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RAIZED 5 h 2 bilirubin E & LU ClEER
bilirubin T& % C L XAHD L & THB. —H B
G EER bilirubin , B#HEY bilirubin iz EH,
F & UTalbumin EEEA" LTV AT EMNHEIG
T HEL HhDbilirubin P 1212 bilirubin & EH
LORARBOSEELRTLEALLIS BLbo
bilirubin HEM AL riTAIE pH DB kit -5 ¢
bilirubin DRAFEH DZE(LIZ OO THEBT 3R
ME & RBERE L OMEXEODESH O s H < %
FEAL, BX oo bilirubin FEtIEEE LTRAE
THHERFBMKAKE on BED LR ILIRH
bilirubin OEEHIEM 2K C & 2B D THE LT
—7% Owen" i gric Wallace® Fulop® & {38 clea-
rance M3 L b bilirubin OB L h OHEMt 0 F 12
AEOLILRERETH B & Uiz

% LT OPEER I 35 & OHEFE 2 ATEIC T 12,
B & h o bilirubin Hitlt% LAY B 72 R4 TFT
5 & 2R, 'H-bilirubin 2R L, REAEH
BRI TR 2 5 1, SREREANIBEIRS b1
WES 2T 2ANTERELITZV, BET~
AERPALDOTCHET 3.

EERPIRIE it B

1. E5EY

{4E280g~190g DML <+ (Rana Clamitans)
2RV, EBREEIZ3 B LA b4 B EIITR
V, BRICHTI->TIX1 H3~52fV, KB
HiEg 2w,

2. EBREE

1 #Ewmk

645

BRECh AME 2SR L h BT, B2 EMHS
WTEL ZEME (THEI o LG IEY) 24
EHCTHEMT L, S\ THEEIEARGICTHIRE U BEIIR
WoricBEMIRZ B L, BEIREATICEL T
BRI C vinyl catheter No. O (7 k oY) #%
BAL, XEMRERRICIXBFARICE— vinyl
catheter 2fEA U7z, FRICHKE LIEHZRIFAERE
BRI K 2T U Z D558 % KB)IR catheter T
BEALFvmE2ATELZOMEL h PRKEWE
NCEBAIEKZET Uiz, *H-bilirubin &5
vinyl catheter 2L T X172

1 -2 pHOZE®)%BME LIERKR M/15 858
WEEE R pH6. 082 *pH8. 0 % pH meter (H —d
BBIM— 5%, pH meter) 2AWTHANUERLT:

2 Rk

HIBEEBITEH 268 (FIF9ER & b 4Bz olive
Bk %213 T Nelaton catheter 238 A L, #HEMHE
PAREKICTHREL, BROEBNRRECRLET 2
ETHMLIDLMR% 2~ 3mlOFEAKTAI
U, 5 08ES| 21730 RER 2 HK 2 1202 L
128, 2ml OFEUKCHIEREL, MK2za8bEC
NEFRRE LIz, B2 ~ 3 ml OEBK % Pl
BITEEAL, 5 DRAKDOBIECHBR ORI ETT
7201553 E A—RF R T - 12,

3. 'H-bilirubin j§84s:

3 —1, *H-bilirubin {251 {L2MO bilirubin
% Wilzbach” @ tritium gas G/KE »B#HT 2 HiE
TYEBU 12,

3 —2. (H#EERH-bilirubin JH#E:

*H- bilirubin %7 % sodium taurocholate J§iz %
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f#L, Wister & rat O+ i8I ICEML, BE
catheter hiz X h BH 2 #ZHLL, Zh & b EB/NIR
< R OB B E#E bilirubin £ 2R L1
RIS AR i 2 ML EFENT L, KT methanol
M 21320, BIEOEEL TH 5403 methanol B
PRTEE L, HOKABKE LIZDL, chloroform
PMATES SH4fOL, BHIBE%iT/20, chlor-
oform K1 T U 128 254 bilirubin 2BRFEL D
L, Ei@ic1 /10N HCl #%&MmA, B chloro-
form it 21775 € iz b HEHS bilirubin % 538k
U, % ester B bilirubin & L 1:.

3 — 3 bilirubin & {0 B

"H-bilirubin 21 /10N NaOHO.1ml 2014, &
WLI:Db, FemiElml 2MA, ch2RHL
tzdb, 1/710N HCL1O0.1ml TAFIL 12. Ester
i H-bilirubin OBEAL, #<MiF 1 ml 2HT,
Z it ester B H-bilirubin /KEE#R0. 2ml 2 BF1 L
INBEARE LI BEARKH-bilirubin @& 1d
0.98~5.84 mg/dl (“F-}53.56 mg/dl) ester %I °*H-
bilirubin i31.42~3. 17 mg/d]l (¥t 2. 16 mg/dl)
Th-1e.

3 —4 bilirubin BlIEHE

Jendrassik & Cleghorn” RZHE2A, HEL
it (Leitz 89, Model M) %2, fE535my CHll
ELI

4. "C-inulin Jy4gis:

New England Nuclear Corporation B4 inul-
in-carboxyl-"‘C /K&K (0.05mc/10.0ml) % 23
KTH00{F I AL, Z200.2ml ZFEA LT

5. MGtRERIEE

PPO 4g Bt POPOP0.1g % toluene 750ml,
ethanol 250mliz A L, Th% scintilater & L7z,
HIE I8 - T scintilater 14 mIiz A #0. 1ml
%f0A, Pacard % Tricab scintilation counter
2RV, 1053MAIEL .

6. pHAIEME

¥ o KB KB BTB & Uf methylred %, #
<KMo pH 28IE$ 2 BHTER L.

KRR

1. # v EHAENRMIE

7 v IR AEIRMF 1324, 5~27. 5 mmH.0 ¥y
26.0mmH,0 TH-1. (FE1)

2 —1, bilirubin @ specific activity

fE#8IH - bilirubin 134. 69X 10°dpm/mg Tdh b,
ester & bilirubin {32. 16 X10°dpm/mg C& - 1=.

= R E

Table 1. Blood pressure of aorta
abdominalis
T

No. Blood pressure (mmH,0)

1. 24.5

2. 27.5

3. 26.7

4, 26.0

5. 25.3
average 26.0

2 — 2 [RGB H 1B ¥ AR ET

Wiltzbach BEi3'H & kFEE DBRETHECLE
H, HAICH-Dbilirubin 2SEA SHIZEE, (¥
DOKFLH EDB@MBIE D, RAPEREH LT
eI 32 & BEZLNADT, bilirubin JEES
BPH ic 2O TS LIc 805 5 % BEESSA/KIAI 2 4
WUKRRICRIm 450 ImlinA, +43@RLEZD
L, L, bilirubin S8 E LT, T3,
ZOLERERH ¥EIhsbDe LTHEL.

Table 2. Relation between the radio activity
conjugated with bilirubin and the

radio activity in liquid phase

A) Free *H-Bilirubin

Experiment No.1 No.2 No.3 Average
Total C.P.M. 6454 5666 8889 7003
C.P.M. of

Bilirubin 5695 4686 7641 6007
C.P.M. of

liquid phase 759 980 1248 996

Percentage of
C.P.M. of 88.24% 85.03% 86.41% 85.78%

Bilirubin to
total C.P.M.

B) Conjugated 'H-Bilirubin

Experiment No.1 No.2 No.3 Average
Total C.P.M. 2654 2996 2338 2663
C.P.M. of

Bilirubin 2609 2709 2176 2498
C.P.M. of

liquid phase 45 217 162 141

Percentage of

C.P.M. of 98.94% 90.42% 93.07% 93.81%
Bilirubin to

total C.P.M.

HREF20TL L, HHEESH- bilirubin Ti314. 97
~11.76 % CH-A514. 22 % HSEEEDRI & LT A SN,
ester BI’H- bilirubin 139, 58 ~1. 06 % £1t56. 19%
DEREH OBE LTA LN
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Table 3. Excretion of direct-bilirubin
(ester -form) after loading into

portal -vein

Case No. | No. 1 | No. 2 | No. 3 | No. 4 |Average

%i"ep" b‘[’tal 3412 3412 |2961 |2961 |3186.5

0—5min [1.98% |[1.14% |2.03% |1.60% |1.69%
5 —10min |[1.46% |1.52% [1.40% [ 1.40% |1.45%
10—15min |1.83% |1.75% |2.16% |1.32% | 1.76%
Total 5.27% | 4.41% | 5.59% | 4.32% | 4.90%

3. 'H-bilirubin®OBMik (REERM &#ick

A R~ OHE#E

3 —1, Ester B*H-bilirubin & HiCH 3 R
it RizR3 0L &, AMEO ~ 55Tl 14~
2.03%F#1.69%, 5~10531.40~1.52% 1. 45
%, 10~15431.32~2.16% F451.96% T - 1.

153 DB Rizd. 32—~5.59% TE154.90% T
H- 1.

3 — 2, RIEECH-bilirubin BRHCET 5 RAPHE
MRizF4 1T T L ARHO ~ 5430.48~0.65
% H0.57%, 5 ~10530. 49~0. 86% 150, 66 %,
10~—15430. 46~0. 80 % 450,66 TH - 1=. 1553ED

Table 4. Excretion of free bilirubin

after loading into portal -vein

HaHER S8 121, 43~2.31% E11. 88% ThH - 12

4. °H-bilirubin OBEMR CRERARD (1412
3 R~ D HEH

4 — 1, Ester °H-bilirubin £ fficisid BRF
et FizES DT L L, 11450 ~ 5 530.49~0. 72
%3EE0.60%, 5~10430.68~0.98% -1:0.85%,
10~15431.42~1.58% E#1.52% Cdh b, HHEBED
WM E A L 155520 Kkt &142. 59~
3.18% THLR2.98% TH - 12,

4 —2, [ H-bilirubin & ICIT B RAHE
ftRizE6 DT L, AMKO~54530.06~0.10%

Table 6. Excretion of free bilirubin

after loading into renal-artery

Case No. | No. 1 | No. 2 | No. 3 | No. 4 |Average

Case No. | No. 1 | No. 2 | No. 3 | No. 4 |Average

given total | 91934 | 91934| 91934 | 91934 | 91934

0—5min [0.61% 10.48% [0.65% |0.52% |0.57%
5 —10min |0.65% [ 0.49% |0.86% | 0.64% |0.66%
10—15min | 0.77% | 0.46% | 0.80% (0.60% | 0.66%
Total 2.03% |1.43% | 2.31% |1.76% |1.88%

Table 5. Excretion of direct bilirubin
(ester -form) after loading into

renal -artery

Case No. | No. 1 | No. 2 | No. 3 | No. 4 |Average

given total | 5913|3352 |2770 |4866 |3475.3

0- 5min [0.51% [0.49% |0.72% | 0.67% |0.60%
5—10min |0.89% [0.68% |0.89% |0.98% |0.86 %
10—15min |1.58% [1.42% |1.56% |1.53% | 1.52%
Total 2.98% [2.59% [3.17% |3.18% | 2.98%

given total
C. P. M. 99000 | 77600 | 99000 ( 88890 | 91123

0—5min |0.07% |0.06% |0.10% |0 09% | 0.08%
5 —10min [0.22% [0.17% (0.19% 0.16% (0.19%
10—15min |0.56% [0.59% [1.01% |1.02% | 0.80%
Total 0.85% |0.82% | 1.30% {1.27% | 1.06%

LR 0.08%, 5~10430.16~0.22% ££50.19%, 10
~15430.56~10 2% ‘F150.80% T & b Pt M7 ¢k
B Atz 1553 E0%&HEH 8130.82~1.30% TV
1.06% T - 12

5. '‘C-inulin OBEMREHIC & 3 KepHEttic >
N
RIDCELATHRO~551.10—1.46% Ey
1.35%, 5~104%, 1.18~1.47% W-141.31%, 10~
15431, 27~1.35%, YEH1.31% T b 2543 @ D HEifit
B3I —ETH -1z 1557 EDL B 2133, 83~
4,09% CEE3.97% Th -1z,

6. ¥k pH OZLEIDORP ester B H-bilirubin
HeH e A2 e >N T

Bz (ester) B bilirubin |XEREIZEH 5 OHEM
PREREMOZNL VBN TH - TRBRERICET
X, FREVEMEIL b D ester B bilirubin HEl ic & 13
TpHORE2RHA L. ZOERIIE1 RU'ES
OFEHTHB. T/HOLpHE 0k b pHE. 0~ & BB
BOPH 2EATBMIRATICL 2R 21T-10 &
ZANo. 1, No, 2 OFITixpH OET & 3ticR
1 bilirubin OFEMEOEMHED 5 pH 6, 8D ¥
VICHE B 13 peak IZE LTI, IRICPH 6.0 X b i
8.0~ & EEWDPH 2K A TERE2T-> 1z No. 3,
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Table 7 Excretion of '*C-inulin after loading into renal artery into urine.

Case No.| No. 1 No. 2 No. 3 No. 4 No. 5 Average

given fotal |\ 1pg575 | 128575 | 136904 | 136904 | 136904 -

0—5min | 1.38 1.39% | L10% | L44% | 1.46% 1.35%
5—10min. | 118% | L35% | L47% | 12 % | 1.33% 1.31%
10-15min. | 1.30% | 135% | L21% | 1.34% | 1.27% 1.31%
el Sl 3.86% | 4.09% | 3.84% | 3.99% | 4.06% 3.97%

% Numbers are given as the percent of C. P. M. to total C. P. M.

Fig1l Relationship between C. P. M. excre-

Table 8. Relationship between C. P. M. ted into urine and plasma pH.
excreted into urine and plasma pH. (ester-form *H-bilirubin)
(ester- form *H-bilirubin) cpm
Case pH|C.P M 400 -
7.2 65 300 -
6.9 104
227
No. 1 g:i 78 200
6.3 65
100
7.2 286
No. 2 Z:g 3(253 6.5 7.0 7.5  p.H
% b d bilirubin OHEREERALIZ DT IE Fulop
7.4 65 5, Wallace 5Ig-RERIAZ F 12 8 LT A A
No. 3 7.2 98 B O E, 05 RME™ ™ 21 B PR AL
g-z igg EEATVA. & CAHTMBAD bilirubin 1114
- ) R, [ %2 (3 albumin &FEELTULA T EHS
7.4 130 MonTHHATEDOH % & iFMiE albumin LE58
7.2 156 U1z bilirubin 232 D % THEM S h 2 b3 T, 1%,
No. 4 7.0 208 f$% bilirubin 2 H S IRAICII SN 3 C Lk
2:2 zz; B 45, $ ik bilirubin (3114 bilirubin T b,
: EILYL: S0 g i i FP I BN 3 B R B2 bilirubin AR
. 195 HUZRIA I NS E 2 a0 6 BE LV, Fit
No. 5 7.1 208 Fulop % id¢H! bilirubin OHIE# & L TFouchet
6.8 325 D il %) T, Wallace 6 $ diazo NIz
' , % bilirubin DM 275> TIN5 5, ZO SN
No. 4, No. 5 T¢ , #Efit hitidpH6, 8 T peak 545mu TOWRICEHER 3 E U Kl % 537 12 light
iUt R IR pH 7. 45T &b pH D% K pass Sem & 5 MM LM B Tf> TV B, i
& il bilirubin LML 7245, - No. -1 Wallace oDBA IcizRAIC diazo RULIEY: %2 158
OBID & & pH 6. 4 EFGHICPH %L K & w1 Ba non-bilirubin K578 h D IKIC(F{ET B E VT
B A ->THL R AL B, £12pHT, 4LLE TR b bilirubin L O b EENEI A TR D, T
FHOW T b koM % A 2 creatinine i€ X % clearance %2 X { & L;cha

EZINN RN AE »3% creatinine {4 Swanson ' Sz L M IF I HIE &
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HhOBERN $HATEVBHONTBYREDHEE T
=LAz, F 12 Wallace 5O TIZBIHRBEE
(GFR) @IETF Ui &icizter LA bilirubin ©
clearance B ERT A L 2TBHTVE. TDC
LRUBUAREEL hoHt 2%/ 2L 51Bb
ha. LTLAT, ¥eTidZDMmBHRERE E R
BLTHURORGMELTHHT A2 LEMVHLNTE
b, COR TR S RIRELRBEL &S
AR 22 3 EicidF = idh - T 5 BEYT
b5, BT OB ERAOTERL CERIATR
O h REEVEIZ 2T TH 25 &L OBER2E
ATVWAH, ZOSVOERTIRED TAED bil-
irubin ZEHLTEH, BT LU LEBHTIIEL,
Fr 2D 3 VRACHE 3N % bilirubin BIIED
THETH-1:0T, ERXCEZARKL LET 3
LV BEDBRWEEREAWSThiZZs b1t
ZLTC, WX TIRTORERZREIEL, WHT bil-
irubin OB L b OEEMEAI %2 7€ 5728, isotope
%2t tracer dosis TERATIZHEH & 11z bilirubin
BRAEH¥ S LiciEH LT H-bilirubin itk 3
EER R RATL. ZD X Wilzbach i T*H-bilirubin
BYER LI BAPOKFELH & OBEBRSE S T]
REEESEZELON, AEEKS. UL Lester™ 54
Wilzbach B ¢#H L 72°H- bilirubin & '‘C- bilir-
ubin & O ICIFEFERAAFERICIOUTHRZRDE
HHizNELTE Y, EE S FH'H-bilirubin 28
teoktt RICRE B 38 2 N4, SBIRAYIC bilirubin 27k
WX AT EILL 5T non-bilirubin-"H OFEE %
B U 1o 455 I3 RIEERY bilirubin DRE T14.25 %,
ester B bilirubin DIRE56. 19% ITE XL WER %
AT b, bilirubin &*H R L {EALTWB 4D
¢ #Z 5N ’H-bilirubin % tracer & L1 EEIZ+
MEHICHET B DLEALLNS. ¥ THRIa L
L, &% bilirubin Bk hHEHENRL AT &
b—IiEZEATBLAHENDHS. Fulop 5, Wallace
51X RF bilirubin A IC L 3 PE EADHBE L2
WELTWLAY, BEFORE TS bilirubin @i
L AHHEDOE(LIZA L BTV, KERIZH N
T, BmHEEOE I 2 HMRF 20T 2%
& LT "“C-inulin it X % clearance #2#lE L,
BIE—EERHTCERRZT-12. STERItIhi
BEDIRATOBROERNERE TIZRA~OHE X,
A5 9 TIkEEE, BIE bilirubin 2b
FiIBL B Th b Z OBEKIBEIN»SED Shic.
L DT EIZAEBEMNIEKMER & RREAOME DR

KEMMENESEET 2EREEALNS, —F
BRI ester BY ([HEER) bilirubin 2E WL 12
BEICRARS S TS L ste A D, %
DBISNETIIEAEZDHMBIIES L. —F
RI#ER bilirubin OERBHICIZFRE HIXEL, £D
BELSDEITRALELR. hbDl iR
bilirubin & < iZE#E bilirubin IIBRMAE L b HEitit
INBEDOEELIITAPLILbDEEALLN S,
Kici#E bilirubinidE & LT albumin &AL T
V% A3, bilirubin & albumin & i% hydrogen bond
THEINTWAEINTHE MK PH KB I N
ALDEHETEINS 2L TCLOEPHLLIICTS
1eHERBKD pH 2% 7, BFIIRERICL 3 ester
£ bilirubin WOEF%1T/2 5 & BRI TRIRME
I hE<HEML, PH6.8RETH b alkali fliT
REEH OB BED bt TOREIETOZN
E—BUT W 3HEE N bilirubin @ 5 HREGEE
BLEmME ion b U (IR ORI S b, 1118
BB AR OIRE CHEET 5 1o DR R, IR
bilirubin O MFEHA~OFRF MK pHICL H R
2L, RBRE L b REIE ICE 5:88112T, MK pH
HEEME B K O CEA & R &R bilirubin
DWESRIBICERAT A T &, 12 EH & (IR bili-
rubin REFIRAICHM Ih s &icis s & 5A
LT3, BEZOERMBICIARLEEXTELOD
LEILNA.

I

B & b bilirubin Hi TN ASRERA S IR ME b
2l % 12 HIRME & REklk & O MEXE D58
DA S D IE N v 2RRABYNCER L, MR 5
F{#84 *H- bilirubin o HEifit 5001 0 M85 2 Firkic
& > TRELIRDEER 218 1-.

1. Wilzbach ghic Xk b JHBYL 72 H- bilirubin %
M A ICEBRE U 12354 bilirubin & #5& L7 tritium
TR B bilirubin (X¥#585.78 % (85. 03 ~
88.24%),esterB’H-bilirubin |33¥93.81 %(90. 42
~98.94%) Th-1z.

2. RMERNAFRT O LBMIRAHRKS DRk

HiE % ester BY bilirubin TI3N-H1. 69 %, i H5bil-

irubin Ti3¥#0.57% (5 SHEPME TdH -7
3. RERKEE, T0bbBEIIRERHES ORI
fHid ester & bilirubin J£150, 60 %, fE#E bilirubin
F#90.08% (5 M) CTH -1z
4. Ester B bilirubin @ kit 13 & ¥k pH »3&E
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BI~NERBITT 2 Lizhs- THEL, pHE. 8 THRK
LI

5. LEDHRRAAHN 245 bilirubin DX
#5313 ester B bilirubin Th b, ZOHHMEALR
F o UTBRME ©, Pt ES & bil-
irubin OFESRBOEIHHARE(EETIDLE

E

Abhs.

Fekaicyyoiggas keI L
TNRBIR IR 2 B OB 2R L ETE L BIT,
KIAEECTEY, CHELRS T UIAEEENCE
BMBLEY.

X &
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Studies on urinary bilirubin

Part 1. The excretion of bilirubin into urine from the toad’s kidney
Takehiko Yamamoto

The First Department of Internal Medicine, Okayama University Medical School.
(Director : Prof. Kiyowo Kosaka)

In order to elucidate which is the major functional unit, tubulus or glomerulus, on bilirubin
excretion into urine, toad (Rana Clamitans)was used for the experiment because the distribution
of blood vessels in toads was anatomically well separated to glomerulus and tubulus.

*H-bilirubin was prepared with Wilzbach’s method. Crude direct *H-bilirubin was extracted
from the rat bile after injection of *H-bilirubin dissolved in rat serum into the duodenal canal.
Crude direct *H-bilirubin were fractionated into three bilirubin fractions named indirect, salt-form
and ester-form bilirubin by Kosaka-Hara's method.Change of excretion rate of ester-form bilirubin
into urine in various blood pH ranged from 6.4 to7.4 was investigated from the Point of bilirubin-
protein binding. The results were as follows ;

1. *H-radio activity in the urine was bound with the indirect bilirubin at the rate of 85.78
% in average and with the ester-form bilirubin at the rate of 93.81% in average.

2. Ester-form bilirubin was excreted into the urine 1.69 % in average by loading it to the
renal portcl vein, in the other hand, that of indirect bilirubin was 0.57% in average, in the
first 5 minutes after loading. V

3. Loading bilirubins to the renal artery, ester-form bilirubin was excreted into the urine,
10.60%, in average, indirect bilirubin was 0.08%, in average.

4. Excretion of ester-form bilirubin increased according to lowering blood pH, and reached
maximum at pH 6.8 .

5. As the results, most parts of bilirubin excreted into the urine was the ester-form bilir-
ubin. The site of excretion of bilirubin was mainly tubulus and its rate of excretion might depend

on affinity between serum protein and bilirubin.



