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PmANAVUNIN images ﬁv'uT'men-suﬁ"mm:ag'lue%’m store sequence
uazaa6n1519 mouse naianpuIaNMARBINITLR monitor TaslaRufituratiTzan 5,000-
8,000 pixels ATOLARUIWIAATINBTIVBAYE proximat tubule fifAIMaand AW images %
amdiuliyng 1 Jwid ﬁé’gmnLﬁumwﬁﬁ’mmnﬂuq@mmnmué": ashndwiuaa
Tl Tusunsurianulusin verify sequence datlsznave syalutinTa bevail 1) edit
sequence IHiAm@oniani: frame Aisasnsliiansdlasdonsuiiln straight portion
289 proximal tubule LATABAIAINLITEWIN. miniscus 289 oil column annniudurgud
NaW tubule 2) Find Boundary 1¥lumsmasuizazasuianain oil column lauld
boundary-tracking algorithm 3) Compute circles w314 algorithm dwiunaanaufli
Lﬁ'umguﬁnmaLﬁnﬁq@ﬁa:waﬁﬁ’wmﬂﬁa proximal tubule Wat 4) Compute Data 17
f‘i']mm'ﬂ'agau@iﬂ: frame Yanuafilsenauay 4.1) *::u:ﬁ'mzwmqﬂgmﬁnmwaownau'ﬁ
1éante 3 findaenilu microns (pm), 4.2) #1 half time (t,2) VBIBATIMIAARIVDIUTUNAT
183 split-drop, 4.3) ﬂ"lmﬁlu-uaaLé’umquﬁnmsua:%'ﬁﬁmawia proximal tubule, 4.4) i1
volume flux daniiuNufl (Vo). WaT 4.5) Fi1 volume flux fiBniIBAMBINIYIe (Jv) A8

L3 . [ g g P
MAAUNIH image WazmyaianzRnwaILIadlwgluguh 5

;sﬂ‘ﬁ 5 Successive stages in the capture and analysis of a single frame from a shrinking
split-drop sequence. a) Photomicrograph showing droplet before image processing. b)
Digital image retrieved from store after threshold processing. c¢) Limits of oil column
defined by Find Boundaries program. d) Circles fitted to tips of oil columns by Calculate

Circles program (from Harris et al.,, 1987).
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MMITRUINFUNIIMAQDY

M3l nﬂ%u“a‘fra:ﬁ'\'lumg 4 nju9as 6-8 @1 lagaziadanmigansuraanan
fvialaduau (proximal tubular fluid reabsorption rate %3a Jvg) N Jvg axfludnadnile
nnmIfumstnyala 3-7 nevemuudazda lasdamnd g lumen vasrialandandu
peritubuiar capillary

§M3uN3AnwA locally produced Angll i proximal tubule g circulating
Angll n peritubular capillary inlagld highly potent and long-acting Ang Il receptor
antagonist fin candesartan ¥3a-CvV11974 (25) TRUAARAUNLIINANE IR

luminal perfusion peritubular capillary
perfusion
nsj‘uﬁ 1 no Ang Il blocker no Ang I blocker
nzjuﬁ 2 candesartan no Ang Il blocker
ﬂij:ll‘ﬁ 3 no Ang Il blocker candesartan
nﬂ;uf‘} 4 candesartan candesartan

NIAIRITE

) Al k-3 1] L)
&1 Jv, Nldanminaasslu proximal tubule 31 2-5 viashwndmwini
' a = ) ' L3
winnaasuazsuaaINaliluen mean + s.e.m. (standard error of mean) & wiallEuany
A ' o
WRIULUAIAT Jv, IIMARBAINTINAIDY LA MUIBRINFUNT

% change in Jv, = Jv, (test soluticn) - Jv, (control TF solution) X 100

Jv, {control (TF) solution)

* ‘J 13 . ] d - » 1
sndadiudnsilauuudasndn initial Jv, vtuzhil peritubular capillary perfusion
#28 PTF w30 PTF + candesartan 32fUIMINaNnIy

% change in Jv, = Jv, (PTF 30 PTF+candesartan) - Jv, {control TF sclution) X 100

Jvy (control (TF) solution)
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MIIATENNaNa
mMIFouf suseuuanda TR IR B nitial Jv, 91N TF
perfusion NUAY Jv, 31N TF+ candesartan wW3anu PTF athaiéin? wianu PTF+ candesartan
14 Student's paired t-test lanazfiasiisibdrand P value Waundn 0.05
lunsdififinnmeseannni 2 dazinnlunydni@nm madiomiteudnaino
Jv, 9219 two way ANOVA uaty post hoc multiple comparison laald Neuman-Keuls
Method Tagazfiadiiibddtf P vae daundn 0.05
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AN VY
1. HAaDY simultaneous capillary perfusion ﬁ'ﬁ@iaé'msqmsgﬂnﬁn‘zjaammﬁ
proximal tubule (nziu'i‘fi 1)

HAalad simultanecus capillary perfusion AIURIIREAIL protein-free plasma-
like peritubular fluid(PTF) siaé’ﬂﬂms@ﬂné‘ummmmﬁ proximal tubule (Jv,) inlunyan
Wug Wistar 15 62 wWininaaszning 190-290 niy wienaiuos Jv, :NN3 perfuse
proximal tubule 2-3 ¥ia #28 mid-proximal tubular fluid (TF) uazfasmInMImasaihiiuen
initial Jv, value L&LWAIIIMILYN simultaneous capillary perfusion Uss3asN Jv, M3
perfuse proximal tubule 8n 2-5 ia WalwmmEnidsanafionnsnfiarnnsmlunmmesny
%aﬁ']n'mmaamnfi'uaﬁuﬁgaaaafh'[@]uﬁ’mé‘a’uﬁaumﬁ'ﬂwgném‘f awfuil daaminiige
NAUVBINAIN proximal tubule domhaRui (Jv,) UATHONHIBAINENT (Jv) anavaeinddl
AN Waia luumefl d1 reabsorptive half time (tyz) tﬁm'fuamaﬁﬁ'uéﬁﬁmv Taufisn
\aatvad Jv, 1ilevin simultaneous capillary perfusion aaad 28% afipufudlailévn u
mMInaasiilinynsa uuuﬂawmmé’umﬂuﬁna’m'imm:mwﬁmﬁammemﬁu {mean
arterial blood pressure) GTome‘lumﬁaﬁ' 1
(ﬂ‘h"loﬁ 1 Comparison of mean values (+ s.e.m) for diameter, reabsorptive half time (t,),
volume flux and mean arterial blood pressure (MABP) in control (non-perfused) and

simultaneous peritubular capillary perfusion experiments.

simultaneous P value
control
capillary perfusion {Student's paired
(TF)
(PTF) t-test)

Diameter (um) 26.44 £ 0.30 2691 £ 0.44 NS
by, (s€CONd) 17.22 + 1.08 27.62 + 2.51 < 0.001
Jv, (X107 mm mm?s") 294 £0.17 2.10 + 0.12 < 0.001
v, (nl mm min’) 1.47 + 0.09 1.07 £ 0.07 < 0.001
MABP (mmHg) 149+ 9 149 + 10 NS
Number of rat 15

Body weight (g) 222 + 7
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' o e g . v = e =l . A . .
FIUAWFNNUT TN I BRERANI LU RIULRIAT Jv, LiaYi1 simultaneous
4 il ] D ey o P o - .
caplllary perfusion NUf initial Jv, LLﬁﬂdlﬂEﬂ‘ﬂ 6 TIMMIILATIZRNL regression
analysis WUINAMUTNAUTIENIN61 initial Jv, KazAn %change in Jv, 2Meyin simultaneous
. . = . . 1 @ [ Y- o T oA, vea
capillary perfusion 1uuuY negative correlation amdﬁuuﬁ'mnvm'\aﬂnm AIUUTNA initial

= . A‘ L
Jv, f;IN‘] WNANTRARILLILDY fluid uptake WINVUAIL

o . . . . .
31]71 6 Relation between percentage changes in proximal tubular reabsorption rate with

simultaneous peritubular capiilary perfusion and initial vaiues for Jv,

40
207 7 4 3 21
Jvga (X107 mm~ mm™s™)
9 . °
_>, o L — L L I L )
c 10 15 20 28 30 35 40 45
o
> Q.
S -20 O
5 0D
3
o
-40 ®
o)
-60 o © o’
-80 -
The line ....oeriviccriiierenn, was obtained from regression analysis

Least square fit for 15 WKY (open circle) with simultaneous peritubular capillary perfusion :

% change in Jv, = 38.3-223 Jv,, I = 36.3% P<0.05
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2. Wazad luminal addition of 10°M candesartan WA HaY B9 luminal addition of
10"’M candesartan with simultaneous peritubular capillary perfusion ﬁ:ﬁﬁiaﬁm‘i“mﬁsgﬂ
n&UBBIMAIF proximal tubule (mju'ﬁ 2)

HaLod luminal addition of 10'8M candesartan LWLAZNAVAY luminal addition of
10'8M candesartan with simultaneous peritubular capillary perfusion ﬁﬁ@iaﬁ‘ﬂﬂmfgﬂna"n
28R proximal tubule maaa'lv.v\g 8 57 Tasmuuussudunmesaianiin
@nansuadaa suaadluansied 2 anaaaslasma@n 10°M candesartan 1wl
luminal tubular fluid WUNFUAADYEY Jv, 8AaI 19% adwaﬁﬁ'vﬁﬁﬁmtﬁatﬁunﬁuﬁw control
TF (TF, 3.02 + 0.18 uax TF+10°M candesartan, 2.42 + 0.11 x10" mm mm™~s ") uaslnymz?
Y11 luminal perfusion A7 10°M candesartan Aivh peritubular capillary perfusion 381 via
proximal tubule Anrmanss 42y protein-free plasma-like peritubular fluid (PTF) Wu3i6)
\WRBBY8d Jv, anaIBN 11% adwﬁﬁuﬁwﬁmLﬁmﬁuuﬁumﬁ'lﬁmnmﬂﬁu 10"°M candesartan
15711/ 1u luminal tubular fluid wastilafibuRuan control TF wudndimysass 28% arnaiis
#MA1 (TF, 3.02 £ 0.18 unz 10°M candesartan + PTF, 2.14 + 0.11 x10 mm'mm s ) "
anuswdaauaaaielifinuuandaiuns 3 F1emmaasa

@1319f1 2 Effect of luminal addition of 10°°M candesartan and luminal addition of 10°M
candesartan plus simultaneous peritubular capillary perfusion (PTF) on proximal fluid

reabsorption (Jv,)

control 10_BM candesartan 108M candesartan
(TF) in TF in TF + PTF
MABP (mmHg) - 116t 5 118+ 56 120+ 4
-4 3 -2 e xkwr #
Jv, (X10 mm mm 3.01 £ 018 242 +0.11 214 £ 0.11
Number of rat 8
Body weight (g) . 255+ 8

Data are means + s.e.m.
*** P<.0.001 (paired t-test) compared with control tubular fluid (TF)
# P<0.05 (paired t-test) compared with 10£M candesartan in TF
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gauAnussRuEznilafiudmsulasualasan Jv, e luminal
addition of 103M candesartan Lm:Lﬁaﬁ’l luminal addition of 10‘BM candesartan Wiaunu
peritubular capillary perfusion a2t PTF fu#in initial Jv, u.am'tugﬂﬁ 7 &sanmsieTed
#728 regression analysis WUIMAMUTNAUETEWINAT initial Jv, WREAT %change in Jv, e
ramanaasanssssuunliflenuduwusadoiite s dymeada

< . . . . .
31]71 7 Relation between percentage changes in proximal tubular reabsorption rate with
luminal addition of 10"°M candesartan and with luminal addition of 10°M candesartan plus

simultaneous peritubular capitlary perfusion and initial values for Jv,

40 -
20
- Jv, (x10*mm’mm?s™)
—>, 0 I T ; T 1
£
o
2 20 -
o
-
o
o
S 40 4
60 — . . 8
4 |yminal addition of 10°M candesartan
B |uminal addition of 10°M candesartan
-80 - plus simultaneous capillary perfusion

Both lines were obtained from regression analysis
Least square fit for 8 WKY (solid triangle) with luminal addition ef 10'5M candesartan:
% change in Jv, = 2.6 - 7.60v,, r = 45% , NS
Least square fit for 8 WKY (solid square) with luminal addition GF103M candesartan plus
simultaneous peritubular capillary perfusion :

% change in Jv, = -14.7 - 5.7Jv,, = 20% , NS
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3. HAYaY simultaneous peritubular ¢capillary perfusion of 10"°M candesartan '?iﬁ
Giaé’mﬂm‘i@ﬂné‘unmmmﬁ proximal tubule (ném‘h‘ 3)

HaY83 simultaneous peritubulaf capillary perfusion @2 10$M candesartan
ﬁﬁsiaﬁ'ﬂﬂmsgﬂné’ummmmﬁ proximal tubule nasadlunu 6 31 lasmsvuuusdudIdu
mmaasdfendnidninarediat sinsasluamief 3 ilanassslaums perfuse
peritubular capillary @28 10°M candesartan Wueuadnues Jv, AARIUIZNIM 33% ot
fitbdnaglafivuiiudn control TF (TF, 3.26. 0.19 uas PTF+10°M candesartan, 2.22 +
0.30 x10* mm'mm’s”) A ndwdaauaaivlianuuanarstulu 2 Trammenas

Gnﬂaﬁ 3 Effect of simultanecous peritubular capillary perfusion (PTF) of 1043M

candesartan on proximal fluid reabsorption {Jv,)

control 10°M
(TF) candesartan
in PTF
MABP {(mmHg}) 117+ 5 116 + 5
v, (X10°* mm’ mm?s™) 3.26 + 0.19 2.14 £ 0.11%*
Number of rat 8
Body weight (g) 280 + 12

Data are means + s.e.m.

*** P<.0.001 (paired t-test) compared with control tubular fluid {TF)
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4. Wava9 luminal addition of 10°M candesartan Wag HaVDJ luminal addition of
10™°M candesartan with simultaneous peritubular capillary perfusion of 10°M
candesartan ﬁﬁeimé'm'm'ngﬂnﬁ'unmmmﬁ proximal tubule (na:uﬁ' 4)

HAavYaY luminal addition of 10-BM candesartan WRSHAWDY luminal addition of
10'3M candesartan with simultaneous peritubular capillary perfusion of 10“8M candesartan ﬁ
ﬁ@iaé‘ﬂﬂnﬁgﬂnﬁwaammﬁ proximal tubule naandluny 6 49 lasnsiwuuasufau
nsnasaaenAn@sanaram sougasluarmd 4 lonaseslasnindy 10°m
candesartan 19711/l luminal tubular fluid WA NaREY Jv, RARY 25% atnedituddy
Woifiwuniuan control TF (TF, 3.51 £ 0.16 Waz TF+10 M candesartan, 2,61 = 0.19 x10’
4mm3mm-zs'1} wasluamAvia luminal perfusion @28 10°M candesartan fivh peritubular
capillary perfusion @3¢ 10°M candesartan ﬁa:mu’lu protein-free plasma-like peritubular
fluid (PTF) 78U ¢ vi® proximal tubule frnimassy wudialoved Jv, RARIAN 19%
otnaiituddniadfududitldann uminal perfusion $2u 10°M candesartan uszinfias
8ARY 43% agnlinddyidaifiuuiudi control TF (TF, 3.51 + 0.16 uaz 10°M
candesartan + PTF, 1.99 + 0,12 x10" mm’mm s '} snauduidaanasaaolddianuuen
FHAWN 3 T2aMManDd

@131971 4 Effect of luminal addition of 10°M candesartan and luminal addition of 10°M
candesartan plus simuitaneous peritubular capillary perfusion (PTF) of 10'8M candesartan

on proximal tubular fluid reabsorption (Jv,)

control 10°M candesartan 10°*M candesartan
(TF) in TF in TF + 10°M

candesartan in PTF

MABP {mmHg) 123 + 10 124 £ 7 127 £ 6

v, (X10°'mm’ mm®  3.51+0.18 2.61 + 0.19** 1.99 + 0.2 *
Number of rat 6

Body weight (g) | 253 £ 10

Data are means £ s.e.m.
*** P<.0.001 (paired t-test) compared with control tubutar fluid (TF)
* P<0.05 (paired t-test) compared with control tubular fluid (TF)
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U113t

lumsrinlvinaila video-based of computerized method for digital image
. . . - . A s Bl J b B

capture and analysis of shrinking split-drop micropuncture Lwal'ﬂ‘lﬂﬂ‘mmﬂn’n@ﬂnﬂumm

A N =) - et IJ £y 3 ar
a2l proximal tubule va9laniluinaiainasgnndmivemiiasdRuiannauds

, ) b A of & I o
{Harris et al., 1987) qllninfmo f314N computer software Altluuilasduuumdo i

& (o o P .

la s_m"rmﬂaao'lumaumna:tﬂum‘mn'«aﬁaumaﬂﬂmsgﬂnaweammﬂ proximal tubule 1w

' - o e o A o e e g dl a N
g Rafealstanutlaf 1-2 uaz T laeh 3-4 nasnIAaFa I NesaINaeIBNYN

. - ‘J » ko A » L% [

microperfusion Y proximal tubule LLa7 PnHamInaaaufl bl lduaasdinoasBoalunanm
A’ ] » 1 - 1 . N . 3 o s A
UWDTT A9 1dun mean diameter, reabsorptive half time, AM2ATINNINANALTBUNAN

N [] 3 A‘ A i » ] AJ n‘; [
proximal tubule daniipRuALazsamilpaymativldnnamesalasly control

Iy | » [ L [ o - ) 8 o ]

mid-proximal tubular fluid lufianuuandrsetniiiodmauneaiia wezdMamueaIna ™

8 3 1 ] e ﬁl )
37UN3 mean arterial blood pressure fiotllugndvnuineldfnwusznoamantau ns
A ) L] ) [} AJ .IJ B ll‘a o -
LR RE L wanit i fouudsimunaildnasaslandssanm 1-4 Falueinidmsesnuuy

=l ar - o g W o bl “ A J‘

mm@maauumﬂ%‘uumUu'lumd.mmmnum'lﬁ‘luﬂmmﬂwunmmmm'uao wanani
MM TARBILULRRUAGUNIMaRa183vN I lldasdilafistlasnandae

NAYBINTIN simultaneous peritubular capillary perfusion Nnileaan
LY Qs 4 . ] .r.q.
2AIINTRANIUVDILNAIN proximal tubule (NYJN 1)

o o . & £

maﬁnnmsg@mﬂum aammlumu proximat tubule YJUNUMNTAANNNTVD

P K Y \ .
goslun angiotensin 11 {ANGI) TWUIMHNINIIW lument AT peritubular capillary Tazma
AU lumen iU NTUNINATY 1,000 L1 (Seikary et al., 1990; Braam et al., 1993)
g = W s ' . f

wanaIN Braam et al. (1993) g9 lianain proximal tubular epithelial cell LRI TORIN
ANGII uaznaadnanlu lumen & &nunuimniaisingreas luminal ANGH gelainsuud
TR

mInaasaleapry simultaneous peritubular capillary perfusion AUETIRZAY

. de 4 e [ o ,
plasma-like peritubular fluid (PTF) 20NIAAI8ATINNTIANIUVAILARIN proximal tubule
o £ w . .
{(Jva) uiwn17 remove circulating level ANGII NzadNOMINII@TW peritubular capillary
T G ) A o A’ z) 5 3 &l A A

aan‘lﬂ\lﬂmm“ﬁﬂ@mawaanq:\m 1 PBIIRITHR TIWUDIA Jv, U UARUIARI 27% LUD
ol D c‘ [} o L) 1 0‘; ()
Wy tubute Hlaiin13in capiltary perfusion anadlwlulerinnisaansuasdy Jv, wnliin
=) 9 L} A
an’\ﬂm'smmmini:@;uﬁnnaaﬂnu ANGH Wpet19L@ o iiasain humoral substances

ar ) - A Ly
aug onamwliling adnelsiealunmesaduss Thomas et al. (1988, 1990) Aldvin
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capillary perfusion §78) PTF atindlfisauas PTF+ picomolar ANGI WIouifipuniusa control
L] il L 1.3 o A L ™
Jv, wudr muduaailuu ANGH v lluansazans PTF aanin i@l Jv, Aassanauid
L] dal -~ .:‘ -~ - » J
deade (non-perfused control Jv,) 16 ¥ 7ufl 1 lduaaslwidwinsesengntues
. A o v o v \ . N *
peptide hormones Al MINIz=gu proximal tubular fluid reabsorption 2iing lneu
a ) . . A e [
final common pathway ALABINUAE sodium-hydrogen ion exchange (NHE) AHNRATARNU
. & ' & 7
iuminal wia brush border taziiinllladnmssangrnivassailun ANGI [RpIdnGLIvIe
£ ' e R a < o = R
mipangnbradgaiiun ANGI $2u7uNY peptide hormones Aaduluruzidnnuivzyinlv
\iamanTeau luminal NHE Tdluszatidoanu ,
o Ay . “ g ' o e, a I s o
MUY FRNATIRINRNNUTTENINAD initial Jv, nuidafiouanisilasw
1 - o . N N . = N L]
wURIAN Jv, Lo simultaneous peritubutar capiltary perfusion \UuLLUY negative GRRELE
d . o . R P 4 & o &
W& initial Jv, lunudaladidgeasiliafidudmsaasimiu wesnnlunmaseit
M s ar o o ' v . . = ' o
ildTaTedy circulating ANGI Yinlddaldanaasyld4n circulating ANGH fianaszuansinariu
= s [ :r; v rar A ] A ] S
axdludniaBen initial Jv, Auanduiulunuudazdd

HRYaY luminal addition of 10°M candesartan WAz KABBI luminal
addition of 10°M candesartan with simultaneous peritubular capillary perfusion 'ﬁﬂ Ao
DATINIQANALVBY \WM=A2fi proximal tubule (ﬂajuﬁ 2)

lummaaaaiedinun locally produced ANGI %30 ANGH ﬁgna%’u'[@u
proximal tubuiar cell udmAaT1u1 1 lumen Ainadadn Jv, Wuld angiotensin type |
receptor (AT,) antagonist #i0 cansesartan (Astra Pharmaceutical, Sweden) &siivigauann
ABHIAINIUNIZIINERIRY AT, @il receptor Aiwunnie 90% molule (Zhuo et al.,
1993) lapiawnzl proximal tubule §31899%37 angiotensin receptor nalu lumen ezl
\fBaiia AT, (¥imsin (Hiranyachattada & Harris, 1996) & w3unnaduduyad cansesartan
ﬁtm:ﬁﬂwuu‘%ﬁ’mj N8A (Astra Pharmaceutical, Sweden) URSINMNMINARDIVBI Smart et al.
(1999) wuif 10°M a:tﬂumwuLiuﬁuéﬂqmﬁlﬁm?ﬁ’uElv’um‘sgmnﬁ'u fluid §ag@ daiulu
nwiTisadanld cansesartan finnudutu 10°M Gt W luesazan TF wuh
FINNSNEUHI fluid reabsorption eiliTEanms 19% Fauamed luminal ANGH vhezddmsislu
m:mumig@né’ummmmﬁ proximal tubule &I4Mits

NN peritubular capillary perfusion #28 PTF Tuamistdiyu 10°M
cansesartan lugmsazans TF dhmolu umen lalldvlseniadn dv, saassinmannm
peritubular capillary perfusion §7p PTF 1Rp9atnafinn failafidnauaimsaaadted Jv, &

1 1 s Pz = L) A‘ £ 4 h g
Auvinnuwdszinm 28% maraiuldldiinmseangnives ANGI T nn e u lumen
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w3 peritubular capillary 'lumsm:@’unwgmné’umaammﬁ proximal tubule 9z3na lnsw
common pathway §7188131 NHE # brush border uszeamnnsfinulauld amiloride uss
ethyl isopropyl amiloride (EIPA) #aiflueeiu 53m3¥1197mpa9 NHE wuit NHE 7 brush
border ﬁa"ms"m'lumsgﬂné‘mmmm‘ﬁ proximal tubule U1e3m 1 1u 3 Wi sananit
brush border NHE ¥:1il% final common pathway 'luna'lnmmanqn‘ﬁr'uaaaaﬂuuﬁu‘3 f
proximal tubule anaay

IINNIIATIEAANFURUT IR I initial Jv, wasiasifudnaidon
uUaesn Jv, LilalW candesartan TNy TF uazfiuiilalw candesartan Tiufu TF wiaunu
¥ peritubular capillary perfusion s3t PTF lunyusazsanuitlifinnasudusivatineiiie
fRymaadia dauansligufl 8 Inamadoariunudn regression ine vasAuFURUENIRDS
LL]J]J'luWIéﬁflfi'l initial Jv, S2Wi9 2.5 89 4 (X107 mm° mm? 8”) whaniwduwunu Janns
a1 rdutimaa anqn‘n‘maa ANGII #i{ %9 brush border AT, {9BENAA D7 I2FING
Giﬂﬂ’l‘mﬂ5ﬂﬂﬂ‘17@ﬂﬂ§ﬂﬂﬂdlﬁﬂ?‘ﬁ proximal tubule stasniile remove 17 circutating
ANGIl sandipiann apnalsAauiufu§Iinain regression line PaIRNUFIRUTTTAIN
A1 initial Jv, fusafidudmsifouutase Jv, Warh peritubular capillary perfusion
#b PTF naviiuddymasda (qUf 8) %amaa;ﬂlumm:ﬁ‘lﬁ'h ANGII fumumdaglu
A1SAUA proximal fluid reabsorption WAz circufating ANGH uaz luminal ANGI Sd1usu
ﬁﬂ’ﬁaulumsmuqum‘sgﬂné’wmmmﬁ' proximal tubule Tazaraiiuiiulédn receptor a9
ANGII ﬂ:\iﬁ’m lumen LaZAIY% basolateral @Ya\}ﬂﬂ activate 'lmlmzl.ﬁmﬁ'mﬁaﬂ’mquﬁ'ﬂﬂm‘s
AANFUUBINAI 1M nephron duil

WRVAI simultaneous peritubular capillary perfusion with 10°M
candesartan ﬁﬁ@iaﬁmﬂmigﬂné‘uﬂaammﬁ proximal tubule {mia.lﬁ 3)

nMIMasaIlapyin simultaneous peritubular capillary perfusion ALFITRERY
plasma-like peritubular fluid (PTF) 78 10°M candesartan wusnen Jv, fdadnanas 33%
Waufipuiu tubule 1NN capillary perfusion wazdniia: liuandrsanauilor
simultaneous peritubular capillary perfusion laulsiil candesartan (ntju‘ﬁ 1 Aflduain Jv,
RAFI 28%) Bauana31n1s remove ANGI 910 circulation laidrlesnislEansazann PTF
w3an15LT ANGII receptor antagonist azﬁ‘ﬂﬁ'é’m’mv@mnﬁwaqmmﬁ proximal tubule 8
&9 LaA937 clrculating ANGII 1um’azﬁn€‘maﬂﬂvx§ﬂ‘5:@}'u proximai reabsorption KW @2
Sumia AT,
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;nlﬁ 8 Relation between percentage changes in proximal tubular reabsorption rate with 1)
simultaneous capillary perfusion {open circle) 2) luminal addition of 10'EM candesartan
(solid triangle) and with 3) Juminal addition of 10_8M candesartan plus simultaneous

peritubular capillary perfusion (solid square) and initial values for Jv,

""""" O peritubular capitlary perfusion (PTF)
——A—- luminal addition of 10°M candesartan

40
——&— |uminal addition of 10°M candesartan
plus simultaneous capillary perfusion
20 ©
Jv, (x10*mm*mm?s™)
0 - — — O T T 1
0 K
>
S
£ -20
o
o
| o=
o
£ -40 -
o
R
o)
80 — O
80 - " P<0.05
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Hava9 luminal addition of 10°M candesartan with simultaneous
peritubular capillary perfusion with 10°M candesartan ﬁﬁﬁiaﬁ'ﬁlﬂn’l's@ﬂnﬁnﬂadma?
f praoximal tubule (nag:uﬁ' 4)

nAnITNaABI N afine locally produced ANGI wia ANGII ﬁgna{ﬂﬂ@m
proximal tubular cell u§Maa T lu lumen Aflnadad v, 'lum*mmamna"m‘fmfu Wuin
10°M candesartan s fiuid reabsorption 'l& 22% Fevszunauvndulumimes mnq‘nﬁ 2
udLilan peritubular capillary perfusion &g luminal perfusion @3¢ 10°M candesartan
WHBUMUNLTY U5t fluid uptake aaaaiiu 43% Fymisaasiesuinnimsanaslanms
¥i1 luminal perfusion #38 10°M candesartan tRBaENAGY? (ndw 2) wsiazliaaasuinniy

) d o . . . L "8 ] = »
NguNYN peritubular capillary perfusion @78 10 M candesartan WWEIBEIGEN (nau 3)

asduanimeany

MIANWINAVEITERU ANGH Mol lumen Wz N peritubular capillary 184
proximal tubule ?Jao‘lﬂﬁ%mﬂun‘n:ﬁnﬁ Taomsld specific ANGII receptor antagonist
(candesartan) Wui1 ANGI maw ol lumen wazan peritubuiar capillary eEIHNTINAK
nyzdw fluid reabsorption HIUNNIMTUTHA AT,  AULTNTUYEI ANGII ineuladuniie
ﬁ%amnﬁmtﬁuwz‘l&iﬁﬂﬁmsaanqwﬁm ANGI! 68 fiuid uptake ! proximal tubule L'ﬁ'ugq
gald é’omfulumm*s:v‘qn’un’rsgmné‘um‘éaTenLﬁamm:ﬁ'}ﬁﬂa‘lﬂNauﬁmi{%aﬁaamﬁ:ﬁu
AMUENTUYas ANGI nolu lumen waz3 N peritubular capillary ag‘ﬂulﬁmmuazﬁﬂd’mﬁ

axldifia maximal expression 28InRINMINsEEUHIUNIL AT, Mo



34
W -
LENAITENNE

Ader, J-L., Tran-Van, T. and Praddaude, F. {(1987). Reduced urinary kallikrein activity in
rats developing spontaneous hypertension. Am. J. Physiol. 252(21):F964—F969.

Beierwaltes, W.H., Arendshorst, W.J. and Kilemmer, P.J. {(1982). Electrolyte and water
balance in young spontaneously hypertensive rats. Hyperiension. 4:908—915.

Cervenka, L.., Wang, C-T. and Navar, L.G. (1998). Effects of acute AT1 receptor blockade
by candesartan on arterial pressure and renal function in rats. Am. J. Physiol. 274
(43):F940—F945.

Dietz, R., Schomig, A., Haebara, H., Mann, J.F.E., Rascher, W., Luth, J.B., Grunherz, N.
and Gross, F. (1978). Studies on the pathogenesis of spontaneous hypertension of
rats. Cir. Res. 43(1)(Suppl 1):198—I1106.

Gibson, R.E., Thorpe, H.H., Cartwright, M.E., Frank, J.D., Schorn, T.W. Bunting, P.B. and
Siegl, P.K.8. (1991). Angiotensin |l receptor subtypes in renal cortex of rats and
rhesus monkeys. Am. J. Physiol. 261:F512—F518,

Gytry, A.Z. {1971). Reexamination of the split cil droplet method as applied ta kidney
tubules. Pflugers Arch. 324:328—343.

Gyary, AZ, Lingard, JM. and Young, J.A. (1974). Relation between active sodium
transport and distance along the proximal convolutions of rat nephrons: evidence for
homogeneity of sodium transport. Pflugers Arch. 348:205—210.

Harrap, S.B. and Doyle, A.E. (1985). Total body sodium in immature spontaneousiy
hypertensive and Wistar Kyoto rats. Clin. Exp. Pharmacol. Physiol. 12:315—318.

Harris, P.J. and Young, J.A. (1977). Dose-dependent stimulation and inhibition of proximat
tubular sodium reabsorption by angiotensin 1l in the rat kidney. Pflugers Arch.
367:295—297.

Harris, P.J., Cullinan, M., Thomas, D. and Morgan, T.O. (1887). Digital image capture and
analysis for split-drop micropuncture. Pflugers Arch. 408:615—618. '

Harris, PJ., Hiranyachattada, S., Antoine, A.M., Walker, L, Reilly, A.M. and Eitle, E. {1896).
Regulation of renal tubular sodium transport by angiotensin |l and atrial natriuretic

factor. Clin. Exp. Pharmacol. and Physiol. Suppl 3:3112-8118.



35

Herlitz, H., Ricksten, S.E., Lundin, S., Thoern, P., Aurell, M. and Berglund, G. (1983).
Renal denervation and sodium balance in young spontaneously hyperiensive rats.
Renal Physiol, 5:145—150,

Hiranyachattada, S. and Harris, P.J. (1998). Modulation by locally produced luminal
angiotensin Il of proximal tubular sodium reabsorption via an AT receptor. British
J. Pharmacol. 119:617-618.

Liu, F-Y¥. and Cogan, M.G. {1986). Axial heferogeneity of bicarbonate, ¢hloride and water
transport in the rat proximal convoluted tubule. Effects of changes in luminal flow
rate and of alkalemia. J. Clin. Invest. 78:1547—1557.

Sato, K. {1975). Reevaluation of micropuncture techniques: some of the factors which
affect the rate of fiuid absorption by the proximal tubule. In: Biochemical Aspects of
Renal Function; Current Problems in Clinical Biochemistry, edited by Angielski, S.
and Dubach, U.C. Hans Huber Publishers, Bern Stuttgart Vienna. 4;175—187.

Schuster, V.L., Kokko, J.P. and Jacobson, H.R. (1984). Angictensin I directly stimulated
sodium transpaort In rabbit proximal convoluted tubules, J. Clin. Invesf. 73:507—
515,

Seikaly, M.G., Arant, B.S., Jr. and Seney, F.D., Jr. (1990). Endogenous angiotensin
concentration in specific intrarenal fluid compartment of the rat. J. Clin. Invest. 86:
1352—1357.

Shibouta, Y., Inada, Y., Qjima, M., Wada, T., Noda., M., Sanada., T., Kubo., K., Kohara.,
Y., Naka, T. and Nishikawa, K. (1893). Pharmacological profile of a highly potent
and long-acting angiotensin |l receptor antagonist, 2-ehtoxy-1-[[2’-(1H-tetrazol-5-yl)
biphenyl-4-yl]-1H-benzimidazol-7-carboxylic acid (CV11974), and its prodrug, (+)-1-

(cyclohexyloxycarbonyloxy)-ethyl 2-ethoxy-1-[[2'-{1H-tetrazol-5-yl)biphenyl-4-yl]
methyl]-1-H-benzinidazol-7-carboxylate (TCV-116). J. Pharm. Exp. Ther. 266(1):114-
120.

Smart, M.L., Hiranyachattada, S. and Harris, P.J. (1999). Effects of angiotensin |i receptor
blockade on proximal fluid uptake in the rat kidney. British J. Pharmacol. 126:697-
700,



36

Spinelli, F. and Walther, A. (1979). Modulation by prostaglandins of angiotensin il-induced
stimulation of sodium fransport in the proximal tubule of the rat. In; Hormonal
Control of Epithelial Transport, Vol 85, Paris, INSERM, pp. 273—278.

Spitzer, A. and Windhager, E.E. (1972). Continuous in vivo perfusion of the postglomerular
capillary network in superficial rat kidney cortex. Yale J. Biol. Med. 45:307—311.

Thomas, D., Harris, P.J. and Morgan, T.O. (1990). Altered responsiveness of proximal
tubule fluid reabsorption to peritubular angiotensin il in spontaneously hypertensive
rats. J. Hypertens. 8:407—410.

Wang, T. and Chan, Y.L. (1987). Evidence for functional angiotensin receptors on the
apical side of the rat proximal convoluted tubule. Kidney Int. 31:291—298.

Wang, T. and Chan, Y.L. (1991). The role of phosphoinositide turnover in mediating the
biphasic effect of angiotensin Il on renal tubular transport. J. Pharmacoi. Exp. Ther.
256:309—317.

Wiederholt, M., Langer, K.H., Thosenes, W. and Hierhoizer, K. (1968). Funktionelle und
morphologische  untersuchungen am  proximalen und distalen konvoiut der
rattenniere zur methode der gespalten olsaule (split droplet method). Arch. Ges.
Physiol. 302:166—191.

Wong, P.C., Barnes, T.B. Chui, AT. and Timmermans, P.B.MW.M. (1991). Losartan
(DuP753), an orally-active nonpeptide angiotensin |l receptor antagonist,
Cardiovasc. Drug Rev. 9:317—336.

Xie, M-H., Liu, F-Y., Wong, P.C., Timmermans, P.B.MW.M. and Cogan, M.G. (1990).
Proximal nephron and renal effects of DuP753, a nonpeptide angiotensin Il receptor
antagonist. Kidrey Int. 38:473—479.

Zhuo, J., Song, K., Abdelrahman, A. and Mendelsohn, F.A.O. (1994). Blockade by
intravenous losartan of ATq angiotensin [l receptors in rat brain, kidney and

adrenals demonstrated by /n vitro autoradiography. Clin. Exp. Pharmacol. Physiol.

21:557—567.



37

‘Output 3nlAsams

Published Abstract

1.

Siriphun Hiranyachattada and Peter J. Harris. (2002). Regulation of renal proximal fiuid
uptake by luminal and peritubular angiotensin il. E‘:;'h Scientific Congress Federation of
Asian and Oceanian Physiological Societies (FAOPS), Kuala Lumpur, Malaysia.
PP111.126

(MeanuIn 1)

Manuscript (on preparation)

1.

Siriphun Hiranyachattada and Peter J. Harris. (2003) Regulation of renal proximal fluid
uptake by luminal and peritubular angiotensin 1. (submit o Journal of Renin-
Angiotensin-Aldosterone {JRAAS).

(BuTBLNG Idimmessafududn 2 nJUNTINARDY uanmﬁamniagaﬁﬂﬂﬁg'lu
Turmatusuysaiuazly proposal fiaua ana, Lﬁalﬁéfuaﬂ'uﬁﬂﬂnauy,ﬂiﬁoifu)



38

DAadwIN 1
REGULATION OF RENAL PROXIMAL FLUID UPTAKE BY LUMINAL AND PERITUBLILAR ANGIOTENSIN Il
Siphun Hiranvachatiada' and Peter J. Harris®
! Departren! of Physiology, Facully of Science, Prince of Songkla University, Halyai, Songkia 90110 Thailand, : Depariment of
Physiology, The University of Melbourne, Parkville, Victoria 3052 Australia

Angiotensin 1l (AngH) when was added to either luminal or peritubular capillary exerts a dose-dependent biphasic action an
proximal fluid reabsorption. Low dose (10™°-107°M) stimutates fluid transpant while higher dose (=10°M) inhibits (1-2). The
concentration of Angll in proximal lumen is reported fo be in the nanomolar range, 100-1,000 times higher than in peritebular blood
(3-4) and it has baen suggested that the proximal tubute secretes Angll inte the tubular 'umen. The physiclogical significance of the
effects of luminal Angll on proximal tubular fluid transport is unclear but it is fkely that it stimulates fluid uptake via angiotensin
receptor type | (AT, )(5). We investigated the regulation of renal proximal fluid transport by luminal (predominantly locally produced)
and peritubular capillary {circulatory) Angll using a selective angiotensin receptor type ) {AT,) antagonist (candesartan).

Male Wistar Kyoto rats (BW 185-4400) ware anaesthetised with Inactin (1 10 mg/kg; ip) Saline {0.9% NaCl) was infused (1.6 mlhr
per 100 g BW. i) and carotid pressure monitored throughout the expanment. The left kidney was exposed and after t-2 hour
equilibration, shrinking-split droplet microperfusion was performed in proximal tubules by injecting Sudan Black stained castor il
from a double barrelled micropipette. The ol column was then split by injection of an artificial tubular fluid sotution (in mM: NaCl 145;
NaHCO, 5; KCI 5 and CaCl, 1.5) as vehicle control or with similar solution containing 10™M candesartan. Pertubular capillary
perfusion was performed simultanecusly with a single barrelled micropipetie containing a solution with plasma-like electrolyte
composition (in mM: NaCl 98.3; NaHCQO, 35; Na,HPO4 1.6; NaH PO, 0.2; CaCl, 1.5; KC! 5; MgCl, 0.8 and CH,COONa 10} or similar
splution containing 10°M candesartan, Measurement of proximal fluid reabsorption rate (Jv,) was performed using computerized
video-based method for digital image capture and analysis of shrinking split-droplet micropuncture (6). Experiments were divided in
to 4 groups, In each animal, mean control or initial Jv, values were obtained from 2-7 tubules. Average Jv, values were then obtained
when luminal and peritubular capillaries were perfused with or without AT, antagonist.

RESULTS Jv, (%16 mmmen®s™) Jv, (X10 " mm’mm?e")
Initial Luminal parfusion Paritubular capillary perfusion % detreass

Group 1 294 % D17 fe AT, antagonis! ne AT, antagonist 73
{n=15) (210X 0.12)

Group 2 302 # D18 10°M candesartan no AT, smagonist 7

{n=8) (21afos1)

Group 3 128+ D48 no AT, antagonist 10*M candesaran —_—

in=86) (2.22 £ 0.30)

S -2
Group 4 351+ 016 10°M candesartan 107M candesartan 434 ]
th=14) (1Lest o012

Data are means £ S.E.M. ‘p < 0.05 compared with initial Jv, values, ”p < §.05 compared with group 2 {Sludent’s paired and uapaired t-est, raspectively).

Fluid uptaka rates decreased by between 27 and 43% during perfusion when compared with the corresponding initial values and
this could be interpreted as removal of a stimulatory action of Angll. Perfusion of the lumen or capillaries with either artificial tubular
solution or with the antagonist was effective in reducing fluid uptake. The magnitude of this decrease was similar in Groups 1-3 but
significantly greater in Group 4 compared with Group 2, consistent with an effect of AT, receptor blockade in addition to the removal
of Angll from these compartments by perfusion. These results suggest that the presence of endogenous Angll in both peritubular
blood and luminal fluid is imponant far maxirmal expression of the stimulatory influence of this peptide on fluid absorption.
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