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Measurement of oxalic acid in urine has an important clinical significance because approximately
70% of human urinary calculi are composed of calcium oxalate. Different analytical methods of
oxalic acid have been reported, but most are unsuitable for clinical use. Thus we developed a new
method to assay oxalic acid in urine using high-performance liquid chromatography (HPLC). This
acid was extracted from urine with tri-n-butyl phosphate and converted into the fluorescent derivative
by esterification with 9-anthryldiazomethane (ADAM). The reaction mixture containing the oxalic
acid derivative can be directly chromatographed on HPLC using an ODS reverse phase type column
monitored with a fluorophotometric detector. A linear relationship was observed from 1 to 100 ug/ml
of standard oxalic acid dissolved in saline. Healthy adults excrete 23.8-4-9.0 mg (mean-LSD) of
oxalic acid per day.

This method should prove valuable for routine measurement of urinary oxalic acid as it is accurate,

simple and specific.
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REREEOREEZRICHE D, L OEIR
R Z. REFGOBREIDS 5, BEBA v
2T L RT0% % H0D, RESABEREORTERE
BtEPRET A C L1, Z20FEEPBRT S ETH
HICHBERCLLEEEZIONS, ULk, RABR®IE
BRI ETHTER, »ah Bil’i‘l’i&t&t'@ HhBH. B/
Z, BEBROBEESET BLTE, £ O #EE9H%
P, WEITERNIKSHETE 2 TBERERIN TG
V. BiE, BEEEsuv 57 4 — (High-per-
formance liquid chromatography, ) HPLC) OF]
Ak b, IBH®RZE QRS TYE2WEOHAETIE
TEWHIFET X A& 51T - 121010, Ub U, WA
BERNWSTETIE, AR VEEZDDIIHEEE P
BLUTWEWTIIDBRENGEL, £12, 2100m LITO
HHE TCORBITBOTIE, 300WHE &DOBRINEIKE
Lo, ERADRABRRIBEI, 5~30pg/ml EE &
FERICERBETH D, ROABRHEIC L 2 ELZE
IgnEBDND. T, BEBPROCRaAYET
LYPTICHETIRENS . bvbiuk, RPERE
PHIETRICHIZY, BB EBENTT X7 VG
L Uiyt 2E> 9-anthryldiazomethane
{ADAM) 21z, 32bh, BEE ADAM O=
25 it &% HPLC X - THlEL, Btk
X - THIRES 2 Hik%idH 1. TORSE, COHL
VWHIREEL, BERISESHREEE A SNICOTRET
5.

il

® R A &

h3Ki%, 9-anthryldiazomethane (ADAM) (74 2
IS, tri-n-butyl phosphate (Ruyeflizs), H.C,0,
<2H.O (FeHidk), Witk2 o~ b9 7 f acetoni-
trile GFIYEHESE) 2L, E»OBMIERIEE DL
CHWZ, HPLC #E13, # 5 4k TOKO SODA
LS410K GoifE # 4 o), #1 7i TOKO SODA SP-
8700, %‘iﬂiﬂé}xgﬁ&c Rheodyne Model 7215, %¥#
HER T Shimadzu RF-530, 5 — # QLS8 Shimadzu
C-RIA Z2HEH L.

Wi OFIES Fig. | 2R3, e 0.5 ml
DRZ%Z & b, ZN-HCI10.05ml & 0.5 ml © tri-n-butyl
phosphate 2104, 20MBML#HIFT 5. 361,35,
000 EHETIOMEOIMEL, LEOHKEEL v 0.2
ml %L, iU 0.2ml ¢ methanol & 0.4 ml
@ ADAM D acetone K (6.3 mg/ml) % 58 G0
A%, 2WHEBERAER, 154 % HPLC Ry

0.5me \/— 0.05m2 2N HCI

tri-n-butyl phosphate
0.5m¢ aliquot urine

stirring
for 2 min ) )
centrifugation at 3000 rpm for 10 min

organic layer

l

2.5mg ADAM

0.4m¢ acetone \Qf 0.2m¢ methanol

0.2me organic layer

lincubation for2 h

154 injection to HPLC
Fig. 1. Procedure of determination of oxalic acid

AT 5. HPLC O #4113, BEHEIc CHON-H,O
(75: 25) IEWE 2 HVY, W@ 1.7 mlfwin, F£7) 140 ke/
cm? Thrn, FTz, BRI, BHCFE 254 nm %
v, BHIEE 410 nm T TE T 210, BBOER
i, ¥ REBRTE- /HEYERT ik ko
ThIitolc, R, 24RHERO—E% AL,
WMEREH & LT, FRRBERFBAERE 00 2RY, 24
B R BB R P EH UL, BRIELTE, &
RESRC RS & DR 12,

¥ ®=

1. di-9-methylanthracenyl oxalate D[RE]FE

M 5mg % methanol Sml T EME L, T hic
ADAM @ acetone ¥5E (6.3 mg/ml) ZHnAtz. 0°C
T1RERELI-OL, il UIkERE%ZFRL, chlo-
roform 25 EHER L T WEEBOSRERZAIL. T
DREEDIERRIC ADAM 7> 2 HOFSE LT diester
(di-9-methylanthracenyl oxalate) T % & & i, FD-
MS T m/z 470 [THFA L =2 RRTEMND
bE bzl

2. 2AaT IS A

Fig. 2~4 13, 2 FNERED diester DR, JE
IRESEOREREDR, BXT, ZORMLHEBIY VY
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Fig. 2. Chromatogram of standard synthesized | A J

di-9-methylanthracenyl oxalate
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Fig. 5. Separation of di-9-methylanthracenyl
oxalate and malonate. Peak 1 and
2 indicate oxalate and malonate, res-

pectively

DL TERRRELIIEEDI v N5 LT
& %. di-9-methylanthracenyl oxalate DFEHIFGREIZ
W63 Tdoy, 20& HhBINCHERTS ©— 7 OXES
Joxalic acid i, ADAM OABYITH%. UL, Fig 4 TR
91z, di-9-methylanthracenyl oxalate (D v¥*'—#» &
ADAM DO#EBOSHY DY — 7 HEET 5. Fig. 5
3, BRI VBRORAHD I v b5 L THD
B, HED L — 2 RS h.
3. B % # %

¥
S SERS SN SN S SR S R BEEREE & 7 — 2 NIRRT L - TEH I NI peak
0 5 10 15 20 25 30 35 40 area ORJITIE, BERRIREDT 1~100 pg/ml OFHET

Retention Time {min)
1, BOAERY (r=0.999) 253 b iz (Fig. 6). T

OEFEAERIE, =|RLY  FVEERM HPLC ~FEA

Fig. 3. Chromatogram of normal urine
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Fig. 4. Chromatogram of urine from which oxalic

acid was removed Fig. 6. Standard curve of oxalic acid
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Fig. 7. Relationship between increase of peak
area and added oxalic acid to urine
sample

FCORME (72770, 108RILIRN) ik, BEAER
W 29, LELBEESL OGN, UL,

38 198%E

100 pgjml DI RO T, E&Edskzbh, peak
area METHEENTH -T2, T2, @iklLizkoig,
ADAM OLYfR Y @ — ¥R & di-9-methylanthracenyl
oxalate DYEHIBEIM T L T b, - 1 gg/ml LTFOD
BETREEVREHETH»12. COHERM»L, EE
MRS @B L s o 7.

4. REPBEERMOBINE

E—Rie, 5, 10, 15, 20 pg OBERZENL,
FNFNDERP BT, BBREINELE peak
area DIEMEDORKICIE, BEWIEEE (r=0.999) H5#ED
5, ENYEIL 95~105% Th-7z (Fig. 7). 36
1~5 pg DEBRIRINDHE T S BUTEIL 90~110% &
MRS NERRPEIL. LIV -T, #ULy 7
VHICE, COEEZRLET S L5 SYBEIFELR
WEEB A LRI ‘

5. F—REGOEHAE

2 EFORBER Z0ZN 5 ERIEL, Wi s
HIRED SEBMRE % RD7: (Table 1), ZEIREIL,
ZNZEN5.8%, 3.8% ThH, COHEEDOHERME
BHFELCRFTH T,

Table 1. Investigation of reproducibility

Oxalic acid (ng/ng)

Sample No. Mean £ SD CV (%)
2 3 5
1 25.6 226 235 234 257 242+t14 5.8
2 23.6 221 233 242 243 23.5+0.9 3.8

CV:Coefficiency of variation

6. IEBRELREOHE

SEOMEE EBEBRDO v ¥ 5V itk 3 g
HEOD WEFEE T, FRBEEERE 20 EH O R
e ERUT.. ZHEO REEBERED HBERT
0.881 TH b, EHEOME (p<0.01) 23¥biz (Fig.
8).

7. JERBEELAERE Q24 RSB E

RIS AR R WA PR B R s & VR IR R B il
IRERPHTARE U T2 3R R B A I R 2 20REHI D 2485 R IR
IoWnT, EBEEEEZHE LR 23.849.0 mg/
day (Mean4-8S.D.) Th - 7z.

% 5

BRORFEEL UTE, By LT 2201 E
ety & UTHald 59, ether Tk > THIHL

720b, BT HF L BHY T LFEERE - TEET S
TTEEONEHD L DTH-72. Uk L, ether itk -
TR BRI B2 3510, 18K HPE
U, #t, BovHvEE» Y v AHEIRREECZL
{, BELEN. ZDD5, isotope dilution method?,
HABMRELES? enzyme method” % gas chromato-
graphy® %35 ERENE LINT 5. Lk
U, WINOFEBEPHEOBES, THES, BF
DEBZEDTRTEFEIRS DL E00aiain,
B, bbb DL & FERIC HPLC 2HWT#E
BERHET 2 TESPPREINTD. ThH5DH
B3, BBRPEMELNEET 28T ~vibL
120b, HPLC THHERI 25 ETHLD, KR
FHEMEIT X 275 T, BEREICL 3 6 Ot
U, BEAREL, BB E Ly, 19808, KT 5
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Fig. 8. Correlation between the values obtained by HPLC and by the colorimetric method

13, FEBEBD W65 N kFIE LT 9-anthryldiazo-
methane (ADAM) 2B LT, EBENHKN TER
L ADAM ZRIGS¥ 5 &, XHidiEL, monoester
MHERLUI.. ULhL, 02 00WE%»HHEIBERT
RIHEIHEA L, TP diester PEEFRLIZ. U
Mo T, R OHBEAE R AW TER 2T 2.5
|Ehh T, bilbiut, EEBRORHIIT tri-n-butyl
phosphate 2Tz, Thid, ether iThhl, RO
TEARBDIE A TR E L, BRPERETHEL <
HHTE2056TH%. IBIT, BRI Y I/ B
REDKEHEYEZRFETE . ADAM &, trin-
butyl phosphate FITISIWTER & T APWICRKGT
%. Ld» U, ADAM % acetone IBIRICUTRIG I
722 C 5, acetone (ZFREEDMENICDIT, BERE AD
AM ORUBITEE L. ULTzdi->7T, RIGHR? &
Wad A2 methanol BRI M LI, D X3l
T, BEiHBEz03E ADAM G E, F17,
FOGHE PEE HPLC EEIEAL, BEHRHICE -
T di-9-methylanthracenyl oxalate D&% HETX
L&)z, BROFERIMELOERETHTT
AL 5WIET.

HPLC 812 2 7L A, ADAM 204

B REICANINS. v e VBB & B OY RS
WEEL T3S (Fig. 5), DBERRETH D, 12, <
v B HEHD dicarboxylic acid % monocarbo-
xylic acid &SR INS. Y v TR BIRE
D& 5 78BAMED carboxylic acid 13 78 Hk: EH38
{, ADAM 2z DY) L AREED B TEHsh
5. ZOiid, Lawsonl® p3#AELTWVW5A X 5 BIER
ART—BCED 556§ 2EHEBIC N T b #KES
Uizhs, BEREARMCEHIN 2 EERIIFEE LR
Mote. Eilo, TOCT &L, ROBEBRZHEBI VYD
A THRELUEEDI a= b 75 AITENT,
BEBOBHEEN (164 T, C— 28D 508N
itk hErHavs (Fig. 4).

SEOREFER, EREEROEEESAIERCE
(Fig. 5), *7z, H—MREOEEHET I WT S FHH
BRREFTH o7 (Table 1). b, Rbk bR
OB ASEETH-I272w, H o PRI
RAYE RN A BB I EBAT

FEPRBR AT B 2001 H5 1T B 240 F R S ER HHE
BREE LT &8I, 23.84-9.0 mg/day (Mean+-S.
D) Thh, 9.3~41.2mg/day OEFTH-72. T
DOfER, BROFME L W BETEELSHS, HEHEITK
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HHUEBEE S L SMELTE Y, BEIHETEAIHE
ThH-o1c.

DUOLNDFT U L BB U RAEERNERL, BR
Y L BEDEL, o, BEFESEETH .
ADAM QARMIOD 5 B, HEHEERDS di-9-methylan-
thracenyl oxalate &iTH: 3% 3 O H3dH %55, HPLC
FHEOS LBENZ S KBTS L ETLOZED
SEEVSEIRRICISE, RA X D3 A B s imhE
BOBEICHIGHTE S EELS.

] -

RPEBR2HME TS ~hL, W& 47O
JAERVIIERER e S5 T —HBRE ST
EETHHUCHER 2R L. COREHER,
RS I ORENE L, EIEEEREIHE T
S OTH-T. &I, RHEFE 1~100 pgml T,
ERBEOEBOHE I TRETH -1z, ERBREGER
F2061 D24 B R L ERBEE 12, 23.84-9.0 mg/day
(Mean+S8.D.) Th-7z. 4, EEBHEOEREDOR
REBREENEPRE T A L3I, TOHEBEPHEL
T, MAABBOHE IS TENTINEELS.

'k, RMILOBERR, H32E AARBESEEAIREE
WhHaK B TRE L.
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