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STUDIES OF DIETARY INFLUENCE ON URINARY
OXALATE IN CALCIUM OXALATE STONE FORMERS

Kiminobu Arima
From the Department of Urology, Faculty of Medicine, Mie University
(Director: Prof. S. Tada, M.D.)

In order to examine the effect of diet on the urinary excretion of oxalate, a spinach load-
ing and milk loading experiment was performed in normal subjects and patients with single
calcium oxalate stones and recurrent calcium oxalate stones after a rat experiment.

When spinach (100 g, total oxalate 642.57 mg, insoluble oxalate 282,21 mg, taken oxalate
444.57 mg) was given with a low calcium diet to the patients, the increase of urinary oxa-
late was more prominent in those with recurrent stones; the mean urinary oxalate increased
from 39.84 to 84.18 mg/day (P<{0.01) in the group with recurrent stones, from 36.95 to
55.12 mg/day (P<(0.05) in the group with single stones and from 33.99 to 42.78 mg/day in
the control group.

These increases in oxalate excretion could be ameliorated by the concurrent oral admi-
nistration of milk (calcium 343 mg).

Moreover, diurnal variation in oxalate excretion was observed. It was more evident
under spinach load in the group with recurrent stones than in the control group. Urinary
oxalate increased promptly, reaching peak levels between 4 and 6 hours after loading in the
group with recurrent stones and single stones, and between 2 and 4 hours in the control

group. The influence of the spinach load disappeared within 24 hours.
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Table 1.
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125 10834

24-hour urinary oxalate and Ca. excretion in 4 rat
groups (mean+x8D)

Low-Ox. Low-Ca.

Low-0x. High-Ca.

High-Ox. Low-Ca. High-0x. High-Ca.

Ox. excre.

(mg) 1.020.14 0.32:0.04 1.63+0.23 0.380.11
0"(’”%0/",;1,) 210.37£35.43 79.90+38.40 353.02466.10 127.3%51.85
Ca(-megx)“e' 0.2740.12 0.93£0.26 0.30-£0.08 0.34£0.12
Number 5 5 5 5
Table 2. A significant difference between the two groups
(rat group. n=>5)
H-0x__L-Ox  H-Ox_H-Ox  L-Ox_H-Ox  H-Ox_L-Ox L-Ox_L-Ox  H-Ox_L-Ox
L-Ca™ H-Ca L-Ca  H-Ca H-Ca™ H-Ca L-Ca" L-Ca H-Ca™ L-Ca H-Ca™ L-Ca
OX(;;‘)”"- p<0.01 p<0.01 ns. p<0.01 p<0.01 p<0.01
Ox('/,‘g"/",;ll) p<0.01 p<0.01 ns. p<0.01 p<0.01 p<0.05
Ca(’meg)(,’ re. p<0.01 n.s. p<0.01 n.s. p<0.01 ns.

BHACIY, =5 Uich vy a gl i serissig o
- T < B,

F T, B, BBMEAL YT ADE - KRARE
BL, —EDEHTT, Jv b BLOBELREDOER
BIOA vy 2P0 BENE BB B s nt
fz.

Sy LRI BIEREIZL DRPER
BOEICBT 3HE

1) =B

5% 68D Wistar R[S » 1+ (PIHIEEILS
g) 20mA vy, BENIHA 2 v 7 CE7 %3ic, &
HEEERBOIIS E—Fr Licb oA E L, B
BRERIOC IV Yy AsBEEXEEE. BRI, &
bE 1 AERAL g R lélmg FFhTED, Zh
PEE MEEREL L, SHRLEEDN. 1% 15 mg)
OEBRYAMLI-bDEEBEBEL Lic. 21y A
B3 1 HAEED0. 2% (30mg) &1.2% (180 mg)
HEZDIEZ LD, ThEhE-Errvoafrd
Lic. Thorb e 4, Tibh, EEREY L
vy AgFE (UUF, K Ox- (& Ca &F), EEMS
Ay AE&RE (LT, & Ox-& Ca &%), =K
BEA vy A 5FE (UTF, & Ox £ Ca AFD) &
IogEBmE s~y AfGE T, & O0x«5& Ca
B BIER L. £BaY, 5ok, 488ERHE
FERiH, 18 15g offebz, A4
WRAPEREEHE, BERIOHI LY 2B BIE
L., AfReE ERIATEY, SlkitEHEL

7.
EBREEL, 3OS BoMIINEE L7 gas-
chromatograph iZ X b2, Hai v v sl E 03;.
OCPC ¥ L h Bl » 7o,

2MER  (Table 1, 2)

1) 24RFRIEHR P IEETH R

24BFHI SRR R, £ Ox {8 Ca &R
¢ 1.02:4:0.14 (SD) mg, {& Ox » & Ca AF 032+
0.04 (SD)mg, & Ox+{k Ca & & ¢ 1.63+023
(SD)mg, & Ox « & Ca ARECE0.38+0.11 (SD)
mg Thoie.

EHEHEES Ox« € Ca AFLIE Ox+{KCa
BRCHET 5 &, BHBOBRSEH2EE Lz
1.63mg L#EED 1.02mg LT 60%0OEEY R
L7z

K Ox«F Ca AFLEKOx - (& Ca AFTIL, »
Ay AR 65 L LICHIE CoEEER 130, 32
mg LHHEE L L T60% DEEY R LT

£ Ox « % Ca AR LH Ox & Ca ARL KT
&, WAL DK Ca BAFO6 SO LYY 2EHE
LTH Y, PREEiiE 0.2 mg, #3%C 038 mg
L olody, BEHEEEREY 2L LBE TS OE
fEZmL .

BOx+5Ca AFLE Ox+ K Ca AREL L HIK
ThHE, EOx REEOH 2 EDERLESL LI,
ANy 2BEERY 65 E UTcBTE ToBEk&110. 38
mg &, BEIVITHOEMEY R L.

BEEEEI R E Ca ATECEL, {ECa AR TEM
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PRl ¥, mOx BT, vy AR X
b, BEBEEEEERCE LRI

Welch @ test THREX B/ ofc b 5, EOx .
% Ca BFLE Ox « & Ca EFOHELIMNL, FC
HEEYED (P<0.01).

R) 24 IR R ERRIRE

24BFH PR FIERB T, K Ox - & Ca RFT
2103743543 (SD)pg/ml, € Ox+% Ca AT
79.90+38.40 (SD) ug/ml, & Ox+{£ Ca EF T
353.024-66.10 (SD) pg/ml, & Ox « & Ca AFETIX
127.30+51.85 (SD) pg/ml TH 7.

BHREE S Ox K Ca ALK Ox-{KCa &
BECHBNT % &, B13511353.02 pg/ml & 3% 210.37
pglml & H~68% DEERR L.

£ Ox+ & Ca BFFLEOx - K Ca AFETIE,
#13.79.90 pg/ml L #5355 X D 66% DEMEERL .

B Ox+5Ca ALK Ox 5 Ca ARLHET
% &, Figir 127.30 pgiml L#5%E D 79.90 pg/ml &
592 DB E R R L.

= Ox«ECa AMIE Ox - (K Ca £EEL % T
ThHE, BEL127.30 pg/ml LfRE L L TEH D
{EfEE R L.

BEAREILE Ca AR CEL, (& Ca AR CEMY
mlic. EFi, BREIUCEOx T, H1vva
B XY EBREIERCZE Y E L.

WEEFER BT T, K Ox » &5 Ca AL Ox »

w Ca RREE ORISR, TXTEESE2RDL (P
<0.01, P<0.05).

) 24BFRESEEGIR R oy v o v ABEHER:

URFHEIEH R A A v o o aBHEET, (& Ox « {£Ca
AT 0.27+0.12 (SD) mg, {& Ox« & Ca BT
0.93+0.26 (SD)mg, & Ox+{E Ca AT 030
0.08 (SD) mg, B Ox « 15 Ca AF 7 0.34+0.12(SD)
mg THoi.
HAyy AR HERE Ox K Ca & FEL{E Ox -
K Ca REECHET DL, HiFE1030mg L#§ED
0.27 mg & HAR1Z OB EY R L.

£ Ox+» & Ca BFL{E Ox+ £ Ca BFETIL, #i
#1709 mg LH#ED0.27 mg L H1.244% DEiER
s

EHOx+%Ca AFHLEOx -5 Ca BEETIE, B
#1034 mg LHEE L D63BOEMER L.

mOx -5 Ca A LE Ox « (& Ca AL ILET
&, HAiFEFO034mg LHEED030mg L HN13Y
DEEARL V.

—ii, Ay s EIEE Ca AR TEL, &

Ca ERECEMELERLE. 5 Ca BT, BBmEC
I b ey APEEEITERC LA R .

HRTEEANIT, (R Ox « & Ca ALK Ox » & Ca
A, KOxHCa ABLE Ox K Ca £F, &
Ox % Ca AFFLE Ox & Ca ANORITEEZE
Z@die (P<0.01).

EBREEIUAINLIDYLEZERHK U-EHE
Lk ZRPEERO4BNIEEES LU
HAZEHICOWTOBEENTIE

1) X%

RO 246 EHIE R X O R NE B T 5
fedic, Bl XOREHEREE A0 LR VBAB TE
Bean v safERBEENGEE L. RBELT, ©E
WHRABT 5 4% FEAV. WBRES L0 £ ik
33.6+8.8 (SD) M THh-To. HARFL, RAZTFHE
FEy Loy AREERE (LT, MR 54&, K
ANBFHEFREER L~ v AR (OUT, TR 10
BD2EEE Lo, BAJE BE5 L OFEH BT, 44.8%
12.5 (SD) 3T, BEIEEIOZOFHERT, 43.8%
1229 (SD) mTh-7e. 7k, HAERST, HAE
BEN 1 ET, SBAEEV IEOLOHRBELEE L
L.

2) HiE

AEY | ABAR Y, R Table 3 &<,
BE—EOERPTE, BE BE FrVva, ey
—-0FEAELL, E1HH, £2HH%ZEOx - ECa
B (REERE146.6 mg, NELERE 12.92mg, » 1L
vy af184mg) L1, HIHAOHAK RV LY
H 100 g (FHHEL 78 g, HRIEME 642.57 mg, TEHEME
Eoer 282.21 mg, (EEUEREE 444.57 mg P H AL,
& Ox .« K Ca & (BEERE689.17 mg, FEMEE
295,18 mg, gL v v AR 115 mg, AL
v AB 242 mg) & L. 4 HEIR, {£0x.{ECa
B (REERE46.6 mg, THEEEHBE 12.92mg, » L
vy AR 182mg) CRLDD, #£5HEOHAR
Ry L VE1I00g Lias218g (Havw ag 343
mg), FEOEAIA Y AE 55lmg AWML, &
Ox« % Ca & (REME689.17 mg, THEUEME
29518 mg, ¥H Ay 2 E8llmg) L, E6HHE
13, STl OME Ox « € Ca & (REEE 46.6 mg,
REHEERE 1292 mg, »rv v a5 186mg) b
Z 7.

Bl 8RR, BAir1oie, SERITRERE
B, BKITKEBRKDHREL, SRAREXARE L. 3
21K, R eEE L. BEAFRSE L T
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Table 3. Menu
Day 1 st 2 nd 3rd 4 th 5 th 6 th
Energy (kcal) 1840 1838 1836 1839 1853 1841
Protein (g) 70.8 70.9 74.3 71.1 72.5 71.1
Lipids (g) 41.0 40.4 39.1 41.5 35.4 41.7
Glucides (g) 290.3 290.0 289.7 287.4 306.2 289.1
Na (mg) 923 936 939 929 1063 942
K (mg) 1429 1430 2129 1428 2552 1429
Ca (mg) 184 184 242 182 811 186
Ox (total) 46.6 46.6 689. 17 | 46.6 689.17 46.6
Ox (insoluble)  12.92 12.02  295.13  12.92  295.13 12.92
m
(mg) 1 N
Spinach Spinach
(. 642.57) (@. 642.57)
(D. 444.57) (@. 444.57)
(100g) (100g)
+ Milk
(Ca. 343 mg)
Table 4. 24-hour urinary oxalate and calcium excretion in 3 groups
Excretion (mg/day) Mean + S.D.
i
Group sex | No MiaSnDage Oxalate Calcium
Low-Ox | High-Ox | High-Ox |Low-Ox | High-Ox | High-Ox
+ Low-Cal +Low-CaI +High-Ca] +Low-Ca | +Low-Cal +High-Ca5
I i ] i
33.6 33. 42.78 29.65 .95 26.
Control m 5 99 | I:r> 130.9 126.04 | 148.86
+8.8 +10.91 | +8.15 [ +5.54 +19.47 | +37.25 | +39.88
Single 44.8 36.95 | s5.12 B 36.02 97.78 F! 111.20 169.22
stone m 5 f
former +12.5 £6.92 1 x12.88 | +3.14 +51.32 l +50.30 | +63.90
____________________.____l__ﬁ Lo A - N ]
ettt o 438 | 39.84 ss.10mlll 37.71 | 19417 _§| 156.94 : 230.02
former +12.9 +8.42 | t23.07$i7.63 +4]1.45 | i40.68«i 36.22
Significant differences between 2 groups. el P < (.01
——> P <0.06

8MFEF TR LIt R L, RPBERIEEE, BE
BLOAAYY AR ERHIE LA, 2L, R0
FFL h 6FFE Tl 6 RFRIR & U THRIR L.
BT,
Aoy AR OCPC Bz X h B o - 7.

3) R

1) 4BHIRDERE,

gas-chromatograph ¥Eic X »®,

ANT T AEBIVRE

bl

1) 24BFHEHR P EBPELE (Table 4)

& Ox « & Ca A 024K FHRPEmMEETE,
WEEE 33.99+10.91 (SD)mg, HIEFE 36.95+6.92
(SD)mg ¥ X U'F53&E:39.84+842 (SD)mg Th
D, BFECIRB LA SERRD LR, HEMET b

SHHTEREOEIIRD bhind -7z

AL vE10g FEIRICARL,

B Ox & Ca
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RETHE, WEAR 42781815 (SD)mg, HER
55.12:+12.88 (SD) mg, FH%84.18+23.07(SD) mg
EEFEL DI U, &R R, £h £h,
26, 49, 1% Tho-to. HEEHEAE, HERE (P
<0.05) ¥ IUFERE (P<0.0D) ©HVT, &Ox
+ & Ca &FOHFH, {& Ox « & Ca BEFCHATH
BemfEzd R, ¥, SEMLHETS L, B
B (P<0.0D) & XCEREE (P<0.05) 2REBEEL
VBB BELRL.

R L vE100g k3 218g HEIRICARL,
EOx+&Ca BET5 L, XBEE29.65+5.54(SD)
mg, HIFEe 36.02+3.14 (SD)mg, FEHREF 3771+
7.63 (SD)mg k, £FEE AN L V{EHEEZTR UL
B Ox-{&Ca A LILELC, ThZh, 31, 35
55% DWW B IR Udc. HEFTHICHE, MERER LU
Fae (P<0.01), BiFp: (P<C0.05) o 3FFF T
BT, 5 Ox e« & Ca Ao 5255 Ox « £ Ca £
L od, ARECEELR LU £FEC, BEO
EREDID - T,

7)) 24HFHEH IR FERIRE

& Ox « (& Ca R O24BEHIEHIRPEBEET,
FEEE 31.16::10.15 (SD) pg/ml, HFFE33.37+11.09
(SD) pg/ml, FFHE32.64+13.82 (SD) pg/ml L,
HHMECIR LA EZRTD LR, MR L 38
MIZEBRDOEIIRD bigh -7

B Ox .« £ Ca & TIX, XREE4.41+14.04 (SD)
pg/ml, B FEF¥ 585542193 (SD)pg/ml, FHRE
69.84+27.12 (SD) pg/ml L ZFEL LML, 3%
T, FEREELNR P AT B R L
(P<0.05). {£Ox+{&Ca AL HEBLT, {KBO
BMEL, FnrEhds, 75 114%ThHo, HIHFEH
ik, BRET, ARCEMEERRLL (P<0.01).

& Ox 5 Ca £TIX, XfHEEE 27.58+8.91 (SD)
pg/ml, BFEEE33.664+7.09 (SD) pg/ml, FFFEHE 29.48
#1205 (SD) pg/ml L7cb, 3HEEEOELR
DIk oz Fi, HBELIEOxKCa ALY,
39, 43, 88ZWA L, AMHID v~ binote, HER
SN, BRBCKWT, HO0x-KCa LD
LE Ox« & Ca AROFVERICEMEL R L (P
<0.05).

~) 24BFESEBRA v >y aBEE (Table 4)

{E Ox » {£ Ca 0 U4EFHIEERD 7 4~ v 28
B2, %R 130.954:19.47 (SD) mg, FHHREE97.78+
51.32 (SD) mg, FEZeHE 194.17£41.45 (SD)mg TH
ofc. HEEMEAUE, BRFY, SEHE (p<0.0D
RIOHEERE (P<0.00) XrERCHEELRLL.

% Ox « £ Ca R TI, XRHEE126.04+37.25 (SD)
mg, BIEEE111.20+50.30 (SD) mg, FHI&HE 156.94+
4068 (SD)mg ThHbh, 3HNHEH BEZIRDLA
oo, NBHES XOBERBETE, AWML DD,
FhEh, 4, 19% 0B ERL, BEHTE, 4%
BN U7z, Il E D bhith -
fz.

B Ox « % Ca & T3, XIIBE 148.86+39.88 (SD)
mg, HIEEE 169.22+63.90 (SD ) mg, FFHEE230.02+
3622 (SD)mg THhh, FREFL, XNEBHLIVLE
BrEELRLT: (P<0.05). & Ox .« £ Ca AL
HE2 2, FhEh, 18, 52, 1% O¥mMERLI.
AT, BREBE BT, B Ox & Ca AR
DFFHE Ox « £ Ca AEFX b I ERCEMELZR L
(P<0.01).

=) 24BFHISEIR &

& Ox « {& Ca A O4IFHEFHIRENL, S EE1302
+463 (SD)ml, HZER: 1470358 (SD) ml, FEZREE
1603 +£656 (SD)ml THH, & Ox-«{K Ca & T,
F AR 11934550 (SD) mi, 1228+342 (SD) ml,
15284608 (SD)ml TH b, & Ox+E Ca AT,
FR A3 18064416 (SD) ml, 1330+319 (SD) ml,
15794615 (SD)ml TH -7 LUBHEGSETOK
DEROEEDOTD E HESNSS, RER, £AH
CRWTC, BREE, BN WBREOIRCE) o7
AR L O3 B, ABOERADI 1.

i) RPEBERS IO LYY 280 ARES

1) RrEmgEeE o H REE (Fig. 1~3)

€ Ox « I Ca ATIY, BFENE IOUEREN, 24
~ 6 FFOE TR EMEEY R Lc@ i, KEEE
A DM Ted o Te. HEETHECIE, 20~ 2280 2 KR
BT, BREEINBRIVIEBRCEBEYRL DA
Th -tz (P<0.05).

Ry L vE 100g % SIEOHIRIC A LE Ox -
& Ca &CI%, SRED, A2~ 4FEEO 2 K
RT, BHERBRIUCHEENS, BH4~6BEHED 2
BRCcY—- 7 2BRL, RAETL, BRATHE
2UISIRHET 5 &, BAROBEIAR D &) B
PELI, 3BEMo s 7RRET S L, B,
MEPIER S BRROHCMLEL TR D, 3B,
SRR RIEB B o Fo. HEEFER Y, TBRERE
MERRER I OB L ) b ARCEEY R TRER
MH L Hbhi.

AT U VERIO I A2k SO AT LIS
Ox+ 5 Ca ATIT, WRBERICEREY, A%4
~ 6 I D 2 RHIR T, BREL, A6~ 8K
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Oxalate excretion (mg/2hrs)
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Om====0 Controls (n=5)
A ~-—-A S.SF. (n=5)
@@ R.S.F. (n=10)

5T e 250

| P<0.01
¢ PLO0.05

ok 1 i [l L I L ] 1 i

8 16 18 20 22
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Fig. 1. Diurnal variation of oxalate excretion in 3 groups under low calcium and low oxalate

Oxalate excretion (mg/2hrs)

diets (controls, single oxalate stone formers and recurrent oxalate stone formers)
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Fig. 2. Diurnal variation of oxalate excretion in 3 groups following oral loads of high oxalate

and low calcium diets (controls, single oxalate stone formers and recurrent oxalate stone
formers)
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Q=0 Controls (n=5)
Ar-=-A §.S.F.

2.5F

Oxalate excretion (mg/2 hrs)

&~ R.S.F.

(n=5) § } i Mean = S.D.
(n=7)

M p<o.01

¢ PLO.05

+

load

hour

Fig. 3. Diurnal variation of oxalate excretion in 3 groups following oral loads of high oxalate
and high calcium diets (controls, single oxalate stone formers and recurrent oxalate

stone formers)

75¢ O—~O Controls (n=8)
A—A 8.8.F. (n=8) Mean*8.D,
&—® R.S.F. (n=10)
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S
o
2 50f
s
2
E -
g Lo
S
8
8 -
s 25
@«
x b
o
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Fig. 4. Diurnal variation of oxalate concentration in 3 groups under low calcium and low ox-
alate diets (controls, single oxalate stone formers and recurrent oxalate stone formers)

B 2BRR T — 7 ki AIEEIC BBl a f
To. I BT, RBFTIXSAEE 3 ~ 5 RFEO 2 K
R, BREFER IOBERF IS AR~ 3KEED
QIR 2 D — 2 BN TS 75 7 RH T
HEIHMICL, BREBCHPEROELY L - (HE
BRTENS 0T ‘

% Ox « & Ca AICB\T, Hlatk 6 RHORPE
FABEI B A A L CHIGE L. XTIREE 14.56+3.31 (SD)
mg/6 hrs, BiZE# 16.0621.90 (SD) mg/6 hrs, BRFF

28.73+7.88 (SD)mg/6hrs &, FHRBECEMEZTL
To. FERREREROWC b, RS, EHR IOBRRERI
DI EBICE» - (P<0.01).

") RFEEEEO ARZEE (Fig. 4~6)
£ Ox « {£ Ca BT, KERTENIRD LIS
Sl i, REWCEBESEL R5EARRD LR,
LA, BRERTT, REOCBEYRLICOIL, 22~
245D 2 RERIE TH - 72

% Ox .« & Ca AT, £BLL, Av VVEAN
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ntrols (n=35)
.S.F. (n=5) % } { Mean+£8.D.
.S.F. (n=10)
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Fig. 5. Diurnal variation of oxalate concentration in 3 groups following oral loads of high ox-
alate and low calcium diets (controls, single oxalate stone formers and recurrent oxalate
stone formers)
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Fig. 6. Diurnal variation of oxalate concentration in 3 groups following oral loads of high ox-
alate and high calcium diets (controls, single oxalate stone formers and recurrent
oxalate stone formers)

2 ~ 8 I CHEINE Y, BRELNBEOM HEELIVIARCEMEZR LA (P<0.05).

HBEENMUEL . i, SFEEL, 22~24K0 B Ox+ & Ca £CIY, HERRIUHREEY, &
2EEEIR A REOEELYR Ui, S, 14~ itk 2 ~6 BT, BEMNLRD. 3HFEL, &
1685 D 2RI B\ C, BRENANBELIL L, 18 EDBELRRLICDOIT, 22~24F0 285RRTH - 2.
~20[D 2 IFHRIC B8\ C, BRFEGHRIEL IOHE ) Rep A vy Al EO B NEE (Fig. 7~9)
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Fig. 7. Diurnal variation of calcium excretion in 3 groups under low calcium and low oxalate
diets (controls, single oxalate stone formers and recurrent oxalate stone formers)

Om—=(} Controls (n=25)

A ——-A S S F (n=5) § { { Mean = S.D.
o0 R.S.F. (n=10)

Calcium excretion {(mg/2 hrs)

sor B P<0.01
o P<0.05
- ! °*
20f
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O T ] 1 1 1 Il 1 2 1 '}
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Fig. 8. Diurnal variation of calcium excretion in 3 groups following oral loads of high oxalate
and low calcium diets (controls, single oxalate stone formers and recurrent oxalate
stone formers)
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Fig. 9. Diurnal variation of calcium excretion in 3 groups following oral loads of high oxalate

and high calcium diets (controls, single oxalate stone formers and recurrent oxalate

stone formers)
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