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thy midineBGA# % F /= DNAG AL, BX U fura-2% F W 7= AR Callt & 2 BIE Lz
11), X5z, AV OFUAMBRZEE (5.6mM) E2idEmZ)Ld—ABET (25mM)
WEELT, FOMBICKFTEPY 7Y A TOBRIIDOVWTHHRFL 201,

2.2 EPLRIY™ X O HEEMAT
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BINEE INTER, EPIREYY X (EP177) 1. BIRICHS N EBENRE 28D
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IPRIETTA (IP77) BRI SN RHEENRERRD T, EeLRED MEL
REWEBICH D, £-MHABUN, Cr. RE. RENaEMIcEL 2R 2o /=
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IS var AR
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BHRIEIE L, Na - KFRIEFERET 2 EE 45 NTWB(13), EPLIIEAE B
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B M RE T MRS B T ENRE Nz, BA R, T OHFICPGE2/EP4R OHEEEE
TOEBEICEETSZ L2 EHLTWAALD., TOXIREPYHT I TDNT VA DR
BN CNS QMR EAERGTORE BRZL TN REENER T NS 2N, I Hdtin
VIVODETINTHRDENEMIIDNT, I EICHRFZEDTND,
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Table 1. Prostanoid receptors

Ligand Receptor Intracelluiar
Response

Tissue
Response

PGD: DP
PGE: EP EP: Ca*

EP2 cAMP 4

EPs Pl response
cAMP v4

EPa cAMP 4

PGF2 FP Pl response
PGl: IP cAMP 4
TXA2 TP Pl response

cAMP 4

Smooth muscle relaxation
Inhibition of platelet aggregation
Smooth muscle contraction
Smooth muscle relaxation
Intestinal secretion

Smooth muscle contraction

Neurotransmitter release inhibition
Inhibition of lipolysis
Smooth muscle relaxation

Myometrial contraction, Luteolysis

Smooth muscle relaxation
Inhibition of platelet aggregation
Smooth muscle contraction
Platelet aggregation

Table 2. Basal characteristics of EP1 knockout mice

EP1* EP1*
BUN (mg/di) 35.3:4.7 32.3:1.1
Cr (mg/dl) 0.085:0.020 0.063:0.008
Na (mEg/l) 143.5:0.3 144.8:1.7
Urine Vol. (ml/day) 1.05:0.28 1.42:0.22
Urine Na/Cr (mEq/mg) 0.32:0.03 0.33:0.02

Urine Osm (mOsm/kgH20) 1639+495

1345157

(n=4)

Table 3. Basal characteristics of IP knockout mice

P P
SBP (mmHg) 1111 106+2
DBP (mmHg) 88=+1 85+2
PR (/min) 66018 63319
Body Wt (g) 31.7+1.0 34.0:0.8
BUN (mg/dl) 29:3 282
Cr (mg/di) 0.075:0.006  0.067:0.008
Urine Vol. (ml/day) 1.9320.25 1.900.19
Urine Na/Cr (mEq/mg) 0.32:0.03 0.31+0.03

(n =10)

-108-



10 12 3

A

CH]thymidine uptake  — g Sulprostone

(% Control) 200 - —O— Butaprost
—8&— M&B238767
—®— 11-Deoxy-PGE1 *%
*
150 % *
100 A
50 %
¥R gy
0 T T

Control 10 9 8 7

-Log [Agonist (M)] .
Fig. 1. (A) *H-thymidine uptake in the presence of various agonists of PGE receptors.
(B) Inhibition by EP; antagonists (SC: 107 M, AE: 10° M) of DNA synthesis stimulated
with an EP; agonist (sulprostone 1075 M) or PGE, 10" M). *p < 0:05, **p < 0.01, ***p
<0.001, n = 4.
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Fig. 2. Inhibitory effects of EP, antagomists (SC-51322 and ON O-AE-628) on PGE,-
induced increase in intracellular calcium in rat mesangial cells.
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Fig. 3. PGE,-induced proliferation of Fig. 4. Effect of an EP, antagonist on high
mesangial cells from WKY and SHRSP. glucose-induced cell proliferation in rat
*p<0.05 n=4. mesangial cells.

*p<0.05 **p < 0.01 vs. contrel, n = 8.
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Fig. 5. Urine volume of EPr* and EP 7' mice Fig. 6. Urinary sodium excretion of EPr" and
on different sodium diets. EP1*"* mice on different sodium diets.
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Fig. 7. Effects of high-salt diet on bleod pressures in IP knockout mice.
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Fig. 8. Effects of 48h water deprivation on plasma renin activity
in IP knockout mice.
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the Regulation of Salt Metabolism and Renal Microcirculation
— Roles of the Prostanoid System —

Issei Tanaka, Masashi Mukoyama, Masato Kotani, and Kazuwa Nakao
Department of Medicine and Clinical Science
Kyoto University Graduate School of Medicine

Summary

Prostanoids are arachidonic acid metabolites, and there are 5 main prostanoids acting on
8 distinct receptors. Of them, prostaglandin (PG) E, and prostacyclin (PGI,) are major
vasoactive prostanoids in the kidney, and are thought to be involved as.autocrine/paracrine
regulators in the control of remal blood flow, glomerular filiration, sodium and water
reabsorption, and possibly of renin release. Recent advances have revealed the primary
structure of all the prostanoid receptors, and mice deficient in each of the receptors have been
established. In this study, to elucidate the physiological and pathophysiological significance of
prostanoids in salt metabolism and renal microcirculation, we investigated the roles of PGE
(EP;4) and PGI receptors (IP) in the kidney in vitro and in vivo using animal models.

In rat kidney, PGE receptor EP subtype is expressed in the tubules and EP, in the
glomeruli, while EP is present in the glomeruli as well as in the collecting ducts. Cultured rat
mesangial cells expressed EP; and EP4. PGE, stimulated mesangial cell growth via EPy, but -
inhibited via EP,4. Mesangial cells prepared from stroke-prone spontaneously hypertensive rats
(SHRSP) were more proliferative than those from control Wistar-Kyoto rats (WKY), and EPy-
mediated cell proliferation was more enhanced in the cells from SHRSP than from WKY. High
glucose stimulated growth of WKY mesangial cells, and the blockade of EP; by antagonists
completely abolished this enhancement, suggesting that augmentation of autocrine PGE,/EP¢
system could contribute to the proliferative nature of mesangial cells under high glucose states.
We also found that attenuated PGE,/EP, signaling has a critical role in this EP; augmentation.

Renal function, urinary Na excretlon and renal histology were normal in EP¢-knockout
(EP; + ") mice and IP-knockout (IP’ ") mice. When mice were fed with 2% NaCl diet for 2
weeks, wild-type (WT) mice exhibited increase in urine volume and urinary Na excretion
without significant blood pressure changes Interestingly, urine volume increase was
significantly attenuated in EP1 mice. InIP"’ mice, 2% NaCl loading for 2 weeks resulted in
significant blood pressure increase. Water deprivation for 48 h resulted in marked increase in
plasma renin activity, and the increment tended to be higher in IP"" mice than in WT.

These results indicate that remal prostanoid receptors are expressed with region
specificity, and suggest that an imbalance between PGE receptor subtypes might be involved in
disease states such as hypertension and diabetes. Furthermore, although not essential for
maintaining renal function under physiological condition, the PGE,/EP; system may be
involved in the regulation of water diuresis under high salt loading, and the PGIo/IP system
may be implicated in the regulation of blood pressure and renin release in excessively salt-
loaded or dehydrated states.
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