NaCl Signal for Tubuloglormerular Feedback
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BRRFHREFLME H93% B55 703-712  (1984) 703

Tubuloglomerular feedback I2xt4 54 NaCl o779

SUKFLFEPNBE D (3T R fE3E)
X H O # A
(WARIS94E 9 F27 A Zff)

Sprague-Dawley %5 v b % FH\ CTHET T micropuncture # % fifTL, macula densa iz &
7% NaCl ¥ 77 1 & tubuloglomerular feedback DR & D BHEIZ D THRE L 7z, ELIRMEE TD
single nephron glomerular filtration rate (SNGFR) i 29.8+1.3 (mean=S. E.M.) nl/min &3EAIERHE
HFETD3B.7x1.7nl/min X BT, ZHi tubuloglomerular feedback M £ 7 % 5 7. Tubuloglo-
merular feedback RO R % H & b T UL RME & E R TO SNGFR O & Henle B~ D
&, Henle (RBf~ 0 Na*&#7#, FLTO Nat FRINE 5 & UEARME LT Nar B8 £ O
AL ROEOHEMEMA SN, Lnl, i SNGFR DE & B PRAERZAERIZ 51T 2 Na*j8i W25
Bk > 7z, Henle REFE U ¥ 7 A% W TIBFEIC BUNER + 5 & early proximal flow rate
(EPFR) WFFEFIFIZLERIHD L7z, 20 EPFR OBA I U ¥ 5 LI 1M BlLED 7 o4 4R
ZINZ 5 EHSN%E {2 -7, Tubuloglomerular feedback FRORIG L macula densa ~0) Nat&7f&
AR CHEBET 2 2 &, Henle fEF LIFHIT NaCl OBBNAHET 2 7ok~ 4 F iz & feedback B
[E23HHRT B 2 L 55 feedback BD Y 7+ & LT macula densa BALIc B2 NaCl ks B2E T
b3 LEFEREND,

Key words tubuloglomerular feedback, micropuncture, single nephron
GFR, macula densa, furosemide.

WD BIIZ BT, Henle & ETMOKEKD BECOVTHEI N T3,

% % macula densa IXF—* 7 o > O RBIKIMEE
KELT, BREMESE 2B T 5. Goormaghtigh?
RIS I DR DZ{LA macula densa 07D R
M BRI 2 U CRAI S R, RERARINE O BE S
FAL U CRERBIULIT A3 AT & 4L 2 ATREME % 35 Bk fhss
BEOMEORM» S FHIL 2. Thurau 523 ARG
&» 5 macula densa DF51E~ 0.15 M & NaCl %3
AT DY, ZOR7 0> OERRMEH BRI
WEIEEBE L2, ZMid macula densa ZRAID
NatiBE % EiF 3 L R BRGBEBTO T > o4 5 vy
Y OBEESEML, MAMENEZES 5, RIREF
BEMNEYT B 700 L5132 72, Henle BEA~D
WESEMT 2 204700 O#—3 7 0y 4BHA
Fifi# (single nephron glomerular filtration rate,
SNGFR) »1ii2 + 2 B &, ¥ % b & tubuloglo-
merular feedback IRDFE L TIFT 2B % D

Tubuloglomerular feedback % £ /EBix ¥ 2 >
FA & LTI, macula densa #f(ii~Zh&¥ 2 FRie
PR Na*, Cl-OBEA W LEFRESD, 5231
BEEOEWDLEZ 24005, fEamid 7z & hn
Tk, 2l ZhE TORMER VT Y Henle (&5
EATHIZHBUNER L TBos N bDTHY, Henle
TREFDSIRHE M & 0 RIS W T 3 4R0E
TORMER SN TWA, SEOMETIE Henle %
B D 28 BB FE IR RE T (L R IR R 8 2 & S B
BRI E TO Na 8% v L AT E & tubuloglo-
merular feedback ROKIG & DEEE A B Z & 12 &
D, NaCl ¥ 73 455 2 O feedback Fic & DIREES
TLHDPIDOTRH L7z, & 512, 20 feedback
R EBRAIE T O NaCl ik L OG5 6 129 3 72
& Henle I EATHIT Clr ORI R HE + 3 9197
T4 KD feedback MG T 2 BB DT h

Abbreviations : EPFR, early proximal flow rate, P, plasma, SNGFR, single nephron

glomerular filtration rate, TF, tubular fluid.
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WETL 7z,
R LUEFE
1. 2RI & UE0FME

Charles River #8145 # 8% (Na, 0.10 mEq/g; K,
0.24mEq/g &) W CHE L 72AB 200 205 320 g
O Sprague-Dawley £ 7 v M 14 T2 72, FRER
i1 727 F> (Promonta, Hamburg) 110 mg/kg @
MRERZE I TTEY, ERPLEREL CEERR
BRENZEINRE L. REER X D SBNREHEISM
EFEMBCIv b REEL, EBE% 37.5CicE-
7o [EVIFEICHEER, EAERIRICEALLRY
IFVHT—FTNV(PESO) ZBUCI0%KY 735 7

b4 (Inutest, Laevosan, Linz) ZE&EAK% 0.45
ml/hr/100 g BEO—FEHE THFEAL 2. EXRER
BRCEIMERE L RMEIT R I 700D H F—7F 0

(PE-50) ®##A L, MEREBRMES (HARHLE,
MP- THIE L 7z, RSV TEBH L £
eRABEORIEEL VEEL, 52 Fy 7B
Ay FTOHIZNS RIFRR2 ANBEL, REHTF—F
WEFBALZ, BOREIE 37.5°C g L 72 figh <
74 RETLL.

II. Micropuncture £5&

FMBIFESET 1B E 12 )12 58 ~ 3 micro-
puncture EERFFIIA L, FRERAME L D 6 BERILIA ISR
TU7

1. SNGFR #lzE

F—%7 0BT 50N RIBERRER S & U
FRAIE AT IGEARAE BRI L - By b X i
BOVY IV Y- REAL, ZORNYEET2
ZEIZEDEBIL . MB35 SNGFR #IE D
729, EFEMEMERHRETL~10 46, 2w TR
—3 7 0 Y OEMREERRIT 3 SHRMENE %
FEL 7z, SEACRY MERBAS YT S5y 7 icTH
BLEZI AT A A i UE RS I IE5%E
WEOMEMNE6~T ym Db D%, EMREIESEHEIIE
8~10um Db DMV, FIEEHEORRILNE
N—FDA 5 AEHME (Microcaps, Drummond,
Pennsylvania) 28| L THIEL 72. FRHEHEHNED R
U777 M4 >id Vurek & OMBEREDIZ LD, R
HERBEO Na*BIZBHRESOLEES (=,
Model—679) ZFiTWwFn b &EH > Ao & 2 [H
FOMMEL, SNGFR 2KV 757 4 ORME
PIHER & CIMAEIC 817 2 BE L (tubular fluid (TF)/
plasma (P)) #v 737 o> IZRMENBORE

(Vo) #F U TR 7, Henle REFAD Nat & EIZ
ENRMERFE (LP) 2812 NatiBE L V.0

(TFywa* V) LP T, BEMNRMEE D Na* &R BIE
(TR RIAE (ED) 125 17 3 Nat i & V,0 8%

(TFya*Ve) ED TR® 7. Henle BB TD Na+*FHik
INE1: ((TFya* V) LP—(TFxa* V) ED) 12k hE
H L.

2 . Henle {ABFH/INEE BT 28R

ML PR EHE R BRI SEER D SMEHS 8 ~10 pm DY
NERBAOEy b EFHIL, MBEASY T (W,
Klotz, Physiology Institute, Munich) % FJ\> T Henle
{REF R ERIIC X D 0, 20, 40 nl/min OB CHUNE
Wl FACE—* 7oy 0iFREEo s Le
PRLEMUT T2 HEREENBEORE ( early
proximal flow rate, EPFR) ##IEL 7. #ERK
iUx&mﬁ@&@b@tufvwﬁu7nt74b

(v 7 A, ~FA )% 10751075, 1074, 5 X107¢,
W0°MIczd L2 Mazb0 w8, &l
FRUNE DITAER & 4R KT & ORI D RITEREAICIE > Y
aArIANEEAL, ERROETREEIEL . £
EPFR I3 SNGFRIZIFIFFEL LW ST 519,

m. 2175 x%

Micropuncture & & 1T L TR & CBiiRmo
BRI & 45~60 SPEI{TA WRE, Rep Na gEti,
V7527 42075 (GFR) 2HEL. M
B XURBEY 752 + % i3 anthrone HE7I2 &
D, Na BIZHMHEE (HiZ, Model—775) %fAwv
TUuFRLRF > 7D &E 2ETFOHEL .

V. RBRT7T—2& 0stanig

BoNNT—SOEEERECR tRERZBY, P
E20.05 UTOBECEEEDLD LHEL..

o4 1#

I. Feedback Z® It & NaCl & 7'+ JL & OFE

B1AERFELR X I OEMEMEREKS (late
proximal) 7% & UNTENIFRMIERIGES (early distal)
BT 2BEIZZNFH138.8£1.2 (mean=+S. E.
M.) mEq/], 37.4£2.2mEq/l TH->72. H1AEHIZIE
FRAMEPIIE L M- 8172 Nat DR R L, #
D L RN R B RER T 0.97+0.01 1 8F L &AL
PRABERBIEE T2 0.2620.01 & (32 ITEMETH -
2. KU T 72 b9 ORMENRS X UM 510
% BB LT AT PRAIE MR 2,200, 1, EATFRME
FRIRERT 6.120.3 TH D, RHEENR OB IEAIR
HEHRET 16.420.7 nl/min, FEARMELHET
5.240.4nl/min Td -7, SNGFR 3 2iTRL7-&
DRI PR M T 22.0nl/min~57.5 nl/min, ¥
35.7+1.7nl/min, FE{ZFRHE T 19.1nl/min~44.9
nl/min, ¥ 29.8+1.3nl/min T, AIZXEHEILL




Tubuloglomerular feedback (=% 7 NaCl : JF 705
BEIZKE C(p<0.001), 20EIEFE15.7+1.5% 601 S Meant S.E.M.
TH-T:.
IEAPRMEZERIZ & 0 #IE L 72 SNGFR  (SNGFR
proximal) &EMARHIE BHNC & D HIE L 72 SNGFR
( SNGFR distal ) @ # (A SNGFR) & tubulo- 50
glomerular feedback RORIGHEE R THEED 1 DIz
HITF 5N T2, Zh L SNGFR proximal & @ E
Mid r=—0.698 DEWEDEEMNTED & 17723, £
SNGFR distal & DEIZIZFTOCROMBIM & & 721 =
TELmor (M3), EBEE4ICRLEES A 40+
SNGFR (A RMERKEADE, Henle g~ &
o )
2
n
mEa/) 304 §
150 : 1.5
i 5
k: i : -~
% 100 HE
g g ? 20~
8 3
§ o
- X 2
2 50 i gos . p < 0.007
[ 2 F 1
¥ 3
: 104
- - r 1
lata proximal early distal Iate proximal early distal distal n= 3 | prox imai
Fig.1. TF sodium ion concentration (left) and Fig.2. SNGFR obtained from late proximal and
TF/P sodium ion concentration ratio (right) at early distal fluid samples. Lines connect
late proximal and early distal tubule. Each measurements made in the same nephron. n,
symbol represents one measurement. number of tubules.
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Fig.3. Relationship between proximal-distal SNGFR difference (A SNGFR) and SNGFR
measured from late proximal (SNGFR proximal) and early distal (SNGFR distal) fluid
samples. 1, coefficient of correlation ; n, number of tubules.
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® Na* &5, Henle (M T NarBHUWRINE L' 2h#
Ror=—0.707, —0.681, —0.661 & &\ & o M £ %
L7z, 722 SNGFR &SGR~ RS
EUNatEE @Oz 2 Zhr=—0.597, —
0.564 L EEDEDHBE AR LrL, A
SNGFR LB R ERBIFIC BT 5 NatigE 2«2
D Shah o 1. :

Henle (B~ O i #13 Henle (GEE~D Nat &\ &
B & U Na BRI E = o Rz 2 e i r=0.979,
¥ 7

End proximal flow rate (n!/min)

CH

Henle (&8~ i bt & @ LIRS R H~ D Na* iy
il & DENZIE r=0.636 LB EQHMSA S e,
LﬁL{Hmmmw«wmi&%mﬁmgﬁﬁ%us
2 Nar & & ORI IHBIIXERD S ho 7o,
II. Tubuloglomerular feedback i=¥f¥% 7 R+
21 RFOBR '

Y > ¥ L #°C Henle (B % IET V5 2 BUNER T 2
& EPFR I JE M FE 0 29.7+2. 1 nl/min 2 B L 20
nl/min TOMFRET 1L 20.8+1.3 nl/min & & &S
TL, .40 nl/min WAL E 517 16.3+1.2 nl/min

Early distal flow rate {ni/min)

ol 10 v 20 30 0 o, 10 . 20
(-] &
e °° es © °
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< ° ®
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0 1 e ‘12 3 4 0 i It W H
° ° r=-0.564
oo’ ¢ ° e ° 0 <0.01
z «%ae o s n=31
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~ e ¢ °
et R $ p<0.01 . . A
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(8 0, ® °
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Na* reabsorption in Henle's loop Early distal Na* (mEq/1)
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Fig.4. Relationship between proximal-distal SNGFR difference (A SNGFR) and end

proximal flow rate, end proximal Na* delivery, Na* reabsorption in Henle’s loop, early

distal flow rate, early distal Na* load and early distal Na* concentration.

r, coefficient

of correlation ; n, number of tubules; ns, not significant.




Tubuloglomerular feedback =34 % NaCl T F 707

ETHSHICETFTLRZ[E). V¥ L 10-M
D7ue¥A K EMZTS EPFR OZELIZY >4 1
WHMERRE S IZEZRAETH -7, 1M O 7ok~
4 FOBFAE I 20 nl/min OEEOR®RIC L D EPFR
BEEICETLLY, EiEES 2 512 40nl/min &
L T#% EPFR 2% 1kit % » - 72, EPFR 04 10-4
MBEED7 o= FERICEDASNE L o,
71213 EPFR Q&2 ELERTRLZ, 1M D 7
ne~vA RFEMZTH EPFR OERRIZIZY >4
WEIBERF L Bk o7z, 105M 7 oe=4 Fo
HE&, 20nl/min OERERIZIZ Y > 7 L HE 8 SR w S
EER A7, L L, 20nl/min 4> & 40 nl/min, 0

~ 4
< ]
EE
2z
38 3 ..
0 c .
+¢Dv . .
2 2 i -
% -~ r=0.979
£ W »<0.01
g 1 n=31
°
I
0 —_—
~ 4
£ .
3
<
edg 3 .
85 i1
i§ 2 BPRLE +=0.968
g2 HY »<0.01
a0 L
A e n=31
sE
3T
e —
_. 04
£
£ . .
o 5 03
8 .
= . r=0.636
2 02 v p<0.01
.g 1e: n=31
T oot
>
fij
0 —_—
80
= 60 ’ .
N
s, & T r=-0.095
z - 40 . . .
— 1 : - . . . ns
"E * . n=31
° 20
>
]
0 T T T —
10 20 30 40

End proximal flow rate (nl/min)

Fig. 5. Relationship between end proximal flow
rate and end proximal Na* delivery, Na*
reabsorption in Henle's loop, early distal Na*
load and early distal Na* concentration. r,
coefficient of correlation : n, number of tubules ;
ns, not significant.

nl/min 2> % 40 nl/min L BREE 2L ¥ 28D
EPFROZFIZ Y 7OV R BRI 1 B LEE
uﬁ&ttmt.m*MuL@7ntv4F?@,w
THOEREE TS EPFR ICELIZA S nkhoi,

Il. Micropuncture B 0 B #4E

SFET I FE 43 1044 2 mmHg, GFR i% 1.02+0.04
ml/min/gKW (kidney weight), FRENE 3.620.5 ul/
min/gKW, Rt Na # it & it 40.1+5.1nEq/min/
gKW THh -7z,

% %

=& 7 0280 THEARME @I L D flE L
7: SNGFR I REEERIIC L B b D X h KT
Hol BB L VY ¥ 7 VI & 5 Henle (REET
DFHE % E1F 212 L 7245 EPFR DR U 7o A I
& &2 tubuloglomerular feedback ## 0 H7E £ %
FY 5, BIECOLTE, ERE R 2 R
ENREM DI SICEA LA A LT Oy 740 k )
Henle REEF~DRMEABORNASEF S 3, —
7, BRI E SR 1k macula densa BT A DR
MEPRORNIREFICEN TS, Lizsis T,
EARAEFHRFIZSE O TO2 tubuloglomerular
feedback ##{EBI L T SNGFR 23843 3 7 & &
EAoND, %BEIZDOTIE, Henle (FE~DOEHE
M 2 512D macula densa ~EET 3 3 7 L
KET D18 feedback MM L DM Al an T
EPFR OERFERIB A A oN 3 80 rE2 512 .

% El, Henle (R0 4 BIERIREEIC B\ T L BT
EAREABIONASNGFR Ak LA D, TERIC
ERE 2 BOHENED N2 Tk e R e Y
7z, Schnermann %293 Y) > % L % B> T Henle
TREF M KERIZ & D Henle fREF~ O B FEA A 13 1l
/min % 32 nl/min T stop flow pressure 2» &
& 712 feedback KIEABRATH 2 2 & EEHEL .,
OB, WEWEE % 13 nl/min BLF % % 413 32 nl/min
PAb LT feedback RIGOZEILIFE L A ¥ el =
&% Henle tREF O MEFIHE & feedback %0 KIE &
WARERI A RIS S 2 S LT LA, SRR
FARIR~O W T 44> 5 Henle HEE A~ O W R S D
O KA T X 9.6 nl/min 2> 5 27.2 nl/min © 5 5
Lotz ZOHANTERE S ORI BT Y stop
flow pressure {3 1ZIZEMINIEL TH D , SR
ML BT 5. Lnto 1, tubuloglomerular feed-
back A3 Henle R/ IEH IR 2 L Ty a2 B
LEERL BT 200 #2603, 21, 20k
FULAR) TR WAL 4t 50T 57 PR AT MR 86 T D W 4 48 1ml/
min 1% % & SNGFR {4 0.65nl/min 4 4 2 =
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solution containing 0, 1078, 107%, 1074, 5% 10-* or 10~*M furosemide.
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Changes in EPFR during orthograde perfusion of the loop of Henle with Ringer’s

Values above the

points are the mean=*35. E. M.. n, number of tubules; **P <0.005, *xx P <(),001; ns, not

significant.
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Fig.7. The percent changes of EPFR during orthograde perfusion of the loop of Henle with
Ringer’s solution containing 0, 107%, 1075, 107, 5x10~% or 10~*M furosemide. Each value
represents the mean+S. E.M.. *P <005, ***P<0.001 (significantly different from the
values during perfusion of the loop of Henle with Ringer’s solution).




Tubuloglomerular feedback (zxt4 % NaCl + 2+ 709

EAVEEAL 7e,

EFNEND A7 0l BEERO &7c & THEEER I
LYERNDHD, SNGFR DEIZDWT b 2 OARE—%
DHEENTHED, SEOMETH SNGFR I3
FRAE CTRIE L 72 b @ T 22.0~57.5 nl/min, 7R
MECHE L & DT 19.1~44.9 nl/min & EEEE
BIL AL TED, SNGFROZEA 7T itBIT 3
T ENHERR & #1172, % 72, tubuloglomerular feed-
back RORIEE DB THEL DA 7o ik b
DOERODHD I EMNPELMICENTZ, & 517 feed-
back K Jid SNGFR distal £ & SNGFR proxi-
mal L DRI TRWAEB &R L7, T¥4b B, SNGFR
proximal @ K % % 1Z & feedback % & f+ T %
SNGFR DA 5K TH Y, SNGFR proximal d/\ 7z
%% 71 > Cld feedback ROTER D/ E v 2 &3]
BAL7:, 2 Z £1d SNGFR proximal 23K & - 72
i, ERDOKE LU NaCl 93384 T 5 D £f51ET 2
7z feedback BMELERL TV 2 Z X 2RL, K
EOEEOERRER @S L L TAE 2 FYE K
BT260TH5.

Tubuloglomerular feedback R4 {Eghaw 2y 7
FUORBRZE I DT, BB ERE GRS S
macula densa #ITH A5 LEZ SN T 39, HEE
Dy T I e L TREMCBT % NaCl Bk -+ 53
MREBGTTH 22710, BEEDOE(L L T 55 & —&8
ZH BB, YPlmacula densa #L T O FRME AW
HTONatBED EAMSEEOY SR,
SNGFRAW A T2 b D eFEZ k2 # D%k
Schnermann %913 macula densa ER{ICE:E T2 %
TOBERBAER D EALD A 75 S TR N BT E B
SCIrMEETHS &L, ZOEBRTIFE Nat, K+,
Rb*, Cs*, NH,*® CI"# 5 % >3 Na*, K* o Brific
L DBH S 407 feedback B A A 5472, LaL, Cl-,
BrrLlSto Natsg, Ca*t, Mg o Cl#, # % WIER
FIZL D SNGFRIZZ( L Lk oz, T DB Cat,
Mg DOBFEET T ClroMERERans L £2 5
NTWw3, L7zai->7T, macula densa BBz 817 2
CrisgnEED Y 7+ Th 2 LG 2 . Henle
REFLATHITO Cr-ERIN 4 HET 3 7o <A F,
Ml T7uyr 2ERKIICINZ 3 L feedback KA1
KTBIL CUIMENY 7 F N Th 5 kel % X%
T3, REENBEOBRETELNY 7 F 2% D S
EHEMIZDVTIE, Briggs &2 ER T O NaCl
BEX—EI LS8, REHLVLET Y2 -1
$oTBEESZELE ¥ TH SNGFR IZEA 20
s, BEEZY7FALTROELTWS, L7
70T, feedback R IZ3t 3 2% #Z )L i macula

densa #BLIC #5175 CrETH S £+ 5 F 2 H 1A
NTHB, 12720, EBOEFRIFIC Henle BRI~ DR
B2 2% 5 & macula densa S}{iziz 813 3 Na*,
CodiksdFRBREELE-OAACELTZ DL
BEions,

4[E, Henle (RO 4 ARSI macula densa
DO NaCliBE R T 2EO Nat/S 5 A —5 — 1
feedback RO KRG %R T A SNGFR L OBIcEED
MDD S iz, & {2 BWERIE Henle BB ~D
W, Nat B ES L U2 OB TO NatFIRILE &
DIz A5 N1z, SNGFR OV 1 NarBBD AL %
BARTH D, feedback FId macula densa 27 iz Bl
T % NaCl & 74\ & HERA IR IR s 5 2 & 5
S WTWw B L2 5, FUIRMBEESRCE T2
NaCl # &1z D\ T3, feedback IS & Nat & &
FHEET 2 00, Nati[Er o322 5
7. TDZ 5 feedback ROBEED Y 7+ L &
L Tid macula densa 281} % NaCl BE R EETL
Wiy EZANG, Lal, EMREEEEST
HI%E = h7z Na* i 2 13 macula densa DA o BR 41
ETOARE LU NaCl OFRIIC & 3BHi8I0H 2 D
T, I 5 macula densa SRAIICB T2 ED Natij
ErHET20RRAHTHL, ZOHEELVESHIZ
T 5121, microdissection iz & D macula densa 2 &
BRI E COBEMENEL, ZOESOESR Ik
LA ECEMRMEECHT CONABEE L A
SNGFR Lt DR 2R THLEN S L E LN
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ZHREN TV LD CIME NarWEL DIz 2012
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FRABEPIMRICAN 2 & i 2 (B8 £ BROBETE & A TRy
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HECHZ Z L bAEOHBETHERICT 2 1HL
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SEORETY, 7ot~ 4 FiZ k3 feedback K
SO EhR s E 2, 774 Fid Henle {f
BB 5 NaCl ik 2BEE T 590 THANC L 2
Henle RERERMBICIE NaClBER ERELTH3 30
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WER2CH D EEE M E B - - BEIRERE
L, BLLIDESHOEREbLE T, & 5IHE
H, HBEBEBboE-NERER R Ic 'O L D
WWOEEROLET, £ RRBEEGT &R 278
—AREMEROEEE EHBL £,

RB/XOEET I 28 DIEREEEE (1980 TH, 7%
~NA M) WBOLTHERRLL,

X 73

1) Goormaghtigh, N.: L'appareil neuro-myo-
artérial juxtaglomérulaire du rein ; ses réactions en
pathologie et ses rapports avec le tube urinifere. C.
R. Soc. Biol., 124, 293-296 (1937).

2) Thurau, K. & Schnermann, J.: Die Natrium-
konzentration an.den Macula densa-Zellen als
regulierender Faktor fir das Glomerulumfiltrat.
Klin. Wochenschr., 43, 410-413 (1965).

3) Schnermann, J., Wright, F. S., Davis, J. M.,
Stackelberg, W. V. & Grill, G.: Regulation - of
superficial nephron filtration rate by tubulo-
glomerular feedback. Pfliigers Arch., 318, 147-175
(1970).

4) Hierholzer, K., Miiller-Suur. R., Gutsche,
H.-U., Butz, M. & Lichtenstein, I.: Filtration in
surface glomeruli as regulated by flow rate through
the loop of Henle. Pfliigers Arch., 352, 315-337
(1974).

5) Wright, F. S. & Briggs, J. P.: Feedback
control of glomerular blood flow, pressure and
filtration rate. Physiol. Rev., 59, 958-1006 (1979).
6) Navar, L. G., Ploth, D, W. & Bell, P. D.:
Distal tubular feedback control of renal hemo-
dynamics and autoregulation. Ann. Rev. Physiol.,
42, 557-571 (1980).

7) Takabatake, T.: Feedback regulation of
glomerular filtration rate in the denervated rat
kidney. Kidney Int., 22, suppl. 12, 129-137 (1982).
8) Thurau, K.: Influence of sodium concentra-
tion at macula densa cells on tubular sodium load.
Ann. NY. Acad. Sci., 36, 698-719 (1966).

9) Schnermann, J., Ploth, D. W. & Hermle,
M. : Activation of tubulo-glomerular feedback by
chloride transport. Pfliigers Arch., 362, 229-240
(1976).

10) Miiller-Suur, R. & Gutsche, H.-U. : Effect of
intratubular substitution of Na* and Cl- ions on the
operation of the tubuloglomerular feedback. Acta
Physiol. Scand., 103, 353-362 (1978).

11) Navar, L. G., Bell, P. D., Thomas, C. E. &
Ploth, D. W. : Influence of perfusate osmolarity on
stop-flow pressure feedback response in the dog.
Am. J. Physiol, 235 (Renal Fluid Electrolyte
Physiol., 2), F352-F358 (1978).

12) Bell, P. D., Navar, L. G., Ploth, D. W. &




Tubuloglomerular feedback |- 2+ 4 NaCl & 741 711

MecLean, C. B.: Tubuloglomerular feedback res-
ponses during: perfusion with nonelectrolyte solu-

tions in the rat. Kidney Int., 18, 460-471 (1980).

13) Burg, M., Stoner, L., Cardinal, J. & Green,
N.: Furosemide effect on isolated perfused tubules.
Am. J. Physiol,, 225, 119-124 (1973). _
14) Suki, W., Rector, E. C. & Seldin, D. W. : The
site k)f action of furosemide and other sulfonamide
diuretics in the dog. J. Clin. Invest., 44, 1458-1469
(1965).

15) Vurek, G. G. & Pegram, S. E. : Fluorometric
method for the determination of nanogram quanti-
ties of inulin. Anal. Biochem., 16, 409-419 (1966).
16) Schnermann, J. & Hermle, M. : Maintenance
of feedback regulation of filtration dynamics in the
absence of divalent cations in the lumen of the
distal tubule. Pfltiger Arch., 358, 311-323 (1975).
~17) Fiihr, J., Kaczmarczyk, J. & Kruttgen, C.
D.: Eine einfache Methode zur Inulinbestimmung
fiir Nieren«CIearance-Untersuchung bei Stoff-
wechselgesunden und Diabetikern. Klin, Wochen-
schhr., 33, 729-730 (1955).

18) Schnermann, J., Davis, J. M., Wunderlich,
P., Levine, D. Z. & Horster, M.: Technical
problems in the micropuncture determination of
nephron filtration rate and their functional implica-
tions. Pfliigers Arch., 329, 307-320 (1971).

19) Kaufmann, J. M., Hamburger, R. J. &

NaCl Signal for Tubuloglomerular Feedback

Flamenbaum, W.: Tubuloglomerular feedback
effect of dietary NaCl intake. Am. J. Physiol., 231,
1744-1749 (1976). R N
20) Schnermann,. J,, Perssgn, A. E. G &
Agerup, B.: Tubuloglomerular. feedback. Non-
linear relation between glomerular hydrostatic
préssure and loop of Henle perfusion rate. J Clin.
Invest., 52, 862-869 (1973), o
21) Rouffignae, C. de. & Bonvalet, J. B
Heterdgeneity of nephron population, p391-409, 7n
A. C. Guyton & K. Thurau (ed). Kidnéy and urinary
tract physiology, lIst ed. University Park Press.,
Baltimore, 1974,

22) Thurau, K.: Renal hemodynamics. Am. J.
Med., 36, 698-719 (1964).

23) Wright, F. 8. & Schnermann, J.: Inter
ference with feedback control of glomerular filtra-
tion rate by furosemide, triflocin and cyanide. J.
Clin. Invest., 53, 1965-1708 (1974).

24) Briggs, J. P., Schnermann, J. & Wright, F.
S.: Failure of tubule fluid osmolarity to affect
feedback regulation of glomerular filtration. Am. ]
Physiol., 293 (Renal Fluid Electrolyte Physiol. 8),
F427-F432 (1980).

25) Morgan, T. & Berliner, R. W.: A study by
continuous microperfusion of water and electrolyte
movements in the loop of Henle and distal tubule of
the rat. Nephron, 6, 388-405 (1969).

Hiromichi Ohta, Department of Internal

Medicine (I), School of Medicine, Kanazawa University, Kanazawa, 920 — J, Juzen Med. Soc.,

93, 703712 (1984)

Key words: tubuloglomerular feedback, micropuncture, single nephron GFR, macula densa,
furosemide.
Abstract
Micropuncture study was carried out on anesthetized Sprague-Dawley rats to examine the
relationship between NaCl signal to the macula densa and tubuloglomerular feedback response.
The proximal single nephron glomerular filtration rate (SNGFR) of 35.7 % 1.7 (mean £ S.EM.)
nl/min was significantly greater than the distal SNGFR of 29.8+ 1.3 nl/min, indicating the
existence of the tubuloglomerular feedback mechanism. The tubuloglomerular feedback res-
bonse estimated by proximal-distal SNGFR difference showed significant negative correlations
with the end proximal flow rate, with the end proximal Na delivery, with the Na" reabsorption
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in the loop of Henle and with the early distal Na' load, but not with the early distal Nd" concen-
tration. The early proximal flow rate (EPFR) was measured during orthograde perfusion of the
loop of Henle with Ringer’s solution or Ringer’s solution containing furosemide at different flow
rates. With Ringer’s solution alone the loop-flow rate increased, caused significant decreases in
EPFR. The EPFR response to increased flow rate did not occur when the perfusion solution
contained furosemide more than 107 M. It is concluded that NaCl transport in the macula densa
might be an important signal for the feedback mechanism, because the magnitude of tubulo-
glomérular feedback response was significantly correlated with NaCl load to the macula densa,
and because furosemide known to interfere with NaCl reabsorption in the ascending imb of loop
of Henle fully inhibited this feedback response.




