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PART I MATHEMATICAL AND PHYSIOLOGICAL STUDIES ON
IT-HIPPURAN RENOGRAM

Takashi NAKAGAWA

From the Department of Urology, Faculty of Medicine, Kyoto University
(Director : Prof. T. Inada, M. D.)

I. A radioisotope renogram rapidly reflects the changing pattern of plasma isotope-carrier
([-Hippuran) concentration, dynamic ‘‘effective’’ volume of its distribution in body fluids,
and principally its accumulation in renal area and output therefrom.

1. Diffusion and accumulation processes are given as

Vae(DCo() == [[((RPF)n+ (RPF) 11C,(t)dt ¢

where I: injected isotope,
Cp(2) : its plasma concentration,
Vpe(t) : distribution space,
RPF : effective renal blasma flow.
2. Excretion process is given as

VutCm(t)=5:E(RPF)tCP(t)—-F;Cu,(t)]dt, i=Ror L 2
where Vs : equivalent volume of urinary tract,
Fy : urine flow rate,

Cu : urinary concentration.
3. Urinary excretion e(?) is given as

e(®)=er(t)+ex(t)
t €))
eu()= | FiCult—Ti)dt
where Tj: transportation lag.
4. Renogram record 7,(¢) is given as
t t
ri(t)= ka(RP F)Cp(t)dt —LF;Cuz(t ~Tdt+ (Background)lj “

where % : a proportional constant.
5. Background will be given as

(Background);=b;« Ve (£)Cp(£) ®
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where b, : proportional constant

II. The distribution space of ®3!I-Hippuran.

1) The volume of the blood and body tissues contaminated by t3I-Hippuran by single
injection was measured according to the following formula.

Vep(ty=L=glt -

2) Table 1 and Fig. 1 show the distribution space measured with a patient of uterine
cancer with renal damage and a normal subject.

3) This values of the distribution space was adopted as the fundamental quality which is
assumed to be independent of the renal functions and decides C,(t) in equation (1).

4) However, further investigations are necessary to decide whether the distribution space
Vpe(8) is completely independent of personal conditions of individual patients e. g. blood circu-
lation disturbance, renal function disturbance, etc.

III. The renal extraction ratio of 13![-Hippuran.

1) Renal extraction ratios of 18![-Hippuran and PAH were compared by means of the
venous canulation technique (Fig. 3) with 19 mongolian dogs.

(a) The extraction ratio of RISA administered by single intravenous injection, which was
0.00 as is shown in Table 2 (Dog No. 1), confirmed that this technique could not significantly
affect the renal circulation.

(b) With single injection of ®:I-Hippuran (Dogs No. 2, 3, 4, 5, 6), the plamsa extraction
ratio decreased with the lapse of time (Tables 3, 4, 5, 6, 7 and Fig. 5).

(¢) With single injection of PAH (Dogs No. 8, 9, 10, 11, 12, 13), no significant change
could be observed in the plasma extraction ratio with the lapse of time.

(d) With continuous injection of B3!I-Hippuran (Dogs No. 13, 14, 15, 16), the plasma ex-
traction ratio showed no change with the lapse of time. (Tables 14, 15, 16, 17 and Fig. 8).

(e) With continuous injection of PAH (Dogs No. 17, 18, 19), no change could be observed
in the plasma extraction ratio (Tables 18, 19, 20 and Fig. 9).

2) According to true RPF=Cx/Ex (Cx: renal clearance of PAH or ®i-Hippuran, Ex:
extraction tatio of PAH or B!-Hippuran), effective RPF (C 1y-Hippuran )by single injection
(3[-Hippuran by single injection is used in Rl-renography) was confirmed to decrease with
the lapse of time, while eff. RPF (Cp,m) by single injection showed no change with the lapse
of time.

3) The change of the extraction ratio of !3I-Hippuran with the lapse of time is thought
to be accounted for either by the existence of free iodine in ¥I-Hippuran or by the penetration
of 1-Hippuran from the plasma into the red blood cell. However, further investigation seem
to need on this fact.
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Table 1 &HEEY, Fig. 1 ko distribu-
tion space RL 7.

Table 1. Plasma Distribution Space per 1.48m? B.S.A.
1 3 8 15 30 60 90 120 min
Uremic Patient (A) 4.3 7.0 10.3 13.8 16.4 20.2 — 25.1 Liter
Normal Subject (B) — — — — 12.9 15.3 16.2 17.3 Liter
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A.renalis

Fig. 3. Scheme showing an experimental me-
thod for measurement of extraction ratio

(dog).
1) Venous blood sample
2) Arterial blood sample

% B\ 320% Mannitol 0 SHEE 575 - .

195E% 5 B2, 1D 183U RISA %, 2) 53
13 ®¥[-Hippuran o 1 [@#(single injection) %,
3) 6 5Aix PAH o single injection %, 4) 4 3%
131]-Hippuran O##ii: A (continuous infusion) %,
5) 33X PAH o continuous infusion % f77c - fc.

BRmI=4E2%FIALC, Bikm, #Iki% Smi
SoRBRCEMELT/25, 14, 54, 104, 15
4, 204, 254F, 304EORIE T/, hematocrit

Table 2. Dog No. 1, 12kg. RISA 10xc

(HY 2{E, &M lml 28 -8, EbcEibl
mEEx HEEL 7.

1]-Hippuran % well type scintillation counter
T&M, mEErd 1ml 353482 EHE, FoP
BIY Ay 275V FOHY Y P E%FIT counts/
min (cts/min) %G L 7. PAH X naphthylethy-
lendiamin 2V GHIE L 7.

EBRERIARC L DEHE L.

Ex= AXA_XVX

Ex : 53WBEOBHBER

Ax 3 DHEOBEHIRMD R R BR M PRE)

Vz : B5WEDOBHIR MR

SRR

1) RISA o single injection (dog No. 1)

Table 2 wR$Z &<, RISA 10xc o single in-
jection 1= X % BHRERIX305 F Ti12F0.0T, RISA
REL ORI RCEEX SRB 0D, KERE L
SEBREROWE THLHNRBERCEEROTIE
bhicnZ L5,

2) '-Hippuran ¢ single injection(dog No. 2,
3, 4,5, 6)

Table 3, 4, 5, 6, 7 s X0 Fig. 4, 5 @wR$ x>
Z, ESHEH (14LA) © ¥I-Hippuran 0Bk
Ri30.73~0.81L RIFTH B4, ROKBL L bic
RECBA L, EHFHE207 TIX0.37~0.61& 7 » Tk
5. F¥izdog No. 2, 3, 4 » X 5 BI-Hippuran ®
EHEYZThZh lpc, 10pc, 100pc &2 THEER
EROBUIFAKTH B, TmBEOBRER, £
DEBRERE b AROKH ORI L 2BIRRS
hs.

3) PAH o single injection (dog No. 7, 8, 9,
10, 11, 12)

Table 8, 9, 10, 11, 12, 13 L L ¥ Fig. 6, 7 iR
T ok, 10% PAH #§E#E (145LA) o PAH

Single Injection.

30 min

3/4 1 5 10 20
Ht. A. Blood (%) 38 37 36 35 35 34
Ht. V. Blood (%) 39 38 36 35 36 35
A. Blood (cts/min) 5,497 5,352 5,058 4,782 4,505 4,202
V. Blood (cts/min) 5,537 5,568 5,003 4,921 4,394 4,101
A. Plasma (cts/min) 8,217 8,042 7,440 7,161 6,704 6,281
V. Plasma (cts/min) 8,152 8, 360 7,480 7,114 6,765 5,949
Extraction Ratio (Blood) —0.007 —0.040 0.011 —0.029 0.024 0.024
Extraction Ratio (Plasma) 0.008 —0.040 0.001 0.007 —0.009 0.053
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Table 3. Dog No. 2, 14kg. 8!I-Hippuran 1gc Single Injection.
1/2 1 5 10 20 min
Ht. A. Blood (%) 40 40 40 40 40
Ht. V. Blood (%) 41 41 41 41 41
A. Blood (cts/min) 513 395 178 116 77
V. Blood (cts/min) 92 91 74 63 47
A. Plasma (cts/min) 735 556 222 149 98
V. Plasma (cts/min) 122 100 78 180 54
Extraction Ratio (Blood) 0.821 0.770 0.584 0.457 0.390
Extraction Ratio (Plasma) 0.834 0.820 0.649 0.449
Table 4. Dog No. 3, 14kg. ®[-Hippuran 10uc Single Injection.
1/2 1 5 10 20 min
Ht. A. Blood (%) 39 39 39 39 39
Ht. V. Blood (%) 40 40 40 40 40
A. Blood (cts/min) 4,839 4,311 1,301 1,003 710
V. Blood (cts/min) 1,147 958 616 519 403
A. Plasma (cts/min) 7,088 4,655 1,735 1,228 847
V. Plasma (cts/min) 1,465 1,238 683 530 456
Extraction Ratio (Blood) 0.763 0.719 0.534 0.483 0.432
Extraction Ratio (Plasma) 0.793 0.735 0.606 0.568 0.462
Table 5. Dog No. 4, 14kg. ®!-Hippuran 100pxc  Single Injection.
1/2 1 5 10 20 min
Ht. A. Blood (%) 34 34 34 34 34
Ht. V. Blood (%) 35 35 35 35 35
A. Blood (cts/min) 7,685 5,534 2,293 1,647 1,226
V. Blood (cts/min) 2,110 1,618 1,096 788 611
A. Plasma (cts/min) 10, 224 7,389 2,821 2,013 1,345
V. Plasma (cts/min) 2,582 1,924 1,075 781 551
Extraction Ratio (Blood) 0.725 0.708 0.521 0.521 0.502
Extraction Ratio (Plasma) 0.747 0.739 0.621 0.621 0.612
Table 6. Dog No. 5, 6kg. 8!-Hippuran 10uc, Single Iniection
20% Mannitol, 1.91ml/min, Infusion using infusion pump.
3/4 1 5 10 20 30 min
Ht. A. Blood (%) 26 26 26 26 27 26
Ht. V. Blood (%) 26 26 27 27 28 27
A. Blood (cts/min) 5,210 4,603 1,647 1,102 540 377
V. Blood (cts/min) 1,576 1,497 794 541 322 239
A. Plasma (cts/min) 6,125 5,491 1,711 1,097 552 376
V. Plasma (cts/min) 1,662 1,571 644 415 217 154
Extraction Ratio (Blood) 0.678 0.675 0.518 0.509 0.404 0.366
Extraction Ratio (Plasma) 0.729 0.714 0.624 0.622 0.509 0.324
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Table 7. Dog No. 6, 11kg.

131]-Hippuran 10uc

Single Injection.

1/2 1 5 10 20 min
Ht. A. Blood (%) 34 34 34 34 34
Ht. V. Blood (%) 35 35 35 35 35
A. Blood (cts/min) 4,825 5,328 1,661 958 631
V. Blood (cts/min) 1,019 924 644 515 396
A. Plasma (cts/min) 6,719 7.334 1,980 1,171 634
V. Plasma (cts/min) 1,249 1.091 644 503 398
Extraction Ratio (Blood) 0.789 0.827 0.612 0.462 0.370
Extraction Ratio (Plasma) 0.811 0.851 0.675 0.570 0.372
Table 8. Dog No. 7, 7kg. 10% PAH 0.5ml Single Injection.
3/4 1 5 10 20 30 min
A. Plasma (mg%) 13.76 11.32 2.24 1.20 0.54 0.36
V. Plasma (mg%) 3.44 2.64 0.68 0.32 0.16 0.10
Extraction Ratio 0.750 0.767 0.696 0.733 0.704 0.702
Table 9. Dog No. 8, 6kg. 10% PAH 0.5ml Single Injection.
3/4 1 5 10 20 30 min
A. Plasmna (mg%) 14.00 12.72 2.96 2.00 0.42 0.34
V. Plasma (mg%) 5.52 4,62 0.68 0.32 0.14 0.10
Extraction Ratio 0.606 0.635 0.770 0.804 0.667 0.706
-
ok
9+ 9
ar Arterial ploesima
——————— Venous plasina
'] -
2)~6) Dog No.

PLASMA CONCENTRATION (X10° CPM)

TIME (min)
Fig. 4. Arterial and venous plasma concentratio:
by single injection

n of 131[-Hippuran
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Fig. 5. Plasma extraction ratio of 3!I-Hippuran by single injection
Table 10. Dog No. 9, 6.5kg. 10% PAH 0.5ml Single Injection.
1/2 1 5 10 20 min
A. Plasma (mg%) 14,60 11,24 4.00 2.48 1.58
V. Plasma (mg%) 5.72 4,08 1.32 0.72 0.54
Extraction Ratio 0.608 0.637 0.670 0.710 0.658
Table 11. Dog No. 10, 14kg. 10% PAH 1.4ml Single Injection.
1/2 1 5 10 20 min
A. Plasma (mg%) 42.80 23.60 8.00 4.36 3.44
V. Plasma (mg%) 18.24 8.64 2.24 1.32 0.84
Extraction Ratio 0.574 0.634 0.720 0.697 0.756
Table 12. Dog No. 11, 6kg. 10% PAH 0.3ml Single Injection.
1/2 1 5 10 20 min
A. Plasma (mg%) 10,88 6.72 1,64 0.84 0.44
V. Plasma (mg%) 5.28 3.36 0.64 0.28 0.18
Extraction Ratio 0.515 0.500 0.607 0.667 0.591
Table 13. Dog No. 12, 11kg. 10% PAH 0.5ml Single Injection.
1/2 1 5 10 20 min
A. Plasma (mg%) 11,82 7.86 2.04 0.92 0.44
V. Plasma (mg%) 2.82 1.32 6.44 0.24 0.04
Extraction Ratio 0.761 0.857 0.784 0.739 0.909
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Table 14. Dog No. 13, 10kg.
BiI-Hippuran : 10uxc prime, 20p4c/60min infusion (*#I-Hippuran
20pc+20%Mannitol 120ml, 1.91ml/min using infusion pump).
20% Mannitol : 0.794ml/min infusion, using infusion pump.
1 5 10 20 min
Ht. A. Blood (%) .28 28 28 28
Ht. V. Blood (%) 28 28 28 28
A. Blood (cts/min) 1,316 1,450 1,483 1,749
V. Blood (cts/min) 773 706 794 844
A. Plasma (cts/min) 1,562 1,762 1,789 2,124
V. Plasma (cts/min) 674 707 756 827
Extraction Ratio (Blood) 0.413 0.513 0.465 0.517
Extraction Ratio (Plasma) 0.569 0.599 0.577 0.611

EXTRACTION RATIO

PLASMA CONCENTRATION (mg %)

A o

09
08|
07
08
a5
04

03

ol

Arterial plasma
L Venous plasma
e 7)~2) Dog No.

12t

10t

N3

TIME (min)
Fig. 6. Arterial and venous concentration of PAH by single injection

Dog No.i2

Dog No.l0

Fig. 7. Plasma extraction ratio of PAH by single injection

I DogNo.8
Dog No. 9 DogNo.7
L Dog No.1!
7 5 16 75 70 25 30
TIME (min)
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Table 15. Dog No. 14, 6kg.
#tL-Hippuran : 5pc prime, 9uc/60min infusion (20% Mannitol
120m]+13t[-Hippuran 9gc, 1.91ml/min using infusion pump).
20% Mannitol : 0.764ml/min infusion, using infusion pump.
1 3 5 10 20 25 30 35 40 min
Ht. A. Blood (%) 33 33 33 33 33 33 33 33 33
Ht. V. Blood (%) 34 34 34 34 34 34 34 34 34
A. Blood (cts/min) 3,325 1,714 1,299 956 827 808 912 964 1,083
V. Blood (cts/min) 954 721 620 450 377 443 463 491 498
A. Plasma (cts/min) 4,607  |2,209 1,676 1,219 986 1,084 1,120 1,210 1,395
V. Plasma (cts/min) {1,330 865 678 478 410 547 467 535 548
Extraction Ratio (Blood) 0.713] 0.579] 0.523] 0.529] 0.544, 0,452 0,492 0.49] 0.540
Extraction Ratio(Plasma) 0.709| 0.608 0.595] 0,608 0,584 0,495 0.587] 0.558 0.608
Table 16. Dog No. 15, 9kg.
13f-Hippuran : 5pc prime, 9uc/60min infusion (t8I-Hippuran 9puc
+20% Mannitol 120ml, 1.91ml/min using infusion pump).
20% Mannitol : 0.764ml/min infusion, using infusion pump.
1 3 ‘ 5 ‘ 10 ‘ 20 25 30 35 40 min
Ht. A. Blood (%) 38 38 37 37 36 36 36 36 36
Ht. V. Blood (%) 39 39 38 38 37 36 35 35 35
A. Blood (cts/min) 1,991 |1,585 |1,045 796 544 648 695 715 774
V. Blood (cts/min) 648 556 496 437 393 397 401 416 422
A. Plasma (cts/min) 2,794 12,159 1,377 925 675 772 819 848 871
V. Plasma (cts/min) 847 667 567 455 395 403 416 424 448
Extraction Ratio (Blood)| 0.675] 0.649 0.525 0.451] 0.278 0.387] 0.391] 0.418] 0.457
Extraction Ratio(Plasma) 0.697 0.691 0.588 0.523 0.415 0.478 0.492 0.500 0.486
10r
09
o8
[ d
06} Dog No. 13 Dog No.14
—_— DogNo. 16

o4r

03

EXTRACTION RAT/Q
oS
U

‘02

0/

T T hegles

Il

1 5

10

5

2.0 25

TIME (min)

30

35

40

Fig. 8. Plasma extraction ratio of #I-Hippuran by continuous infusion
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Table 17. Dog No. 16, 9kg.

1-Hippuran : 10uc prime, 18pc/60min infusion (*3I-Hippuran 18uc
+20% Mannitol 120ml, 1.91ml/min using infusion pump).

209 Mannitol : 7.64ml/min infusion, using infusion pump.

1 3 5 10 20 30 40 min
Ht. A. Blood (%) 13 15 15 16 17 18 19
Ht. V. Blood (%) 15 16 16 17 17 18 18
A. Blood (cts/min) 4,332 2,644 2,002 1,612 1,415 1,798 1,974
V. Blood (cts/min) 1,385 1,103 962 837 703 809 999
A. Plasma (cts/min) 4,978 2,965 2,257 1,746 1,452 1,900 2,136
V. Plasma (cts/min) 1,623 1,204 1,018 834 703 819 922
Extraction Ratio (Blood) 0.680 0.583 0.519 0.481 0.503 0,550 0.494
Extraction Ratio (Plasma) 0.674 0.594 0.549 0.522 0.516 0.569 0.568
Table 18. Dog. No. 17, 10kg. 10% PAH 1.0ml prime, 1.8ml/60min
infusion (10% PAH 1.8ml1+20% Mannitol 120ml, 1.91ml/min using
infusion pump).
20 27 32 40 min
A. Plasma (mg%) 4.76 3.90 3.96 3.98
V. Plasma (mg%) 1.32 1.04 1.16 1.68
Extraction Ratio 0.724 0.733 0.708 0.578
Table 19. Dog No. 18, 9%kg. 10% PAH 1.8ml prime, 1.0ml/60min
infusion (10% PAH 1.0ml1+20% Mannitol 120ml, 1.91ml/min using
infusion pump).
1 3 5 10 20 25 30 35 40 min
Ht. A. Blood (%) 33 32 31 30 28 28 28 28 28
Ht. V Blood (%) 34 33 32 30 29 29 29 29 29
A. Plasma (mg%) 8.72 8.24 5.78 3.74 2.98 3.44 3.50 3.52 3.58
V. Plasma (mg%) 6.28 4.12 3.02 1.98 1,26 1.46 1.54 1.44 1.44
Extraction Ratio 0.280 0.500 0.478 0.471 0.577 0.576 0.560 0.591 0.598
Table 20. Dog No. 19, 9kg. 10% PAH 1.8ml prime, 4.0ml/60min
infusion (10% PAH 4.0ml+20% Mannitol 120ml, 1.90ml/min using
infusion pump).
1 3 ] 5 ‘ 10 20 25 30 35 ' |40 min
Ht. A. Blood (%) 38 37 36 37 35 36 36 37" 38
Ht. V. Blood (%) 39 38 37 36 36 37 37 38 ° 39
A. Plasma (mg%) 20,40 12,18 10.24 9.06 8.20 8.30. |.8.44..| 8.82 9.20
V. Plasma (mg2%) 10,41 6.20 | 4.81 4.43 | 3.65 | 3.83 | 3.89 | 4.09 | 4.22
Extraction Ratio 0.490 0.491 0.504 | 0.511 0.555 | 0,539 0.539 | 0.536 | 0.541
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DEBERIL 0.56~0.86 LHHIXLDENKE VA,
ChIEHEROIFEEL2Y br—ATHZ LM
EHgEC, Tmpam KEL - 1o THDOBFRER
OBRPCIBLEDTHHEEZELDRS. LhLigsb
si[.Hippuran OF& LT Bib, PAH B4
Hole &L BICREROERII AL gy .

4) ®I-Hippuran ¢ continuous infusion (dog
No. 13, 14, 15, 16)

Table 14, 15, 16, 17 % X O* Fig. 8 R4+ Z¢&
Q, MROZ Lichih single injection DA HEL
LCRERORRFHETIIR bR, LhrL—#c

1.0r

BREROMAZ &, flIE, 405 T0.49~0.61& ¢
2 TWAH0, ERMPROEFERMOREMC X B1ERM
KEOEY, EREEC X 2BESE, KEoBE%S®T
IrdoLEZLRS.

5) PAH o continuous infusion (dog No. 17,
18, 19)

Table 18, 19, 20 ¥ XO* Fig. 9 Rt L
sinlge injection DPA & FHk, ERAIBREROLE
BUI RO RIsD, 405T0.54~0.60& AR ER
DEDIL M]-Hippuran @ continuous infusion @
BELAROFERIC I BbDEEL RS,

osr
08F
9 07+
[
< 06f Dog No. 18
@ gogxo._/’l
< L 'Dog No. 19
3 05 g
~
Si) 04t
IS
> 03
w
az-
olr
1 1 1 1 1 1 I 1
/ 5 10 5 20 25 30 35 40-
TIME (min)

Fig. 9. Plasma extraction ratio of PAH by continuous infusion

#£3% HI5BELTO Rlrenogram, 4%
[ Background (ZDWT

RI-renogram (3B EiF X i ¥I-Hippuran
DBEEE, BIOLhISOFS, Tihbbaik,
L, BEREERLVWEREE X Y o, dete-
ctor DIB¥A~DHEIEE, /53> H background o
fEEx 65, =0 background FHOflic 513
A8, Rl-renogram 47 LD € BEEL MET
$%. LOLZheERCHET S LIXTARET,
FHUEE, NEEReRESCL Y ZEELTRE DD
EEXLR, BEiECIIIEROTRTIC L ) B8
51}t, Rl-renogram DOFHMC LIFL W KEREFEE
ThorLELLRS.

Z#1x background k&1, HEBREEACEE
T3 Rl BHAIT5 0L BMICREL TH 2 T
VWa. Tihbd AREEHRSED DS L EXDL,

V() Cp(t) R () RT3 GAREBHNER
THHMND,

Background=>bx V() Cp(t)--reeeeeer @
MEALT %99,

FRIRINCIE RISA 2 AWT, bOHEEY B4R (F
IFRER), b=0.05~0.20ME%E5dDLEL T
5.

¥ 7- Rl-renogram (¥, B Ihic Rl &, E
28 background OFEEZ BhBNnL, () XEAR
Rl-renogram t# % % &

r®)=k UZ(RPF)l C,(tdt— szz Cus (t—To)dt

+Background] .............................. ®

IBAMBIIT 59 ol |((RPF) Cy(t

1%, B () OB X o T ERI N BAEED
BETHY, j:Ft Cu(t—Todt 1%, B3 (D £T
B LY X N HHEEDBRE T, 0B Tk
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R BRI hic R ARFHEEX h, detector DR
W5 COMMEBRTHSH. k IX detector £
BOMBEC X » TELT B —EDOHARKTHS.

Ll wi-Hippuran o4 ¥ #gEL, Rl-renogr-
am 2B L CORWEMRO~@ % ali~7cns, Thb
DEHEXY X LIRS THIEROR BT distribut-
ion space Vpe (¢) ZiE¥ER & LT HRETHZ EMT
2, TRHRE7TAY b—TBTHBEND, HBE
okA RPF O X b, LtoBEOMIFRE Co(D
PRETHIENTES, IHLEROEBNWT Vu,
F, e B4R EEARELTCELDE, RBE Cu ()
NEE -~ TRS.

#oT, RETELEND V754 n(t) T,
background 23RO TEZ LI DD LKETHIL,
B Rn Ty 2RETHE, v/ 754 r(t) XEE
EZDOHKA RPF X hREINDHZ LIS,

Zh S DEBREMRO~ODERIE AW Tk
1§ il o/ B A

FA4E F 3

Hippuran (Sodium ortho-iodohippurete) i
19334 Swich” 1z X v, BB EREYFO—
DELTHD THRNIh, BEHE L TRPA
OEHMEREZET s L ABEI R TV 5,

Hippuran o{bzXit CH,INaO,-2H,0 ¢,
7 F8363.10, fLEfEER Fig. 10 o2&}
ThH5.

CONHCH,COONa-2H;0

Fig. 10. Sodium ortho-iodohippurate

RI-renogram ~ o FJA19604F Tubis 5%
o ¥I-Hippuran® B #&ic i % v, M4 Nordyke
Y e X KRG S hrehficih ¥ 5.

Nordyke &*. Winter 599 ki, ¥I-
Hippuran ¢ '1-Diodrast, I-Miokon, 3I-

Hypaque, '#I-Urokon %X b difishiH%kR
B, RPEEMERS Biif¢, *I-Hippuran re-
nogram (X b ®\» amplitude #7RL, E#
ADEAZE D Rl-renogram &% — Vit 513
EfETcd b, *k BFH%D nonfunctioning
pattern bR TH B L5,

7C@ﬁﬂ%< @A/gz 10)““2)VC 17 vc IalI_Hippu_
ran € X 5 Rl-renogram OB T3 & & A
HEIHR TS,

% 7= "¥I-Diodrast CRIEL k- = FEAD
R &, Nordyke®ic X hid BEitd~oHkfR
120. 04% (2047F), Meade 5913 0.018 % ( 1
R, 0.16% (Q4ERfE) ¢ |EL T35, #
= ERBE~ D uptake 3 1 % LI (Nordyke)?.
Meade B34 Bdlhs o HEL T
5.

LA LESH & hi ¥I-Hippuran 1t, SR%
BB/ 5 o LB 5 A ¢, Magnusson'®
ciniE, KET1HHCHET 36.47%, MK
23.66%, ¥ 8.57%, &M{L& 5.36%, MMt
2.84%TH 0, 305% TiLiEEE 88.39%, &
16 3.13%, Mm¥& 1.72%, mE1.08% &%
30040 T, BEbE91.92%, 4 H{bE3.39%,
FRAEL. 65%, M¥K0.49%, ME0.07% L #E
LTw35,

P> TACEWTSH ¥-Hippuran B X b
RS 1 s & dtic, AR, A
IhrcltRBpefBEIhscechds, M
FORER, £M, MmiEe: deERRE ex-
ponential) AT 5L Wb TW32, 0O
MARERA iR 3 ooERREom
THEUI® D 2AHKS LW

RI-renogram oOMERHAYEEL, D exXpo-
nential A 3% MrPREHROOICIAE
5 t) g)b;%b\lﬁ)lﬁ)”)w)

Bl 2 K ERE 3 oo BBk oM TE
b3nhsc ko, MEN, B, FFHELEN
@ 3 compartment [fjo> RI oHETHEHES,
7759 multicompartment model ¢ X v %!I-Hi-
ppuran DA EHNEIEY BHoT, <o com-
partment o ' [-Hippuran oBHRK Lo
T, #%A® Rl-renogram o470 EHRHVRM
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LT3,

22 1x Rl-renogram DA% R & 5 i B
L, BECXORSMAPREMBELERL LT
FERET S ERHER DT, ThiefrEE
£ L distribution space %% x & biJ T
%%. cOBE oD distribution space 1k, Mg
o “I-Hippuran ¢ &L WEETHRINLE
Ex B oEROGHTH L, MEA, M
EHERED BEZER LV DL REL T
5.
REHRTIEIHOREBEY L THD, K
HMo#E 2 Hix o o distribution space ® iR D
FrEENDELDEEXS.

distribution space V.(#) I

V@=L

ks T, BofWai o MENIERCER

LB5%Th 50, BRI RPF KD X
FVWHAR, LROHE, 2FLdrIEK
FHENXL Yy, WEBRENKRERS. K
Tz ORFC: BHENEL, @) ORMAY
ok BVPWBEELRALTHEL 2.

o T OREMEHIBRAN, H5VEEE
BEEZCLBET SO0 EI L2V TRS
bIERFEZET .

X bic distribution space @ { FHOME
i, MIgEE C,() oZern L, EHT
ZTLRAFETHY, FRRCERLTHE
DEXEREE R, 71 V() Lot
Bl 1=0 T@MEDOBTH B, ZOERE
AMERT A LRk,

Ll Vi) o iiofEnk, C,(E o
PO K E X, - T Rlrenogram OWh®p
% “Point A” wBifRd 5 BEEL BRTH 2
LELBND, T V@) ERHLTKRDX
5 hPBBERfTno T, Vaelt) OffioE%:
RELTWS, ThbbuwEMEOBRDO L
MO (0<t<,<0.2min) k&, Bikc BT
5 Rl % rI(#c) bbby Rl 280 1
Xe+nl,

{UCRPFYa+ (RPFYC,(dt =11
THo, cofiMickds C®) OZ1t (Fig.

¥
g
M }

Cp(0)

Cp(t)

[}
‘ipe(o)

0 ¢, —_— 0t —}

Fig. 11

11 © o) #ERL, Cu(®)=Cr(0)(0<I<t) &
RETH &,

Cp(®) = Ve(0)  ((RPF)r+(RPF)1)t

Ledis ¢,

((RPF)r+ (RPF);) 1

T
s, T v R (RPF)r+(RPF)L)
BHIT230EZE2BNRE0E, Vi(0)(nitial
volume) BRI BIRO RV RF A~ L
#2bh, 525bhk Rlrenogram 4> X

Sk, ABEFMNCELATBEAT, BHICEN
ZborEzbhb. flzX, LHBEESliter
/min L T WEmMEES 1liter/min &%
%, BWOBEEBRTcESE Rl o 1/5 23, BriE
ma3hzeELBE, 1=02min LRET 2L
V=0 x02=06 FEIR, O
Vue(0) OfE% 0.6 liter &3 HIX kv,

o Tz Vi(0) &, EHEOMEARS
ARMOBRDO > b BFCERIN 2R T
BT, HHHE, DHEEToMcEfRT &
LE2BN, KD Rlrenogram BRI IiF
% “Point A” 0EEHEL EELBHHOT
BiwnwhetELbhs,

RI-renogram oOFE&MHHiZ R 5 BE,
RI-renogram 2% 13!I-Hippuran & ¢ 0iEEY,
et o FERNEIREO RHCcH D UL, WI-H-
ppuran OB 7 V7 5 v AQENER M D SHEN
»5,

BAEREY ERNCER T R OIER S
Bix, Van Slyke B v, Smith 520
CLOBIINEE 2 V7S VARETHS.

H5YEBOBr VT I VAEER, TOWE
PRI X TIME D BB R ZBE, BARRH
e Rt ke, ZoWELXHEBT 5

Ve(0) =
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CETHIMEOETHD, Wb rhiE, 14
i R I ey B, MK R ml F
CEENRTWErE2RTHDT, ROKXTEDL
Ah3, Thbb

_UxxV
Cx= Px
T Cx : b59BOBE27 V75V AE

Ux : 5HBORFEE

V o RE

Px : »5%E 0K ORE
<h 5.

¥hbrYBED BHER (extraction ratio)
Ly, H3WHEIBY 1 EEET M, Yh
ROBIoBkREzIh, RPcHtInicri R
5HDTRORNTEDLING., Thbb
Ax—Vx

Ax

Ex : 35WEOBHRER

Ax : B AHEOBENRIMF DRE

Vx : & 5WEOBHIRM A O RE
ThH 5.

BBREROEHWYWE, #x¥ Diodrast, PAH
EDMBEDE s )T 5 v AHEE, BHEGMEER
£ (effective RPF) & ®idh, ERIKAcB MmEE
REOHECALFIAIN T3,

thic ® LT 2miERE (true RPF, total
RPF) 1, Fick oBH L b

UxxV e
Ar—Vx ThEzbh

UxXVx UxXV J Ax—Vx

sblc Ax—Vx Ax Ax

ThHo, HHYWE X 2, BUAAOHER X vk
I ndboeBE2bhsibiE, Ax=Px
Lt b true RPF=Cx/Ex THEbIh
5% fto CHRE, 2V 75 v AKCTHER
hz RPF 1, ToWEBCHWOALZYBEOR
BREROZE(Ic X b, FMcELL Tks b
DTH5%.

FERERDOHIELL19414E Courmand, Ran-
ges® i X v LIEHEBE O RE K Bk 7~ 51
BN & h, chu G L T19444F Warren
BECIRE 5BEIRY 7 — 7 Ak X 5 BEIR
i AR ofRifme, BEWRID DK 0 BBk

Ex=

true RPF=

MEHBRL CRET 2 085—BE¥CH 5.

ZERVREBSOTHO D, HRERF
LoBEThxR, Fig. 3 ¢RLEFEK L, T
AEL . cOBEERIRL OB MG
Bhhah 5 0nnlEL knh, ERcER
MEELLRWERCR, BEHBRTREEESY
Bile., ¥7RE27 V7 5V ABEUAOBmTEE
HESHE L LT Study 5 o8qL T 38%
A ==2—vERDD, chBERcy ==
~VEBAL, thixBEHRkcES, H==-—
VORRCERREASLESL CENKEY
EFT2HETH 5. KPTHRAL®D ORR
RN, BEDF R khkEd, BRIk
Ve VFOFRBBIECRCET b0 E L
bhs.

Bife RPF ofl@cFIHI 3 YEOBKRE
Ryx, Kcrx White® 1 Diodrast < 0.74,
Corcoran 52973.0.84, PhillipsH2x PAH ¢
0.87+0.04, BAR*"120.65~0.85¢H&EL, A
Bicrz Smith? 3 PAH c#KOREML LB
LT0.92, K&%0.85, LHY120.88L %
LTw3,

Smith®® iz X ¥ Hippuran & PAH oBR
FR £ FAET, MmHPEEN 10mgdk LT
THIT20%6EAREFBIC X b, 80X RME
FLHW X RPcHth, 1E0BERC
IVRETRCERINL L WS,

L2 L = ® PAH, Hippuran 0 BBREXOH
ERMAPREY T F-> CHELLETSH
5. MBI LIUIPEROMERFAL T, T
o OMEOBERERR mIFHEE, Sml/dl
Lk, 23wk Iml/dl U Ficiks 2BARY
KBETT 2 LB~<RTW3B XS5k, Rl-renogram
BER -+ % ¥-Hippuran & @ Hippuran
OERBDTLETH S0 D, YHR¥I-Hippu-
ran OFREROFPANTFHEIN S, ¥k RI-
renogram MgEric 1t single injection Tfr/
50T, MPREOSHMLBDsEC iR
REREROEB N THEINS.

RI-renogram # #r i v {i f - % 1311-Hippuran
DB rxWhitley 5% 1pc/3kg., Meade ¥ 0.3
#c/kg, Tauxe®®®® 30pc, Stewart 539 10~
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15¢c/m?  of body surface, Nordyke &%,
Schwarz 5% 3 0.4uc/kg %cdv, AT
HETER X 0.4¢c/kg ZERL TR0, FEED
0.4pc,/kg ERTHOEELLTWS, 0%
LEBDY bBRXTWwBIL, 0.4uc/kg o
LrL, 60kg AT ®¥I-Hippuran 0
hippurate O 5EE X 0.0lmg BETH
5.
—FHBs VT 7V AQEERII TR E,
B (single intravenous injection technique)
<& T 5 PAH 1 10% PAH 25ml B
ThBH »b¥. oA D hippurate OER
2.5gm <& 5. $€- T ¥i-Hippuran & PAH
ORERBICIEHLEND S L wbRIE bk
W,

¥ 3]-Hippuran ¢ single injection 1
I 3 BBRERDER 1 Table 3~7 R T &
51 BI-Hippuran o# & & 0.07¢#c/kg(dog
No. 2), 0.7#c/kg (dog No.3), 0.9¢c/kg (dog
No. 6), 1.6zc/kg (dog No. 5), 7ec/kg (dog
No. 4) Th 5%, 1HLHO BERERZ0.73
~0.81 REFTH 525, 54 Tr0.61~0.68&
RECHP U, 204 Crx0.37~0.61 L FH /i
BROZEBRELh S, chEBEBDLYORTO
BHIR» 7 — 7 Aikic X 5 KBRER, MLERE
£2K0.70~0.80% ® 3 ok 0.82c/kg <107
¥C, lbuc/kg C5HETCERELTVWDSOD
LRRREENR D, ChREBROERO
FHozxcERTsb0LELS. LrL1I0G
YEBTHIEIBRERNELLLETLTERS
LOBEREZEZEOERHBL—KTHbDTH
5. ¥kF UL BEH> *I-Hippuran @ hi-
ppurate & LCOEEYFED 57, PAH %
carrier & LCHEL, MEE 2.0mg/dl
ek L e Rge, 'I-Hippuran @ single in-
jection RO BEERERE WEL T a2, -
Hippuran QMK GRE BdARVC L2 HE
LTwn3,

Z ok 57 ¥1-Hippuran ¢ single injection
R OB A R BIRER O E T RFRER T B,
LEBEBD 05, KEDOHEL W HHEET
H5.

—7% PAH o single injection ¢ X 3Bk
RoWETE, Fig. T B Abh s, BN
nEEE Rbhi, % “I-Hippuran o
continuous infusion CILERENALBREROE
BoRbhitwnwe L bFE x ¢, ¥i-Hippuran
@ single injection B DR LB BRERDE
Tk, Rl-renogram MER;D iN& single in-
jection BFo Ry 7 “I-Hippuran o7 ¥ 7
SV AEOWIE Bk L, Rl-renogram X o
RPF %F4H5 Eic +45ERL R e b
72\,

PAH & ¥I-Hippuran & 27 V75 v A L%
continuous infusion TR BIEL HE
1, AT Burbank 5%, Schlegel 54V,
Schwartz 54 2350, ZKE T Scholz B4
250, KTk Meschan S OHEND 5,
chb o crvwohd PAH o GEE
7V 7 5 vAECEL TS, ¥I-Hippuran
o¥Lrr Rl-renogram RERIC ERT 2 BE
HERENERE TR LESEE T, hippu-
rate &L Co MmAEER PAH il <’
nedin, T 084 ®I-Hippuran ¢ PAH
o7V75vADHE (clearance ratio) 12,
Burbank 0.87, Schiegel 0.83, Schwartz 0.814,
Scholz 0.66~0.87, Meschan 0.61~0.87 &3k
~, \WIShd BI-Hippuran © 7 V) 7 5 v AfE
w PAH 07 075 v A X 0 KL ko T
5.

z OB Hh & LT Schlegel 5% ¥I-Hippuran
OME7NVT I vEL R EOMOMBEERE
DS BEAT S oTik vk #ERL TR
v, Schwartz & RME coOEXEEO PAH
LB/ L Bb0h, FRIEALOBEK
X50TRAEVWIE Ex T3, LaL Bur-
bank &% Smith®® o#4 4 5| H L T, Hippur-
an OEH & OFA Mg T 706 BD b
naa, o EHEOSAEET BEANTR
peritubular capillary & b i 5 80c 3 AR
B, o TREE X oS WL ER
EBIEIRVELTWS, COEHEEORER
ORfER Scholz b HEEL T 5. BIHLHEFE
DL TIRERA & o4 Hippuran i iEHgEE
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0.0lmg% < 59.2%, lmg% ¢ 52.6%, 10mg
%T48.1%TcH v, BIxEH L OERMEHIE
b Td ¥I-Hippuran ¢ PAHp 27 V) 7
7 v AMEOZEXFRAHRL W LBRTHS,

¥R Schwartz &1 ¥I-Hippuran shic 4 %
No¥EEE = — F (free iodine) » L LTk
v, free iodine WRME & » BRI h %2
SR radicactivity &L /&b, Mo
radioactivity 1 #h 726} < v, ¥I-Hippu-
ran 7 Y75 VAERMELS KB LS, HE
%% D EB I free iodine DEHIH 2%,
2~3.5%, 3.6~5.0%, 5% UL & k3
e\, LEico ®U-Hippuran & PAHo 27 v 7
v ABORX ThZFH 0.91, 0.90, 0.86,
0.80 ETTHctE BHTWS, b free
iodine oWk Scholz b yFEEBERCcH v,
&% s -Hippuran  0.66, FEHL 1811-
Hippuran ¢0.87C& - e ¢ HEL T 5,

¥, chbofEosc Scholz &k Bi-
Hippuran & PAH : 0oRMEG COBERETE
LT\ 5535, Bi-Hippuran & Hippuran GGEK
BHE) % carrier & L T4 %2 % & “-Hippuran
¢ PAHO 7V 75 v AHI0.98C LR L2 E
HELTW5, FED carrier oRE ¢ El-
wood 549 ¢ 1¥1[-Diodrast ik b % ARER%
DOXTW5,

Bil-Hippuran ¢ single injection Kfd ZEHF
B BREROIET. Blb2 V7 5 v AEOET
oW TRBEE COFECRI|ERL L.
KFcrBERoml, BHLY, 3 X UKE®
OHRECHETHOHTH BN, TOHHION
TIREES X PAH % carrier ¢ LChHE 2 +i5
BARETH- e, KEEBEELRH >
MmER~® ¥I1-Hippuran ¢ back diffusion »3
MALBLRVWEBECHFET L2 RTHOT
HBEDHBRTNBLETFin\,

%% PAH o single injection ¢ 0B x3=
R ERFEB O 2WHE, 3 X0 PAH ik
MECBFEL i 2y, Hippuran @aRmERE~
BETH LS5 Smith® o, # X Mag-
nusson!¥ » ¥I-Hippuran ¢OHEDH 5 = &
X v #xT, “I-Hippuran O#fRMERN~OB

BT 0BREROEEC—PREARE 5 b0 &
Exlvn, HELBECRKIDCRNET
5.

Burbank &RRIMHA~D BFEL D TR
% (Hippuran ¢ RBC/Plasma ratio=0.29) 2z,
it B¥-Hippuran & PAH 027 V735 v %
HEFHRAHEREWEEBENTHD, %7k Mes-
chan 5 ¢ '¥I-Hippuran o#HRIMmEA DK 3.9
~6.6% LHEL T B4, Rk Burbank 5
FEEENch 5. LiL Bergstrom*® ik
Bil.Diodrast ¢rk PAH 0B prER L OZERZF
MRANOBEICH B L LT B. oD
o® free iodine O, EHL OEAEOME

LESHE LW DEELDON S,
] B3

1) ®“1I-Hippuran »&pC MEERE & S
BRBEETHRL T % LREL = HBEOHLE
Fiar V(D 7t5 distribution space THET
e, BESOATAV—~TRB I, EABE
MR E RPF, RIRE F., REORHEEN
Ty, PERBERE Vi, BUAOGEKI VO
background %% & - T, Rl-renogram 7((?),
Rt o474V b ~7E e() 2B
CHEBRT5C L nARETH B,

2) Vw(d) 7% distribution space %3l
SRR L 7223, BAZERSD, RALERXS<L
OHCHAVT L LWHELCDOWTIE, RBRE
*ET 5,

3) ®!-Hippuran & PAH 0BRBRER »R
THERHL T, ROBRELEL.

a) " [-Hippuran @ 1 [E#&ER © BRER
R T 5 (15 %70.73~0.81, 20
S T0.37~0.61).

b) PAH o 1 BIBEROBRERCE, &
R BB R B his,

¢) “[-Hippuran, % X% PAH o##itEA
BoBhERCE, LHCERNAEBRED
i

4) f¢- T true RPF=Cx/Ex X 0#%%,
RI-renogram &R ® X 574 1 EEHEKC X%
1i[-Hippuran @ 7 Y 7 5 v A cid, BRE
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