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STUDIES OF INFLUENCE OF ANIMAL PROTEIN
INTAKE ON THE URINARY RISK FACTORS
OF CALCIUM OXALATE STONE FORMATION

Masaharu NisHn
From the Department of Urology, Faculty of Medicine, Mie University
(Direcior: Prof. S. Tada, M.D.)

To examine the effects of excessive animal protein intake on the urinary risk factors of calcium

oxalate stone formation, protein loading experiments were performed on oxalate stone formers and

normal subjects and rats.

By animal protein loading of 61 g/day with diet which contained 400 mg of calcium and 46.6 mg

of total oxalate, urinary calcium excretion increased by 279%, both in stone formers and in normal sub-

jects. Urinary oxalate excretion had a tendency to decrease on the 3rd and 4th days after loading.

Urinary uric acid excretion increased significantly after loading. No significant change was recognized

in the acid glycosaminoglycan (AGAG) and magnesium excretion.

Urinary calcium excretion increased both in the high and low calcium diet groups after animal

protein loading in the rat experiment. Urinary oxalate excretion increased after loading only in high

oxalate low calcium diet group, therefore, it was supposed that animal protein intake caused increase

of intestinal oxalate absorption.

Key words: Calcium oxalate stone, Animal protein, Risk factor
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2. AR OTHERT43.5+18.7 (SD) KT,
oS LEREAEET 4 A, BREFEEZLI6LT
Boto. WEBERES ROTHERI21. 4215 (SD) ¥
ThHh 7.
sl E

Table ] 0T L {EREH B EAD 2B HOAH
ZERL, NRFCERSAR 4 Al >SEEEAR
¥ 4 HHBER S . EEAACHYEERAIIS T
EWHER 32 28F L, BELARTIE 6lg OF)
DHEOERAR L. Ca (400mg), Ox (46.6 mg),
Mg (200mg), Na (8g) OEFFH B IV Hw) -
(1,820 kcal) it —EE Liz. Ox EEBEiX1 H 46.6
mg EAHRT, ¥bik Ox ERE (46.6mg) & Ca
ERE (400mg) LT #H1 : 20 TH D EERX
e Ox BIBERC HEMD CaOx Lxh izt A
ERRIKhINEELZLRS. LT, BOHELA
B X > TAUBRF Ox HHEOERNT X & LTH
FEEERTH 2 EHMNERS. REIX1E 3 HERK

128 19844

EE X, KAHTKERORE BHERS ¥, IR
R 8BE BIARD X hBH 8K E TO2MERETH
cicve, R Ca, Ox, REE ks =58 (U,
AGAG), Mg o 1 HHHtEZRE L. %7, R
L TR i RE A & BIR2AEL, AR
i1 6N 382, B il thymol X Eh ZTRIFML, AR
8T Ca, Ox, Mg, 7Vv7F=", B EWTR
B, AGAG »JELT. 7ok, UEHRF7 L7 F
= VHHIHRC X D EACERME IR TR Z LT
§|:.»Lf\:.

Ca JE: OCPC ¥k, Mg HEIF >V oA T
—JegayE, Ox JWE: Gas Chromatograph? ¥,
REPRISEIL uricase HEIC X hR i\, R AGAG
% Di-Ferrante & Rich® oFHkic U CHHL,
Carbazol Riuc & b v = vEEYBEIEL, OfHC
LR AGAG BERFEH L.

¥ S

1) risk factor D24BHRAHHRE (Table 2,3)

Table 1. The component of the diet

low protein diet

high protein diet

total animal prot. Og 91 61g
]
prot. \eqetable prot. 32g 30g
Ca 400 mg 400 mg
Ox 46.6 mg 46.6 mg
Mg 200 mg 200 mg
Na 8 g
energy 1820 kcal 1820 keal
Table 2. 24-hour urinary excretion of 5 risk Table 3. 24-hour urinary excretion of risk
factors in low protein diet (mean factors in high protein diet (me-
+8.D.) an+S.D.)
stone former  control  statistical stone former  control statistical
(n=10) (n=5) significance (n=10) (n=5) significance
calcium calcium
171.0+54.1 120.9+36.6 n.s. 9+63.
(mg) (mg) 214.9+63.6 154.0+46.3 n.s.
oxalate oxalate
38.9+7.9 39.8+3.3 n.s.
(mg) (mg) 34.7+4.9 35.8+1.9 n.s.
uric acid uric acid
436.5+91.3 393.1+54.0 n.s.
(mg) (mg) 626.1+73.7 620.4+35.0 n.s.
AGAG AGAG
4.03+0.86 4.97+0.48 0.05
(mg) p< (mg) 4284110 4.68+032  ns.
magnesium 76 51181  81.1+6.0 n.s. magnesium
(mg) (mg) 71-8+16.0  79.3+75 n.s.
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EEAARIVEEAAC ST FhFhEYE 3 H
Mo FH240 R BRI B R SRR L BE R CHEL
fe.

EEAARCBVUL Ca PHirBIISERRFT 1710+
54.1 (SD) mg, E¥EREET 120.9436.6 (SD) mg T
B O HECHEERZIRED 5. LrL,
EEREIX 1 H 400 mg FoefE\ 2 L 200 mg/H
P Eo %/ Ca RIE & £ 2 Bh, EAKET
% 200 mg LL EooBEii 1045 34 (30 %) KD
ShicolextlL, BERLIZLRHLLT, BEE
FEr Ca HHHB oS\ MEF S5 EE 2 bhi. Ox
PRbE I AR T 38.9£7.9 (SD) mg, ¥ BT
39.8+3.3 (SD) mg, Th b WEMc LN BEE
BRDHHRT, @ Ox RELEhT WS 50mg/H
LIRS ERD 14 BEitE 53.8mg/A) &
TChote. REg, Mg BREBIIR AR R CE
XD T RE AGAG HEFRIIEE AR 4.03
+0.86 (SD) mg, fE#FE 4972048 (SD) mg &
HEABEMEELR U (p<0.05).

EEAAI B VTUL Ca, Ox, REE, AGAG, Mg
PR B AR R & DM CERD A - .
Reb Ca BEEEDN 1 H 200 mg %z 7cd DIdfsHA

Stone former (n=10)
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—404

BECTS54 (2413 300mg Bl L), BEMTIATH
b, RLh FARAEEC Ca BRtEOL - BHAHNED
b, R Ox PEEMN 1 H 50mg % M
DITTREE DRRD Bhied - T

2) B EA AT X B RP risk factor D%
B (Fig. 1~5).

BYHEESATIC X 5 RPEHEEOFBILEERAR
#2HB X084 HEETO 3 HEOFHA4REHRESH
PE B AR S U (551 H BIXETH oASEOEEN
BD I ERERB LRI L) 20 Er 135 35
ThoThbb L ¥k, BEAR4HEOEED
EXEEAATORME[ELETS 2 L X hEED
BEHEERELL.

R Ca BEMHEIASAR, (REHE L BPY EA
AR X D EBCHEIML, TOMMRII/ERTUY
(171.0 mg—> 2149 mg), REHT227% (1209 mg —
154.0 mg) TH - 7.

R Ox PElEE AR L BEAARE I BE,
LEIHETTCAEH L -kh 4 BBCEZIC
B L (p<0.05). 7, EHTLEEARESH
H, #£4 HBCERBLBEIHPRED LRI (p<0.05).

RepRBEFMIFEERE, BERHE SYEEAANT

Control (n=5)

animal protein loading

Fig. 1. The mean+S8.D. Changes of the calcium excretion
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4 oxalate excretion (mg/day)

4 uric acid excretion (mg/day)
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Fig. 2. The mean+S.D. Changes of the oxalate excretion
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Fig. 8. The mean+S.D. Changes of the uric acid excretion



4 AGAG excretion (mg/day)

4 magnesium excretion (mg/day)
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Fig. 4. The mean+S.D. Changes of the AGAG excretion
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Fig. 5. The mean+S.D. Changes of the magnesium excretion
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Table 4. The component of the rat diet

I High-Ox, Low-Ca I Low-Ox, High-Ca I High-Ox, High-Ca

High g low 4 B A B A B
prot.  prot.

animal protein 35% 8% 35% 8% 35% 8%

Ca 0.02% 0.02% 1.78% 1.78% 1.78% 1.78%

Ox 0.2% 0.2% 0.1% 0.1% 0.2% 0.2%

L b FB L, FolgnRe BANTHY
(436.5 mg— 626.1 mg), {#HBET58% (393.1l mg—
620.4 mg) TH -7

B EAATIC X b b AGAG, Mg ol
C—TEDEBNITD HITnd - fe.

T, BHEAARISCRLT, RE R pH
(BHIR) ZBITTS bhicd o 7.

0. 5v MBI 3EMIBEAEMICLBRA Ca,

Ox #ErE DE(LIRET 345t

2 B F &

Ca, Ox, BWHEY o FHRE » KP Ca KLV
Ox BHli B Wi/ 5 EE B IIF L T B R RE
Tolwie, Table 4 DXL DEHED 54 b D
BERER L. A0 | BitE OxE Ca®, [
HMEOxF Cafl, MEIEOxEFECarel, £
ZRCTBEAREY A, (EEAARAY B & L7
1K Ox RICIL 0. 1%, & Ox BIZi1 0.2 %D Ox #'8
FhTws. ECafo CadHEI20.02% &30
THY, BMCaRIILL7I8HDEED CatiEEhT
Wi, BN EASERIERARNISY, EEAA
H8HTHY, TOMRKIIFLELTIAI H¥AL VT
BB, Ty T 6HEMRD Wistar BHEWS » ¢ (TE
130~150 g) % [y, 48K AR X7 biz 6 FJH
DORETL > T6 BMMAE L. At 2 AT l4g
ER S, SOKITAKERY Bl Sz . BRER
PRIV C48RFRIBEAAL Tl & 7oLy, 48IEMIRA Ca, Ox
BB A E L 7.

Ca fIsEx OCPC #:C, Ox W5} Gas Chro-
matograph (JECLhZRhEB i - i

- e

1) MR AR &5 R Ca BElE MooZeft
(Fig. 6)

Reh Ca HEERIE T 6 o0 X b BEF L.
48 WEREIEH R Ca Prilbg: [ B A T 0.70 = 0.18
(SD) mg, [®B T 0.33+0.08 (SD) mg TH b,
Ca ERE (28 mg/48 ) 7 ¥hdT LAV
Linhvh bFAER BED 2 2 EOHET H o1
(P<0.01). %7, Ca {BERE (249.2 mg/48B5H) o
ZIH (EOxEHCaR) KBV THARFTO0.92 +
0.36 (SD) mg, B BC 042 + 0.15 (SD) mg & §
FRBE D2 19fE OB R L (P<0.05). Rk
M# (BOxECaf) b\vTh ABT 0.92-40,32
(SD) mg, B #T 0.48 = 0.10 (SD) mg & FjE 2
BHEDL 2EDOEEERLE (p<0.05). L3 EEE
b A BELBIHC < BAURAF Ca BEBIIEE S
-7,

2) Dt BEAMK X3 RP Ox Pt BoZk
(Fig. 7)

Ref Ox BRHRZ AR 7IE Foire X b #3 L7,
48 ISR P Ox BRI [ B (7% Ox {E Caf)
CHVTTART 6.09+1.01 (SD) mg, BREET4.33
*+1.63 (SD) mg &IFL %ED L 41EDERRL
7o (P<0.05). [ (EOx& Ca®) Ik Cid A
T 0.86+0.14 (SD) mg, BRT 0.75+0.17 (SD)
mg OHMTH Y, HECERARL, IB (& Oxi
Ca ) kT ART 1.03£0.37 (SD) mg, B
FET 1.1540.39 (SD) mg & B ICERRD eh -
e Flebb, BIREH S 3 Ox BEWEEL SRS
i Ox f& Ca R B\ TOXBMMESE BRI 5K
1 Ox BRI BINASTES B,

VolE5, IR GE Ox{E Ca®) & I8 G Ox
® Ca &) o 48 MR} Ox PRt A HhlE L C
A5, BERARTH OO [ Bz D8O, 91 f2¢
B, BERARICSVTS [ B MR 3. 77 N
D, WL $0.2%D Ox #BATHAA, Aftao
Ca GHED VIR Ca & HED +< s [ B¢
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Fig. 6. Urinary calcium excretion in 6 rat groups (mean=+S.D.)
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L hbELMERP Ox BREILEN - 1.

% z

Ca @HRBADORECS>WTILEL OPFFN ndh
TEY, Zoin TLEAMR B LIETAE M E
ITHEE L XA TV 5,. Robertson B0k p a4 TO
BFRRIT L W REPNBES LFARERE ORIC
RGBSR bhi L BE L, &bk, SARE
LHIBHEBIL T\ B ME— dietary factor XEMNE
BHERETH o EBNT5. Fhk, HALDY 3
DB B 5 AEE L BSRRECET AR BV
T, ¥R OEE risk factor DOEDTHBHR
i Ca HEHY Ca ERE L ZHBNLI R do7ch,
& Ca RIEFAC B\ il BEERENERCEI -7
EHELTEY, BERLBRREOEEYR TS
&, BERERE (LLcEEERR) BIEFRCEER
BRTHHIDEELLNRS.

L = %A, Robertson 5% [3#EF BRI HETS
risk factor & L TRE, Bo pH, ¥X U Ca, Ox,
R, AGAG ORFEHEENEER LBNTW5.
FDinTh, EMREBEADIOHIT CaOx 2T
BRThHZ L LD, UARRF Ca, Ox HHltEOH
Wiy Ey., Ox R Ca BT K BN, FOf
B & DOBIER DWW T ORI B W TER TV 5 D]
RTHBH, BER 7c-» T Ox WENTEE»SHE
wRIZibhbh? Xoicinh, #aeE Ox B BL
THHL D EDVBHINTETWS. £DVO LD,
BREIhI Ox XBENT Ca LEAE L REE D
CaOx E7ehiERIRI N B b T3P,
Pric, REOCHEYHITIEAL MR, Ca
Ox DEREY—ELTALENS L LEBLIS. ¥
7z, BT Robertson 5% 13 hypercalciuria &
h % hyperoxaluria OB FAHEMEICIL L hEET
BBHEBRT B, £ TEEIHYEEARTHLR
s risk factor 123 XIS THEYRETA B
>TC, HABE T CaEREY 400 mg/H, OxiE
BRE% 466 mg/H O—FL L. LI, Bk
Tk Ca A1, Ox ARE Ik L7 FEOBRE % &
il s Y 2

(1) R Ca Pl ks LIX Y

W, RBEOFEFTL BAEEUEE B Ca 3
MR OBIEC DWW TOEN L dh, BAERC X3
Rrb Ca BEHEIN (calciuretic effect) 2% #id X
TW5, Margen LW AHOE[AREY 0,12,30
gN/day LZELER B L & BIC Ca B2 IBEH 5
D Ca BNEHNEEATIC L O FhFh 8, 18, 38%

1258 19844F

L ERLIZ ERIRL, BEERUC L5 calciuretic
effect (X JBEM & Ca IR LB dDTHD &
BTN B, LolEs, Chubig, B EEEY
e B ok BRI FOT ECaR (100 mg/
day) oORET EHELGEY 09g, 12g, 24gN/day
LA E R &R Ca PRl ThEh Slmg,
99 mg, 160 mg kKMl s ExRL, KA
I % calciuretic effect (XIRIT I X2 b DG
i<, Ca o RAVEFRIRAH S L O KRGHEE
OB —ETHB L BT 5. EEOHMRETH
BEEZ B IV EESC $\T 1 H 400mg 0ER
BT, BYHEL 6lg X AMTHEME LS 21
DR Ca BRitgmA o bhle. ¥,
X HERKE BT Ca 2ED0 2 EOxFH Ca g
L, BEAY Ca HEENLVE OXECagitR
THWEEAATIC LV FERFR119%, 1124 0K
th Ca gEfgMA RS Hh, Rixh, EAERC X
% calciuretic effect (L& 5D Ca RV
B borF T, BTo Ca handling OB
rpbirbREVEELLRD. WThiced, B
HHEGOBREIL RF Ca Bhlbdy i #inX
2, BARED risk ZEDTNBERXDHEHLMNLT
b5.

(2 Re Ox BHihC ¥ JiF T8

i N =& Rk Ox Hif: SR IEEROEH
7¢ risk factor DU EDTH%2, Robertson 5P
i, 6 ADEERRABFIC=2 v v—1 % 3 HHHE
aeieob PP RS 34g * AW T5 L, RH
Ox PRt AWHEAKL b B ML, YR
FBEHEEUL hyperoxaluria 2 ¥ 7=, &HERELED
risk ZEDHTVB EBNT B, i, HS5I3FD
e LT, BHHEEAKGENRTV5 phenylala-
nine, tyrosine, tryptophan Mifigd LTS xh,
ZORREP Ox Pt Wing & 2o LhNT V5.
Woi¥5, Brockis 524330 A meat eating
subject & vegetarian T RfSuc LA T, Bkt
RABME LR Ox SHltEw 2 oA S MY 2%
ol LTo0s. FEoOWROBE, EOxE
RBWTEERAAR % 52 i - k2% Reh Ox #
WM ED SR, Lb, AMKIHE, 48E
ERRWAT A B oo, = DBE, SRt
L5SHAME Ox iEmATE, & LT NER
Ox FHEDEILARER E L TH Db IR TS L2
LhHDT, FEDOFKRIL Robertson & BfRL F
FtatlBibhs, #1, BEERARHRCES L
Mz Ox PEIHRA BRI 2 A 2 S X D k= 2 o

Fv MT
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PILE ST TATH S, BAAM Y S He Rk
BB Z OARE D X SR EEL T Ak
BRHHLEZATHD. EBK, Ty MELBERT
i, BOxECaRT BT HPEEARN < X
D, AL Ox{&Ca RICK T HWHEAL AL
CBAE LD, R Ox PHBAFECHmML (P
0.05), EOxFHCaR BV TITAEMIZ LS Ox H
WM BDOR b -l 2 & X b, BYHERD
B X 5 R Ox SR in: AR 80 Ox %
BERLBAR RGBS EE2 bhi. Thb
b, BMEEEEIC X Y BE»H0 Ox RIROTT
ERBE BT ERTFRIRT.

() RepREBEI s JigT S

RebREEBEMRSIN  (hyperuricosuria) (3 CaOx
AR REICHRELFE L TH ', ZLoEH
ELT2o08B BB T W3S, O &Dlt Lons-
dale!® 2% 7= epitaxy T, T7bH, Anhyd-
rous uric acid & Ca oxalate monohydrate |I&%
Al & BT BELIL T B 2%, uric acid %
Be LT CaOx AL T BEW5EX ThHD,
EMHDO &L, Robertson 519 plg% 43T, R
RTard FROREET MV v 2SRRI E
LENTWS AGAG LEEAL oIk RY BT
IRHZER LY, BaAEREYPRTEEVSLDT
H5.

¥7, hyperuricosuria DOFHE BEEZ L DD &
ARECE & OWEILE A BRI, EE, hyper-
uricosuric calcium stone former R4 IEE
HTHD7RrTY 7~ EBET D EEROBRNE
DFBI 51T 5, Coe B¥E hyperuricosuria
DB % 0% OFREAEE & RPIREBHEIEMD 7o 5 4
DREHHCOWTHMERC BT S 7Y HEREY
FAEL, BAEBEIEEEC LX) VHREREN
%<, —RAC BT RPREHIRIC 13 e -
fe& LTWwa. Tisdbh, Wb hyperuricosuric
calcium stone former DFEECILERIN S SV v~
BREOECHKESBSELTWB LEEL bR, REE
Rkt B O MR B E O RAEFOMEL KR L TV 5
bDELEXOID. EEOWRTL—ERL KT
REEBE L REE L CRPRBERC 213 <,
BHEESR 1B 6lg RAW T5 L KEBETEY
189.6 mg, {E##E CFH 227.3 mg OTHZIEFEED
REBEE-SINATD D, BEAE ) vk
BN% L, FoOBFEEY hyperuricosuria % X7~
FTZEXBELNTH Y, BEMRD risk ¥EDHT
AV R AR XN

(@) R Mg XU AGAG BEMC B3 IS8

TR e FRFCIE Ca L0 Ox 11 BEIFIRE &
TR bbb AT, BEAEDACIIERE
BitBobhicnz L X h, CaOx DEE, BHAK
ReMifl$24E (inhibitor) REFE TS E IhT
\~»%. inhibitor {Z(t Mg, 7 = v, pyrophosphate
R EDESTHWEE, BT X > TIREINVE
DTYERD D EZINTEY, HBEOHHREIMI0
~15% TWBE DL NIS0L U ETH B LT
L5200,

RepT Mg 14 (Mgh) 12, (1) CaOx DOER
ExmpsI L, (2 Ox LEALHEN TEKD
MgOx complex #fE% & £22, (3) Mgt hifERE
HICAE L TRABREYIET 2 &2, Xtk
inhibitory activity #7834 &#Ex bhTw5. ¥i,
HABEIREZC  bIRE Mg SitBiz3< /s
enwko@mEbHH, L, R Ca HEEL
EEL TIRP Mg/Ca Ho{ET% risk factor & L
TEEETHERLH B,

19724F, Robertson 59%, in vitro DML
FR¥1 @ inhibitory activity %30 B4F 9% B3
AGAG ThH5 LG LEAERED, AGAG 13
FRERD matrix KOEHRTEL0THY, BE
JMBD promoting factor TH 5 AEEMLRET S
DY BB,

AGAG PREAFRICEE LBREUXE LB &
BHELHTH D IAS, FOEMC LT, W E
Ko BHINTEWE WL B,

EEZD I TY R$ inhibitor OfAFEL Xh 3
AGAG, Mg 2>\ C, TMlEAL M X B
PRE LN —EOTENIRD bhih ot Fio,
EEARTO R AGAG PHEI: f5EBEN &
I BAREFEETF L Tuien (P<0.05), D
PHERCIZ22. BROZEND D, WHAWRELESE
12 AGAG FFilA sl v oW E#Ex 5.

BEORFBEI BRI T o bF o @
BLELTWB I EXDESLHTHHY, BATRD
BER L Ot 5 RO FEEIC DLW TR X
RTWREWELS . SEDOHE TEYHEERD DOEBR
JEEIX 3 B 7c hypercalciuria, hyperuricosuria % &
oL, b, Ox OFKHERKC X Y 2oBRIREE
% hyperoxaluria % X 7-FHREMNVREEI N, W
X, RARBERCHT A RBIRIC e - BN
EHOBEERZH X 5 igET 52 LIXEFCE
BThHrLEEbRS.
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= B

[. BARER ICREESCKST 2HMEROAT
(61 g/day) i X B IR risk factor DEBHEET 5
Bt
1) Feh Ca BHitE

AT X AT, BERL IV OFRHENY
mL.

2) R Ox PHikE

AT BABTI4BEC, BEHCX3HE,
4 HRCRAT5E[MER L. & Ox ADORBTH
D, ZOFEBLELLTRPARK Ox X33b 0
ThdEEZDRI.
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