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Abstract

Project Code : RSA43-8-0013
Project Title : Regulation of renal proximal fiuid reabsorption by angiotensin I
Investigator: Assistant Professor Dr. Siriphun Hiranyachattada

Department of Physiology, Faculty of Science, Prince of Songkla University

E-mail Address : hsiriphu@ratree psu.ac.lh
Project period : October 2000 — September 2002

Objective: To investigate the regulation of renal proximal fluid reabsorption by luminal
{locally produced) and peritubular capillary (circulatory) level of angiotensin Il (ANGI!} using
a selective angiotensin receptor antagonist {(candesartan).

Methods: Male Wistar rats (BW 190-2909g) were anaesthetized with Inactin (110
mg/kg, i.p.) Saline (0.9% NaCl) was infused intravenously (1.6 ml/hr per 100 g BW) and
carotid pressure monitored. The left kidney was exposed and shrinking-sptit droplet
microperfusion was performed in proximal tubules by injecting Sudan Bfack stained castor
oil from a double-barreled micropipette. The ¢il column was then split by injection of an
artificial tubular fluid solution (in mM: NaCl 145; NaHCO; 5; KCI 5 and CaCl; 1.5) as
vehicle controi or with similar solution containing 10 M candesartan. Peritubular capiilary
perfusion was performed simultaneously with a single barreled micropipette containing a
solution with plasma-like electrolyte composition {(in mM: NaCl 98.3; NaHCO; 35; Na,HPO,
1.6; NaH,P0, 0.2; CaCl, 1.5; KCI 5; MgC}; 0.8 and CH;COONa 10). Proximal tubular fluid
reabsorption rate (Jvg) was measured using computerized videc-based method of digital
image analysis.

Results:
Jv, <10 mm’mm’s™) W, (X10°mm'mm’s™)
Initial Luminal perfusion Perilubular capiilary perfusion % dacreasa
Group 1 204+ 017 no AT, antagonist no AT, antagonist 273
{n=15) 210 0.12
Group 2 2.02 + 0.18 104M candesartan no AT, antagonist 2-,-_3‘
{(n=28) 214 T 0.11
Group 3 3.96 + 0.19 no AT, antagonist 10°M candesartan 128
(n = 6) 222+ 0.30
Group 4 351+ 0.16 10°M candesartan 10™M candesartan 431
{n=86) 199 £ 0.12

Data are means & S.EM. * p < 0.05 cornpared with Initial Jv, values, #p < (.05 comparsd with group 2 (Student's paired and unpaired tSest,
respeclively).

Conclusion: Fluid uptake 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. These
results suggest that the presence of endogenous Angll in both peritubular blood and
luminal fluid is important for maximal expression of the stimulatory influence of this peptide
on fluid absorption.

Key words : proximal tubular fluid reabsorption, candesartan, shrinking split drop
micropuncture
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[Na*},
56-EET
AC

ACE
ANF
ANGH, Angli
AT,

AT,

BW
cAMP
cGMP
EIPA

GTB
GTP

H+
H,-DIDS
i.D.

i.p.

iv.

ICs0

JHCO&
Jv

Jv,
Jv|

Kda, kDa

MABP
Nat
NADPH
NHE
nM
0.D.

dredursdygdnyainaziide
micromolar
intracellular sodium ion concentration
5,6,-epoxy-eicosatrienoic acid
adényiyl cyclase
angiotensin | converting enzyme
atrial natriuretic factor
angiotensin |l
angictensin receptor type 1
angiotensin receptor type 2
body weight
cyclic adenosine monophosphate
cyclic guanine monophosphate
ethylisopropyl amiloride
inhibitory G-regulatory protein
glomerulo-fubular balance
guanidine tri-phosphate
hydrogen ion

dihydro-4,4’-diisothiocyanatostilbene-2,2°-disulphuric acid

internal diameter

intra-peritoneal

intra-venous

50 percent inhibitory concentration
ingsitol 1, 4, 5-triphosphate
bicarbonate flux

volume flux

volume flux per unit surface area
volume flux per unit length
dissociation coefficient

kilodalton

molar

mean arterial blood pressure
sodium ion

nicotinamide adenine dinucleotide, reduced form

sodium hydrogen exchanger
nanomolar
outside diameter



Paso cytochrome Pysg

PGTB proximal glomerulo-tubular balance
PIP, phosphatidylinositol-4,5,-biphosphate
PKA protein kinase A

PKC protein kinase C

PL phospholipids

PLA phospholipase A

PLA; phospholipase Ao

PLC phospholipase C

pM * picomolar

PTF peritubular fluid

PTH parathyroid hormone

sSD Sprague Dawley rat

SHR spontaneocusly hypertensive rat

TF tubular fluid

WKY Wistar Kyoto rat
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vinladIuan (proximal tubule) ﬁmhﬁﬂé’nﬂ*s:mmﬁo'lum*s@ﬂnﬁnmia:muua:tf’l
ﬂ"smmmsgﬂnﬁ’uﬁﬁa'lmhuﬁﬂfzmm‘lﬁtﬂu 70% maomm:muﬁgnmmmu glomeruli
28N uanmni‘fﬂa’lﬂﬁau{fﬁamu'rmﬂ%'uﬂ%u'lmn'ngﬂnﬁ’umaomm‘lﬁ@nummj‘é'uu
wUaddaTmsnsas SadunnIzuawnsiiin proximal glomerulo-tubular balance (PGTB) &3
*fum's@ﬂné’umm:muﬁﬁa‘lmﬁ’mﬁuﬁ%aLﬂum:mumsﬁa’wﬁ'm_ﬂum'sﬁwmmaa“lm‘[ﬂu
LQWﬂ:ﬁLﬁU?ﬁUﬂﬂTﬁ?Uﬂﬂﬂdﬁﬂﬁﬂﬂﬂ'ﬂﬂd extracellular fluid (ECF) volume 48331908

'lm"fﬂ'fmﬂaaﬁﬁmwﬁ'u'[aﬁ@gm@iﬁ’uﬁm (spontaneously hypertensive rat, SHR)
wuiiimitufandaladoy (sodium excretion) s'iﬂn'.i'zwﬂﬂué’u'{ﬂﬁmﬂnﬁ (Ader et al.,
1987; Beierwaltes et al., 1982; Dietz et al., 1978; Herlitz et al., 1983) wananii SHR 5l
ﬁ?mmmﬁafﬁtﬁuua:auluﬁamumnn’imgﬁﬁﬂnﬁlu'ﬁnmqwhﬁ'u (Harrap & Doyle,
1985) 5:1a'mLﬂu'lﬂ‘ls']"i'mﬂ:mﬁuﬁu'[aﬁﬁglmmfaLﬁ@mnmsﬁwmuﬁﬁﬂﬂnﬁmmﬁa‘lﬂlums
ganduinfelmidiou

m'smuqum:mumigmﬁ'uﬁviavlﬂdauﬁuﬂt:nauﬁdwmuﬂi\’%'u \TW peritubular
physical fators, intraluminal factors, neural control, hormonal factors Wiz endothelial derived
nitric oxide TudnwsatlasafiiusasTuwin 1 Huwinuudrinsafluuuasilamudu 1t nia
Angll funuméndglumsaiugumsganduinfeuslesamzlimdsuussihivisladudu
fiTsaunoantMivas Angll 1=M319 .4, 1977-1991 'htﬂu‘lﬂ‘lﬁﬁgm's:@;"uua:ﬁ’urfams
g@nﬁ‘u‘[mﬁuma:ﬁw (Harris & Young, 1977; Liu & Cogan, 1986; Spinelli & Walther, 1979;
Schuster et al,, 1984: Wang & Chang, 1987, 1991) 1an Angh (lid12:1¥n4 luminal wie
peritubular side) finnaudutudr (10 - 10° M) %:ﬁuan‘s:@j’uu@iﬁmmL'ﬁ'm]’uﬁa (NN
10° M) 9z Tnaduss (Harris & Young, 1977) mananssssansrissynlaslw Angll 3anmp
nan {exogenous) 11 FIUMIAENBIRAVBI Angll ﬁﬁ'lm:uu'lﬁaﬁuu‘[aﬁﬂagus‘x’q
{endogenous or circulating) v lalasandanmsld angiotensin converting enzyme {ACE)
inhibitor n3a1% Angll receptor antagonist #snsdnsuuLiinsasmshlddrlussna o
ifiemslaunndasnnudulafin (blood pressure) kaz renal hemodynamics 99z FIHA
saifloslapuatiinafuiaSevas Angll donmiganaulad puLssinAivieladuil (Cervenka |
et al., 1998) aflfimnui tuny SHR vousfifndaeiny fulatugiseny 512 flansd
gaslun Angll i’iNaﬁﬂlﬁ'ﬁmwnﬁgﬂnﬁ"ﬂm?\Umm:%ﬁﬁa'lmdauﬁ'mﬁu%mﬁat‘ﬁuuﬁ'uv.glt
mwﬁuﬂnﬁﬁmymﬁu (Thomas et al., 1990) %aé’nmm:i{mmLﬂummwmﬁoﬁﬁﬂmﬁm

mnﬁuﬂ%mm'[emﬁuu‘luﬁamumamg} SHR ¢
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r [ o LY T = v w a4
nalnnesnnnbizduiwadzes Anglt Danadiduduazianududugiiazuan
dnenulananizludnyos intraceliular messenger adndlsnauezIBun final common
& A . v e i
pathway 1834n1380NONTLDd Angll fvinlaguduiida luminal sodium hydrogen exchanger
o o o
wia NHE suaadlugUh 1uaz ufi 2
G F-'3 [ N . A‘ A 1] 1 1 ﬂ‘ L)
taguiinsu angiotensin receptor aa31itatbasa gluinweanldlidinii 4
] N . [] o Qs A ] 1 L 1 A
1flaau selective antagonists @199 @& wiufAivialagauau 11189737 receptor ANLNINAR
Pt AT, (Gibson et al., 1991; Hiranyachattada & Harris, 1996; Smart et al., 1999; Wong et
. J N y A »
al., 1991; Xie et al., 1980; Zhou et al., 1994) 13 selective antagonists firanulaun
losartan (DuP753), EXP3174, candesartan (CV11974)
A J’A 1 ] L A‘ b =l -y A nd
Angll fieangninvielaguauiinananazatsrinuulnadsulafouddaunen
v o = ' v o [ v o & . -
msaeflaes Avaladmaniinoauniiaine Angll luansusfiiiu autocrine wia
. P a =t ¥ v W '
paracrine fivrAuNNIzUIUMIgaNaUlmAruwaztl AENTUYes Angll muluviala
' [V v R e , . s o w ¥ e . -
Fuauialaiiin nanomolar Sananinlu peritubular capillary Jeialain picomolar 013
100-1000 L¥i1 (Seikaly et al., 1990) AMUUANAIIVDININLTNTUDDI Angll TTWIN lumen
. . &, & [ & a
4Rz peritubutar capillary #inzduilatpdrdnlunsniugunisaangnives Angl fiviatle
. o o e [ 3 a
dauin ludaniuildslafimenuwineedu Angit lu lumen (locally produced level) wialu
. J 1 o 1 ] L= e
peritubular capillary (circulatory level) *ﬂ:ﬂﬂﬂﬂﬂﬂt@mm{muaU’!ﬂmaaﬂﬂn’ﬁ@lﬂnﬂumm
o o [ ¢ ° o N ’ o Y d.,
mas msdeaRlsildnunalnmaiemues Angll damsgensulmdsuuasiifire
» J ; -] -~ -3 . o -
lagauiianniin uazaranhludssyndldlumsafussudgmoasmaianzanudulaia
A o A‘l 4 r=l 1 Ao
gafannmIsisraaladoaluinameda

STaguszasnuasmidn
Lﬁaﬁﬂuﬁwammaaﬂuu Angll 1w lumen (locally produced level) a3 renal
proximal tubute Watlu peritubular capillary (circulatory level) Giﬂm‘i@‘@nﬁ‘umadmmﬁﬁa‘lﬂ
&§I%6%U (proximal fluid reabsorption) nItuinsynamaes Angll ¥inlaglE candesartan
Zalu Angll receptor antagonist AsmIznzItudITuTia AT, dwiTniTinden nIga
navrasmaIvialagiudn 1nadia computerized video-based method of digital image

capture and analysis of shrinking split-drop micropuncture
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Angll HCO,” Na* Na*
Interstitium \”\ ?
PLC ﬂ]
PiP, \ lmc];m]] AM |
K-c-
DAG -
Proximal et 97 @
cell PKC+
PKA+
@ pH *
PLA, Na+
() ST, |
: ’I &U
Lumen \l\ Y
Angll H+

;ﬂ]ﬁ 1  Model for the celiular mechanism of the stimulatory action of low concentrations of
angiotensin Il (Angll} on sodium transport by proximal tubule cells. Angiotensin receptors
occur on both basolateral and brush border membranes. Basolateral receptors are coupled
via G-proteins to adenylyl cyclase (AC) and phospholipase C {(PLC), which form the second
fmessengers cAMP and diacylglycerol (DAG), resulting in a decrease in cAMP which

reduces activation of the protein kinase A (PKA) and activation of protein kinase C (PKC).
PKA is inhibitory to Na*/H* exchange and the reduction in PKA activity results in

stimulation of this luminal transporter. Activation of PKC resulls in stimulation of Nat/H*

exchange. Stimulation of sodium entry into the cell is accompanied by increased sodium

efflux via the basolateral Na*/K*-ATPase and Na*—HCQ3" cotransporter and by increased

K* effux via a pH dependent K* channel. Brush border Angll receptors appear to be

coupled more directly to activation of the luminal Na*/H* exchanger via a G-protein and

phosphclipase Ap {PLA9) activation (from Harris et al., 1986)



Angli

Interstitium \”\ ?
PLC G? | PLA
PIP,—~ 2 s PL q—

Proximal ? I‘P:1 * P450 +
tubule
5,6-EET ®
@ N

celi l
_ [Ca2+ﬂ — — Ca?*
J AA —™ @

2
Na+ ' -’ )
W, "
‘\/G, m
Lumen
H+ \\
Angll

o
31]11 2 Model for the cellular mechanism of the inhibitory action of high concentrations of

angiotensgin Il (Angll) en sodium transport by proximal tubule cells. The controlling step

involves inhibition of a luminal Na*/H* exchanger. Angiotensin binds to basolateral

receptors coupled to phosphclipase C (PLC) and phospholipase As (PLA»). Inositol-1,4,5-

triphosphate formed by PLC is proposed fo release Ca2* from intracellular stores resulting

in inhibition of Na*/H* exchange. Phospholipase Ay releases the epoxide 5,5-EET from

arachidonic acid, which then increases CaZ* entry through basolateral Ca2* channels.

The luminal Angll receptor is coupled via a G-protein and PLAo and may also act via

arachidonic acid metabolites to alter intracellular Ca2* levels (from Harris et af., 1996)
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msmami{m:ﬁﬂm%m'nlmyjmm*ng Wistar mﬂgﬁmﬁnﬁw:wm 190-
290 n¥u MnBeawinidninaassaninoman’ sninmavseuamaiuni laovinliasu
faudaunsda Inactin (RBI, USA) 1w1a 110 fasnsudatiwminga 1 Alansy amiudai
m'mumﬁuaﬁmuquqmﬁgﬁiwmu'lﬁmﬁ'ﬁ- 37 asmmaLdiug 1IIznauasraavianiole Ia
auenlafiauaima carotid artery uazlw 0.9%NaCl nn4 jugular vein 1uda 1.6 Hafaas
dotalnadadming 1 Alansy mnixrinmiseaviasunizwnztlaaniezunollae:
aan udRadew ladhugho sanluiuuszrtafuaaniiinalu kidney cup raavisidn
ureter Sroifassunilasz wsslasummduldmnsaslaluuncfainaassmladonis
N 3% agar Mazanoln 0.9%NaCl mm:ﬁﬁqqui‘: 37 aernwaidoa adluln kidney cup
W INT agar udeiudaTesaRduLLBanIaga M proximal tubule fENFad
stereomicroscope Uf233UFNININARDS

waInETIMINasads 17 KCl dadmuinaeadaasuitaliFainaass

o Ao
314y Lo

nMsLa@38a micropipettes a15U11138 micropuncture

ﬁg\! single LLa: double barrelled micropipette \@3HRN borosilicate glass
capillary tubes (TGC 100-15 uaz TGC 150-15, Harvard Apparatus, England) la uﬁ'u‘a’mﬁ']
auazanalasduluiindnendaauazyiliuialannisey 39w single sz double
barrelled micropipette undinaenlauld micropipette puller (Model PE-2, Narishige,
Japan) lapl5usn heater uas magnet IWimansauivawanezlFrmuudr3ainan grind Tay
l'ﬁ'l.ﬂ%as‘l micropipette beveller mulandal binocular microscope (Model 14168, WPI, USA)
Tﬂula”ﬁmumﬁﬂ%auuuﬁuﬁuﬁ'@aLhwimf‘samﬁamé’m!uua:mmﬁa aunszna I single
barrelled micropipette ﬁﬁvu’mﬁumﬂuﬂﬂma 6-10 um uaz double barrelled micropipette
YUIA 10-13 um %nzgnmmﬁﬂm’mmamﬁﬁfmﬂmmmauiﬁu‘l’ﬁ' chromic-suffuric
solution, distilled water uasvnliialap acetone srntansindranitsasrinldunlaosim
warltiaw3onlidenuria polyethylene Lﬁ'amsqmmzmuﬁﬁaam'sﬁ'lm'm@am

1umm‘nﬁgmsa:muaﬂu double barrelled micropipette @831 51a% afivnaIn
glass micropipette (GCi 50-15, Harvard Apparatus, England) laginandadaluilalwéae
fia uazealwlduwafazsamdnlulu double barrelled micropipette Magasdinslanfialiaa
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w W ad [ N = % Ty . .
AU BTRIRW LA LaE IR UL e R AR T19niavay double barrelied micropipette wan
) s A [ o w
Uﬁ’ﬂﬂu sudan black Niazanuln castor oil FudnduizitlumIszasifaINIMesoy
o & ol _
sraazanoflilunmasssanuariauiiazgnutslu single kax double

. N L ' v ) i
barrelled micropipette mmmm‘sn‘saﬂa vlEnszanuniasawia 0.2 pm 8% sudan black n
seatlu castor oil 159U 0.4 um

Sineasslnumnaia split droplet micropuncture
$#8997NL88n proximal tubule U3 superficiat nephron fasrinimenasle

87 11 double barrelled micropipette ﬁﬁ'\wﬁomﬁ sudan black ‘?’m:mﬂ'lu castor oil URz
ﬁnﬁ‘mﬁﬁmﬁgmmzmnﬁtﬂu control W38 mid-proximal tubular fluid (TF) fivznaussy
(in mM) NaCl 145; NaHCO, 5; KCI 5 and CaCl, 1.5)pH 7.4 #F#IMIU double barrelled
micropipette ﬁuﬁqmifﬁ:aaw‘f‘m‘h"u,é"ngnma'h"uu micromanipulator (Leica,
Switzerland) M¥&a&13aTa7L sudan black Aazantlu castor oil L"ﬂ"’lgj proximal tubule YN
Taold micrometer saunsiamiazansiidasmmasauvihlagldnisdaanmettinu glass
syringe 3w1a 50 mi lagdald oil column Fauuraszan 20 insesFurguinazes
proximal tubule fiauMIF I distal ApIVIBUAITILLN (split) oil column A28 TF wie test
solution 8149 (ﬁouamlumwuummgﬂﬁ 4) vofimaazanlu proxmal tubule n@AnduTE
YW oil column ﬁgnuunaam\amrsmﬂﬁamﬂ"\mﬁ'u Twanuzidoanuasiimsiufinnw
image a4 shrinking split-drop WLy digital '1.'5'1111‘] 1 Jud v S eiiasfmaui

5ﬂﬁmsﬂﬂné'waa'u IR

ABnaaay peritubular capiltary perfusion
lummﬂaaaﬁﬁnmé’mﬂmsg@né’umawmmmmﬂﬂﬁuﬁtﬁﬂmn@Tﬂu

peritubular fluid 3zdaIdinaia peritubular capillary perfusion Frwagnuinaila shrinking
split-droplet micropuncture lapaauwinazasdia oil column W lUl4 proximal tubule Haw
ud73917 single barrelled micropipette 5@1’5?’13117’11&111&@%@6@519{! (capifiary) LT1oh
vascular star 19390 proximal tubule FRz¥hM3ANM 2 vie 3 TR ITUNALEUNITUE
N8 capillary (Spitzer & Windhager, 1972; Gybry, 1974; Sato, 1975) mm:muﬁﬁmﬁﬂﬂ
W39 artificial peritubular fluid (PTF) of prét\ein;j[e_e-hlasma-like composition 1UsznNaua8 (in
mi) NaCl 98.3; NaHCO; 35; Na,HPO, 1.6; NaH,PO, 0.2; KCI| 5; CaCl, 1.5, MgCl, ¢.8; and
CH,COONa 10 mM 7 pH 7.4 Taul¥ carbogen gas (5%CO, + 95%0,) finuau 10 psi
dluaduasazany PTF ﬁ'gmﬁu‘lu single barrelled micropipette auLdunanudalavnmmiie
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value ARaruty carbogen gas & W3U single barrelled micropipette ﬁ'l'ﬁ'ﬁrﬁlzgm'mvl’fuu
micromanipulator (Leltz, Switzerland) 1un7 perfuse \duidnarla uﬁ’a:ﬁa’hamgﬂﬁlf}a
131704388 proximal tubule Aidaimydnunlididaalwatimldian (Faaslumwansves
31]’?"1 3) wi9an perfuse 1Ewaan 10 Fiudr3aunn oil column Adad lunaudbas
sxann TF winaniszann TF 78 candesartan 10°M %uﬁ‘unﬁumsmam Tnaouefians

za1tlu proximal tubule QNAANAY MW digital image azgniuAnlinn 1 Jurfi davims
@ﬂnﬁ'ummma'm%ﬁh initial Jv, ardmnduaisfldanmmasasd perfuse vig
proximal tubule @28 TF 'ﬁgmﬁanuuu random $WI 24 via Twinead et uans i
peritubular capillary perfusion @28 PTF ehtafinwas Jv, flardmrodldainminasadlu 2-5
via
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gﬂﬁ 3 Schematic representation of the method of shrinking split-drop micropuncture {top

panel) and with simultanecus perfusion of peritubular capillaries (bottom panel).
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Digital image capture and analysis of shrinking split-drop micropuncture
Tunmamnen proximal tubular fluid reabsorption Ifinaila video-based
method for computerized digital image capture and analysis of shrinking split-drop

micropuncture *‘ﬁagn modified lag Harris et al. (1987) ﬁaunuﬂ'}wﬁuamlﬂgﬂﬁ 4

o . . o :
gﬂn 4 Schematic representation of digital image capture and analysis.

H1S$170 signal

i
INTERACTIVE
WINDOW DISPLAY

Tavndrnniadoyladainasandalvle proximal tubule gmFuvia
microperfusion a7 :\4NA8Y stereomicroscope (Model M420, Leica, Switzerland) qa49
proximal tubule F28MAILINUTINNIFU 64 ¥ &% phototube U0 stereomicroscope Aa
Nu video camera (Modet JAI 1202, |Al Protec, Japan) I@tuﬁ’tyn{lm RS 170 370 video
camera YNUFAIVY video monitor Llazﬁmvrgﬁmi{ﬁ'agmi’m‘lﬂﬂ'o video digitizer uaz frame
memory (PCVISIONplus frame grabber, Imaging Technology Incorperated, USA} Lﬁalﬂﬁuu
Sty m analog 1w digital ilen1mfiuTays (stored images) TuIn 512x512 pixels, 256
grey levels lunmmhuuasiianed digital images 'fuﬁﬂﬂu computer program ﬁl.ﬁﬂuﬁ"m
MmN C uaz pascal Ui MSDOS version 6.2 lasaSas PC



