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X BRERFCBIB7T7=Y 077 Y —0AEBRFENESRICET %

B - R Rt (BRERKFE BN

wroguanylinld., WABEOBELRMSEHEINLBE -STRENZE
VO3 BRTFRTHB., bbNiduroguanylin DEERIT - EEIER
BRI REMRBILENFEZEILLE, 48, OE- BEEEREECBN
Tl #uroguanylinlBEZHE L. BEOHRKRHRBEERLE . S5ITEKE
WNTERLEEENEL. CI"7WICHEEL T\W5E TOguanylin peptide
family DIREBEEENEZE2MHAT 572D, guanylin&uroguanylin® 2B
. BEFREELZSTIRGC-COBHFIZDVTHRIL &,

BT AT Duroguanylinll B 1ZEEB . PEPABMIEEI O WTNTHBENA
KE<, BRBICEA LE, B TOuroguanylinEAMBEREIE RS IV E2ELE
§ Benterochromaffin-likeffi il Td o 7=, Zollinger-EllisonfE & H D
uroguanylinfM 4RI, EEZEO 1 2 ML THD, YO b R TH
EHB/EICEIDVDEEIREL -, uroguanylinIF B W2 EHBICHE L TW
LEREE IR E Nz,
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BipkES 9953
K BRERBCRBTS277=077 IV —0LRZNERCET 555
BhEitsess « B FOt (SRERKRE B=RED
Oz EN

Y7 =l —h (GO)#EAMZAEMKITIIGC-A, GC-B, GC-CO3IBHMNDH D,
B2 FICIXLEMETF MU D AFIR AT F R(atrial natriuretic polypeptide; ANP)
L ZF DR TF R TdH 5B-type natriuretic polypeptide (BNP) & C-type
natriuretic polypeptide (CNP)2ME & L. 7K - Na® BRI & Pt {7z 5
R M~ — X AR N E IO AL IS LT 5. GC-CRAERIBE.
B, BT, B, S8, PERERRICEELQ). TOREEY A2 Ridd
WU 2EDS-SkEE 2 Duroguanylin (VHAZ 72U >, 167 2 JBREHE)E
guanylin (F 72U >, 157 3 JBEE)TH 2 T & 1993FLAEIHREIC S
N TE7(2, 3). uroguanylin& guanylinldGC-CEAMICH G L. MIAcyclic
GMPEAEZREEL T, BREWILE LETOK - Na" O RIHH &C1 W2
¥ 59, uroguanylin& guanylinld & HICEHERTF RT, 50% D7 I /M
RHEERL., TOBECBREEMERS CICEEEROLBEBEN 51D DR
FTFRIFIY—FRFRLTWSE, InNTTbhtbhid, M7 F R
TEHEWEELT, ERET Y bk Duroguanylin & guanylin® R 7 F K&
fE#7. radioimmunoasayll KB EEE. MBEERS NITERNS G, BiEHE
MBI D WTHEL TEE (4—10). & 51uroguanylin®cDNA EEET DI
HRFIMFTEFT o= (11, 12), FH. TiRD 2 RIKDWTHFTZT T 07,

1. uroguanylinid#&#IRI% 5 CTHIRMEM . natriuresis, katiuresis @ 5| E e
T, iz BEELEBBTRAAONY, K5, KOSWHEMIGED 5hTna,
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EFE 513, BEABAN I v NCBWTKIER & HE LU Turoguanylin 280 L .
Na", K*, ClI”, cGMPEMBIT 2 Z L2 HEL TN B,
N5 OWMEILBEITB W Curoguanylin/N/K - BEREFHICHAEL TWH I L%
RELTW3S, v
TEIERILARNNVOBEERE T, Mifuroguanylin& MEI L7 FZ X
HELTW35(13), BHEBAR2OBFIRICKHBEAR2EE T, REREREE
RPOMWEETZX 70 0EAICEDONaT, KT, kKBNEREEINS., LM LBREA
FIZHB IV DuroguanylinDF L, BAOCERMBHIN TV, FMH, 9 - B
JEBEM R EICB W T furoguanyliniB E2JE L. BEOBKAIREE & g
L7z,
2. uroguanylintguanylin@fﬁﬂﬁﬁﬁ%%ﬂiﬂ@%ﬁﬂ:Pi%ﬁfﬁ 0D, Blas4EH
MRE 2 ET B AR S B, HiCuroguanylin X IE ST I2B W T/MNEH
JEMN S OHCO, #WELVBFW T2 I ENPALSMITEINTVS, Db
NIEERATERDBEENE S, CIT7WITHAEL TW5E TDguanylin
peptide family DfF AR A2 B R Z M T 5720 1T, guanylin Luroguanylin
OHIEBE., BEFREBELSTICGC-COFMITDNTHRF L.

QOmsEH A -
A. BHTIC BT Duroguanylin® £ A B &K
1. W&

PBAQE® I ho—)VEE (BHEIA, 6N, EHER 27.5 £ 1.0
(SEM)R%. 76 AR MM BT BER (BIE43 A, 33N, FEER
57.7 £ 1.65%) BLUEEBMEER (BEOAI0AN, FHFE 40.2 + 3.8
%) EMEAT L. MENTRE ORERIL, BIERIRERRTA. BERF21IA,
BELECA. ZREEREIA. BEMHIA, FEE3IA. TOMOEERSA,
KA TH - (F 1), EEBTEEOFERITBERRESHRA, R
2N TH oz, BHHMOEEIIMmME BN EET66.0 = 7.50, EEENE
#T27.0 £+ 7.8ATHo/z. MEBEHBEDS BEIBARFY AT I1¥F—&L
TEBBEMEDE R T DPEPARE (FLX. Nikkiso Co.)%&. € D138 AIIPC
X (AMPC. Asahi Medical Co.)ZHAL & .

2. Hik

M FEATBE ORIMIE: EATOFRIORFICHT VY, IEH 3> b o —)VIdHTH
BN HEL TRAICT o /2. BEXHITEALLPEPATERL T35 EET
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A, PCIEETEBEHL TVRAEEFETIACBWTBRE TRICEML 2. LIRS
WRTOBEXETHEIE Lz, TNZNDHEE DDry Weight (DW)IE. BHTRTOD
FRECMERODREETREL., BABENEDINIFMEL 2, SFFENE
WBWRTOBENSDWESIWTEHE Lz, MEBETBE2IATR2-3 70
Fa7)  ERHELE. BEBAREORMIZ. BHBEZHEIMMOIIEN S 14
ORI 72,

EDTA-2Na (1mg/ml blood) & 7 701 F = > (500unit/ml blood)Z & A 727 U
7oL rFa—TIKmEEAN, ERIT4CT, 3000 ipm TI53MEL L.
1M 45E130.9% D A EIE K T2E5ICHRE, AHEEAKTEHEL L ZSep-pak
C-18H1—hMUwPITTI14 L. 0.1%TFAZ EAKE60%T £ b= b U IVIBHK
TRIF REHIH Lk, i Z uroguanylin® A4 A 7 w1 (RIA)
2Rt L 7. B MuroguanylinHifR 13 & #&FHRIBE1:15,000 Turoguanylin®D A %
PERMICEHE L=, BEICK Duroguanylinld B K0.4 fmol/tube & I E 7]
BETH D . RIAZEEEM R DOhalf-maximum inhibitionld4 fmol/tube T & - 7= (4).

®1 BEER

m&EEhEE ISR B BE
n=76 n=10
m#Zuroguanylini2E (fmol/ml) 212.0 * 174 245 * 395
&R E
Hematocrit (%) 285 = 04 317 = 1.8
Na (mEq/l) 1350 * 05 139 + 1.2a
K (mEg/l) 57 * 1.3 '3.86 = 0.2
Cl (mEqg/)) 987 = 13 973 + 1.1
UNFEHAME (mmHg) 1580 = 25 1380 * 5.1b
YRIRARIN A (mmHg) 844 = 1.1 800 * 2.8
(DHBLE (%) 509 * 06 447 + 1.3a
HEIEM (K) 254 £ 0.1 -

{Eldmean £SEMTRT,
a:p<0.01,b: p<0.05
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B. B EEMIEICHB T Huroguanylin& £ D ZHKEDFELE

J v b B HEE % centrifugation-elutriationiBEIC L 0. MO U1 XA/hE
HONBGINEIZTHE (FI~NFDICOBEL =, SMESBEOBRKEREZMERL .,
uroguanylin® A Mg 2 S E ML ZICAE L /2. REGAICIEuroguanylin,
prouroguanylin, histamine, somatostatin, chromogranin AIZxt 9 2 Hifkz AW
7=, rat uroguanylin mRNA®antisense &sensell Xt 9 545-mer D
oligonucleotide probeZ Ak L. &Ml 5 B O BIKEEA D in situ hybridization
BiTolz. AEDOFHMITDODWTHEHEERICRL TWS (14), Sl E KD
RNAZHIH L. guanylin, uroguanylin® X NGC-CDE & T FE I Z northern
blotting ERT-PCRIZ X DI L /=, ¥ ZuroguanyliniZBi L. RIATHE 77 EH D
GBZEEL. uroguanylin®HFEZMER Lz, uroguanylin peptide® [ E 1.
BEEICEXREGERREI O DT 574 —OFSEZRIATHEL. G
uroguanylin& DIFHMETHRA Lz, FEEAA NI VMEELEAY I %
PE 9 B enterochromaffin-like cell (ECLMIZ) D@ ok & & 723
Zollinger-EllisonfE fEH B E T, WREATE O MuroguanylinlREZ2EE L 7z,

C. #atuE

FT— X EHE £ SEMT/R Uz, tHBIIdsimple linear regression analysis
THELR, PHEIZ0.05SLLFZAE E Lz, paired student’s -testZ 2FFH D L
BIZA W,

OLIE A S
1. BHAETD M uroguanylinld212.0 £ 17.4 fmol/mI T, EFE I > O —)L D
5.0 £ 0.3 fmol/ml& LR L ., ARICEFL TW, EHBEET. MBE LD
ICuroguanyliniB EII A LT Wiz, Miuroguanylinld AEEME( = 0.327,
P<0.01) BTG = 0.258, P<0.05)ICHBEIL TW/z (K 1). BEESER
BEOFY M uroguanylinfB & 13245.3 + 39.5 fmol/mI T, IE® I hO—
WEDERITEN D ZN(P < 0.01), MKEREE CITHFBREZRDIBN DT,
uroguanylin& M & EMAE ., IUHEISLEME, OMEICHBEE RN 2.

PEPAK T BN 217> TWSEBEF O M HFuroguanyliniB B X, 1 ¥ FE M /i
M121.7+13.4 fmol/ml T, B EN54.8+6.2 fmol/mITH V., BRHPICHEERE
WA Uk, —HPCIETIT> TWAETIE, ATAY168.2 = 18.4 fmol/ml, %
M211.4% 35.1 fmol/mI THE R LA ZRD a0 Iz, BT O I 5
uroguanylinE B IXPEPABE T B TPCIBEN B L D ED o =Y, AREEILR
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WDIXMMN 2Tz (P =0.06), MEENFMDB 2-2 70707 IIPEPARET &
NPCEBHIHEIDAEBICEN272(24.7£1.4 ng/L versus 33.7+£2.7 ng/L,
P <0.01),

900 A 900
800 A ° 800 - B °
700 -
600 -
500 A
400 1
300 A
200 A
100 -

0

mi#Euroguanylini® & (fmol/ml)

50 100 150 200 250
AEEM (k9 ERE (B)

(A) r=0.327, P<0.01, (B) r = 0.260, P<0.05 ,

B1 76 ADMEEREEICEIT 2 MEFuroguanylini2E & SBIRRTEEEME (A) BLUERE (B)

EDER '

2. uroguanylinld b b &5 v MO F MM S KiCelutriationlC KD HFE SN B
BEE LEME TO_ERBERAICKD, BRI EHREFEL, YRR T
CEHFEERDEMNOE (K 2, A-F) ., TNHLD. B TODuroguanyling
FMgE e X% X > %A T Denterochromaffin-like (ECL)MIETH 5 Z &Y
B S M IZ7/2 o 7=, FE7zin situ hybridization T HECLA fZ ICuroguanylin ®signal
2RO (K 2, G EH) . uroguanyliniB{z FI3 B R/ MR 2 B (F1~
F)IZHBMSFHE L., BEHEZ AR ET 5 KEMBESE (F6, FNICIXRBD Mo
7zo ZORERIFRIACE D RBEMEDO M LIS —FL TW/z, guanylinffE
EHERAREREGEERIATIIRETE Mo 24, RT-PCRIZK D BRI BEMAEF1
~F5iCguanylin& - FHREZABDRZ. GC-CEETIRIE2MBESBETREL TV
oo HABMU VEEBERICKDER % Z /29 Zollinger-Ellison i & & 4 Fi] D
uroguanylinlfi 5B 13 F1965.3 fmol/mlT. IEHFH D5.2 fmol/mliZ L RNE %
K@< (P<0.001), ORI THERES CEDERNT > bO—)L &
N2 REE T Duroguanylin AR RE X, 8.9 fmol/mlIT{K T L 7z,
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K2 IR B O SR Y €5 & in situ hybridization

uroguanylin (A) 3 & Uprouroguanylin (B) D FflEiE Hidelutriation CHRE L 72 T v M EMIRO LMD S5, R
IR PANBIIBICEE L Tz, BHIRGEE TR DICEREEEZRD Aok ARV TRTEI IR
NAFLH—PHEEANTRTES S TNAV T4 AT 75 —FPHEEMNEZERAT, uoguanylin (K&)&
histamine (FRE)EE R Y I > REAT ZECLMIIICIE L TW(C). uroguanylinB Uitk % AW 72 IR T,

uroguanylin @ HE 332 L Jz(D). rat uroguanylin antisense cCRNA probe % fil VA 7Z in situ hubridization T\

hybridization signal # ECL{IIC 38/ (E). sense probe® VI, hybridization signal & 78N 72 (F).

@& %

HEEL, uvroguanylinBX PZD L 7Y —NERCEFEEL TSI &7/ —
YOMITIc X DR L TWB (15, 16). BEAERICITEERER XD RS
uroguanylinfEt BN E W &, R uroguanylinfiit B b U U A, cGMP
B EAEECHBETSZEED, BRSBTS T U T LD
BLTWBbDEEZEZONEZ, F 70— YEGRHICBWTHE, LkE &
b I M ¥ uroguanylinf@ ML TWiz, £, ZOHEMEILvolume
retention EAHBE L TW/z & & K Duroguanylin fﬁg‘ﬂﬁkﬁﬁ'éﬂ‘ [NURZFN |
CHEEL, 70— YEMREDvolume T IZMENDREZRZLTND &
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Eaohilz,

O % DA

guanylin familyld. > MU T ARRKIVES LEBIGCU AT RT 73 Y
—ICEL. K- BMERHAGHEREIERTEBEERTFRTH 3. &
IZuroguanylinld, BE - BREEZES DT 2N WHERF TH 5 WTREHEN
H5(17)e AT K DuroguanylinYF MR 734 2 EBHIICHAES L T2 Al AE
RN, BIZBUF Dguanylin, uroguanylinB K UIGC-COFEIL, TN
5 Dpeptides Alautocrine d U < Idparacrine& U TK - BEMENMAHICEHEG T
5ZEERBLTNVNS, SBRIGICERSWEREOEEZMII L. guanylin
peptide familyo)%ﬁfcﬁﬁifi{/ﬁm KOWTHRETI2LREND S,

I HICEFE ST, uroguanylinN LA ERICIIAKRAMZR DI EZ DI
DEN S WM EINDE T EHRLUTWS, guanylin family [ ZEEE LB TK -
CEREORATRAY D XCEERICEE LTS, 4%, S5735K - BR
BR#EEITBIT Dguanylin family DFFEAHZNBEROMAAHFREIND,
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Physiological Implication of the Guanylin Peptide Family in the Regulation
of Water and Electrolyte Homeostasis

Masamitsu Nakazato, M.D., Ph.D.
Third Department of Internal Medicine
Miyazaki Medical College

Summary

Uroguanylin, originally isolated from human and rat urine, is a new natriuretic peptide. Its
plasma level is increased in association with renal impairment and fluid retention in patients with
renal diseases. We measured uroguanylin concentrations in patients on hemodialysis (HD, n =
76) and those on continuous ambulatory peritoneal dialysis (CAPD, n = 10) using a sensitive
radioimmunoassay. Plasma concentrations of immunoreactive (ir)-uroguanylin in the patients
on HD and CAPD (212.0 £ 17.4 and 245.3 & 39.5 fmol/ml) were significantly higher than
the value for the normal controls (5.0 = 0.3 fmol/ml). Plasma ir-uroguanylin levels before the
start of regular HD were correlated with predialysis excess weight based on their dry weights (r
=0.33, p< 0.01) and with dialysis duration (r = 0.26, P < 0.05). The plasma levels in patients
with HD, for whom high-flux membranes were used, were decreased at the end of regular HD
as compared with the prior levels (p < 0.05), but not in those who underwent HD with
conventional membranes. These findings suggest that the plasma ir-uroguanylin level is related
to the patient’s volume status as well as renal impairment. Moreover, we studied uroguanylin
in the stomach. Uroguanylin messenger RNA and the peptide are present in rat stomach, but
the cellular source has not been identified. We separated gastric mucosal cells by size into
seven fractions and enriched endocrine cells using counterflow elutriation. Double-staining
showed that uroguanylin and histamine are colocalized in enterochromaffin-like (ECL) cells that
release histamine, leading to the stimulation of gastric acid secretion from parietal cells.
Uroguanylin is synthesized in ECL cells. These findings should contribute to elucidating the
physiological functions of ECL cells and the cyclic GMP-mediated gastric ion transport

mechanism.
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