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DIURNAL VARIATION IN PLASMA OXALATE CONCENTRATION
AND OXALATE CLEARANCE IN CALCIUM OXALATE STONE
FORMERS WITH SPECIAL REFERENCE TO THE EFFECT
OF OXALATE LOADING

Nobutaka KinosuiTa

From the Department of Urology, Mie University School of Medicine
(Director: Prof. J. Kawamura)

The diurnal variations in the plasma oxalate concentration and oxalate clearance were
examined at the state of oxalate restriction and loading on 6 normal subjects and 11 calcium
oxalate stone formers. The oxalate-restricted diet contained 44.5mg of total oxalate, 32.2
mg of soluble oxalate, and for oxalate loading, spinach (100 g: total oxalate 429 mg, soluble
oxalate 156 mg) was added to the oxalate-restricted diet at breakfast.

Normal subjects showed a diurnal variation in plasma oxalate at oxalate restriction and
loading. The plasma oxalate concentration showed the highest level under the fasting
condition, gradually dropped and was then fixed at the lower level during the day. The
oxalate clearance during the day was significantly higher (p<{0.05) than that during the night
in normal subjects taking the oxalate restricted diet, and after they were oxalate loaded, it
increased significantly (p<{0.05) for 6 hours, but returned to the level at oxalate restriction
during the night. Meanwhile, there was no significant difference in oxalate clearance between
day and night in calcium oxalate stone formers. As compared with the control group, there
were no significant differences in the diurnal variation in the plasma oxalate concentration,
oxalate clearance at oxalate restriction, or in the diurnal variation of the plasma oxalate
concentration at oxalate loading. However, the oxalate clearance during the night after
oxalate loading increased significantly (p<{0.05) compared with the control group.

Based on the pattern of urinary oxalate excretion during the night compared with the
control group, the stone formers were divided into two groups. The first group showed
significantly (p<{0.01) higher oxalate clearance during the night both during oxalate restriction
and loading. The oxalate clearance increased significantly up to 8 hours after oxalate
loading (p<{0.01) and during the night (p<(0.05) compared with the level during oxalate
restriction. The plasma oxalate concentration did not increase after loading. The second
group showed a significantly (p<{0.05) lower oxalate clearance during the day after oxalate
loading. The oxalate clearance (p<{0.05) was significantly increased for 4 hours after the
loading compared to the during oxalate restriction. The plasma oxalate concentration
increased at 6 hours after oxalate loading. There was no significant difference in oxalate
clearance during the night.

The diurnal variation in plasma oxalate level, a decrease during the day and an in-
crease during the night, was shown in both normal subjects and stone formers. The diurnal
change in urinary oxalate excretion, an increase during the day and a decrease during the
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night, was also shown in both groups. Although there was a regulating mechanism to
decrease the oxalate excretion during the night at the expense of the increment of plasma
oxalate levels in normal subjects, this mechanism was not evident in some stone formers
and high levels of oxalate excretion continued after supper. This change at night was ex-
aggerated by oxalate loading. Therefore, some stone formers may have an inability to de-
crease the urinary oxalate to the normal low level -during the night, which may raise the

risk of forming stones at night.

Key words: Calcium oxalate stone, Diurnal variation, Plasma oxalate concentration,
Renal oxalate clearance, Oxalate loading
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Table 1. Age, Ccr, Pox and Uox in controls and stone formers

Age (y.0) Cer{ml/min) Pox(xg/ml) Uox(mg/day)
MeantSD Mean+SD Mean+SD Mean+SD
Control
(n=86) 30.3+ 2.0 85.2+ 6.7 1.6 +£ 0.2 N1.6+64
S.F
443+ 8.9 796+ 11.8 1.8+05 433+ 863

(n=11)

Pox : Plasma oxalate concentration at 8:00 am after low oxalate diet
Uox : Oxalate excrstion during 24 hrs on low oxalate dist

S.F  Stone Former
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Fig. | A. Diurnal variation of plasma oxalate
concentration (control: n==6)
B. Diurnal variation of oxalate excretion
(control: n=6) C. Diurnal variation of
oxalate clearance (control: n==6)
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Fig. 2 A. Diurnal variation of plasma oxalate
concentration (stone former: n=11)
B. Diurnal variation of oxalate excretion
(stone former: n=11) C. Diurnal varia-
tion of oxalate clearance (stone former:
n=11)
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Fig. 3. Diurnal variation of oxalate clearance
(oxalate load)

Table 2. Age, Ccr, Pox and Uox in group | and group 2

Age (y.0) Cer(ml/min) Pox (2g/ml) Uox(mg/day)
Mean+ SD Mean+SD MeantSD Mean+SD
Control 30.3+2.0 85.2 + 5.7 1.6 £0.2 416+ 6.4
(n=86)
Group 1 43,9+ 10.1 83.1+13.4 1.6 £ 0.6 43.4+69
(n=7)
Group 2 450+ 7.7 731+ 4.4 23 +01 432+ 47
(n=4) * * %

Pox : Plasma oxalate concentration at 8:00 am after low oxalate diet
Uox: Oxalate excretion during 24 hrs on low oxalate diet

* : p<0.06 vs Control

URER D MPEBEET 2 v+ v — AR LEET
H ot (p<0.05) H, MOFWERL TR AR RE
s b »te (Fig. 4A, Fig. 5A).
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0.01) ML, WHD 128HL Cox X 323116
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Fig. 4 A. Diurnal variation of plasma oxalate
concentration (group 1: n=7) B. Di-
urnal variation of oxalate excretion
(group 1: n=7) C. Diurnal variation
of oxalate clearance (group l: n=7)
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Fig. 5 A. Diurnal variation of plasma oxalate
concentration (oxalate load) B. Diurnal
variation of oxalate clearance (oxalate
load)
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7A).
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4B Cox/Cer 120.35+0. 04 CHRE L (p<0.05)
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Fig. 6 A. Diurnal variation of plasma oxalate
concentration (group 2:n=4) B. Diurnal
variation of oxalate excretion (group 2:
n=4) C. Diurnal variation of oxalate
clearance (group 2: n=4%)
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Fig. 7 A. Diurnal variation of Cox/Ccr ratio
(control: n=6) B. Diurnal variation
of Cox/Cer ratio (group l:n=7) C. Di-
urnal variation of Cox/Ccr ratio (group

2: n=4)
O===0 CONTROL (n=8)
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Fig. 8. Diurnal variation of Cox/Cer ratio
(oxalate load)

EETRADIHI. FHALETOBEHEOBRIN «
B e PR ORE LRI TS 5 1T, EEAOMPER



1338 MRCE 33%

BESIOER? )7 7 v A0 RS I OBHBE
HBFOZELEHD Z LR EERC L THH LR
bhs.

1) 2vie—ABieonT

TERRHIIR IS & TR AL & 70 & R EIZeERs I M rh B
EaEEEy Ly, AhETLBIE—E0RE L
5. BEREBOREBECIBEROTINC X 5E 8T L
AETRNEZE LB L, BEACHT 5B CodtoHEE
HEMERE OB Bz LRSS RS. Tiobb
BREREIE X v i2SEBCHHE I S5, B
BBROIM EHREY >3 50 Tiiiknhs5h. Thi
Cox Db bEXS &, BELHIRE T Cox i
BHIRMC L LEEY & », BERMcERBEEED
ENBHD EHRBEINS. ¥ ERARRRCIIER
X Cox AU L EmRE,N A LEVEECE
HICE L b BB I-T 5802 HE LT Bk
HHT, "t Cox REEHREO v~ TE
TLOEBEEDO ERAY S LTS, Z0Zir
5 ERME CEROPIE,  RicHLELOND. L
Teht o CEBBEEHEN EH CHNEERIBFEORE
THFEREENR ERT L2 Lk, SRBCER
A KEER LB 53 B oMb BREE,  S\WIC
EBTHZ LRFRAERE.

M BEBEESCEL B LT, Sugiura H'9 134
% 1M TL S ER Lic L X, Butz H203E#
F b U v 4400 mg/day ##E LB E CTHIPER
BEIEL Lokl LT 5, FRY MERRE
ToOky v E 100g (RER 545.5mg, RIHMTER
381.5mg) ¥ A L th omPEREECEL LR
~, A% 6 BERIC 163 % D LR ¥ Rabic LR~ T
5. SEOKEREXBI\ VRIS AT 6 REEO
R EBEEE AR O Th & 1 1/2~2/3BE T
HY, BAT LEET BT 5 BB BIURED
LIHbDEEZLND.

FCOBBMOPIHIAKETOIE RFTOS
W BRINKE & - THAMERTWATHA S Z L3R
Bzt T, TN 2 h = X a3BED L
AREAEMBRTVIEV. T, + OB T micro-
puncture ¥ T4 RE THBHCRMRBES .
ERLRHE THWER T3 LG Sh Ty B2,
v T Cox X 0 IRHIAE COBREDTT WIR & 4 Ihic
DWTH LR TVEH, BRIIRSCHMIhT
VB ETHEESD L HIE, BERNOHIEREL D
W b, SRR TIL Cox 1% 140 ml/
min /5 51.2 ml/min % TOLH T, Cox/Cer It
(10, 185 50.61 % TOLEBTH b, BELREE CD

9% 19874F

BRILOFHGFW L VBN TS = EARESNIC.
T b bR ERO RAE COBRMATET %
b LEL bR, —RCEEHROERIIEEC D
BLELLRTVWAY, WHD Cox DETIREY
ARSI B —BEE - TWBDOMD Lk

2) BARBOWT

BEBoB COHHESE I B STBRENE S
BoREY Britbiky. SECHEDHHOD
LRy v v AEREE OB R ER
BE® Cox # A/ LTERBHLABRATA LD
7.

Zarembski 527 [ XEBH A > Y AERBE TRE
PN B L EEHE R ML, BRAT TOBR
I EEHLRT X B b DO TR BB, ASFBY
L RESINC X 5 EBBEREOMMIRAE COBR
RBREIE S ERCEEVHEEL TS, T
BB D ERROFNERCR L TREOYEY
ZReTWEALEBIh T Y, EEFTRRE
L B B BRI TR Y, BARTIRERR
EoRE DD L0BELHAHT. SEOKITIL =2
v b o —ABECIRE L BE R AR M EEE
BETD b Teh » ket BAERETIL I ZUToER
ROESEEBEGENRD b, AR TRERCR
+ 5B CONMEBSHCER LA DRELHD T LHITFR
Tht.

M EREECRPEBEREOEC RS\ TEE
HAkE LTk v r—ABEEERER -
#%, il Group 2 DIEALEBOBEBRNETRT
SRR T o lotcdd b Livisw. LinL Cox @
B EWTiE= v 1 e — AR TRBEE CERE
NBEB LD L, #AF T Group 1, Group
2 4k BRET Cox REAEREHED LI,
LI TLEREEOBCOERIEEBC A bhOR
EHBB T DRI, BCBRAHEORHED
Cox Tz vt u—ABL EANOBCERRENR
Bdhhtcted, 2 vt e —ABOREBO Cox DFEH
CHEEREREED 3Rzt 20,1 ml/min #IEFH ER
L LT, $AHY Group | & Group 2 i KFILT
B v fite -t WD Cox MEELXEHELTV5
Group | T3 HRHIREEC 3 BH D Cox 3= v
v — AP LERCEEAY R L, BEEATRD Cox
oMbz v e -ABIIRBEC LD Z Lh
%, Group | TIHEHs X O BEHEEU o R
BOESATRS R, & RABOERETC X b EMO
IR TR RSN A FTREME A B 5 & Bbh i
—7, Group 2 TIIEMH®D Cox X =2virw— R



KT EBH Yy AER BBV T TV A 1339

LAZTHBH, B Cox ReMEExmL
EBRATRORIELARTCa v v — AP Group
| K UBBEBTH ez &b, BHOBHRD
BMEEE TAVRSE 2N, EEOBBERC L h BEL
HRCERE SR Bl » CRPEBRBEEREA M
THAHEMA D S L Bbhi.

Group 2 Tix Cer DBREETHED LhicidE
Eio fractional excretion (Cox/Cer) dHRF Lic&
=5, BBOPEIETHAXRTIDO=2 v+ R
—ABErOEBRERRDL R T Y, Group 2
DEBHHHEDE T X ESEOREETHBMF LT
LD EELRE. L L Group | 3R E LT
P HNICENDD b, ERBE LEBROPHEH O
FrbBrkiishs B bhi. Tibb
Group | HEBARCEWTHFEREEL LR ¥
3 Cox iz v v— A BX )PP BRREZRL
WD Cox AAEfE% Flk 3 % W BBt ETTER
2B, ZOFT Pinto 5130 Cox JUERITHEY
T35 LEbNA, ¥ Group 2 BEBAMCEVT
mhEBEENERBL Cox i2avihre— A RIIK
EORRT, KO Cox iz v b v — AR AET
HHMERD Cox AMET LTV 5 EMEMBIMER
FREL 2B, Z OBHL Pinto B O mARERHIRE
FRBcHELT b0 L Bbhs.

BA S EOBEHT I\ TR O TN 2» T
ERTERD -Toh, BEEH LYY ARERBECRT
B EBOBEINEE BB OBRB L 2 TH T
EROPHENET OB EC L > THELI BT
EORER, SHOBECKT AT R TER
B0 Zde & T AP BERRRE b FRRC R Sh 5 BHE
Wb EBbhtc. ¥ RBERCKT B PR O i
ML L LY AMERBERTRCKNER, Th
FRHWHEEN B B ISR BRI B2 T 5
WHEMEATR IR ch, AEGEYEDThZRIIST
EEREOBERTH Y LT HLE, DD LEbR.
HEMROERSRE L OCHRE T BRI
B ms s LRFEFCERETHY, SHRELLCHR
T HLEYHB.

" &

EHBR AT ComPEREE L Cox O HNEH
OO ERARROMPBIRRE L BHR7 VT 7 v
ADELY, BERABT /K IVERE» v 7 A
HRBE AT LTHE L.

1) 2 v b v — ARTRBEBRARE, nYERRE
GRS REEE Y, BEET LTE—

Freh L5 ANERYE Lic. Cox A&,
BINLIETF LT (p<0.05). FreiRE L BEEsk
B3 L0 Cox LiTiEBI%RD e ~Tc.

2) 3 vt R - ABOEBARRC, BBHRE
L Cox BEMAFKERM L TABE L (<
0.05) #inL, mFERRED EFIRD LRIt
foht, WD Cox IEMHEIRER O v~ 1 ¥ THL
L, A% 4mE o R R SRR EmAan
el LAERER (p<0.05) B LTV,

3) B A vy MERBECIRE L EBHEE L
oicEER (p<0.01) HBIMEELED b h 1o,
REL Cox ORI ERETHEBBEMITED L ah
O‘f:.

4) BEer Vo v AREERTIIER L KB © Cox
CHELEIRD bRish o7,

5) BlgH Lo v AERBEE L Cox OFELOMEE
s\ OB AETIERE (Group 1) L EME
RAPRIEASIE T B (Group 2) wRAIShic.

6 ) Group | TIXBEAHIRE:, MmAEREE DD
NEBNL2 vt e — A ERETH-. Cox LB
Bitay b e — L BERSETH -1, KEXERC
(p<C0.01) JLE LT\t Cox (XERM CTHE L2
A Hhieh -t

7) Group | OEBARKRIC X, BRHIRENZL
L Cox SHEHATRH 8 B & THE (p<0.01) 3§
xR L, MPEREED ERIZEDbhieh o7,
%Eo Cox (LEREEIRE & HE LT AR (p<
0.05) MML Tk b, —F= v r—- L HOBEHBAT
& e LT b BEEE (p<001) BETH -1z, B
T £5 75 142405 0 BRI P SRR T 1L, TETRATT &
F%ETH 1.

Bl X b Group | Tkl RIFOBREAIUC LD
WA RAERRHE &L IEF T B AR 5%
& B,

8) Group 2 TREEH R, mAEBEEDS B
WEENL 2 v b r— ABEL D AN EERRTHER
Th oo, PEIEERCEREEY & VBRI THRL
TRIF—BERBBRERHD < 5 — T —HL TwW
7z, Cox BB REIV DD 2 v v — L FEIC
HUETHEAT, BEECHERELEIRDbRED -
1o,

9) Group 2 DEMAMECIE, BEHIRENC
L Cox MEMATNK4HMECLILEE R (L
0.05) iz 7ed, - v r—ABEE B L CHER
A% 6 B TR (p<0.05) Eff % R L 1.
La L Cox/Cer i3z v b v —A B EBERETRD



1340 WRICEE 33% 9% 19874

Y, BEESHEEOET I BEECREE T HE
THLDOLHx bR, M ERBEEEER L, Bl
AT IEH T — 7 %R LI, ®HD Cox LR
HIREELAEDO VAT, avite—ARELIERR
EZIFEDbRIE s o1,

P EX Y Group2 TiRHEBOBEEIIC LY, #
Aot » CRAEEMBEE R BN 5 AT B 5
LBbhit.

i B

AN D = v b v - A B TCRIFFERRE LR
BCEMETL, ®H»roBBEehrd CELET
5HREHEE L, RPEBIEERE  KEE
T15BREEBD bhi. BRAKKIEMOE
B ERATNM A0 L ETCETL, B
EflomPERERESEELR LEROS YT A~
FLB LT T REOBROSMAIHL LS L35
BN do L Bbhic. —F, BRI Y A5
BREDHHEETIR OEENMENT, BEEOBR
BEfiaEi =2 v b — BRI LTLE LIoRIBR R D,
EHRBBAMC X > Tz BRI hEEERDY
BEOBERH v~ 7 AERYBLO RO BN RE
Ihiz.

MAEHBICH0, HRELSCIHEBEBHLOE L
HMEE ERELRER, NNE—SRCE L BHOEEET &
EHiC, WS L HEARN, FERO=REET
BEICEHR LTS,

ARXOEER I, %35 ERRBLFTEARS (&R
19854F) KB THREL .

X [

L) ImBEW - BREX : REEEEBRE BLE
#1 10 : 363~370, 1981

2) Smith LH and Hofmann AF: Acquired
hyperoxaluria, urolithiasis, and intestinal
disease: A new digestive disorder ? Gastro-
enterology 66: 1257~1261, 1974

3) Robertson WG, Peacock M, Ouimet D,
Heyburn PJ and Rutherford A: The main
risk factor for calcium oxalate stone disease
in man: Hypercalciuria or mild hyperox-
aluria? In: Urolithiasis, Clinical and basic
research, ed. by Smith LH, Robertson WG
and Finlayson B : pp3~12, Plenum Press,
New York, 1981

4) AT E e FRIESM  BBTH - FEE O£ - RA
fEA < IREEW : RABBRCB T 585 $1
B REREAECE G 5 RPEBHLE 2w
T. HWREE 70 : 291~299, 1979

5) #hAREE  REEAOTR. BEy LYY AER
FEw ssi B RS Bt O FEFIc oW T =
EE 24 1 299~313, 1980

6) Hodgkinson A: Relations between oxalic
acid, calcium, magnesium and creatinine ex-
cretion in normal men and male patients
with calcium oxalate kidney stones. Clin
Sci Mol Med 46: 357~367, 1974

7) HEEKE : ERREEAIEC 8V 5 RE@mIHE
ToWT. BWREE 76 : 338~347, 1985

8) Dempsy EF, Forbes AP, Melick RA and
Henneman PH: Urinary oxalate excretion.
Metabolism 9: 52~-58, 1960

9) Butz M and Kohlbecker G : Oxalate uroli-
thiasis: Significance of serum and urinary
oxalate. Urol Int 35: 303~308, 1980

10) HEAM : BV Y AMERBECHT 5RF
EBRECs NI TAEOYECH T HME. WK
fOF 29 - 1587~1603, 1983

11) 8t &% : BBy vy AERBECEG 5 E
BREECOWT. WRILE 30 : 1405~1415,
1984

12) InEEESE : By Ao v AMERBE KT BA%K
EMATRBROM. WREE 32: 351~360,
1986

13) Pinto B, Crespi G, Sole-Balcells F and
Barcelo P: Patterns of oxalate metabolism
in recurrent oxalate stone formers. Kidney
Int 5: 285~291, 1971

14) Yanagawa M, Ohkawa H and Tada S: The
determination of urinary oxalate by gaschro-
matography. J Urol 129: 1163~1165, 1983

15) Antonacci A, Colussi G, De Ferrari ME,
Rombola G, Pontoriero G, Surian M, Mal-
berti F and Minetti L: Calcium oxalate
urine supersaturation in calcium stone for-
mers: Hypercalciuria versus hyperoxaluria.
In:Urolithiasis and related clinical research,
ed. by Schwille PO, Smith LH, Robertson
WG, Vehlensieck W, pp.283~286, Plenum
Press, New York, 1985

16) Richardson KE and Farinelli MP: The pa-
thway of oxalate biosynthesis. In : Uroli-
thiasis, Clinical and Basic Research, ed. by
Smith LH, Robertson WG and Finlayson B,
pp. 855~863, Plenum Press, New York, 1981

17) Barilla DE, Notz C, Kennedy D and Pak
CYS: Renal oxalate excretion following oral
oxalate loads in patients with ileal disease
and with renal and absorptive hypercalciurias.
Am J Med 64; 579~585, 1978

18) Chadwick VS, Modha K and Dowling RH:
Mechanism for hyperoxaluria in patients
with ileal dysfunction. N Engl J Med 289 :

172~176, 1973
19) Sugiura M, Yamamura H, Hirano K, Ito
Y, Sasaki M, Morikawa M, Inoue M and



AT :BRarv R - BRI VTSV A 1341

Tsuboi M : Enzymic determination of serum
oxalate. Clin Chim Acta 105:393~399, 1980

20) Butz M, Hoffmann H and Kohlbecker G :
Dietary Influrence on serum and urinary
oxalate in healthy subjects and oxalate stone
formers. Urol Int 35: 309~315, 1980

21) Weinman E]J, Frankfurt SJ, Ince A and
Sanson S: Renal tubular transport of
organic acids. J Clin Invest 61 : 801~806,
1978

22) Greger R, Lang F, Oberleithner H and
Deetjen P : Handling of oxalate by the rat
kidney. Pfligers Arch 374: 243~248, 1978

23) Hautmann R and Osswald H: Renal hand-
ling of oxalate. In: Urolithiasis and related
clinical research, ed. by P.O. Schwille, L.H.
Smith, W.G. Robertson and W. Vehlensieck,
PP. 193~200, Plenum Press, New York, 1985

24) Williams HE, Johnson GA and Smth LH :

The renal clearance of oxalate in normal
subjects and patients with primary hyperox-
aluria. Clin Sci 41: 213~218, 1971

25) Constable AR, Joeckes AM, Kasidas GP,
O’Regan P and Rose GA : Plasma level
and renal clearance of oxalate in normal
subjects and in patients with primary
hyperoxaluria or chronic renal failure. Clin
Sci 56: 299~-304, 1979

26) Zarembski PM and Hodgkinson A: The
renal clearance of oxalic acid in normal
subjects and in patients with primary
hyperoxaluria. Invest Urol 1: 87~93, 1963

27) Zarembski PM and Hodgkinson A: Some
factors influencing the urinary excretion of
oxalic acid in man. Clin Chim Acta 25: 1
~10, 1969

(198745 B 6 HREBEZA)



