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RILESES L OCEEMEREECST S
B B TR D B RBEIR T

—9aTc-DTPA iz k 25—

KA AN

o
Wiy HE—**  EEF B

MR ORE* FEOFEX

{Ek*}ﬁk****

EE Clorius & Schmidlin i33E8)&% - X 5 Hippurate 0BEEERBIEREICERHATRTHD
LRELE. ZoRKORER L REROHEO D ICHIVESSE, EFMEREES 14 40 ¥Tc-DTPA |
X3 BHERE, BERE» SR 7ORRERER (GFR) 3 X CHRIER T & &8s & EHRHCRM L
EHIELERZFCLREZCLV 75082 Mo — I/ RHOER, 53 H0EEL L 10 2%

RE{EH 2R (10 min. counts/peak counts) NE&EINE AL,

GFR 2ETF &€/, FABRERTFORMTIRM

WL=UiEl, TVERTFRY, TRELFY Y, AT FLvFY VO EREVERILE. ROELTOT
— A ICHREOEEZRIT D AN oz, LIzl >TPTe-DTIPA OV /7 VI ALV RENTBEHRE
ETRBOERECRENLLOTRACREZCLRONBBEKTH Y, MEICHIT5LED GFR L&

BHERTFOEIHEL TV S FREES TR S .

L FC®IC

BH LR ICERT 2 SHBRE L EHARR
12475 L B ESR#E it Hippurate 2k 31 /7 7
FLDORE— BB L, BFRECELLEBD L
h3dZ L 1983 4 Clorius bV 234Ef L. Z o
X ) BBRVPBMERE O IHBOTH 5 2H
DERERL, 62V 77 LAOEITEED RIK
k8B & (GFR) L (FBEHERTFOEHZH L 1 i
T3 HHTUT ORI 2R

II. WRELVHE

oFS 3 IS HfE A2 150 mmHg LA b, $E3RF M
FE A% 95 mmHg LA EomiflESE (H) 1441 (5 10

* R FEFRE RS

“ " E—hE
L
e R AR

Zft:604 5822 H
BHHEZH 1 604£T A 12 H
BIRIFERSE | ABMAERAEFAE 6-11-1 (B 143)
HHARFEREEE
X A A

B, # 4§l BIXUEFLEREHE (N) 1445 (B
104, Z£44) & L. BIERED S B 8 Hix
BYEAREBRICI 5BHEBOLETHY, 66T
FEEMEIETH - 7. BILESRE D 14 §iF 8
BHERBEER OB 22T TW i ARHFF OB
BED 2 AR (T b LESHFOBEHRRED 5
HAED X D IREEZ PIE S 7.
BERRERSE | BHITHRIC, B2EER
=03 At HEEPCETLE. HREICRED
30 43fffic 300 m/ DK EFERS EE = AV X—H
BREa)A—FREELLYVFHAT (-
Wit LFOV) 2 EHIcY T, TRz b
+, JEBhR: i bicycle ergometer 2R Y, & &
LEML v 5 OEBERB/NE 125 X D kil E
& #7-. Ergometer DKH % Bix 80 W, %12 60
WTHtAL 3 2% OLHERSAEHIFICH L 153/
IZ20LL EnLTWB D2 FERE L, *mTc-DTPA
10mCi ZF#iRE V#E L. #HiE% 5o
ergometer DIEFLEZ L 2 T2 0BT LDHARRLE
BRICH U 1 43fic 20 DA E3gim L 72 RIB % R %
BT TEEEEL 24 SEORETES % & T &
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Table 1 Comparison between hypertensive patients and normotensive controls with

Systoric blood pressure

S. creatinine (mmHg)
Age ™ (mg/dl) ; .
years it yest during exercise
at rest
injection 10 min. end
Normotensive 14 3542 1.04+0.0 12242 163 4 5** 164 4 5%* 162+ 5%*
controls
*k * %k *ok

Hypertensive 14 4244 1.0+0.1 1564 3%%** 194 4% *** 188 L 4**** 189 L 4****

patients

The values are expressed as Mean+SE.
* p<0.05 vs. the value at rest
*** n<0.05 vs. normotensive controls

** p<0.001 vs. the value at rest
**** 1<0.001 vs. normotensive controls

*i. EHAFREPILOESHICE3E= 4 —%
i, REIOERX VEHEL, <R, *mTc-
DTPA #ERf, BiER 1008 X CREKRTREIC
BII5MER X UIRAKEEHF L. BEREA 2
—CORELAKICTF— 2 2ara—s— (B
# Scintipac 1200) (Ziugk L7z, %ic 24 sy o2
TDAL A=V TF—F 2 BR LA A=V EEDY,
EABRD: HOBOERERE L. EET
MRICRERE L RO E L D, Ry s SSUUE
DHEHEICHAWE. = oFLFBT G, s X
UHE#IRE EFEOTH, SMIIEAROEIC
LYV EEBEED 10, LA Eiczs kSt
BRENORKFEY v b2 S FEBEICHIET
B3Ry 759 0 F0n vy b EIVWEEER
v MAKREREL L. Bohicv 75 5% ) B
O E— 7 FfHlR X OPEiE 0 R L LT 10 4
% O U REEH R (10 min. counts/peak counts X
100) # 3} R L 7z. % 7= Gates? o Fic k 3
GFR* &L 72.

HEMER TR0 » ORIz GESIH
IRERT) LEEK TR T o2, ML = L iEH
BIOMm 71 K25 v v fEi3 radioimmunoas-
saydiz kv, mfErF=—7I V(T FL+Y
v, JIVTELvHYY) BEEREs v =S5
74—k s THI D 2k Y JlELZ.

1. #% 3]

1) &g, Oi¥HsL7F=y, mE, IRAEICE

ER-L: 15

Table 1 IR 2 & < (N:35+2,H: 42+4),
LR oMmE s L7 5> (mg/d) (N: 10400,
H: 1.0+0.1), L#Fi X OSEER ORI (/min.)
(N: 774412143, H: 76+4—> 123 +4) i3 B &
ENRTD SN Doz, WHERIME (mmHg) B X
UHEARHIMLE (mmHg) (X2 #Ry, BB L LI2H
MEHTHE (p<0.001) OEEZ R LK (N: 122
+2-51624+5, H: 156+3—189+-4), UHE#AME X
MR B TERFBICE LESRIZAEE <
0.001) ®» LR &R U7z, FLERHIME BT
LERR I UESIRICEE (p<0.05) » ER 2R
L= BB IER CIESR I LA 2 HmE R L
ENEETE AP,

2) BHBRE

V275 LE2HOEE O Y — 7 R
TIIECERRE 186147 FH 2 & EEhFE 2694126 ) &
BE (p<0.05) NIER#RL, BMLER Tt &
B 186455 #bhs & EEIEE 3944317 B L A& (p<
005 DIEEZ R L. EBFOV— B Es
BECI 2R 188134 Fhas & SEBIES 2694126 #
LEE (p<0.05) niERZRL, BOEHTIE

left counts —background + right counts—background

e~0.153x13.2x W /H+0.7

* GFR=

e~0.153x13.3x W/H+0.7

% 100 % 9.75621 —6.19843

Preinjection counts—Postijection counts
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respect to age, serum creatinine, blood pressure and pulse rate
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Diastolic blood pressure Pulse
(mmHg) (/min.)
during exercise during exercise
at rest at rest
injection 10 min. end injection 10 min. end
80-+1 93 -L3* 88+ 3* 864-3* 7744 1164 3%* 11943** 121 4:3%*
99 L 2%*** 104 L4***  102£3*%** 103 L4*** 76+4 122 14> 1234 3** 123 14>
Beskitd Controls Hypertensive patients Controls Hypertensive patients
B?secl)m Rest Ex. Rest Ex. Rest Ex. Rest Ex.
1450+
700
600+
500
400
300
200
100+
Lp<0.05— P <0.05- Lp<0.05- —Ns—
Right kidney Left kidney

0

Ex.: Exercise
Fig. 1 Peak time of renograms at rest and exercise in normotensive controls and hyper-
tensive patients.
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retention rate  CONtrOIs Hypertensive patients controls Hypertensive patients

alme] Rest Ex. Rest Ex. Rest Ex. Rest Ex.
100

901

601
501

401 LP<(0.0014 LpP<0.024 LP<0.0014 LpP<0.022

¥ Right kidney Left kidney

0

Ex.: Exercise

Fig. 2 Retension rate at 10 min. (10 min. counts/peak counts x 100) of renograms at
rest and exercise in normotensive controls and hypertensive patients.

13613

Rest
Rest
o
¢ £y 1y 1,
-
- + ¥ )
- - - -
- - e -
- - - -
» et 50 100 144
Exercise
s 4 oD > i,

*5 e N ey

13613

e =3 ¥ % ¥ Q ¢ ‘ Y ¢ ‘ i Ex"c“? WA - ‘-,/"‘l\/"\’\\/\\‘
- ST v
R R R sy vy 5 10000 \\‘\.\,\
- - - MR
O R BN b Py o9t s et
- - - - 5000
Fig. 3a Renal dynamic images of a 44 y.o. normoten- 5e 1e9 1
sive control exermined at rest and exercise. Fig. 3b Renograms from the same control. Exercise
Exercise caused disturbance in renal transport renograms show bilateral disturbance of
of #¥mTc-DTPA. Note delayed excretion dur- 9#mTc-DTPA transport. Note the prolonged
ing exercise. peak time and delayed excretory phase.
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Rest % o - .
W e
; & i : P g ey " ‘ 0
T * i e T
- -
T VYW A
- ¢ & =
ch :
s v N 6% N

ey % ey oy
¢y ¢y o8y 0

¢y ¢

Fig. 4a Renal dynamic images of a 53 y.o. hyper-
tensive patient examined at rest and exercise.
Exercise caused a disturbance in renal trans-
port of 9mTc-DTPA. Note delayed excretion
during exercise.

FrBE 225116 Fb 2 0 EBIRE 411 L3199 L HE T
R ol BERT BHEANED i, THk,
EEIRE L b ICHEE o ' — 7 FE @R B & BLE
HLoMoFEEIRBD bhkh -7k (Fig. 1).
L/ 7T A 3FOREHT B v 72 10 S8k
RE{E7R (10 min. counts/peak counts x 100) 134
BT oW TR BE it 2o Rg 60.329.9% 2 b
SEBIEF 78.5+14.9% & A& (p<0.001) o 140 43
BOLN, FWMILER TH ZFFFE 65.94+9.29% 15
BB 77.74£14.1% L& (p<<0.02) o#Ehn 43 38
oz, EBFIC oW TIEE R TIIZeErE 59.0
+7.9% » 5 EBIRE 75.0+16.0% L FE (p<0.02)
DOEMERL, BILERTb LR 66.1410.1%
25 EBNRE 78.8416.0% L AHE (p<0.02) » H#Em
2R Lic. EBHARIC X 5 10 HEHBURREERR

13424

Rest

uoul

Shm St AN e T R

5000
) 100 144

13424

Exercise
4 SN ~
_____ A TN
AT R
v’

ol "y R e T
se 100 144

Fig. 4b Renograms from the same patient. Bilataeral
exercise renograms show disturbance of
99mTc-DTPA transport.

DOEIMIEEF R TIX 14 FI2HI D bh 723,
BMER T 460 1L FlI@BDHh, BY D3
FICRBLBRD bR, BYERLE3IflIzL
TAEUBMERE Th oo, KHE, EfRkL
b I HE O 10 SRR RIC EER L Bl
ERLOBOAZZIIR » bNAE b oz (Fig. 2).
R, WILERN CEBARNRICEREREL
BELREFIOBEEA 2 —DL v ) S50%%
nEFh Figs. 3, 4 IZT-7.

3) 9mTc-DTPA BHEEE L YRHTf= GFR
A D GFR 3% B T3 L 46.64+:10.3 ml/
min. 5 EBFF 40.6+9.7 m//min. LAE (p<
0.05) DK T ZRL, FIMERETY ik 473+
9.7 ml/min. 7> & EBhFEF 41.4112.1 m//min. L
& (p<0.01) nET&#R L. E£&D GFR 3@
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Controls Hypertensive patients
Rest Ex. Rest Ex.
GFR
(m¢/min.)
701
60+
501
40
30 .\..
207 P<0.05 P<0.01
104 Right kidney

22 % 12 5 (1985)

Controls Hypertensive patients
Rest Ex. Rest Ex.
P<0.01 P<0.05
Left kidney

Ex.: Exercise

Fig. 5 GFR calculated from Y; renal uptake of 99mTc-DTPA at rest and exercise in normo-
tensive controls and hypertensive patients.

controls Hypertensive patients
Rest Ex. Rest Ex.
Total GFR(ml/min.)
o] s “ R
1104 . %
1004
90+
80+
701 A
60+
50- * .

L—p<0.01- L—p<0.02-

Ex.:Exercise
Bars show mean*SD.

Fig. 6 Total GFR calculated from renal uptake of
99mTc.DTPA at rest and exercise in normo-
tensive controls and hypertensive patients.

RT3 2R EE 55.54 9.4 ml/min. > & EBhRE 43.7
m/min. FE (p<0.01) DET %R L, BME
BT 2R 46.648.5 m//min. 2> SESIRF 39.3

+11.3 m//min. L HH (p<0.05) DEF 2R L.
IEL, BEEOYD G, BIERO DL 5
TIEEIC GFR 0oENR LNz, K,
IR IC R 5 A © GFR 8 X 0EBIR O £F
> GFR (it B L BIMLERE & D0 A EZETFR
BDohkhol., RgEFHOLEED GFR 3 EMLE
BT EFHCHLAE (p<0.05) DEEZ
;= L7z (Fig. 5).

# GFR (X {38 < 1% 208k 0% 102.14+15.1 m//
min. 7> 5EHE 8444173 mimin. L HE (p<
0.01) DIETF AR L, BILERTL LR 93.84
16.9 ml/min. %> & #EER; 80.7+22.4 m//min. L f
BEOERTERL. Kk, EBIR L b ICHERH
DEEBEZRBD LI -7z (Fig 6).

HEEARTAT & %D GFR 0% bR

<=5g§bae°,—.o> GFR—%#4# 0 GFR 100)
F#E: 0 GFR
» mean+SD it Fig. 7 IR+ 2L BERE T,
—17.0+14.7%, BIERHT—150+£187% Th Y,
TRICET sEHMOFEZRIR D bR -
7o
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GFR at ex.—GFR at rest X

100
GFR at rest
(%)
+20+ controls Hypertensive patients
[ ]
+ 101 . A
3
0
—104 I e
—20 $
Ly
E
_30_‘ r
- 1
—40- A
—501 .
L Ns—
—60-

ex.:exercise
Bars show mean*SD.

Fig. 7 The rate of change of GFR induced by exercise
in normotensive controls and in hypertensive
patients.

) FEHERF

M#E L= FEME T R T 2O 1.611.2
ng/mi/hr %> & 3EBNEE 2.2+ 1.7ng/ml/hr L FH(p<
0.001) » LH %R L, MILERET b ¥ 1.84£2.1
ng/ml/hr s & 5E§HEE 3.0+4.5 ng/ml/hr L H&E (p
<0.001) » FH &R L. TRk, EEREL L
HEOAFEZIRD bhid -7z (Fig. 8).
M7 N FRF e i3 @EHTIILHEETIL38
pg/ml 7> & @B 123+62 pg/ml & FE (p<0.01)
DERERL, BEILERTHLHE 86144 pg/m/
2 HEHNRE 168+203 pg/ml LFE Tk A dok
BERFT2EMET Ui, T, EERLLIC
TEMOEEZIIED bh i - i (Fig. 9).
M7 Friy v id @EE TRk 002+
0.01 ng/ml »> & EBhEF 0.03+0.01 ng/m!/ L HE (p
<0.01) o ER-%2/RL, BMER T bR 0.06
+0.04 ng/m! » & &% 0.0840.05 ng/m! L HE

Controls Hypertensive patients
Rest Ex. Rest Ex.

Renin activity
ng/nd /hr

20.00
18.004
16.004
14.00
12.001
10.004

8.00-

6. 00- /////
4.00 “///*

0t—

N
p<0.001- —p<0.001-

Ex.: Exercise

Fig. 8 Plasma renin activity at rest and exercise in
normotensive controls and hypertensive pa-
tients.

(p<0.001) ® LR ZR Ui, i, HER LD
TR DHBEZ I bh iz - 7z (Fig. 10).

i) A7 Fvd Yy v BRI 0.12
+0.04 ng/m!/ %> & EHR 0.264+0.07 ng/m! L FE
(p<0.001) ®» LR % 7RL, BMERH T Lk
0.20+0.21 ng/m/ »» & EBhK 0.4340.23 ng/ml/ &
AE(@<0.001) o FRER L. TFkF, EHERF
L ABMOFEEERIED bhih oz (Fig. 11).

v, & &

Clorius 57 % Hippurate {Z X 5 Exercise reno-
gram DOIEEEAMT IC & v, ESRFCHLES
FED57% CBEBEOEA»AZ S hic DiTHL,
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Aldosterone
(pg/t)
900+ Controls Hypertensive patients
Rest Ex. Rest Ex.
850
250
200
1501
100
N '4 %
—p<0.01— —Ns—

0

Fig. 9 Plasma aldosterone value at rest and exercise
in normotensive controls and hypertensive pa-
tients.

BEETILFAICELIBOOAE ol L %
BELE. L2ALAEO®T-DTPAICL 3L )
7o AORMETIIERICE SV VT ADENIX
FILEREOLEZ L FREEICLEAD O, HD
DPELIZERE->TW.

—7% Pedersen 59 R HMESRE T L EWRET
L ES Pz GFR B X OB MiEfiE (RPF) L b
ZHEBDOETERL, 20RTOEREREMESR

22 3% 12 £ (1985)

Controls Hypertensive patients

Rest Ex. t Ex.
Adrenalin € X By B

(ng/nt)

0.20

0.154

0.101

0.05-

—P<0.01- —p<0.01-

Ex.: Exercise

Fig. 10 Plasma adrenalin value at rest and exercise in
normotensive controls and hypertensive pa-
tients.

HTIVEATH -2 LBELTWS. bhbh
MR 472 Gates? D FEk ik b k- GFR O
e nTh, BILEREOR L L TREEEICD
HEEF D GFR 0BT 2AB/H bhic. bhbho
A TIEBARRT £ % 0 GFR 0 & LR ICHIML
ERLBERLOMICERENBO ORI oT
P8, Z A MLERE O ek R A% AR ER EE o0 1 L
BETholedhb v, WFhick LE
ROV V7 A0ENIELEREORE LT
rEEICLED LR, TO—mEL LT GFR ©
BFAEELTWELDLEXLNS.

2R BRI BOR B T 1 B O B A AR A5BIRAY
ICIHE L GFR 3R L, MW T T
T SRERAE O ML AREREE T E LR L 5S40
5 10 FREREMN O L2 B3D Z iz &b
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Controls Hypertensive patients

Rest i ~
Noradrenalin s s el Ex

(ng/at
1.104

1.004

0.60

0.504

0.40

0.301

0.20-

0.101

TN~ .

Lp<0.001- L-p<0.001-

0

Fig. 11 Plasma noradrenalin value at rest and exercise
in normotensive controls and hypertensive pa-
tients.

hTna., —F, BHEBOLERIEREOZZEM
BEXEEZZTTVWARNDIZS 2hb 63, Mk
ELEMEL - L EBEEE CEMLERICE S
RHISEENED OIS, 20z Ehb—iBHED
B OUHE IC X REEEER OB E R L, Bo
BERAGOREEICLSEEA ) LI MELSIL
5.
bhbhoRMNTRELESRS, BFEEL LE
BRI T7 FLF YV U BEIU AT FLF Y v0F
B0 LA XED bh, ZRERMRABIRECS -
=8 rEZLNG. LEK-> THLERFICEN
THREFEH BV TOEHTET Fvr—Yy s
RIS RARR OEEEM L, LHEHESERE
5~ D MLFE A3 LB MR O 2 4 L 5910
7z GFR O TRV /) /5 LOELNED LI
TRIREME AR S WD, ZOHELIEHT I

IZ1% exercise renogram &[RRI LA E R B
HEOWELITILEEDS ).

ABFEIC TERBIRICL = R0 ERBARL
DB EOBWIC L Y R S I TTREM b
Exzbh, v=URWo LR ICOEHENTT LR
27RO ERAPELLEELZONS.

BEAZRAL T3 BLESRE CREYICX
5L/ 75 5% GFR ~OEBLEEFTRETH
59, ERE KREEDOBREICH L propranolol &
P o BE 13 ESH GFR, RPF L {, I K% &
T3, KRIBROBHE L labetalol T 0 BH O
HETRAERENR DL WL o212 Lol
HEbd3. L LAMETHERHARNIC L 2RE
DS HATE Y BEOREEPIESETRIEIT-
TeD TR OREIER L TIHEL 1T - .

SEIOBFIZEW T v, 54, GFR Bk
CEERERFOWFh biEEE L BiERE O
GEBNIC L B RISDERBBD b ol T
NI EMERE DR 2 AR BM B ML EBE O 2 IR
ELA»olZ LIZX AR L BETE RV,
ARetEEMESRE OB A MR BEE L VK
W =k, WBlL bEME T H 5 ERMLES
REHRLLVEFMETHAIEFMEFICHLELY
%\ RPF, GFR B X ' RE, £L TX VWi
L= EMENBEDLNZDLE NS 2 LB AR
HEIMEDO—RE & L TERNEROEESEHE
BETzELTVWEHEEL WS,

ARIFCBNTETL TR D 2 BSEHMER, &
HREMEICES)C X 5 GFR OETHAED bhiz
WEDBTFEL. FEROESAR L 2 THLEE
TWEDIET 23t 3 2 B » B B i@ FER
HoleZ ELERICIBEETERND, ZOHF
DFMIAHATD 5.

V. # W
BILEEE B & CEFMEREE % XHke L
9mTc-DTPA (T Xk 5 BEENERE & EEh AR ICHE
LIz, ¥Tc-DTPA X 3L 75 A TRER
T EB AR O BB T X m M ERE IR
TRELKEFIEREECLRDh, ZORHA
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Summary

Exercise Induced Renal Dysfunction Studied by *=Tc-DTPA
in Hypertensives and Normotensive Controls

Sonoo Mizuiri*, Ikuko HayasHr*, Takehiro OHARA*, Kiyofumi HIRATA¥,
Junichi YAMAZAKI**, Masaaki TAKANO*** and Yasuhito SASAKI****

* Department of Nephrology, ** Department of First Internal Medicine,
*** Division of Clinical Nuclear Medicine, **** Department of Radiology, Toho University
School of Medicine and Toho University Omori Hospital

Clorius and Schmidlin reported that the disturb-
ance of renal hippurate transport during exercise
is a phenomenon specific to patients with hyper-
tension. Our study with 9mT¢c-DTPA revealed that
exercise induced renal dysfunction was observed
not only in hypertensives (H) but also in normoten-
sive controls (N). #mTc-DTPA was intravenously
injected at rest and during bicycle ergometric stress
to 14 H and 14 N in sitting position. Serial dynamic
renal images were taken, of which data were simul-
taneously stored in a data processor for later analy-
sis. The renogram was drawn from the ROI on
each kidney. Peak time (PT) of secretory phase and
radioisotope retention rate (RR) at 10 minutes
were the parameters compared between rest and
exercise. GFR of each kidney was calculated from
9% renal uptake of 9°mTc.DTPA (method reported
by Gates). Blood samples were obtained at rest

and at the end of exercise for the measurement of
aldosterone (ALD), plasma renin activity (PRA)
and catecholamines (A, NA). Exercise caused
significant, prolongation of PT and increase in RR
(10 min. counts/peak counts) both in H and N.
GFR (m//min.) during exercise was lower than at
rest in both H (80.74+22.4 vs. 93.8+16.9, p<0.02)
and N (84.44+17.3 vs. 102.1+15.1, p<0.01). ALD,
PRA, A and NA were all elevated during exercise
both in H and N. None of the rest-exercise differ-
ences significantly differed between H and N. Our
data indicate the exercise induced renal dysfunction
demonstrated by 29mTc-DTPA renograms is not
specific to H but can also be observed in N, which
may have resulted from changes common to H
and N, as indicated by GFR and humoral factors.

Key words: 9mTc-DTPA, Hypertension,
Exercise, Renogram, GFR.
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