Tubulomerular Feedback Stimulating Factor
Detected in Sera from D-galactosamine Induced
Hepatic Failure Rabbit
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Tubuloglomerular feedback %&i&, {4 D3 7 0 ¥ BT, macula densa L ~EF#E T % NaCl
BEUTARGBZELS €, REOEEMHEFCES T HEL L TSN T3, 20 feedback
BEBAET2YWELNHTLRROBTEEET 20E0%2 7 v b EAOTRE L 7o, REICHER D-#
S Iy EBELTAERAE s BT22ERLZ. CORMH - BRreREs L UVEERROME
FELTU—AERNLT, 7R UERCEL GEFL, BEEXZIZRELCEBRKEFERL. 1472
F > FFEY T I Sprague-Dawley %7 v t O {URMEREI I, V7 L ilfes L URBME & 0 EEL 72
HEHREEEAL, B Henle 58 2 BT WM NEF L 72, Tubuloglomerular feedback R DKL, #if
HES 05 20nl/min 288 L 72BOD early proximal flow rate (EPFR) OZ bic L DFHMi L 72, EHEEK
FMMFEOBUNEFEFC I EPFR OZ bz s ohahotz, —F, U5k s Mcatif - B resi
Mg MU NERT 5 &, EPFR 3IBERBREA LY., BORRZThZN 8% L 8% T, JEF-BFAEKR
METRTH-o7z, LEORERLID, HRBRD- #5727 b2 v 2RE5 L ARROMBET I, EREIVH
¢ tubuloglomerular feedback % 2K T 2 RFMHEEL, RBERBORBVCIERT 20 LELSN
3, O¥Z, ZOL3nMERFLEENERLOBGRERF T L0, AEROELHEMEMMLL S0
% lipid A #FBvT, Henle REEM/NERL 2. ABRAREKRKDZVIEE B =1 — L ¥5IZ & % EPFR
DOE{b, FAFNClipidA % 100 ug/ml £ 22 L5 KMz ThHBEIhe» >z, L72wi> T, feed
back ##ERIBER T2 MBEETREENBERCERLIZLOTRAVEELSNS,

Key words tubuloglomerular feedback, hepatorenal syndrome, micropuncture,
D-galactosamine, lipid A.

BRI D Henle {1855 FITHIOHRES macula densa
i, FA—%7or0RBEMERCEL, FRERkER
BRI T 5. Goormaghtighd, fERIREEEDE
HaTED» S, RAENRIEET 2H2E0Y 7+
Ahtmacula densa TREIS 1, ZORER, Rk
ANOEIROBEHEAL L TAHRREEE,» T &N D b
O EHERIL 72, 1965 48, Thurau &2IEEARME » 5
H{FHIC macula densa @ A~ 0.15M @ NaCl %
BEATBE, A—3 70 BT 5 R0 REE SRR
ZRE 2 2k RBE Lz, £ O% Henle REFOHUNE
¥ & D macula densa ¥{izo> NaCl #E % LH & ¢
&, 270 GFRMEA T3 Z LR TY

%%, Z g tubuloglomerular feedback B & IiE
H, TOFERBE oML DERI LT
5 9~8),

Tobologlomerular feedback 5 i3 {4 ¥ o) fe # 13
HufERET20 250 Tw50, EHErEDH
FIEIZ b S T 5 LG STV, T LD
b, BEEWLDIRMEERNEIE TS L,
macula densa $HLICEET % NaCl in KT 5.
212 feedback B3 < Ml S ALK ER IR EE 2T
FTT280EEZSNTOS, EL, EROEIE
Tl AR ERPRRGE O A AR F 2o\ L4 ik 2R
BR & 1 5% 73, feedback (% NaCl & 74 il &b 7N

Abbreviations : EPFR, early proximal flow rate; GFR, glomerular filtration rate; %
AEPFR, percent change of early proximal flow rate.
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L THE—3 7 oY GFR IZEXZ50%BD 5
EFERLON, Lo TEREEY ST L ET S
tubuloglomerular feedback ROME D & T3 AME
Tz o N5 REERBOE LSV L 2R
BEHHALAZWEIWKEZ SRS, & ZAHEN,
HEREREED BE MIEFRIC feedback F 2 BH 123 <
FlET2RFOFEET 2 Z MG SN, AERER
TORFEFADZ W % feedback RENT 2 EFT
ST E AUREMMNHT &2, 2 2 T5E, EBEC
e L 72 BF » BT ERBOMBERIZ 2O & 3 R FFHS
HIET 2 0EPERE L, S50, HEEREORE
EN12oL LTEAEE T2 ERAERS feed-
back R HMT2EH 2B T 208520 T, W
EXEOELAERETMEE TS L3R T w3 lipid A
PROTHRE L.
HHEE L UHE

I. REHFTLETNVOER

RE2.3~2.7kg DO AREEERALPEHL
h. 6EER R, SKEBHE Lk, BB DV 52
MRIY (FIYEHESE) % 0.95g/kg HERIRE: D EEL
72, BEED-ZZ 7 b3 i3 Blitzer 590D fikic#
UT, BEREESU 7 FURERICERL, s510148
EOARBLF b UV LKBEICT pH % 6.8 12 T
L, B2 10ml &2 X912 U7, HED-Z5 2 b
WIUENE 24 BRI I EEIR & O ML, 48 BERE
CHEERMEIT> o, BEr ) v Al EBELT
BRL, SR 72, I8 10% R0 <) >
WCEER, 774 DEEL~ATEFY )Y v 2
Yy REITEMBER 2R L 72,

II. XERMF DR

ERREOEBMIR L D M2 L, M L7,
i, BED-Z 527 FY 3220 DD tubulo-
glomerular feedback RADFH LT 7012, B
BOTHETHEBED-#5 7 b4 3> 28EL, 30404%
CHRMATCME %57,

. WK DVERL

E¥RRB L UHED- 772 by S BERRD
MiE%, i o—2 (visking cellulose tubing, 20/
32, Union Carbide Co., USA) #f\T 140 mM O
FYRRBRIZR L 4°CT 12 BERLENT L 72, BB O M
DEREHI 2B 2D, BB BN & 3 AR
Lhode, M Na B 10 mEq/1 DT, CLIBE T 4
mEq/1 AT & % - 72,

V. BENEREREOER

Salmonella minnesota Re 595 DINEZD OIS
Mz y REWERTH 5 lipid A (Campell, USA) %

Rz, EEOREKSB L U5 %~ = b —L ¥z lipid
A %100 pg/ml OBETHEREL, EREE L.
V. #uNET R
1. EBRBMB & U2 DFM%
Charles River t#HB8UF#8¥ (Na, 0.10mEq/g; K,
024mEq/g 2 &) W CHEF L 7K E 200~320 g
(10~14 ;8#5) © Sprague-Dawley ZHfEZ v b 2w
7z, WkB#E 4 7 7 # > (Promonta, Hamburg) 110 mg/
kg OEBERNES I TTo 0k, B ER L BENRER
gt & FMEICT7 v P EEEL, BEBE% 37.5Cic
ot REVIBRICHESR, ANERRICEALL
RYxF Vv F—50 (PE5O, Clay Adams, USA)
ZBUTI%EY 7527 b4 (Inutest, Laevosan,
Linz) AR REKZEE 100g H720 0.45ml/hr
D—ERE CIFIEA L, EBh, BEGLUT,
ZDHT =TV &DREBEEMEES L. AABER
KRV ZFLrHF—71 (PES0) #FEL, mEA
TEERMICAV 2, M ESKMES (AENLE, MP-
HIZTHEL 2, ERESYMICCEHLEES2E
HOREMHERL D ERL, BHRTSAF v I hy 7
PUZBEIE L7z, BREICIE 37.5°CIRiMA L 72 B ¢ 5
74 EEFLE, ERBECRYZFLYITF—F 0
(PE10, Clay Adams, USA) *&BEL, EL.
2 . Micropuncture £ (1)
FMRIER T 1 BEM% 12 micropuncture EE % B
6L, BREFBEGA & D 6 BSRILIPIICIR T L2, Bluh e =y
M TEMRHEEL2FRL, 0.5%VF v 27) -

Fig.1. Schematical presentation of the tubular
fluid collection during the orthograde perfusion
of the loop of Henle in the rat. Pipette I,
microperfusion pipette ; pipette 2, the collection
pipette filled with stained paraffin oil ; pipette 3,
the pippete for injecting high viscosity silicone oil
into the mid-proximal tubule.
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(Fotpise) THALLEENAEKEVEEALT
B—* 7 o> OEfl#REL 7. Henle fREFM/NE
i, RIRONE 8 ~10 um OR/AE -~y M 2BV
T, ANLRHIERKREML & DIEITH T > 7. BEAE
Eix, MBIEAKRYZ (W. Klotz, Physiology Insti-
tute, Munich) 2FHWT, 08 LU 20nl/min & L7,
Rz, Rl—27 9> OiEMREE CERIL 3 28
SERIERIZ B 1T 2 IRIE RO E (early proximal
flow rate; EPFR) %2 3MBIE L7, &Ekikx v
EPFR JIZEER & TOMEBIZED <, ZOMICERIX
B2 ABRERBOREII DV, EPFR 38—
7u > GFRIZIFIFEL WY, 2, EARMEE DI
B & #RREBD R, SEIROSMESY 15 pm DO RN
ERy PEEWTAY TS5y 7 THERLEEHED
vyYavd4a (30,000 cst, EH{LE) 2EAL, #
TR D MF #FHIEL 72,

3. REFORER*®

MEBICRFRY 777 v BEIZ7 > bay
ENCT, R Na BRI REEER (B3 775) 2 H
WTHIEL 7z, REEHRBIIAR-EOT 7 AE

(Microcaps, Drummond Scientific Co., USA) *H
WTHIEL 7.

4. EBT -5 e
‘/ont7—4id, FEHELBHERE (Mean+S.E.

Ringer

40

301 E I

Early proximal flow rate

20 [}
101
p<0.001
n=9
[ ———————
0 20 0

Perfusion

Nommal sera

/AN

M) ChHobl, HEEREICIE Student O t g%
v, pE» 0.5 UTOBECHEEDD L%
7z,

B 1#

1. BB D-772 Y BE50HR

BED VI /by vBECEV4TOREDS
B 3 BN RULHEATHIRREESEAS, 1 e SIS LA
BIELHBENICEED S iz, M glutamic pyruvie
transaminase &, 24 BFfE#1Z 482~1520 Karman &
fir, ¥ 191197 Karman # {17, 48 B [ % 12 594~634
Karman B {i7, #9618 Karman B {if (IE% 15~3
Karman B{7) £ LR L/, M7 V7 F= i3 481
% T2.8~3.2mg/dl ¥ 3.0mg/dl (F%
0.7~1.5mg/dl) L &{EETRL:.

. BIERERFNT v b DEREE

RUT7S 2 b2 V77 REDHEIELE
GFR 1 0.81~1.30 ml/min-g BEHE, ¥191.0+0.1
ml/min'g BEE TH Y, R NafEift &ix 15~48
nEq/min-g BE &, ¥i927.5+0.5nEq/min-g B&
BEThol:,

. #hAEREERR

B2 wmRd &3, Vo uikic T Henle (REF£IE
174z 20 nl/min O E CHUNER T % &, EPFRE

ARF sera

E mean +SEM

A

NS p<0.001
n= 12

n: 10
20 0 20
{ni/min)

Fig.2. Responses in early proximal flow rate to the orthograde perfusion of the loop of
Henle with Ringer’s solution, normal rabbit sera, or acute renal failure sera (ARF sera).

Lines connect measurements made in the same nephron.
n, number of tubules; NS, not significance; P values were

represent means+SEM.
determined by paired t-test.

Points and vertical bars




98.5+1.44 52028 Inl/min N BEICETL
r. EERRME L O ER L BRI & 28U ER
iz 14 28.6+1.4 & D 28.2+1.7nl/min & EPFR 2
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Fig.3. Percent changes in early proximal flow
rate during perfusion of the loop of Henle with_
Ringer’s solution, normal rabbit sera, or acute.
renal failure sera (ARF sera). Data are shown
as mean+SEM. n, number of tubules; P values
were determined by unpaired t-test.
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Zbi A ode, A - BTR2FRMEL DERL
P T EPFR I3 27.621.3 %5 14.1x1.0nl/
min N LB & A LTz,

Tubuloglomerular feedback RO RIGDES I, 4
NEFEE 055 20 nl/min NS ¢ 72D EPFR
DEALZER (YAEPFR) ThHobENS,

%AEPFR= (EPFR(0)—EPFR(20))/
EPFR(0)x 100 (%)
EPFR(0)= 0 nl/min #FikFD EPFR
EPFR(20) =20 nl/min ## KD EPFR

30w, A - BT L2RAMBEFKO EPFR
DBYFEIL48.314.1% L, Vo P LV IREFEOD
28.0£3.3% WL LBRBRKRTH -2 (p < 0.05)—7,
E®EFKRME DM/ R T EPFR OB A R i
0.4+0.8% & feedback KISz & Skt orz, HEE
DAZ 7 b3 »ZDH DO tubuloglomerular
feedback R T BPEFRIZ DV TIE, RERE 30 4
BB ME S DIER LRl R Ay TREF L 7.
IRz & D Henle ¥ % 20 nl/min O 3F E TH/NE
WL TH, EPFRIZ 26.4%1.4 5% 26.4+1.3nl/min
ERETHH T,

V. AERC L s W NERERBORR

4T & DT, AEAEKIZ T Henle (/5 %
JETT 12 20 nl/min O EE TH/NERT 5 £, EPFR

0.9%saline pid A in S5%mannitol lipid Ain
n/min 0.9%saline 5%mannitol
401
$ mean+SEM
o < \
]
[ 30-.
2 I \\
2
3 $ [ \ ¢ F—
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Fig.4. Responses in early proximal flow rate to the orthograde perfusion of the loop of
Henle with 0.99% saline, 100 xg/ml of lipid A in 0.9% saline, 5% mannitol solution, or 100
u#g/ml of lipid A in 5% mannitol solution. Points and vertical bars represent mean+
SEM. n, number of tubules: P values were determined by paired t-test.
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Ov r l
r“ NS - — NS —
-40
n=5
e e
X -.301
W
[« %
w
<
52 -20
n=6 n:=6
-101
0 0.9% saline Lipid A S5%mannitol Lipid A
in in
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Fig.5. Percent changes in early proximal flow
rate during perfusion of the loop of Henle with 0.
9% saline, 100 xg/ml of lipid A in 0.9% saline, 5%
mannitol or 100 zg/ml of lipid A in 5% mannitol
solution. Data are shown as means+SEM. n,
number of tubules; NS, not significance; P
values were determined by unpaired t-test.

11 25.8+1.4 55 17.5+1.0nl/min N FEXET
LTz, EEAgEEKIC lipid A % 100 zg/ml L5 &
SZmz TRk H/NER L To, EPFR X 25.4%
1.8 5 14.9%0.8nl/min N FEWXET L /2. %
7z, [E#RIZ 5 %~ = b — ¥ T Henle £RE# % #/NETR
42 &,EPFR % 29.0+1.9 225 25.9£2.5n]l/min ~
LEBEICET L, ZHiZ lipid A %2 100 gg/ml &7
BE3 M- ERKRCTd, EPFRIZ 26.7£1.6 »
523.9+1.5n/min N EEOET2RLIZ.ESD
<, EEEAEAT Henle (RE 2 M/ NEF T2 &
EPFR iX 32.1+1.3%4 L7z, Z4Lix lipid A 2004
fr A EE A E KO BRSO EPFR QB4 E, 35.4+
6.1% L ER R, 5% = b —VIROBHIZ LD
EPFR i3 11.3£3.5% B4 L, ZhiZ lipid A 202 T
4 10.6+2.3% DA T, feedback Ktz & biz &4 5
niziroi:.

% =

4E, 5 v rEBAVT, Henle REi%E D v 7 LBIC
THEEFLT 3 &, EPFRIZE & »ic® 4 L, tubulo-
glomerular feedback FHEBIL TV 2 Z & RS

niz, $%bb, FERENCE Henle B0 Rig
FIZEM S THB Y, macula densa I~ NaCl &
TFNDEFELZ G, LIato T, feedback &AMk
L7728 EPFR 24 L7g o, —%, Henle (%
VA VIETHUNER T 5 L EERAIIZ B 3 NaCl o
W & b, feedback RHMEENL T EPFR 34+
3, EEMED» o ER L 2RI T Henle F8 2 85
LT4, EPFR OZ(LE &5z, —F, &
- BRERROMBIC & 2 EHRICIE EPFR i3EL
IETL, 20 EPFR OFLEIEY > ¥ L IREG B
HWUBS MZRTH o7z, BMHAF « BRE2RRMES
AWTERL EREICIIE A CERERE ENT
Vi, LizdioT, AN - BfReRRIMmEIz,
tubuloglomerular feedback % %5 < Fli# s 2 BRE
Ao orORTHEETZ O EELSN,
Navar 5%&, tubuloglomerular feedback % % il
THERFE L TREELE TREME 2R L Tv 3,
Lo L, SEIOKETIERAMNT « BALB I UERR
RIME & DIER L - EREOBEELICIZEN L LIy
b 6T, B - BARREME & O ERL 2E
P T D & feedback RAFW & iz, Zhid, Ak
Bf « BRLRRMIBED tubuloglomerular feedback %
FIBEFREEORENCERT 2 DOTRE RV
ERLTWD, £/, HED- V77 b IZ2040
23 PR BRI 2> & tubuloglomerular feedback %
ICEBER L T3 ATEEME, B8 D-77 7 bt
ik 30 DO FRIMTE 13 feedback O FIEIEH
MNE ol AohEwIrhoBEENS, DO
BEo,EED Y7 by IvaRELTHEEEN:
AN BT E2RROMBRICE, BE O NaCl v 77
LBSHT, & D38 < tubuloglomerular feedback #%
R T 2l TOBET 22 enHonTH S,

Wounderlich 52D %% T3, EPFR OV I3FY
80% L SEOKEL D RKTH -7z, DL Ianbho
4, SEOB/NERERICE VLS v MCIEEIRERF
B{Thbikd ol hl, 5 IEBEREEMA TS 2
L THEATE 5. fiE¥ L D tubuloglomerular feed-
back F O RIS I HHEREIC L D ITHE S 270 I
HEIS TV 5, Wunderlien 520 W7y T
1%, WIEIEIEIC £ Y feedback RO BGHEATUEL T
Wiztze, AREO Y 7 st LT EPFR O &6
RCTHol:bDEEZOND,

Tubuloglomerular feedback % &AM E 140k
EICBET 51213, WO 2 &HEFMEL THATRE
Ha i, B 1, BB R SRIEDIC feedback A%
FEBLTVWS 2L, B2, CORDYTTLELD
PIEDEML TW3 2 ETHD, Zhdid, »ivh




AFEREMRERIC 4547 % tubuloglomerular feedback 619

DEHRTIHHS N TV 5, Mason Wik, L DER
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3> L #FBHL TV %, 72, Schnermann & '3 M
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LABTET, FNRTIEMRHMERBEIC B SR
MER NaClBEDO LR X HEL TWH: 5. LoL, IFE
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ZaALCGFR PR EL{ET T2 AL EZ 5L
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ORI S X CIRIIEEEOBMEIC 7 1+ 7 2 ik
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BT s /e REIRISEE S 2 5 5 T 2 6000 5508
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tubuloglomerular feedback %255 3 lipid A Ol
BIERAEH S o 2o, Ui T, IF « B4
BFIZ 4 % 4L 2 tubuloglomerular feedback 5 % 3 <
W 5 KT RIAPN B 36 - O 15 & O e BRI
BEZShA0, RRMEE TORKIZ DTS
CRENLFETH D,

HWEED-75 7 bt 3 o & B TR AT B B
2L, 2oMmE$iz tubuloglomerular feedback
% NaCl o+ 7 L & 0 < T 2 BREE LIS O )
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REEII W D EEZSNS,
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Abstract

Tubulomerular feedback is a mechanism which regulates glomerular filtration in response to
the changes of NaCl concentration at the macula densa and contributes to the maintenance of
body fluid balance. Experiments were designed to determine whether serum substance (s) other
than electrolytes obtained from experimental hepatic failure rabbits might activate tubuloglo-
merular feedback mechanism in rats. An intravenous adminiatration of D-galactosamine HCI
induced severe hepatic damage and renal failure. Sera from normal or D-galactosamine-treated
rabbits were dialysed through cellulose membrane against glucose solution to reduce electrolyte
concentrations. Tubuloglomerular feedback response was evaluated by measuring the eary
proximal flow rate (EPFR) during the orthograde perfusion of the loop of Henle in Sprague-Daw-
ley rats anesthetized with Inactin. EPFR was not altered by normal sera, but was reduced by
28% and 48% with Ringer's solution and sera from D-galactosamine-treated rabbits, respectively,
when the perfusion rate was increased from O to 20 nl/min. The reduction of EPFR was greater
with sera obtained from hepatic failure rabbits than with Ringer’'s solution. These resuits
suggest that substance (s) in the sera from D-galactosamine-treated rabbits migh activate the
tubuloglomerular feedback mechanism more strongly than electrolytes to reduce glomerular
filtration. To examine the relationship berween the serum factor (s) and endotoxin, loop
perfusion experiments were done using lipid A, an active component of endotoxin. The changes
in EPFR during perfusion with 0.9% saline or 5% mannitol were not altered when lipid A was
added to each. Thus, the substance (s) contained in sera of D-galactosamine-treated rabbits is not
likely to be related to endotoxin.



