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&S v MRNBMILE AR O c-GMPEAICRIZT
DEMHF PO LFRXRTF FBLU
C-#A T+ M) T LRRRTF FOFE

MPRFEEHMEFEAN (BUHE | TREEHR)

oo F X

(ERR104E 1 H20H)

<E #>

5 v b ORAEMIIE ROy RS B REHEL
LT, in vitrolcBIF 2.0EHEF MY v AFR<TF
F (ANP) 8&UC-#4 7+ b )9 LFRRTFF
(CNP) O RMNEMIE P BMEREAN cyclic guanosine
3’, 5’-monophosphate (c-GMP) E&£ICRITTE
RERI LI

}# : Sprague-Dawley 5 v b O KIKEE O EH
MENRMEE 2 REBRECIOO8 « BE L
BVIR T BE R O RS EIC & b NEMAE % 5]
EL, 7urss5v574 0], (PGL) EAREEAN
VIRINIINEFVRRTF S —¥ (v-GTP) %
BES ST &Ik > THIRIBREC R L7 B35
% 8 R DB EMINENEAIRICANP (8-33)
BXUCNP-53%RIGE#, EES N3N, c
GMPEE %HIE LANP (8-33) &CNP-53D 8
NEMIMEA RT3 2 fER 2 RET L 7o

R () MENRSRICESEN S EBERIETS
BPGLEERERH T 5 M EM M E N DS «
BERBEMN SN, (2) v-GTPEARER, HER
Wik L7z, (3) ANP (8-33) 2RIG&E ¥ B &c-
GMPEABRRIGKE S 2 TRARMBEICEL 72, (4)
ANP (8-33) D#EREHM10'"MEE TN c-GMPE
BRERCHEML. (6) CNP-532RIES®THM

BHc-GMPEBEOERIE(LIIEBD Shidh o I,

K ETEHAEZ (R L 2o I EMA I B PR RERE

BREAVER Lo ANPIC & 38N c-GMPEED L
RGEESHCLOTEEL TV, CNPIIMAE
# LA EMINEA M UTERA LGP -
176

<# B>

IXPIEMME AR, MEREARBOBRICE
ELTHEOHEICEESHREEE->THY, KA
ARMERIC BV T S BIMMERE, MZERL S ORERE
BORDITEDBIEDRIEREETH 5, LHEBEEE
Y 3 IEEMANEMMENEMROS M, RIEEE
ZELTITO C LI REMB S NEEE LS 28, EE,
F DL » EEHNTIREE 15 & OEEEBEE DRI
BO2H B,

LB MY o AFPR~<7F F(Atrial natriuretic
peptide, ANP) 3®#&, Mm%, BRI IHEET S
BENSEEENLT, + M) Y AR, BE, 0%
RIEMERR SR RTRTF FTH D, K5y, BHRE,
MEDFEE RIS L TWBLY, fRMERICBVT
SANPOZAASHEK TP K= FA MK D @5,
PRGN EMIME L S I bFEET 2 Z EBH S
I8, ANPASIIE — B, M — M BEFT O#EEIC
MELTWAIENRBENTWVWEY, #-> TZ D
I3 INEE OB KB DA ICBIR L TITbh T
AT

- IRHERICERNIEF M) Y SRR TF K
ELTC-24 7+ MYy sFIR~7F F (CNP) ©
BEsHLMhIcEhi @0, BETIBE, HLE,
RS bHEET B ENERSNTVWAY, CNP
bANPEERE 232 Wl EICi O ARAET~ DB
ESEHSNTVA 00 4P MNABHMMEICE T
AEBERICSOVWTRTACA SN TRV OABBIR
T 50

7 5+ ORKAEMIME AR £ BRI E AR L
THEMERTIERREHIL, ThoZ2HVT
ANP (8-33) &CNP-53DIERHICD>WTH MY T A
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FRRTF FDEH VY KAy VY v —Tdh Bcyclic
3’, 5’-monophosphate (c-GNP) ‘"’ OfHiaNER
ERIET AT EIcL DRI LI,

<K &>

(1) 7 v MAEMEMENEFIRIOSEE - 5% « [FE
~ 200~300g D #Sprague-Dawley 5 v b 10PEDKIK
RE» o> EMIMENRMRE 2 BREBREIC X D oy
L, RREEB LAY, RNREOME L MELRE
L, HATITH 1 ddORKE S ITHYIL 72, 20ml D
Dalbecco’s minimum essential medium (D-
MEM, Nissui, Tokyo, Japan) &0.5%F 1+ R/¥—
¥ (Boehringer Mannheim, Germany) H1G37°C
T IBEHME L 72, RITD-MEM%&L13%dextran
(43 F&70,000, Sigma Chemical, St. Louis, MO)
80mliciZ#E S ¥z, 5,800g TIOARIELIREL, E4
&% R, SN BE L7, 2L T300umD+ 1 o
YAy VvalkkBL Tl /masyr+—€,/F4 x/—
¥ (Boehringer Mannheim, Germany) 5 mlf1 T
6 RREIME L 712, £ 0%, 50%/¥— 2 — (Pharma
cia, Uppsala, Sweden) %MZ :2D-MEMIiZ A
26,000 TR LOBET A LHBREO L3 D1
DL ICEMIMEANRMEIE,SE SN, BR60mD 25—
¥va—F4 vy Lkyr—1L (Falcon, Lincoln
Park, NJ) ic#B&E L7, 2 BE%ICHNEMERIZE—
RERROBEAEZE L, 0.25% ) 7 v, 0.01%
ethylenediamine tetra acetic acid (EDTA) T
B 1 . 2 OEATHRREEE L 7o, BRKIZ20%4
FRIRIMAE, 2mMZ vy 3 v, 100U /mlx=vY vG,
100ng/mlBRB A b L7 b= 4 ¥ 20.08%~/¥Y) v %
BUD-MEM%ZH WV 2 HEICALEZ /-,

Ifh S 10ROMARMIRE 2 S -4 va—F 4 v
Lichn—r35 2 biciEg L, BURTEERO%
AR BT S i K D NFEMBaEREEL @, B
VIR FRLEFUR G TR S R S ho /o fmfe 0
BEBICH L,

@) x4 7554+ v 1, (Prostaglandein I, ;
PGIl.) BEEAHERIEIC & 3 EEBREORIE

WEHERADS EEAE L B fER © MEILRIER 2 E T
3PGL." DEAREL, HEMEREEDICESL - KK
INBPCGLOKRELILRBENTH % 6 -keto-
PGl.2xv¥ M L1446/ 7 yE4%y b (Amersham,
Arlington Heights, IL) #HWVWTHRIET B L
SORIEL 7o BEROmMOIS -4 va—-F4 7L
7SR F v v e — wcv\jﬁzﬁﬂjﬂ‘aﬁtﬁ—, AR
BHETHEL, &KLY YREGFEEAEKICE

B LTIRKMCO2M v+ a~x—y —itRLKICEE
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icEEL - il S 7o 6 -Keto-PGF LB E, 75 %

FYyBEMZ2BAD 6 -keto-PGF . DEL B % g

BEOHDICBE L TRIE L,

B8 Hv=I Wy INISvARRTFS—F (7-
glutamyl transpeptidase ; 7 -GTP) %5 &
U 7= Pl # BAFY D RREE
IMEBAFIOBERISIEEELEZ SNT VWS 7 -

GTP® %2#IFE L1z Mischek 5D HFEHE® itk b,

1ngEBAd20 1 FREICEE ST N Blnmol D 3 -carb

oxyl-4 nitroaniline® 1 unit OBEREEE L TH

E L7

(4) ANPECNPHIBE I & 2 NN Oc-GMPE
HREDRITE
as—4va-54 v/ LEKEROMmMOY +— v L

TH—, AR~ 7, BILOESRBEROEE

XN EMM BRI %237°C T, cyclic nucleotide

phosphodiesterase inhibitor T & % isobutyl-

methylxanthine® MM A T104 L L 728, 107

» 5107 MDANP (8-33) (Penninsula Laborato-

rise, Belmont, CA), CNP-53 (=7 F FBF5H,

ABR) 2RIb& €, b)Y 7 oo TRIGEELES

¥, BEEINIMENC-GMPEE 2 V¥4 A4 &

/7 v ¥4 (Biotrak, Amersham International,

Buckinghamshire, England) i< & 0 #ilE L, 10°

MRS DEAEBTRR L, i, RIBFKME

c-GMPOEARBREOBFICI >V T ORI L 7,

c-GMPORIERERERTIRIET > & L, BRE

FtREEXALV, POO0IEEEE L1,

<& 2>

(1) HAEMMBEARMEOEE - 28 - FE
W= VEROWTHMT 2 L EHOFBHNE OB
BE SN, ThEEZENmMOaS -4 va-rLik
Y — L8 EICHEET S LEMMER» S BRI —
ITNRAERES AR L, 205 3B THENSEAR
OREEEZE L (Fig.l-A), MRRZEATLTH Y,
KEBIOVEHED Shvtc, BAREDSHEE 2125 -
THRIZAFOKAKEZE T 2#EHL > —HrHEE
WK OFRICE(L T 2F0EE S (Fig.1-B)s
R0 SRR DI LA ELTOMBESEIRTF
MEfiFic ks h, MENKHRTH S &M
HERzhk (Fig.2-A, 2-B), Raofk@E LT3
HRE, FIcROREBE REBEIN TV, Mo
FEROELCb»hb 57, FURFEEARO B
RERFEEE i,
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(Figure 1 -A) Primary culture of endothelial
cells 5 days after seeding. They had the
typical appearance: polygonal cells with a
large round nucleus and very little over-
lapping of adjacent cells.

Figurel. Cultured rat brain capillary endothelial cells viewed by phase-contrast microscopy.
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(Figure 1 -B) Passage 6. There are some
spindle-shaped endothelial cells.

Figure 2. Immunoperoxidase staining for Factor Vll-related antigen in cultured rat brain capillary
endothelial cells (Passagel0) (Figure2-A) and control (Figure2-B) (X400).

(2) 6-keto-PGF.. DRIFEIC & 3 PG EAREDKRIE

RSP EHBIRMA T TOMIITIZ6 -
keto-PGF.. DEEMNZRELZSBD SN0, ¥R,
IR, BIORKARMITENLENS6L0.4, 3.8F
0.4, 3.56%0.3ng10°cells,/ 2 hrs D 6 -keto-PGF\a
DBEESN TV, TOIERAEERL-KNEM
MENRMISPGLEAREERREL TV T L %R
Ltco $7PGLORIBRETHE75+ F vBI0 g
EHMT 3T &2k D 6-keto-PGF.. DEL B
mL, #, EIR, FORMARMETEREF RIS
+1.4, 13.5+1.4, 14.0£1.8ng/10°cells,” 2 hrs®
6 -keto-PGF. DEAAZED 12 (Fig.3), #HREK

OIS M EOE(LIc PGl EAE I HEX
nish -7,
(3) 7-GTP #BEE L 7 IKkBIFT DRIE
REEESR%I4E HoMRMIAD v -GTPEEE 34u
nits/1gBHTH » 2o L L5 2 RBRLIEBO M
TRREBREUTTHY, 7-GTPOEL2EHKERD
BHOTREWRIICHERT A EERLTS
(4) ANPECNPHIBIT & 5 B MBI D c-GMPE
HBEDRIE
HEENNEMNEARZMECY L TI0"MO ANP
(8-33) %KihEBRICHKE L MBENc-GMPEE & D
BRAERE Lico RIBKRDS 1434 5 5 43 & Tk

23D
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Figure 3. Production of 6-keto-PGFi. by

cultured rat brain capillary endothelial
cells. AA, Arachidonic acid 100ug.
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Figure 4. Graph showing the relationship

between the time after the application of
ANP (8-33) and the production of ¢c-GMP.
Application of ANP (8-33) at the dose of
100"M demonstrated the maximum production
of ¢-GMP within 5 minutes.

Values are presented as the mean* standard
error of the mean.

HNe-GMPOBE ZRE MLz, 14, 24, 3
5y, 4 THIRENC-GMPERE 135818, 61+21, 78
*18, 80x19 fmol /10°%cells &% 1, 5 THEKIE
D92+15 fmol,/10%cellsiciE L TENLIRIZ TS ~ —
R (Figdo TORRHLOUTORRITF b
)Y LARRARTF K ORERKAEMINE AR MRt
TEARGERZ58ELTEBIE -1,

ANP (8-33) % REEINNEMIMNE N R RIE S
HHIRENC-GMPEBEAHIE T 5 L ANP (8-33) 0
BEA107°M, 107°M, 10°°M & T139.5+8.2, 9.8+
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Figure 5. Graph showing the relationship
between ANP (8-33) concentration and c-
GMP production. Significant response was
observed at the dose higher than 107"M

(P<0.01). Values are presented as the mean
* standard error of the mean.
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Figure 6 . Graph showing the relationship
between CNP-563 concentraition and c-GMP
production. There was no response observed
by CNP at the dose between 107°M and
107°M. Values are presented as the mean=t
standard error of the mean.

8.9, 10.8£7.9 fmol,”/10°cell /' 5 minT & » 7245,
ANP (8-33) OBEEMNI0"MELEER 3 LMENC-
GMPEE IFHIcHEMLI0"M, 107°M, 10°°MT
ZhZh82.5%22.6, 83.3%23.2, 80.7+25.4fmol,”
10%cells,/Smin& v, 100"MA 5100° M D ANP
(8-33) #RIGE BRI "MbA 5107 °MD ANP
(8-33) #RIhx ¥R HBERICHIENC-GMPEE
@Emis, (P<0.01) (Fig.5h)o ANP (8-33)
DEENSI0* Mo 510" MO IcEBHERBRE T




BT 58D EEbhi,

CNP-53%107""M» 510 "M O EE THEEKAN EH
ME PRI IER & €T b BEAc-GMPERE 136.3
15.6%259.246.9fmol /10°cells,/ Smin D ZE Ejic &
EE0, CNP-B3OBEMNENL THc-GMPOEH
BICBERSZEED OO L - (Fig.6)o

<EF B>

(1 RAEMOEARMEROSHEERICOVT

Rl BEFI %5 3 2 85 S R AAE T b % I EM
MEMBRMER IR & EBRR & OBRICEEL TK
5y, BRRE, XBOERXEHEL TBY, ZOMER
MEEZILCHETIETITNREEERLEL, Ea
MERZEOMTIREY, BRERBEESELE
% [l P SEAR I & P B ARG O i BB D AREEA (3 i I e
&, HRAE, NEEORBERITRS T LMk
WlEhoFEHENDD2H 3,

TP BRI B PR MR & A BRI EE 2 (R R U CToBt
LEHICEBT 2BEAENNICRETH 508, HE,
SEEREROG EE I Y, Ty, IFFE, 5
M, BWEARXI, e bORERAVCTHEEL X > T &
B, TO& D BB OERR K
ANEMME i< 2 YEOEE M LB EE ORI D
DHDRERTHEFELLBDDOb 3, AFOREX
E—EICAKBICHBEBETEZIENOY Y, T
EHVKERRO—RIITH 54, SEIOERFEOD X
S5y MEAWVWS Z &3 1 EICAFHIR 2R
BBV EVWIRERDBEDD, in vivoDHFE &
Fl—EOoEYEHWT—E LERNTEL LWL HF|
BW®H B, Goldstein5 220> HD 5 » M5 £ »
YVadbbt—-XERAVTHKMAESRET 2 A RS
LTWaH W KFETOHELIZBowman 5w &
BICRHWT WS 2 REBRE PIiIcA vy Ya2flad
DY THEEMRONE 2 LTV RAUICKHEYH
5o MBEREE L IMISIEEBEERF T A L3R
BEiTH) L TEETH 35, HREEERE & bICERM
KRB ofhsion, M & 2 YN S Rl
bEbha»icin vivolc BIF 282 L VELT
BTENEZLOND, NEMRRIC XD —RIIZED S
NAEEREAYTHAPGLELERILEICRES
h3b00, SEOEBRRTRENEMMEDOK X7
BRETH 2 IMMEBEMI OIEEEEA 5N B v -GTPD
EXRENEERH I Kb, T ORI Meyer
5 @ HT s IMANEMMENRZERERERICBL TH
RHICEIE Lo v -GTPEAREOHER LABLTHY,
STEERE R & » BN BMEIES & o EMIME R R

f_ (8,14,15,16,17,18,19
-
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R DYEF % 2% - 72 PN BHERE S B0R 1< I I i BEFY D $ig 4
TH37-GTPOEEREERSI T LERLTWVWE &
o, RMECHENTRIELEBRTRIT 284
KEBEET 3,

(2) BNEAMEANRMIICX S 3 ANPOERIZD
WT:
ANPRLEOLHERNANTARE h, Mifdh~&

SWENBEATHD, BRICHT 2 MY v AFR

YEH, BIRICHd 27V FRT 0 vy iidEWeEd, M

BN ME RS Icx 3 3 MEHREA L %2

BT3EIhTVAYY, ANPOEYHENER I,

FPRARNZERIHEAL, DVWTc-GMPXEA T

B3LEVHIBEEETHNATV S, £D1%, -GMP

BAMPO YA Y FA v YV —ThHbEEZON

TWw3 P, Steardo” 4 ¥ D ik ¥ ER#HIIC ANP

DRAEERD, ANPORKEAERS IHKESL 2N

BldaEMELL ™, F/-Doczi BEABANELER

BHILBOVT, HEPOANPEESEW L 2HER/L

72 @ Tbaragi b iIRMEEICE I ZANPOBEKEL

OMENC BKABERMBTIC BT R LB T IS A K

REZMEF M) o L0O@ESBES LTV RAMEESS S 5

ELTVWA®, Flhpt) vick 3BRUKEES v
P ORI E TIIANPEZBBSEMLTBY, £XKH

KEEES v b TREDLTVREVSEE L H 5 @,

INSOMEIZANPHINEED FLE, HBOEED

B ELE, RINBIREBICES LT A T EEMCRE L

TW3,
NEEPHRELHBICBIBF Y v FRRT

F FORENEFANBE L LT, BRKATMOE

HEKERRIC X d 52+ b Y o AFRR7F FOMEH, ¢

BHEFDEI VKA v Y Y +—THBc-GMPD

HIEZEIT- 720 GRIOEKERT, ANPOEHICL De-

GMPOBELEMT 2 EMBESHICE D, KB

HNEMMNERRMIICANPOSERBELET 5 &

DRE N7, Kobayashi b id RPN B I B A AT

DFRFEBRICBVTANPIZ X D c-GMPHHERKE

MICHEMT B2 EERLAEN®, ZOEABE RS

EOEBRERDINELILETH > 72o —F, Vigne bl

7o—=v7 LR ERNEANRMIERICBVLTA

NPOYERZBIT L7z hs @, £ DOhE 134 E O EREE

BLEARTH - 1o EREMICE > TZOI/EHBER

EN2500, ANPZAKIERRZMELHAR B IHE

LoTHBRNEELTRETEI LD S, ANPOE

ATo 3 MEMREM, KAFETEENPRMERT

LINHNEMME LN LTHV TS EEZ NG, 7

EFETHIM, RMEE, KEEFEROMED PR DDA

NPEEDO LRIATLHED ST VI W ®»
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A ERERE 1 51 2 RPN 7K A S %8 /K EREE 1 5 1 2 BB
EARINEEICH L TANPHAZBEOFHEENL T
HEERIELTVWAE L3RI ELZLNS,

Q) KNEMMEANRMERICX I 2CNPOERICD

Wt

CNPiz#+ + Y Y LFPRR7F FOHTANP, brain
natriuretic peptide (BNP) i R\W\WT, & bH L
KHBEEINEIOF MY T LARRRTF FTH
DWW EMPTy FORATRERTE, KK, /M
RECBECEETSEEhTVS ©, CNPRFIR
B, BEEEETRTHOD, ZOREIZANPOZ
hENDI0AD 1, 308D 1 EBHTHIHV®, L
L, taacEBMEEREICBVTIR, CNPIZANPOD
IDLAEDERERT, TOXHICCNPIZF MY
Y LRRRTF FELTORBEREET S2H00
ZOEMRRZ PUPHERANPE B KELSRL -
TWwW3 49, CNPRBANPEU-HEEET 505, A
NPELRRU2ZBHREIES L TERERETZ @,
Z L THRABERERS SCNPRMEERE PO
BT 2HERTF FORMEEM O H B LEZ SN TL
% Y, Stingo & I3IMENFMRTCNPOBERE © T
WABEL, CNPMA—+ 2 ) YEREBELTWSHE
BEMEZRLTWB @, £ /CNP-2RBEERTHV,
CNP-53MIlaNEBRE TH B E L TWVWE @, Ueda
S IIFTEAEBN TIECNP-22& D CNP-53D i3 5 hid»
BOEBSHEEL, 79KATIRCNP-53%2HLE LT
BEEL T AHEEASE VL EHE L TV B @,

MR EMMEN KM ERICEB T 5ANP, CNP
ORI IZERBEIC S WTREN - -H&EM LN
TW3, Vignebid 7 o—=v 7 L KREMMEA
RHERR TIECNPOSESER%2E L TE D, ANP
DI00fEDIEREEART EHELTVLWE P, —4,
Kobayashi® i35 v b OfKPIEHMIME PRI D %)
RIEBMRICCNPERIERH S ®2E T A, ¢-GMPHC
NPOBEKREH CEASNEHE LTV B, £
OYEFBEIRANPOIOAD LIc LT ERWELT
BOVigneb OBE L ORfic—HER TV W ®,
SEIOEBRTRHA L 72 iXNEMMEAN MR TIZCN
Pkt aIEHBEB SN h o720, Tho DR
BCONPERKRORFIIEERSZME, MRBIL->TK
E(RBINDEILERBLTVS, KREMMEAN
BAERIDOCNPR ARG v -GTP LRI U & 5 Ic Bk
RIS & OEMIME FEMR ORI EZ T TV
AIfEE SRR S hts,

4) Lo

7 v MBI ENRMERO SRS ERERLL,

FBVIK T REDE B TPGLEAE 2 #E L TI0R
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R R LIS, ANPORMPEMIME PR MEAT I X
TAERREBNEEL TE Y, REHERICEZEER
TAHIELIRE> TRHOBRRERHICEb-TWELEER
Bﬂtoeﬁmwu%ﬁaagu%@wmm%bn
EHh o, RNEMMEARMIRICE T 5CNPX
@%@%ﬁii%mﬁEMﬁmamm\mooﬁﬁm
X BZHEEZT TV B AR S N, IXEM
MBERRAREERIZ, &) Y ARRTF FE
Co &3 2MEERMNEORITICERT S &ick
A IR L /KERAE 72 & OREHI, IARER O
HENDICHDERETH 5 L EZ 12,

< >

MERADITHID, TIEHBEIRMERBVE L
HRRFEFHRAEARERZEIACEER I OL
SEBE L EFE g, & MPRENRMEARESZE
TOFFRICHE W TEETHENREX £ L cRIREDE
HEIEEHRH VLTS,

AR FMEEARA S, KRED RN
DR 7 FEFEIREIC &L D iTbh 7,
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The effect of atrial natriuretic peptide and C-type natriuretic
peptide on ¢c-GMP production in rat brain capillary
endthelial cells cultured in vitro

Hidemi Nakamura

Department of Neurosurgery, Kobe University School of Medicine

ABSTRACT

The brain capillary endothelial cells are responsible for the permeability properties of
the blood-brain barrier. Natriuretic peptides are conside to play an important role in the
volume regulation of the brain by affecting the function of capillary endothelial cells. The
rat brain capillary endothelial cells were isolated and cultured and the effects of natriuretic
peptides on them were studied.

The brain capillary endothelial cells were isolated from Spraque-Dawley rat brain cortex
the method of two step enzymatic treatment and cultured in the collagen-coated dishes.
The effects of atrial natriuretic peptide (ANP) and C-type natriuretic peptide (CNP) on
cultured brain capillary endothelial cells were studied by the cyclic guanosine 3’, 5'-
monophospate (c-GMP) production method.

The cultured brain capillary endothelial cells showed cobble stone appearance and retained
an endothelial specific marker, Factor Vl-related antigen. The cells constantly produced PGI.
after 10 passages. The cells rapidiy lost 7 -GTP activity by passages. In the cultured
endothelial cells, ANP stimulated ¢c-GMP production at the dose higher than 107"M. On the
other hand, CNP at the dose between 107°M and 107°M showed no response.

Brain capillary endothelial cells of rats were isolated and cultured with maintaining their
physiological activities. Response to ANP which is considered to play an important role in
the volume regulation of the brain was preserved after passages. Response to CNP of which
role in the volume regulation of the brain is controversial was negative after passages.
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