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Abstract

The authors measured the formation of calcium oxalate precipitates using a calcium

electrode.

The validity of the direct assay of free calcium concentration using a calcium

electrode was confirmed by conductometric titration. This method was found to be simple
and easy. We used this method to study various chemical substances, urine, saliva and seven
kinds of Kampo (Chinese traditional medicines prescribed for kidney diseases) which influ-
ence the formations of calcium oxalate precipitates and complex with calcium.

While urine, saliva and seven kinds of Kampo medicines showed an inhibitory effect on
the formation of calcium oxalate precipitates, Hachimi-jio-gan, Gorei-san, Boi-ogi-to, Eppi-
ka-jutsu-to and Inchin-ko-to also showed the increase of equivalent point with calcium ion.

Key words conductometric titration, calcium ion concentration, crystal inhibiting activ-
ity, complex formation, calcium oxalate crystal, Kampo medicine.

Abbreviations EGTA, ethyleneglycol-bis-(#-aminoether) N,N’-tetraacetic acid ; Mes,
2-(N ~-Morpholino) ethanesulfonic acid ; ANOVA, analysis of variance.
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BOFERNDZ 7 ) —=> 7 F 2 b2 HBELT, #
N WEBBERGWEEL EELRL i vitro
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FFIDERE S V7 ARERTERIC BT TR LR
HLEDTHRET S,
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(1) BEEHINS I LIERERD NIV LR
124 BIE CBERPTE | MO T LA F
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LT 2R, KR 2 AW RO &G T
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Q) BEDROBWEAN S I LA F B EER
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1 OEHET TITV, THIROBEEEA VL7 L - 1K
41 (whewellite) & D TRIZEL 72,
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Va7 (HE) k0PI, F0IEIrORE
BIRTFHHATA-TR7 (FE8) O8&mERW,
8 # St FEBRILLCELZNEITY, FH
i+ SD. THoHb Lz, HalekEiz ANOVA &
Scheffe’s Test % A7z, p<0.05 DB, HaEd
D& Rz,

B =2
1, A LERE L BERFTEE

Fig. Lio/R L 72810, BEFRNE L HHEH L
LA K BEOELE ORI —EY R LN, B

450

(mM)

CONCENTRATION OF FREE Ca

250

¥ T T v T i H N T T T T i
0 0.1 0.2 03 04 0.5 0.6

CALCIUM NITRATE (mMm)

Fig. 1 Titration curve between potassium
oxalate and calcium nitrate. The left ordinates
represent the conductivity and the right or-
dinate represents the concentration of free
calcium ion(A) measured by calcium electrode.
The abscissa represents the volumes of calcium
nitrate added. Experimental conditions : The
concentration of oxalate was 0.25(0) and 0.5
(@) mM. The final volume of the assay solu-
tion which contained 1.5 mM Mes buffer (pH 6.2)
was 100 ml. The reaction mixture was stirred
at 23+0.1°C. The titration was carried out by
adding 0.05 mM calcium each time beyond the
equivalent point. The equivalent point was
determined by drawing a perpendicular line to
the abscissa from a cross point of broken line.
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Fig. 2 The changes of conductivity expressed as
function of oxalate concentration. The left
ordinate represents the changes of the conduc-
tivity(O) and the right ordinate represents the
changes of the concentration of free calcium
ion(@). The concentration of calcium was
always 0.1 mm and the concentration of oxalate
varied 0.125 to 1.00 mM. The experimental
conditions were the same as shown in Fig. 1.
Values are expressed as the mean+S.D.

Fig. 3 The X-ray diffraction pattern of calcium
oxalate. The precipitated samples were
obtained by filtration through a membrane
filter 1 hr after mixing 0.5 mM calcium with 0.5
mM oxalate. This diffraction pattern was
identical to that of calcium oxalate monohy-
drate (whewellite).

Table I Effects of various agents on the formation of calcium oxalate.
- Addition of Equivalent
Additives Ese‘jice“tra“o“ 0.1mum Ca?* point (m)
(A) (&pS) (B) (xM) (A) (B)
None 0 21+1.0 48+1.6 0.48+0.02 0.49+0.01
EGTA 0.25 mM 10+1.6% 22£1.1*  0.75+0.04* 0.76+0.04*
Heparin 0.2 mg/ml 38+1.9* 100=5.1* 1.2 £0.11* 1.2 £0.09*
Magnesium 0.25 mM 37+1.6* 97+£3.2* ND®  0.45+0.03
Pyrophosphate 0.25 mM 10+1.3*  21+1.0* 0.65+0.03* 0.66+0.04*

The calcium oxalate formation was measured by the calcium electrode (B) and the
conductometric titration (A). The calcium nitrate (0.1 mM) added to 0.5 mM potassium
oxalate. The conductivity and concentration of free calcium ion was measured at zero
time and at 1 hr. The titration was carried out by adding 50! of 100 mM calcium nitrate
at each time (0.05 mM) into 100 ml of 0.5 mM potassium oxalate using a conductivity
meter and a calcium electrode. Additives were added to the reaction mixture 1 hr before

the titration. The experimental conditions were the same as shown in Fig. 1.

2 ND : Not determined.

* Indicates significant difference (p <0.05).
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Table II Effects of urine, saliva and Kampo medicines on the
formation of calcium oxalate.

Samples or Concentration Free Ca?* (uM) Equivalent

medicines used Before After 1hr  point (mM)
None 0 <5x+0.82 48+1.6 0.49+0.010
Urine 1% 68+2.4 73+2.4*  (.49+0.005
Saliva 3% 78+1.6 70+£2.4*  0.51%+0.010
Hachimi-jio-gan 1.2 mg/ml 49+4.1 68+4.1* 0.54+0.014*
Gorei-san 1.2 mg/ml 24+3.3 68t2.4* 0.56:+0.005*
Boi-ogi-to 1.2 mg/ml 60+4.1 68+1.6* 0.60+0.010*
Eppi-ka-jutsu-to 1.2 mg/ml 160+4.9 140+4.1*  0.68+0.005*
Sinbu-to 1.2 mg/ml 47+1.6 681-0.82* 0.51+0.005
Chorei-to 1.2 mg/ml 26t2.4 75+4.1*  0.514+0.029
Inchin-ko-to 1.2 mg/ml 68t2.4 73+2.4* 0.57+0.010*

The concentration of free Ca?* was determined by measuring the calcium ion
concentration before titration and 1 hr after mixed with 0.5 mM oxalate. They
had been adjusted to 0.10 mM calcium, but only Eppi-ka-jutsu-to had not added
any more calcium ions because its 1.2 mg/ml solution already exceeded 100 xM
calcium concentration. The equivalent point was measured using a pH meter.
The titration was carried out by adding each time 50 g1 of calcium nitrate (0.05
mM) into 100 ml of 0.5 mM potassium oxalate. The experimental conditions

were the same as shown in Fig.1.

*Indicates a significant difference (p <0.05).
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