 [1)] 4.110 (1) 3.625 [2)
4.877 (2}l 4.121 4.870 [(2)| 4.881 {(2) 2.959 (8} 4.201 3.458 3.303 3.220 2.959 (3)
3.157 {1) 3.850 |(2) 3.892 3.853 2.840 3.853 (2) 2.962 2.927 |(3) 2.896 (3) 2.503
2.866 3.267 3.063 |(1) 3.049 |(1)] 2.530 3.259 2.796 (1) 2.693 [(2)i 2.808 2.361 [9)
2.570 3.085 [(1)| 2.901 2.870 2.339 (3) 3.090 [1)| 2.516 1.972 2.671 |(2) 2.268
2.251 2.570 2.571 2.602 2.291 2.569 2.347 1.824 2.251 2.088
1.807 2.240 2.245 2.255 2.084 2.251 2.263 1.598 1.964

‘ 1.472 1.790 1.803 1.943 1,480 2.074 1.797

} 1.964 1.736 1

i 1.594 |
TAHRGTHS. Aot B icys. BlbZ i Calcium

85 BITIRIBIT R ORWRES 5.810 A TRkMmigEs
3.688A, Wk« st 2.959A Ror 2.330A TH b, =
D#EAIE Calcium oxalate DEEEM DR LIHERY 7D
L, 20MOFHORFT &> Calcium oxalate

oxalate O IER L YABATHS.

5 6 PR OBAEAS 3.0904, KHEA
6.5374, 4.820A, 3.853A T hIE2 AOKEER
ez kA Uric acid DERTHH, #7144
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% 7 BCIL RSt 5.8648, Kkt 3.669A TH
b E{EH Calcium oxalate L HKBHEARL, KD
DR 2.7964, 3.458A Dz X b Calcium ortho-
phosphate monohydrate DREEZT LTS, Hl
L DEADOERL Calcium oxalate & Calcium
orthophosphate monohydrate D% X H K5 3 D
TH5.

% 8 GBI IR OB 4.257A, KifigH2.693
A, Rkxmgma 2.927A iz Magnesium am-
monium phosphate Difeh X VBERTHS.

559 IO AIXEHE 4.1404, 5.332A, 2.897A I
» Magnesium phosphate tetrahydrate, % D{lD
mif{E 2.807A, 2.6724, 3.220A D X bH Caleium
orthophosphate D=EDRET LD THS.

HI0PNL IR O B 2° 5.927A, Kt 3.625
A, kxsgmas 2.959A, 2.361A tH v, 5 AR
ZZ DfOFKMpEOEIEARbhnoToh
1THi7e Calcium oxalate DFEATH 5.
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V = 88 B R

X B R ol JRIEFE AL, B34, JRELS, Bt
16, R&5, FH7EATHDT, ZORRTERIh
RERFER DXL, phosphate& LTik, Calcium
hydrogen phosphate CaHPOy, Calcium phosphite
Ca;yP;, Calcium hydrogen phosphate dihydrate
CaHPO,-2H,0, Calcium orthoposphate
(PO, Calcium orthophosphate monohydrate
Ca3(POy ), *H,0, Magnesium phosphate tetrahyd-
rate Mgys(PO,),-4H.0, Magnesium ammonium
phosphate MgNH,PO,-6H,0, Magnesium hypo-
phosphite Mg(H,PO;),-6H;0, Magnesium phos-
phate dihydrogen Mg(H,PO;), 23FE R Xi, oxa-
late & LTiX, Sodium oxalate Na,C,0, Cal-
cium oxalate CaC,04, Ammonium oxalate (NH,)-
HC,0,-H,0 #»'% b, carbonate & LTiL Sodium
carbonate monohydrate Na,CO;-H,O ¢ Magne-
sium carbonate trihdrate MgCOy-3H,0 Dt
b, urate & LTI Magnesium urate MgCsH,-

Cag—

Table 3. Substances found in urinary calculi

Calcium hydrogen Calcium 'Calcium hydrogen| Calcium Calcium ortho-| Magnesium
phosphate | phosphite phosphate orthophos- |phosphate phosphate
dihydrate phate monohydrate tetrahydrate
CaHPO, 1 Ca3P, CaHPO,-2H,0 Cas(PO;): Cag(PO, % *H0 Mgs( PO, ), +4H0
dA 1 ] dA I dA I dA I dA I dA I
3.35 1.00 4.00 0.15 7.60 0.67 6.60 0.10 3.44 0.40 6.10 0.20
3.11 0.10 3.45 0.20 4.24 1.00 5.20 0.15 3.11 0.08 5.20 0.80
2.95 0.75 3.10 0.20 3.04 0.67 4.11 0.11 2.79 1.00 4.10 1.00
2.74 0.63 2.82 1.00 2.93 0.50 3.47 0.20 2.62 0.08 3.23 0. 80
2.50 0.15 2.73 0.40 2.62 0.67 3.22  0.63 2.27 0.17 3.09 0. 60
2.24 0.10 2.62 0.50 2.42 0.23 2.89 1.00 2.13 0.04 2.87 0.40
1.98 0.13 2.27 0.16 2.16 0.27 2.78 0.15 2.06 0.04 2.73 0. 40
1.84 0.20 1.95 0.45 2.08 0.13 2.62 0.75 1.94 0.20 2. 65 0. 80
1.79 0.10 1.83 0.30 2.00 0.17 2.54 0.10 1.84 0.20 2.51 0. 40
1.72 0.25 1.80 0.30 1.87 0.20 2.42  0.15 1.71 0.16 2.34 0. 40
1.67 0.15 1.81 0.27 2.27 0.20 1.45 0.08 1.91 0.20
1.64 0.10 1.71 0.10 2.09 0.15 1.31 0.08 1.79 0. 20
1.55 0.10 1.94 0.3l 1.24 0.04 1.74 0.20
1.52 0.10 1.90 0.25 1.10 0.08
1.45 0.10 1.83 0.15
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Table 3. Substances found in urinary calculi

Magnesium am-| Magnesium Magnesium Magnesium | Sodium urate [Sodium oxalate
monium phophate| hypophosphite phosphate urate
dihydrogen Na,CsH,O3N, -

MgNH,PO,-6H,0 Mg(H,PO;),-6H,0| Mg(H,PO,) MgCsHzN,Og H,0 Na,C,0s
dA I dA I dA I dA 1 | aA I dA I
8.9 0.04 6.0 0.40 4.95 0.16 10.2 0.05 4.72 0.11 2.81 1.00
6.0 0.28 5.2 0.08 4.47 0. 60 7.2 0.05 3. 17 1.00 2.59 0.50
5.6 0.32 4.51 0.08 4.08 0. 50 5.8 0. 30 2.90 0.06 2. 46 0.08
4.70 0.08 3.84 0.11 3.75 0.12 5.0 0.05 2. 66 0.17 2.32 0.50
4,28 1.00 3. 65 0.53 3.60 0. 20 4.70 0.20 2.48 0.06 2.17 0.20
3.92 0.16 3.40 0.01 3.37 0. 80 4.35 0.10 2.02 0.06 2.13 0. 04
3.50 0.08 3.10 0.08 3.14 1.00 3.84 0.25 1. 68 0.06 2.02 0.25
3.30 0.20 2.98 1.00 2.98 0. 60 3.35 1.00 1.96 0.08
3.03 0.08 2.59 0.20 2.64 0.28 3.25 0.20 1.92 0.20
2.93 0.50 2.36 0.20 2.55 0. 24 3.09 0.30 1.82 0.12
2.81 0.24 2.10 0.03 2.33 0.70 2.86 0.10 1.77 0.08
2.69 0. 50 1. 99 0.09 2.24 0.16 2.75 0.20 1.73 0.20
2.51 0.04 1.82 0.20 2.16 0.04 2.53 0.10 1. 65 0.25
2.40 0.04 1.74 0.09 2.03 0. 04 2.44 0.10 1. 62 0.06
2.36 0.08 1.64 0.04 1.94 0.24 2.15 0.05 1.56 0.06

Table 3. Substanees found in urinary calculi
Calcium oxalate Ammonium oxalate Uric acid | Sodium carbonate | Magnesium carbo-

monohydrate nate trihydrate

CaC04 (NH.DHC;0,4-H;0O CsH4NOg Na,CO3-H,O MgCOs+-3H,0

dA I dA I dA I dA 1 dA I

5.9 1.00 6.2 0.75 6.6 0. 90 5.3 0. 31 6.5 1.00
3.65 0.83 5.6 0.10 5.7 0. 60 4.15 0.08 5.8 0.08
2.98 0. 58 4,32 0.10 4.98 0. 90 2.76 1.00 4.96 0.08
2.85 0.06 4,13 0.10 4.79 0.10 2.76 0. 44 3. 86 0. 80
2.50 0.33 3. 45 0.35 3.91 0. 90 2.55 0.03 3.58 0.16
2.35 0.58 3.30 0.05 3.75 0. 10 2.47 0.25 3.23 0.16
2.26 0.20 3.17 0.15 3.59 0.10 2.37 0. 63 3.02 0.24
2.21 0.03 3.00 1. 00 3. 44 0. 10 2.24 0.20 2.77 0. 14
2.07 0.20 2.90 0. 40 3.30 0. 30 2.18 0.15 2.61 0. 18
1.97 0.13 2.70 0. 05 3.22 0. 80 2.12 0.03 2.51 0. 10
1.82 0.07 2. 56 0.35 3.12 1. 00 2.06 0.18 2.35 0.08
1.73 0. 10 2.38 0.30 3.02 0.10 2.00 0.31 2.17 0.16
1. 69 0.03 2.25 0.25 2.90 0.70 1.91 0.08 2.01 0.08
1. 64 0.03 2.19 0.20 2.81 0. 40 1.78 0.08 1.92 0. 32
1.58 0.03 2.13 0.05 2. 65 0.10 1.74 0.08 1.83 0.08
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NOs, & Sodium urate Na,CeH,O3N4-H,O 235 b,
uric acid CGGH\N,Os AR & . LA EOEiFE
#3&cT L. ZhdmMERET A txbL,
DB R OBE 208 L 1 2B CLU TRz %
THkbT.

RO ERBNCAZ L, H4RERRTHHML
BRI T,  Calcium oxalate CaC0, %
K &ET 5 L0 S 19T LT, KRWT

BRAEE—~X AR X 5 REEROTE (18D

Calcium orthoposphate monohydrate Caz(Poy),-
HO e T580X105%H b, TOMTik
Magnesium phosphate dihydrogen Mg(H;PO, ), 4
), Magnesium ammonium phosphate MgNH,-
P,0:6H,0, Magnesium phosphate tetrahydrate
Mgs(POy-4H0 5% 36l D, LALaiEidoT
»Hot:.
REERCNVTIY, Calcium oxalate CaCO,

Table 4. Substances found in urinary calculi

pure Kidney Ureter ’ Bladder | Urethra
f
Calcium orthophosphate monohydrate 4 3 ’ 0 0
|
Magnesium phosphate tetrahydrate 0 0 . 3 0
i
Magnesium ammonium phosphate 3 0 ‘ 1 0
Magnesium hypophosphite 0 0 ‘ 1 0
Magnesium phosphate dihydrogen 4 0 ‘ 0 0
Calcium oxalate 11 7 : 1 3
Uric acid 0 o ! 7 0
Magnesium carbonate trihydrate 1 0 ‘\ o] 0
i
Calcium phosphit 0 0 | 1 0
1
Table 5. Substances found in urinary calculi
mixed Kidney Ureter l Bladder Urethra
Calcium oxalata 5 3 o 2
Calcium orthophosphate monohydrate {
i
Calcium oxalate
Sodium oxalate 1‘ 1 0 0 0
Calcium oxalate
Uric acid | ! 0 0 0
Calcium oxalate |
Magnesium urate ‘: ! 0 ‘ 0 ! 0
. ]
Magnesium phosphate tetrahydrate | . 0 ‘ o ‘ 0
Calcium orthophosphate } ‘ :
Magnesium hypophospkite l o o . o
Calcium hydrogen phosphate ' ;
i |
Calcium orthophosphate monohydrate 3 1 “ 3 \ 0
Magnesium phosphate tetrahydrate § ‘ ‘
i
Uric acid | | f
Ammonium oxalate 0 0 i ! | 0
|

ERD & T 5 D6 #, Calcium oxalate CaC0,
& Calcium orthophosphate monohydrate Cag-
(POO-H,0 O=FXERFENTLO34), Cal-

cium orthophosphate monohydrate Cas(PO-
H,0 ok EhkET5L00 38 THoMk.
B EI AT, Uric acid CoHuNyOs %R
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S &1 23D 7 6, Magnesium phosphate tetra-
hydrate Mgg(PO,)+4H,0 %X :T54D6 4, %
Dzt Magnesium ammonium phosphate Mg-
NH;PO,-6H,0, Magnesium hypophosphite Mg
(H:PO2)+6H,0 D& 2 FiAEie d DTHolz.
RESRTRVTL, 58260k Calcium oxalate
CaC0y Bi& %k, LORD2 FILINEERD Cal-
cium orthophosphate monohydrate Cas(Po,):*
H,0 #RETHEETH oM.
REEROEET I ERGSOAGRELOWTL, B
5RICRTINL, BREETALRICEARIZCaC04
& Cas(PO4)2-Hz0, Cag(PO,)"H,0 & Mgs(POy ;-
4H,0, Na,C;0; & CaC04 CaCy04 & CsHiN4Os, .
CaC04 & MgCsHoN4Os, Mgs(PO.),"4H:0 & Cay
(PO, THhote. REBATIE CaC04 & Cas(P-
0:2°H,0, BV Cas(PO4):+H,0 & Mgy(POs)-4H,0
DEFENRE LRI, G TE, Cag(POO,-H0
& Mgy(POy),-4H,0, Mg(H,P0,;);-6H,0 & CaH-
PO, GHiN.Os & (NHOHC,04-H,0, D458 TH
o, REEAETIL CaC0s & Cag(POs ). H.0 D
ERBHRONIDOHRTH DT,

T # &

RESFET DB d £\ d Ot phospha-
te, oxalate, urate ¥ Ih T 5. FHDOXIR
BRI X B BT L hE, RERHEER
4> & L T® phosphate X Cas(PO,)z-H0 3
%b 4 <, phosphate fFHR DKL LD 61.5
%X DHTHAEL, T Mgs(POy)2-4H0
Cas(POs)2, MgNH,PO,-6H.0, Mg (HzPO,)s,
250, ot dinsis CaHPO,, CasPs,
CaHPO,-2H,0, Mg(HzPO;)2:6H:0 23 & 5
7z. Uric acid % & &% urate %, 108 841
N GHINOs OB TRE XN, OO 2HZ
Na:C:Hz0:N,-H:0 & MgC:iHaN,Os & Tho
7z. oxalate & L Tix, 388H3661icCaC:04
LUTHAEL, fhicik NaC.0, & (NH:)HC-
Oc-HO LoK IGINERINLICIBEFR .
carbonate #* £FK & T HEA RS E TOHRE
CEOTHIFFR AN EINTWER, $HD
XaHric s W IEEI A { Na:COs+ H:O
&MgCO;+3H:0 0 & 1 flxRd R @BE A\,

HAIK XD, Cystine SCH:CH(NH.)-COOH,
Xanthine CsHiN.Os, Indigo CisHioN:Os,
Calcium sulfate dihydrate CaSO,-2H:O,
Cholesterol CoiHyO ENfERD—FK & LT
FEEFEINR TV, FHFRhLOLOY
FRDETEFEEERRME ROk,

REFER O ER T2 W T A O EERE
CH% &, EERE TR CaCOs XU Cas-
(PO H:0 2tk + 2 E1EDTEL,
R K951 0%, HH28.5% THok. TH
REETE CGHINGO; #ERFELT 508 21
Fid 8 Fl%938. 0%, Cas(PO.) - H:O HE k5 &
THEER 5 GIK23.8% I H bz, Bt EEE
R Tk CaClOy e+ 54EREL, T
HRETH CHNO: 2=l e +T5b00%
{Bbhiz. Ll Cas(POy) HO wth
TatEar, b, THREL bGERECHE
ET 5. COFEREIHORBRWRILE3 %
15 b ERE LI HE LKA DS
MORBEBERT 5280550,

VI #& =

REFEBT0EC oW THR X IBITHRIC X 5
BASHEITY, HEOXRSEREL, =K
SFOWREXHALME L.

1) REEAOERSTHERE L THRXRE
WEROGAC LD, BHTOBEORBC L O
ELETOWRNTE, EfbESHTRTER
WEES, [LAMEORFIE TSN T
.

2) RBETOZESELTEhbOR,
CaC:0,, Cas(P0.)2-H:0, Mgs(pO,)2-4H:0,
C:H.N,O;, MgsNH,-6H:0, Mg(H:PO,): &£
Fot.

3) BEREHEFR Tk Cas(PO)2-H:0, REE®
Y RBEER T CGHiNO,, BEMERET
i CaCelOs B BEEIER IR,

4) FEREScs? &, RSMRER  Ca-
C:O, FTEIR AT CHINOs ¥EHH5L+ 5
HLONRENDOR.
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