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Studies on the Dye-Secretory Processes of the Liver
and the Kidney in the Rabbit

Sook Hyun Nahm, M.D.

Department of Physiology, Yonsei University College of Medicine
Seoul, Korea
(Directed by Drs. P.H. Lee and S. K. Hong)

That different mechanisms are involved in the secretory processes by the liver and the kidney
of various dyes has been indicated by Sperberi(1959), Kim and Hong (1962). Andrews (1958).
suggested that a striking difference in the dye-secretory mechanism existed even in the same organ
from species to species. Hence, the attempt has been made to study in the rabbit the secretory
processes by the liver and the kidney of either phenol red (PSP), bromsulfalein (BSP) or
green in the bresence of Na-acetate, Na-taurocholate, P-Aminohippurate (PAH) or Benemid.

In 37 rabbits, weighing about 2kg., anesthetized with ether, a dye was administered in such a
manner that the plasma concentration was kept at a relatively constant level throughout the whole
experimental period. Hepatic bile and urine samples were quantitatively collcted through the
canulae which were previously inserted into the common bile duct (with the cystic duct ligated)
and the urinary bladder, respectively, while arterial samples were taken from a femoral artery.
After 50 min from the onset of dye administration, these samples were obtained every 10 min
for a period of 40 min. This was followed by the administration of either Na-acetate, Na-tauro-
cholate, PAH or Benemid with a repetition of the same sample collecting procedures just stated.

The results may be summarized as follows:

1) Na-acetate augmented urinary clearance of PSP by nearly 200 per cent, but lowered urinary
BSP clearance by about 50 per cent. It enhanced biliary BSP clearance by 40% and had no effect
on biliary psp clearance.

2) Na-taurocholate lowered biliary and urinary clearance of PSP by 10 per cent and 30 per cent
respectively, and had no effect on both biliary and urinary clearance of BSP.

3) PAH lowered both biliary and urinary excretion of BSP and PSP, while it lowered the
biliary excretion of indocyanine green which was excreted only in the bile.

4) Benemid suppressed BSP excretion by the liver and the kidney.

5) Paper chromatographic analysis of PSP and of BSP in the bile and urine samples gave the

following results:
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a) PSP was excreted in the urine and bile only in free forms, and no modification in the

excretory pattern was brought about by Na-taurocholate.

b) BSP was excreted in the urine in 4 different conjugated froms and in the bile in both 3

different conjugated forms and in a free form. Na-taurocholate modified the excretory pattern

of the urinary BSP.
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Rosenthal @ White (1925) %¢] Brom-sulfa-lein -
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Aeha Hikskg el

X Andrews (1958)% F—3 Wigkol A= Y
o B el GEEpEEY S 2R 9
BgoRE =

a8 28 ¥EH#EE= Na-acetate Na-taurocholate P-Am-
inohippurate (PAH) 4 Benemid o} 7+ HpffeH (2
EWHE =t HED BHYE $ 659 SHrsems
o &8 A= HEEYS @At KENA PSP,
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MERES RHg oA oo e BFEY ERML B
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A BREY o BiES

BBE 2ke WS KR 370k & A A B#R
BT 1575% 16 RS 2R F Ether 2 JKEfsl
[RIE-S PEE, REIRS MERRE Bl £4%
Cannulate 319 2=, Bibtell = Folycatheter < @A}
dek 2 % ERRGA Bt BEYS Bkl
REMEC Cannula & fHAsH Tl A s g
e EHE BRes Bl et

B ® &g *

FiliIre] B th 30 7HE 4050 =HEAN e
BRE BRI T oo £EAY £HEAS 0. 5cc/kg/
min 9| HEL BIRAC A

BFREHELE PSPlA = K TFESRE 8mg/ke & 9
o= BSP| geoiAl = ETaste Bilkst TRlaz
FliEc 2 15 mg/kg & E4fsle BSP O] m¥BAREE
—7EEHA] HEFstyl Betd 0.05mg/kg/min 8] W=
weimre A3t ok, Indo cyanine greene] §lo] A= 2mg/
kg = #IEAC] HEatetgch olgb go]l EREERE X
ek 5 50 SR miFESE BECT L BEE €
che] HBEERS 05HRBeR ##iE 4 A2 it
3 FE Rl SHRIEEEY SRl M 2.5cc &
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W EhRA A HEEete] (iFGRBES BESA sk i
e Re GREE ¥ 2 HHES f@iEsd Bt
R4 & Clearance & FH5E3+g v

i HBER STENE &8 BHhe 3L 1)
B AR HFstdo T4 HEERR] e
RKBEE KUSA &7 Beld Bk 6EE BmER
Al ol PSP & 2me/kg & BT Hatetgod,
BSP & 3mg/kg & RIS Aigste 0.05mg/
kg/min -& FRAC HEER BERAA EAsgoH,
indocyanine green -2 0, 5mg/kg & k] AT A A
LBl FHo] Na-acetate, Na-taurocholate, Ben-
emid ®-& PAH & #£83 % Ll BRERA AL
-3 Effor m¥K, BH 2 RE R

£ el BARS e B RIS HRRH
<A gtz = st ek

C. &RBES A%

mig, B 2 RY aFEE+s Coleman Junior
Spectrophotometer & {F sl PSP & £ 555 mp.
BSP -2 580 mpy, indocyanine green-& 800 mu ol A
fEstgd el (B Mg el A= Ochwadt ¥ Pitts
(1956)4] aceton #hiHiES AZch IEifdhe] BRBE
RIERE 2o &% ¢l )& Bilirubin 0 2 Hile
HEE BERY £ Jorve HRBHEFA BRI B
4 blank 2 #fAstd ol & HEAT

B 9 R BRPEEERS EEMHoR FR
Betd FiEB Btk RS Clearance & Fstglel. R
Clearance 2} 3¢ HIRZE FHiLMEANA FHT:

“Plasma Clearance”]] 33t o 71 A & EBHi-S 3
7l Bste] MiHE @AY 2 B Clearancez} 32
Cook (1952) %o] HET Ao 2 "Bv/P"2 R ek
5714 BV R P& £% BiHWHEY) BE 85
fErtmtE 2 mi BES BRI

D. Bt ¥ Repol ShltdE &®e

paper Chromatography k0 &3t 531

k&2 Na-taurocholate 7+ &3EHEH| X1 AL
Zd BEsE] Bt BYRE fikd 4 B 2
RE Paper Chromatography (%M, #EFI 33 4)0l
#3ked FFetder. olet AT A Whatman
No. 1 Papero]e], Sampling-& sample applicator
(Research Specialties Co.) 2 4347l BESF B9
Bt B 5mm LAY EFo® Spot shgivh Bk
= butanol Solvent (Burger. 1959) (n-butanol: acetic
acid: Water=4:1:1)-% {#fis}e ascending type
(one dimension method)d|| fksle] 15 Biffel]l A B
BAstg e, = 4% butanol-chromatogram -& i)} 4
Ao RS ERKe 20% Na, COs BHS E
Fas At ¥ oA BEAZE RifEes HE
Bhell A BER7A S pEggel BBl A % spot 7}
e fEEES] R stEsigch B 4 18e el
Fo] R

I. & 8% B #&

A. Na-acetate 7} &E#ElM x| &
Na-acetate 7} 7}ell 4] PSP 2] R Clearance & £

8 1%  Na-acetate 7} PSP 850l 0|R= g2
i i Iﬂl'}*ﬁ% e ey ®R
Qg & FRE E Q. B/p Clearance K B U/p Clearance
N 9 T &

B (kg) (me. %) (ce/min) (cc/min) (cc/min) (cc/min)
5 1 20 009 0. 099 10.65  1.03 0.095 202 19. 4

2 1.6 0.49 0. 097 12.6 1.27 — — —
i 3 L8 12 0.027 7.1 0. 19 — — —

4 2.0 2.0 0. 098 8.4 0. 815 0.12 28.9 4.75
i G 2] 1.15 0. 080 9. 69 0.83 0. 107 115. 4 12. 07
7 1 2.0 0. 65 0. 082 14.3 1.18 0.23 243 60. 63

2 1.6 1.0 0.072 8.3 0. 62
B 3 1.8 1. 42 0. 028 9.69 0.26

4 2.0 1.87 0. 06 16.5 1. 03 0. 83 14.4 11.99
# | 1.24 0. 061 12.2 0.77 0.53 128.7 36. 31

% Na-acetate (100 #M. /kg. /min #5)
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£ 2 %  Na-acetate 7| BSP $Eft0] n|X|= &
B e m il R
% ® R B o Clearance R & usp Clearance
g B/P
i (kg) (meg %) (c[é/min) (cc/min) (cc/min) (cc/min)
5 16 015 0.035 794 27.4 0.97 8.8 7.15
# 6 17 13 0°005 310 1.5 1.12 4.95 5.75
7 1.8 10 0. 065 42 2.73 0.26 8.9 2.09
8 8 1.7 0.59 0. 054 348 17.8 0. 09 23.1 2.1
9 2.0 102 0.08 72.2 5. 65 0.17 16.26 1.08
b3
B 0.81 0.048 313.2  11.01 0.52 12. 40 3.63
5 16 0.1 0. 051 848 43.5 127 2.7 3.45
" 6 1.7 154 0. 005 189 0.94 0.23 6.9 1.34
7 18 0.8 0.015 73 11 0.51 6.0 3.07
7 8 17 0.5 0. 066 342 22.4 0.25 2.2 0.54
" 9 20 121 0. 064 136.7 8.8 0.33 1.29 0.47
T i 0. 84 0. 040 317.7  15.35 0.52 3.82 1.77

3% Na. acetate (100 £M. /kg/min ) #LH

A12)-2 Shideman et al. (1952), Ochwadt ¥ Pitts
(1956) %ol k5t olv] Mékslglon, = H &
(1963)49] #stdA = PSP 9 BSPY R 2 EH
Clearance 7} @/ o] #&ER v vk & "9
Na-acetate 8] {FHEF JHiE-L R Clearance & s
B RS BBl A el 7ol 100 uM/kg/min o = A
By AEK 0 Rt T 204 KB & EiB F
F iyl vl. PSP Hiifite] =131 Na-acetate 98- &1
FAA e ulel zbo] miFEE WE, B, HHNE

MaH Clearance, JRE, IR Clearance ¢] Fifir} Fa%
ol slor ol Al HBEE 41, % B 4H]
A2 Clearance period & o 2 3 F o]t}

i BREEE BRIEIA 1L 24mepola HER
dlA 1.15meg%ed wj-¢ HLstg . Na-acetate 9
BEE BHEHEL 5F Bosde RES BHFE
5 s@hnstg vk, BBt Clearance &= HEBHES EHEEE AL
old] Bl &7} glglor) R Clearance &= ¥R A
Lt 12. 07 cc/min, EEEEA A= 36.31cc/min & Na-

25 3 %  Na-taurocholate 7} PSP ¥Eit0ll n|x|= 2&
B B miga i e )73
2 & B -y cl RO cl
it earance = earance
B (ko) (me%) U B/P leo/min) | (eo/miny ~ U/P (cc/min)
(cc/min)
¥ 10 2.0 1.43 0. 056 15.21 0.87 0. 075 220 16. 50
11 1.7 1.01 0. 160 8.55 1.42 0. 080 505 39. 30
iz 12 1.7 1.03 0. 085 13. 80 1.18 0. 034 344 11. 60
13 2.0 1.20 0. 075 18.72 1.39 0.07 249 20. 80
® F B 1.16 0. 094 14.07 1.21 0. 065 329 22.05
=3 10 2.0 1.60 0. 056 20.77 1.13 0.033 730 24.73
11 1.7 1.23 0.120 12. 65 1.52 0. 475 35 16. 50
B 12 1.7 1.62 0. 08 14. 57 1.14 0. 023 244 50
13 2.0 1.55 0.031 17.57 0.55 0. 472 40 18. 40
L o | 1. 50 0.072 16. 39 1.09 0.25 262 16. 16

3% Na-taurocholate (10 mg. /kg., i.v.) %8
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# 4%  Na-taurocholate 7t BSP ittt alx|= 524
% B %}”ﬁé Jid H 17d
Vi
E g

* ?{_ﬂg B/P Clearance R B U/P Clearance

5 (kg) (me %) Ce éh/mﬁ) (ce/min) | (cc/min) (ce/min)
¥t 14 20 5.5 0. 012 50. 8 0.6 0. 029 0.99 0. 024

15 20 1.36 0. 0297 80.1 2.41 — — —
W 6 17 0. 85 0. 086 109. 0 9.4 0. 045 13. 06 0.58
Fii2 iy 2.51 0, 0425 79.9 4.13 0. 037 7.02 0. 302
¢ 14 20 5.6 0.011 28.6 0.29 0. 028 1.72 0. 046

15 20 1.84 0. 007 70.1 0. 49 — — —
B 16 17 0.72 0. 084 140.0 11.90 0. 069 7.7 0.55
B T i 2.71 0. 034 79.6 4.23 0. 048 4.7 0.298

% Na-taurocholate (10mg./kg., i.v.) &

acetate JHL = #hnslgl ok

BSP Biite] v] 2] Na-acetate 2] B2 5 2 RA A
B ukeh o] MFARFIEES FiEc HBRCA
0.8l mg%, EEHEEAA 0.84mg%=E % s -

Na-acetate 2 B HEES RE

& BBl TR

Na-taurocholate 7} ATl A1) PSP Bhfitel] M
MEEAE gebe A -2 Sperber (1959)el #shed o}
#WEd v e = & 2 Pi(963)9 KA A S T
gl e BSP 2 PSP & Fbhifte] A4 s Hp
Aot F@E vk gloat oAl KRAAS fFkik

B Aol BIZEES §gl ot BSP P 452 Na
acetate 2 Ei 1% B Clearance = #B%E 11. 01 cc/min

ol A FEERTE 15.85cc/min B £/ BE moli
Zelo] @A 2 ¥

o] = A#ystz R Clearance =
#o] —ER okrh

B. Na-taurocholate 7} &EHE#U O|XlI= &

o)
AT

o mlAlE BEA ek s Ripelth

# FEo] 49 Na-taurocholate & 10 mg/kg &

5cc

o AEadbkel BE#stel AEB 20 AW BIRES

skglom o] #He] PSP kol

QR

220

ki

BEL %35 HF435k¢vh. Na-taurocholate ol 3}
0. 094 cc/min ) A1 0. 072 cc/min &

o EHHES

#® 5% PAH7I PSP Hlio] njXs 22
B oo# nge B i) R
% ® %kﬂ% B/P Clearance R B U/p Clearance
| e (kg) (mg. %) (cc/min) (cc/min) (ce/min) (ce/min)
17 2.0 2.87 0. 063 9.4 0.59 — — —
# 18 1.8 1.42 0. 053 21.0 1.08 — — —
19 20 235 0. 064 14.0 0.91 0.11 65 5.81
20 15 205 0. 064 13.0 0.84 0. 058 135 7.83
21 21 202 0. 096 4.3 0.42 0. 058 198 11.51
piid
214 0. 068 12.3 0.768 0.075 132 8.88
17 2.0  3.37 0. 039 13.2 0. 514 — — —
7" 18 1.8  1.63 0. 055 23.0 1.180 — — -
19 2.0 266 0.036 12.0 1.430 0. 045 70 2.78
B 20 15 232 0. 055 18.0 0. 699 0. 041 110 4.62
21 21 274 0. 077 4.2 0.34 0.112 66 6.87
i
T B 2.54 0. 0524 13.0 0.633 0. 066 83 45,9

3% PAH (150mg/kg) FETHSH

— 49—
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® 6% PAHZI BSP gt oixl= &
%ZJ B %g@. e ‘H’ R
= Jiiss /‘I‘ =

= LA Clearance R & Clearance

B do e | JEE PP G| Gomim U G
5 22 18 131 0. 054 131 6.74 0. 063 13.9 0. 88

23 1.8 0.28 0. 084 581 49, 60 0. 084 62.0 5. 25
i 24 1.8  0.51 0. 095 216 19. 20 0. 094 18.0 1.65
w o 0.70 ( 0.078 300 23.20 [ 0. 080 313 2,59
& 22 18 215 0. 055 95 55 0. 060 4.8 0.33

23 1.8  0.37 0. 068 300 19.0 0.071 52,0 4.03
B 24 1.8  0.51 0.028 192 5.6 0. 051 5.0 0.25
B ot 1.01 } 0. 050 196 10.0 [ 0. 061 20.6 1. 54
3% PAH (150mg. /ke) I TFHES

Fbstg o b RIS 0. 065 cc/min o) A 0. 25 ce/min 2
Fs #®mE melw vk R Clearance & 22. 05 cc/
min o} A 16. 16 cc/min 2 {ED= §l o} & Clearance
ol AL Bl HREE Aold B 2ZES: darh

= BSP Bkl ©] %= Na-taurocholate & B#5-2-
43 A B wke} o] jEH Clearance & #IEH g
PTERTEOlA]  £% 4.183cc/min B 4. 23cc/min, R
Clearance = %% 0.32cc/min 2 0. 298 cc/min 24
el RS nx Z3gh

C. PAH 7} &F=HElN nixl= 228

gD HHpEY e Bkl Bitd HEREE
B =T#H 150mg/kgd] PAH & ETHEHIG o,
PAHIH % 30 7ell & EE FFHgh

PAH 7} PSP kel mlal& HEE Bz
REL E53%d e ukol 2oh H EAREE

Eo PAH #8a% 2644 EHF BPE Relx
o] om [ Clearance = $BEE 0. 768 cc/min o] A &
% 0.633 cc/min 24 B3 RS vEbda R
clearance == ¥BEf 8. 38 cc/mindi| A EEEHE 4.59 cc/
min 2 WAE 2elm ek

BSP k] ©] 2= PAH 8| e 556 %o o
g =d &t clearance & 23. 2 cc/min €] 4] 10. Oce/min
2 BEst BAE nolam glow, JR clearance JRE
2. 59 cc/min o} 4} 1. 54 cc/min 2 {3t PAH ¢ &
o LS MR EYS B clearanced glojA =
PSP nt}l BSPo| 4 w2 FEEsg 3 IR Clearance
gl BSPur PSPAA 24 BESES € + 2
v} SHF BSP 9 PSP Lijtell Hifrell Frigaethsol o
=7l thfEstg o= BSP uvh o EFHsvla R4

o

=
L

ol
K

(Fox, 1957; Rapaport, 1959; Hunton. 1960) = u} sl
indocyanine green-S {#fBste] o] Iyl fFom
Ptk el gl 8] PAH 9 e giszsl el #7%
o4 B ule} 7,;-01- 1 clearance &= indocyanine
green #r B2 8 7 cc/minell Al 6.14 cc/min 2 WALE
Bolm glrh

Indocyanine green-- Biio Ry 28] Hiifgo]l o
o] Higo=at phf=l gl o, PAH fald #g M
#5202 v]Fe] Mo} indocyanine greens PAH
= ez Phftge glol A= B8 fEREL ¢¢
& 5 vk

D. Benemid 7} &85l O|X= 28

Andrews(1958)= Benemid 7} 7Y,
pigell A& BSP Y [EHHHS

N

T

J.9Fe] W guinea

BLA7 L A = ]

% 7% PAH ! indocyanine green HEit0) Dj X =&

B mige i i
7 RBE [~
& 5 %Hﬁa B/P Clearance
%% (kg) (mg. %) (ceL/mi) (cc/min)
wl 25 1.8 0.63 | 0.061 107 6. 507
2 2.0 035 | 0132 82  10.80
M 27 15 o061 | 0067 181 8.75
f E ¥ 0.53 ] 0. 086 107 8.7
gl 25 1.8 0.8l | 0.050 103 5.1¢
2% 20 0.438 | 0.116 62 7.11
D
® 27 15 067 | 0054 114 6.18
B OF # 0637| 0.073 93 6.14

3% PAH (150mg/ke) HETHH
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% 5%  Benemid 7} BSP B0l nix= 24
% i) %gé i iy ®
ik BT &
% ® ! Clearance R & Clearance
8 (ke) (mg %) (Cc"‘/ﬁ%l) B/P (ce/min) | (cc/min) U/p (ce/min)
o 28 20 1.12 0.132 47 6.25 0.17 2.52 0,425
29 1.9 0.62 0. 082 130.7 10.70 0. 23 3.80 0.85
R 30 21 0.6l 0.19 71 13.5 0.37 1. 89 0.573
e = 0.78 I 0.138 829  10.15 0.26 2.73 0. 616
&% 28 2.0 1.12 0.122 46.5 5. 68 0.13 1.20 0.157
29 1.9 0. 675 0.105 104, 0 10.8 0.30 0.97 0. 284
B® 30 21  0.615 0.185 50 9.3 0.47 0.41 0. 207
B =5 o0& | o 66.8 8.5 0. 30 0. 86 0.216
75mg/kg
3% Benemid | 100 mg/kg | T4
200 mg/kg
o] S vA = XYtz HET vk ek 2t
22 e KRl A= Bl #etd e obg Xk ¥ o8 B B
Holm g e HKEE Hfsl Benemid 7} Mg 2 o PSP BSP o PSP BSP
Bl 4 ¢ BSP Bl v3& pEE BES 2K oo ool
e maEd miwstlel. B Benemido] &3l I 081 o,ej
PR RE-S WEE, WWE mEMA JERA O . o .
sl JEit clearance &= ¥RHE 2 EERAA &% o5 0 © o] o5{0 0 o
10.15ce/min ¥ 8. 59 ce/min, FF clearance &= £4& 0.4 0 o 041 0 o .
0.3 0.3
0.616 cc/min @ 0, 216 cc/min 24 Benemid HE= 0.2 2| o2 °
BSP ¢ it @ R clearance 7} WA SHe S neol 0.4 ; 011 .
T 9k 0O B ceu CeBu
E R B%i‘i‘lTIS_’E ﬁFiﬂElE BSP 2 PSP C.- Control 8.-8ile U,-urine
Paper Chromatography 50| (X8t 947 . . .
1 & (a3 o o B HEls = Al
BSP % PSP} 5E] Ml % o= MRl Bl R BT R R HiiheR BRES € Ll
Qo EEmes Pks b WS HapH2E B HRTh

s =X 8 2£Hs = o] Na-taurocholate R E 2
et pRtriEEe] k& #%%sls] $151e] Na-tauroch-
olate #EL Fifkel 4& K 2 §EH-% Paper chromat-
ography kel {k3ted S#istgiel. kE BF7F R 9
oz PRk £ A F1E 2 HoRd ER

PSP &= JErtdro = Hit Holl glo] RE(E 0.52 8 &
Aol EHERRER HE e R HRikH o
N1 A SRR AR P Y 44 E (conjug-
ate form)& BEY + ddrh. ol AA5Q965F)0]
AA PSP7} Igitrho s Hrdel gdel4l RE{HE 0.

99X R R B BEiE &2 RfE

Rf of Bile Urine
Dye Agents
Dye 1 2 3 4 5 1 2 3 4
PSP Cont. 0.52 0.53 0.58
Na-taurocholate | 0. 52 0. 50 0.59
BSP Cont. 0.38 0.38 0.19 0.15 0. 14 0.05 0.51 0.43 0.22 0.18
Na-taurocholate | 0. 38 0.35 0.22 0.17 0.12 0.08 0.50 0.42 0.19 0.18
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16 -2 vebd v HEHHES Wbkl B
<419 GEPEEEEC] B EE wel 240 HE
g gEE BRE 443

BSP & JEito= Bttddl glelAl Ri{H 0.389 i
BEeFe 0.19, 0.15, 0.14 2 0.059 4{EHY #H& B
Hoak Phtd B Ee®s FEsA gk BSP
7 Bithe e dhiRol gol A ke HawES
ez, 23z Rye=t HahHHEY g2t dhit
Ao \ET A £901965 F) RS —FHsle A
o]},

Na-taurocholate & Hits PSP Hifittie] = oF-F #
167F 9lgl ok BSPell slel A& fEih bk B
ol = BIEMEE BET + A9 RPoz Hitsdd
9ol REfH 0.519) #H&wEel EEs @odstged
Kakel REfE 0.424) FEE HEPHHEsE 019 2
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