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An establishment of the predictive testing techniques
for urolithiasis recurrence

Yasuko Kawakami"”, Yoshiko Yamazaki”, Kyoko Sasaki”, Ryo Kubota”,
Yoshimi Takano®, Naoki Sakai” and Kiyoko Shiba"

Summary We tried to establish the generation technique of calcium oxalate crystals by adding a 100
mM calcium chloride (CaCl) water solution and a 10 mM potassium oxalate (PO) water solution into
the urine of the patients with urolithiasis. As a result, we demonstrated that the shape of the CaOx
crystals generated in vitro changed into various crystals which were consisted of calcium oxalate
monohydrate crystal (COM), dihydrate crystal (COD), and trihydrate crystal (COT). Especially, the
numbers of the COT crystals were confirmed as remarkable, indicating that the numbers were 54.3 =+
31.0 and 33.8 £ 10.6 pieces in the new and relapsed patients compared with 7.24 £ 7.9 pieces in the
healthy sabjects. In addition, it was suggested that the COT crystals generated in vitro were

subjected to agglomeration, growth, and inhibition by the existing urine organic constituents.
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lithotripsy (ESWL)) T&H V), A SN 7219954
VIBEIRED90% UL L% 5o T 5205, 1HEE
DFFEFITHI6S% L EHRTH L, HF, BUE
#2fE (Chronic Kidney Disease (CKD)J % AKHA
B A4 [End-stage kidney disease (ESKD)] OF
fE & L CTHEH ST B2, JREEH A (X
CKDDYAZ 7724 —D0bkoL LTHRE
NTWB% LhL, BEDX N =X L3 ER
HOPIZENTBET, ARG PHED % —
FEREET 5 L IRV RETH D720, R
ARETFSE & T AR B 48 2 08 R SR A AR
ENTWwb,
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FRICHTE T THIY 5 AL OMED 720D
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D100 mM CaClZK L O F 54

WAL AV 2 KR (CaCl-2H.0) (Al
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74 H NV (#%). Tokyo. Japan) Zffifi L.
OCPCIEIZ & 1) AB/3HT%£(E (Accute TBA-4OFR,
TOSHIBA X 74 # )V A5 5 X (¥E). Tochigi,
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TP7 A MG (FDGHISET3E (BR)). 773
> (Alb) JEEENERIEIIN-7 v LA TIAYA 7
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Japan, Ltd., Tokyo., Japan) #%f{iffJ] L. Mann-
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ATHT O SRS 19 B D BERR 2061 (RIS
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M4 B PRE&HEAIE TR EE IR 1060, Fi
46~835%. BB, Lk 24)) . WL LT
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(1) In vitrolZ BV} % CaOxii i AL D 720
D RS

1. In vitro CaOx:f& &ty A= B D R

In vitrolZ B> T CaOx 5 D AT FE 2> % fifl
A3 472012, 100 mM CaCl K& & 10 mM PO
RIS % F =R G L. #idh % AR L 400K THitk
L7z (Fig. 1-1), Fig. 1-1-AIZR$HEIC, E2 7
v MAROCaOx—/KF1H [Calcium oxalate monohy-
drate (COM)) #&&4. Fig. 1-1-BO IE/VH KD
CaOx __7KH1#) (Calcium oxalate dehydrate (COD) )
#dh. Fig. 1-1-COEHIR - BHAIROHE R TH 5
CaOx —/KA1# (Calcium oxalate trihydrate (COT) )

Fig. 1-1

X400

The shape of the calcium oxalate crystals to be generated in in vitro.

A: COM (monoclinic prismatic), B: COD (tetragonal bipyramidal), C: COT (needle shape)

X400

Fig. 1-2  Comparison of the crystal generations caused by the different mixing ratios of a CaCl solution and a PO solution.

As for the ratios of 100 mM calcium chloride water solution and 10mM potassium oxalate water solution, that of
A was 5:105, B 10:100, C 20:90, D 55:55, E 90:20, F 100:5, respectively.
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DB S N7z, B L 72CaOxf S o LesRid
BB I FCOMK: M CODRE M COTHRE =1

27T THY, FEIZ, COTHEMD MBI B

DHNTzZ, TOFERD 5100 mM CaClAETE & |
10 mM PO DO E IR AT L - T, in vitrolZ
BlF 5 CaOxiE S DA HETH B T & &R
L7,

2. CaClVAR & POATR DA AT & B A S ERL D
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100 mM CaCIZKI&E & 10 mM POKIETE DR A
DHEEIEZ D L2 X o TH L % CaOxf i D
CRE L2 % L7 (Fig. 1-2) 0 10 mM POZKA
WOEEAHINT 51T &, CaOxili fhl3 K & 7l
A AR L72e —J5. 100 mM CaCUKVAETE D%
AT 513 L, CaOxFiinId/N & < 7 2]
MRS NTzo In vitroTOCOTHS bl A B8 L 72
M3, EOREDIZK S EHRCTIESH—TH
2 725:FBD 100 mM CaCIKIE10 2 L & 10 mM
POZKIAE100 n LE DIREILTH 720

VI S N

3.A v FaNR—T g VilE LR oM
4V F 2= 3 VRERER A COTH &

WA A KT T e et L7z, 4 TTIECOM
A E CODMEM DM 2 e BEEN R O Nz
(Fig. 2-1-A) . 37°C TIZCOTH D AN BE S h
72 (Fig. 2-1-B) o 37COEMALTA ¥ F 2 X —
Toa VEE A TRFHEEE LD oL, 3B
BLAZDDOTIE, BREICKEREVCHTRLNT,
WEIIZB W T S COTH AL S 7z (Fig.
2-2)0 INHDOZENL, f yFarR—-ay
WEIZ37C, REENE 1 M@ CTH D & v )
R AT,

4. I DRANATF DEN T X A CaOxDZAL
AT RET DMFOENIZ L > TEE SN
% CaOxiti IERE DV % 6 £fF ISV T AT
(Fig. 3) o D% 10 mM POKIA100 2 L, 3%
(2% 100 mM CaCUKIEHE10 2 L, #il3 & iR
%390 LE L, 41111300 -@), £&M213
@00, £#3132Q-0—-0. £#4120
@@, &M5130-@—>O, &MH6130—

k.
*

X400
Fig. 2-1  Incubation temperatures which influence on COT crystal generation. A:4C, B:37C
b . X 400
Fig. 2-2  Incubation times which influence on COT crystal generation at 37 C. A:1h, B:3h
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O—-Q@DNEIFR % ATz, St 1 TIZCOTHS
EROSERLICHIIBLL . 4o 2 Tld. COTHif DAt
COM#E &, CODAEMASIIR L 720 3. 4.
5. 6 TIZCOME S & CODME AL, ¥
2. 4:fF 3 TIZCODAE S S BRI AR S 7z,

5. In vitro CaOxi# it 2B B iE % Vo 72 IR GRS e
BOFBREEEEIR TOCOD, COTDHE D
i
In vitro CaOx# b £ Tl T AN 5 5
PF22EZ 52X D COTHRBERICAER L2 .
COMB L U'COD#E & AR S 5 2 E DS RETH
2720 WERBISG TR S S 1A CaOxi i
iCOM COD#EELTH ) COTHE S ITHBLL 72
o Z 2T, in vitrofE ARG 3 12TV COD
#naa%iﬁﬁbffnaaﬁ’i’kb?bf:o T DRER
i E £ 19.6 = 16,9 12X} L, #IFEEHI337. 8+
3418, FFEHEE TIE27.3£22.00H & V3L
WTHEEEIIMB SN o7 (Tablel- 1)
KIZCOTHESIC DO W TR L& 2 A, fiEH
TI372£7.9M 1% L, #38EE TIE54.3+£31.0

fiil, FSEEE TIE33.8E106fHE . TR DR
B AE B O F MR B I E RIS EE
(p<0.01) Z/RL., #FEEELHERARICB

Table 1-1 Numerical comparison of the COD crystal which
formed in vitro

Number of crystals
Healthy subjict 19.6 = 16.9
First 37.8 + 34.1
Urolithiasis
Recurrence 27.3 £ 22.0

Table 1-2 Numerical comparison of the COT crystal which
formed in vitro

Number of crystals
Healthy subjict 72+179 -l 7]
First 543 £ 31.0J #
Urolithiasis ]
Recurrence 338 = 10.6J*_
#:p<0.01

Fig. 3

The changes of CaOx which was generated by the various mixture orders of the test solutions.

X400

The test solution (D was set as the 100 z2 L of a 10 mM PO water solution, the test solution (2) as the 10 .2 L of a 100
mM CaCl water solution, and the test solution 3) as the 390 o L of an urine sample.

In the condition 1, the test solutions were filled in the order of D)—2)—@®); in the condition 2, @—1—®); in the
condition 3, @—®@—: in the condition 4, D—@—(2); in the condition 5, 3—>@—); and in the condition 6,

B—-0~@.
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Table 2 Level of urinary inorganic components and organic components of hearthy subjects and urolithiasis.

(mg/dL)

Ox Ca TP THP Alb THP/Alb Ratio
Healthy subject 0344020 - | 93£50 | 58%41 | 16065 | 3.1+19 0.7i0.8-|- 47+2.3-|

Sl vason]

First 031 io.zo-l 103£50 | 65428 | 65+144 | 28+20 |[7247, 04403 |

Urolithiasis : J

Recurrence 048610.50J*- 1374102 | 7.1£4.5 | 2704200 | 27424 [12.2+89- 0.2:£0.3

Wk, WISEBE O EEICEM (p<0.01)
ZRL7z (Tablel-2), F7-. EEHIZH R
PEAS O B IR S ASEE T A B DRERR &
n7z.

(2) HESE L 72in vitroC D COTHE Sh A )7 i & 44
EREA

BERELE CTHWREDRE L&, RN
| e U OIS L 72in vitrolZ B 1) 5 COTHE
SRR, 1 THHISmLYA F aF 2
— 71210 mM POZK{#100 4« L, 100 mM CaCl
IREEW10 1 Ly JRIAKR390 o L& M LN
IFHF—TH5MERML, 37CT 1 BRHEHE L
720 Z D, 10,000 rpm, 1055 D 5Tt 0B
L. #OMED R %2300 LRI ikl %155 2
L& L7, 200 LOMEIZEE IR CRML T
15,L% 2T 4 N7 5 ARE# Lk orig
L. 58 OS2 B2 PR e L7z,

(3) PREEERE - A BRI EE O IR
PRAIERE ST & A AR B O W 5E 45 R % Table 2
VR L72e T2 o BigE I, % 30.3410.20
mg/dLIZxF LR B A e f) 56 5 T1320.31£0.20
mg/dL. FIEHEE TI30.8610.50 mg/dLTH V) |
fEEE L) EREEE (p<0.05). WEEHLD
HEEHEE (p<001) THEILHMEZ/RL. Ca
TEEEIE, EEH9.355.0mg/dL, MEEEF 103+
5.0 mg/dL, FFZEEE13.7110.2 mg/dL & A HE7
AL NGD o 72h, REBFHAELEFIIBNT
RIS A S NIz, Mg, &
5.8+4.1 mg/dL, #FEER6.512.8 mg/dL, FF5E
BHET1E45mg/dLTH ) TN FEEIETAD
Ndrolc, AN TH HTPIRE L, T4

= p<0.01, *:p<0.05

16.0+6.5 mg/dL, ¥FEEHE6.5+14.4 mg/dL, T
FEHRE27.01200 mg/dLCTH ), THPIEE IZB W
T, R #3.1+1.9 mg/dL, W3EEH2.8+2.0
mg/dL, FREEE27E24mgdLTH Y, WTh
IZBWTHHEEEIASN Lo 72, AlbiEE
X, EEHE0.7£0.8 mg/dLIZxT L WIS EE Tl
7.2+7.0 mg/dL: HEIZ (p<0.05) HETH
D, T, EREEETIXI22489my/dLE A
12 (p<0.01) Bz R L7z, PISSESE & FFR
BEMICIIAELRETIR N o720 S512,
THP/AIbILIC B\ T, FE47L23120F LA
JEEF304203, FEEAEE1202£03TH Y | i
WHEN A EE L R ICHE (p<001)
LA RENTz, T2, WEEE L) ERER
FTERWE (p<0.1) RSN,

V. E%E

Fea i3, REEHEAERFERIZ—E & OCaCliE
W EPOEIEZRINT A 2 LI X VWEL-BED
WEIZBIT5HAHMELEEEZREL, EEHE LR
HATARERFEIC L 2EEDO#ENE I LY, K
WFIFETlE, ORI L7233 Th % CaClk
I & POKTETR & A TR Ly i3 D
RASEMETH 5100 mM CaCIUKIEH10 Ly 10
mM POE{ZK100 1« Ly JR390p LZ HV D Z &2
£V in vitrolZ & A5 AEC R ITREIC L 72,

CaOxfE i, A7 v MkocoM, 1E/\H
EDCOD, #HKkDCOTD =2 DKM 21T
LIEREEALTBNY, KHPIZ L o THAEDR
L. LG OBRERIC L 228 Rk s
$9, COTId I d WA 12550 < | Mo KAW It
N EAREETEH ) CODRCOMIZIETLT A I
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DB B0y WREE L 7zin vitrof s A BRI B W T
il & RS AE S E R Tld, COM, COD,
COT & W N DCaOxifi i b HBL L 7275, COM,
CODHE b IZ e _COTHREdL e b £ < B L 72,
L2 L. BRRBIG TR 2 SR S 115 CaOxkl
EIZCOM, CODFERTH 1) COTHE ST L
B\ % 2 CCOM & COD#E b D A % i A i
HrBREFRILRLECARELRETR SN
No7ze —J. HEEEL 72in vitrolZ X A COTHE b
BT\ AR B AS HRE S TH BRI
THY, &5, PEEEFHRER I VAR
’%ﬁ%ftto_@ Do, BEHEDORIC
HES R AW T AVEHR S 5 D125 L, R
Er$%@mfian% BAVER S R <
%L%’Twﬁﬂiﬁ%b b EDIRIEES NIz,
ZICIRTFICER SN LR - AHRWE &4
AR E OREE RIS 700, BEEEBEE
PR DRSS 2 7B, Ca, Mgl L O
FHER TP, THP, AlbiFs & s L ILE L7,
PREEFETEB B IR OO L, RHE L&
ETHD I EEBIHMSNTEY REHA
JESEATA T4 v OBWEBAICH MR 5T
BOH, ARFRIZB VT OO L, EE
CMERE L) BREE CHEICEMEE R L7,
Cerini 5 1&, REE N TCaOxi ik = A 72
ML ADPARE MRS TH D . Bk
e L TWa BRI L 722, R CIEE 1I2Ca0x
S EIAIRIEICH V) . BRICCaOx DA dh D 5 R
L CTWB A, AlbASIRANE 1ECCaOxi fl Dl 2
W OB a3 2 EIZlboTEY . Rk
DCaOxDMEAF Z B C Z L WE 2 BB L iE
ENTWBEY, RAFZEIZ B TAIbIEEDE A
V2 AR B A B T AN AS A 5 7z
ZlE, ERICIANREBEREICBANT
R EE EICEEE R L7722 &0 5 AbDRERY
FRAEHEN DB G- D38 L7z In vitro CHEL L
72COTHE L IC DWW T, R E I, IRERA A
EBETIIZHTH o722 L1122\ T, Cerinih’
it L T B RIS AIbDSE R OIZIE RO A BE 2 1
WA TH D LIRET S L. AL IRAE 2 D
FRVCOTHE D & 2 V) | fEdhE B Tht
LD B VO TIEEEZ SN, B
12, AbEEDMER B L0 IR AEEE 2B W
TAHEICEHETHLZ EE, ZOEH R RS
HLLDTHAHEEZLNS,

AbDAEEE AT LTy BIHIBY @) < oAt
THPE WhNTE Y, AbDK;SEEZ 1T 5 &
12, #iE L CETRTIITHPIM R 2R §
L OWMEDDH B, KGRI BV TR HTHPEE
FE IR 3.1+ 1.9 mg/dLIZ LS B H T8+
2.0 mg/dL. FFFEEH T2.7+£2.4 mg/dL & Ak 1%
RLEEDAEELRE I Lo/ LA L.
Hmmmm%“ﬁLwﬁLtt’é @*%i
DIREAEAIEEZE CIIETH Y, WEES X
h B %%fﬁﬁ@ﬁfﬁotoﬁ%%Er$
HPRH O A EE DA & % THP/AlbI. D Z4L
FADDBEIZENEH I 2 0 5 DTIE EE 2
57z,

V. #E5E

In vitrolZ BT % CaOxff i AL DOREEEIZ B W
T, 100 mM CaCIZKEE & 10 mM POKE T % i
ML, REBRMNT 5 2 & TCaOxH fh DI REDS
COM, COD, COTH#dhEfEa I IbT A2 %
Eﬂ%?ﬁ‘k L. 52, COTHE S DFFFEAS AT | 2HE

RENTz, 512, in vitroTHER L 72k 5 1E.
R¢ﬁ%%@fﬁ_iof\&%%m§\WH
VAT O T VBN RESEATRIE S L7,

B L IREREN SRS, BREEDIR

2B W TR SN 72COTHE B S Rrr - 7275,
C DRGSR D E CITIZIRAFAIEE B L O
THP/AIbH S B 5 2 L LB L RITL TWw
LT EARBENT, ZHIFEIITHED v
AR TH L, 4%, FRIZ, RHAbE THPIC
ZH LTINS L, IRAPD IS OWYED
NG VAP T & LRIEREAR L O b Y
THOLPICT A LDFETH L EERZ D,

ARIFFEIC & O FEEE L 72in vitro T O CaOxi i A=
B PRI UE SSE & T A0 2 f 8 20 i
BN Y ) BAREED TR S Tz,
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