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Expression of Nitric Oxide Synthase Isoforms and Detection of Nitric Oxide in Rat Placenta
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Abstract:
monitored and quantified by electron paramagnetic resonance (EPR) spectroscopy using an iron complex with
N-(dithiocarboxy) sarcosine (Fe-DTCS) as a NO trapping reagent. The expression of nitric oxide synthase (NOS)

Nitric oxide (NO) production in the rat placenta(pars fetalis placentae and decidua basalis) was

isoforms was also examined by quantitative reverse transcriptase-mediated polymerase chain reaction (RT-
PCR) analysis. The EPR spectrum of the placenta with Fe-DTCS trapping showed a triplet signal (g = 2.038)
derived from an NO-Fe-DTCS complex. The heights of the NO-Fe-DTCS (a) and MnO (b) signals were
simultaneously measured to calculate the ratio (a/b) of these signal heights used for the quantification of the
NO production level. Although, the ratio of the signal heights of NO-Fe-DTCS and MnO did not vary
significantly with gestational stage in the fetal placenta, the ratio was markedly decreased in the maternal
placenta during the last few days of gestation. At the gestational stages examined, the level of NOS 2 (iNOS)
mRNA expression was significantly higher than that of NOS 3 (eNOS) mRNA expression at any given stage in the
fetal placenta, and the production pattern of NO was in good accordance with the expression pattern of NOS 2 in
the maternal placenta. These results suggest that NOS 2 is the predominant producer of NO in the placenta and that
NOS 2-generated NO plays significant roles in the maintenance of placental functions immediately before birth.
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—fgfbEEHE (NO) WHEEBRTRED 7Y -5V H L
TdH b, 1987 FEICNO ITMERE DN LM TERS
n, M5 %R S5 EF (PRI RIS i
BT . EDRF) OARETH b @G shzL), 20
#, NO & L-arginine L FEF (0,) Z&E L LTNO
A HiE% (nitric oxide synthase: NOS) (2 & ) EEAE S
N, EERNTERREREAEL TSI EFHL D
12 o723,

5 lirb, NODEIRMEFFICEREREMERLT
WA EWRIEBEISNTWEY, F7z, £HE, ik
AP 7 NO OB EORHICIE, BELTMEH
EMICTAIENFERELEZLNTWVSH, NON
AEETHEGODEVWGTTHA1-OFTEHETH
h, RBWEAFEZEERERTNE 9,
STNNIABFEAELTwLI-D, BFEK
PESEIEIRIL (electron paramagnetic resonance: EPR) %
BIZLWVBIIPTETHE, NORBRS TV HINVTHS
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2O BEHAICIEEPREEIC L VRN TDH 575,
EEAFGFEN O, BITEES TR o7,
V4R, UF I AN X — MR TS B Fe-DTCS
(Fe-N- (dithiocarboxy) -sarcosine) % fi\ T, ~NEE
% NO % %% %2 NO-Fe-DTCS $41KiC b 7 v 7 L 72 %%,
EPR BT A AE Y b5 v F-EPRENRE Y SR,
HEARANFHOEVVNO % EPRIEICL DT T2 &
WEREE 72577 F 77, Takizawa b2 13, Fe-DTCS
AW/ AEY FS v F-EPRIEIZEL D NO EA X IR
HE 2720 TR, EELTEHZEZHELT
Wb,

Dbtz ths, KIFETIIAE Y T v 7-EPR
HEICLVBBICBIIANOEETHENTL, EEN
RT-PCREFEIZL Y NOEAEKHFSTHENOSTA VT
F—ARELNIITLHILICLY, HIREHORE
BT ANOEADEEELHELPIITAHAI L zHB
E L7z,

2. MEEHE

1) fitE

Crj:Wistar 7 v b (HEF ¥ — XY /N—, FH)
EFEBESETEL 10~ 15EBOF it Awv
7oo REMBHIEHICEBIL S/, BEREGYZHS
ez, S v bE—EAREIE, BHEBA X7
AIEFIPROLNL-HBDOEFEZEEFEOSHE LT
FE L, AERTE, HRI175H25215 HDE
7y bxAWE,

2) A

TFEA AN - PR E L TN-
(dithiocarboxy) -sarcosine (DTCS, [MZ{bE, REXR)
% F\V 72, Fe-DTCS $51K D EHLIZ Takizawa 5 % @
WMEICHE S 72 NO F+— & L T4-methyl-2-
[hydroxyimino]-5-nitro-6-methoxy-3-hexenamide
(NORI, BZfbZ, BA) ZM\7z, NO GHEEHR
(NOS) DFHEH| & L T NO-nitro-L-arginine methyl
ester (L-NAME, Biomol, Plymouth Meeting, USA) %
FVv27z, NO-Fe-DTCS DIRUEH > 7V IZ NORI & Fe-
DTCS $&4K74 & Takizawa & DHE? 16> TR L
7o

3) BFEEHMESEEIN (EPR) EEIC X 2 NOEE
= DR

NO D EPR A7 bV EIRH, BITT 5720,
BV ERHEERIEEE (JES-TE2X, HA®EF, H
W) Wz, YT VEREB0 RN, EIREIIC
A¥ ¥ bT v 7H|Fe-DTCS (500 mg/kg as DTCS) %
%5 L7z, MEBORIEIIE T — 7 VKRBT THY
BB L, M L7, BBIIBEBEFR (Pars
fetalis placentae) & JEEETHEES (decidua basalis) 12
SV TR L7, SR L -/ AIEE SIS L,
APEDEPR A E ICTOE LR ER TR L, EPR
AT ICHE L7z EPR 2518 O I 513 Temperature
-196 C, Microwave Power 10.00 mW, Modulation
100 kHz 0.32 mT, Center Field 330.0 mT, Sweep Width
50.0 mT, Sweep Time 4.0 min, Time Constant 0.30 sec
& L7

%72, NOHERDEPR AR M EEERLT S/
HIZ, B TN O EPR T & REEICER (L~
(MnO) #K% EPRFETL, WMED Y 7L OES
DItERDHAHZ LI L D) NO-Fe-DTCS @ EPR A X7
MvzERELL,

B, —OH Y TINMIIONWTIE, HETEES
NTWVELENODPNOSHRTH S Z L EHERT LD
|2, NOSFHEHAI L-NAME % §iL@E L7z 7 v b »
5, FRRICH ¥ TV R BRI T EPR T ICHE L 72,

4) #RNA O

HIR 175 B HEER2158D T v M & T— 7 VR
BT CRIBE L, AUk MERICERM Uiz MR 131K
REE Iz X ) Z0EBES L, RNAHH FT-80 CTIR
Tl

MR 5 DHFRNA O IE ISOGEN (= v R
V=, Bl A, #FOTZaT VIS T
FhE L7z i L72#RNA 13-80 Clz THRAF L 726

5) EEMRT-PCRE

oligo d(T) 1, 77 4 <— (GIBCO BRL, HJ%) &
s B RS (Super Script I, invitrogen, HE) % H
WT cDNA & L7,

FAv:7- eNOS & iNOS B & ' GAPDH D Hiiig 75 4
< —HFP 1%, eNOS (TCCCGAGCATCAAATACCT
¢ TGGGCAGCATCACCTACGA), iNOS
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(TTCACGACACCCTTCACCACAA &
CCATCCTCCTGCCCACTTCCTC) GAPDH
(TGAAGGTCGGTGTCAACGGATTTGHC &
CATGTAGGCCATGAGGTCCACCAC) TH o7, T
fEEERIC & ) PCR EM ST EBARAICIIEZ L Tw
BY A7 VEBOEBERRL, 5612, Awich A
7 VBB WTERIN L 72 cDNA #1206 L T PCR B
WA B &k, T DOL&MFTPCR RGT 1T
2720

PCR 1%, PCREWIX15% T O —A7 V%
HWTESKE L, SYBR Green 13 (Takara,
Kyoto) T603MH Lo A A=V TF I 4% —
& (FLA-2000, B, F#f) & ) ERKEIET
BUY AH&, BE{EMIEY 7 b MacBas v2.5 (EL 740V
5, HI) #HAWTPCREW ML, BoN

_H

2mT

72 eNOS mRNA & INOSmRNA® % ¥ & i
GAPDHmMRNA OFEFEIZL DHITE L 72,

6) FETFRILIE

‘Bon/7— s oY, EERFEEL KD, —IT
FLE T HL 4T (ANOVA) %RV THLELL, Scheffe’s
test  HHWTHEZEZ KD, P0050 & EFEED
D EHEL.

3. BREER

1) NO-Fe-DTCS 0 EPR A% 7 b

AV M7y T-EPREOENFEREELIIRL
720 Fe-DTCS & NO K7 —T&H % NOR1 » H1/E# L
72AZH#E NO-Fe-DTCS $8KD EPR A7 bV 1 D

X1 EPRX~Y RV
A : NOR1 & Fe-DTCS # W TIERL L /= NO-Fe-DTCS DIEEZI~ 7 b
B : Fe-DTCS#5 (500mg/kg) 30 HENEIR17.5 HOEMLEZ v bR

BOANRYT ML

C :HR175AMS v MAKICH 3 LLNAME (100mg/kg) %335 185

O Z~T ML
pallak Jes

Temperature —196 ‘C, Microwave Power 10.00 mW,
Modulation 100 kHz 0.32 mT, Center Field 320.0 mT,
Sweep Width 10.0 mT, Sweep Time 4.0 min,

Time Constant 0.30 sec
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M2 ZEY 5y 7-EPREICEBIBBICEH TS NOEEENELL
A IBRBRAFSICHE B NOELE, B | BREBRRICHEITINOEEE
Fe-DTCS (500 mg/kg) 325 30 HENDEMES v MIH 3 NOEERIE, NO-Fe-DTCSNDY Y
FILDBE (o) EMNODTTFILOEE (B) DLt (a/B) * 100 &3k, FHELES.E. TR
Lo a, b ;| BBUTEICEL3NFRTHEEES ) (P<0.05),

AR L7 Takizawa b DIE L RIKELR, At
M3 AOBMMEEL Y %5 EPRARY ML
(g =2.038) PBRDOSN/, T/, NOSHEHITH
% L-NAME (100 mg/kg) =% > 7 ¥ 7 60 53Rz
S L8 oMk R 5 &, HIR215HDME
#Tlt, NO-Fe-DTCS O EPR A X% b H%ELE (X
1D C) LTHY, Cu-dithiocarbamate $5EH R D
EPR A7 MUT EREER Y 7 FVDFRD NIz,
502, M, SR ENAEPR AR MV (H 1
D B) 1%, NO-Fe-DTCS DIZEHEEPR A7 + IV a°
Cu-dithiocarbamate $§ & H 3 M EPR 2 X7 b VI3 A
ENIZEPR ANRYZ P e LTEES I,

2) NO L= DRI

A¥ Y Iy FEPREICL ANOELEEOELE
H2iR L7z BEBEIETH (R2A) 2BV TiE, 4
RIS L7 R AT B\ T NO AR I bIZER
HoNEhol, —7F, BEREES (2B) 12w
T, R 17.5 B R 21.5 BISHI T, FEIZ
WAL Twiz,

3) =M RT-PCR

ERMRT-PCREIZL B, 5B JATHRUERMAE
) 1251 B INOSmRNA & eNOSmRNA ZEH D ZAL
3R LTz, BT S &L UEAE L 1T,
WFR ORI BT H INOSmRNA & eNOSmRNA
HREBE LW, BERFHIZBWY T,
iNOSmMRNA & eNOSmRNA DFHICELIZFERD L

drole —F, RBEBERIZBVTIE, #Ik19.5
H & AT 21.5 BI2B W Tid iNOSmRNA D5
BAEZEILEL LTz, eNOSmRNA DOFEIHRITITLYE
BRI X A EREIIRRO DN o7z,

eNOS IZHAN OB EETH Y, HHEFIZ &L
DA CaTBEN ER TS L, HVETFT2) VK
EHCZBIESREsh, § X0 B1ENMDT
D DNOEERII/NEVID, —F, iINOSIEHA + 7
A VRMMOEFIZLNVEEL XV THEENTBDY,
1ENH72) DNOELEEITeNOS & L2 & HT1E
THb, F72iINOSMRNA DEHIPS NOEA T TH
AIREOREEAPLETH Y, Suzuki 57 IFLPSIZ X
DiINOS #FFE&E/2T v MZBWwWTiE, MHFDNO
LAV LPS G TR — 71 E L2 L3k
HELTW5h,

FIR 17.5 B» 54k 21.5 HOBEEICBIT 5 NOE
EE® A Y Iy 7-EPRIEICE VN L, NOE
R IBRET S L, BBRBRFHTIEIEEIEEED
SN o2, FRERAER CIEERIICED o
TR LT, ZORDIZBHESELICBT S
iINOSmRNA OBy — LR —FLTW
oo INHOZ EDPLEIREMOIRIEIZBIT A NO
FEAIZIX, eNOS DG LTWAH DD, iNOS DEH
ERKENDDEEZZONT, INOS/ v 7T T MY
7 ANIBWT, JEBEERE O ME RO R R E
ENTVAEI L »b, BBIIBVWTELEINT
WAL NOI, MIBOEFICEETHHLEZDLNS,

I AURTF VBEFOIZ N —HIBIHE
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3 BASEIC BB RT-PCRIC & 2 INOSmRNA & eNOSmRNA OREBEDE(L
A, B :BAEERATFERIC$H17 3 INOSMRNA (A) & eNOSmRNA (B) ORI
C, D : PRBEBFERIC S 1 3 INOSmRNA (C) & eNOSmRNA (D) D3R
BY TN ED (NOSMRNA/GAPDHMRNA) * 100 3K &, FHEFS.ETRU &,
a, b, ¢ BERAMILICREBINFRTHEEES Y (P<0.05),

ALT, BEZETTLY A0RLF VEETFORE
R T AEEME R F & L CTHE S N7z HIF-1
(hypoxia-inducible factor 1) DFEAEAAS, INOSE
(ZTFOESHMEBICFEEL D, KBEETICBNT
FEHELAT Yy PORBR T, HIF-1 ZMEL T
iNOSmRNA DFEBH L HFHEEN B Z & HE D
ENTwb, F7o, HIREHICBWTE, BF0F
LWHRESIC L ) BRITEREIREICSH 5 2 L2
BRTw5E, INOOMELHETERL L, HIR
RO MG BV TE,  M/MREREIIH] < ML &4
£ EICEE L TWw A NO BEAE & 4 IR E A E CHERS
T 5729012, INOS EEFOREIEE L~V CHRE
ENTWwabDEEZLNI, REICBITSNOE
B OFEEE R EIRYM* B U/ NOELE L ZOH
Hitld O ML, IO TEESISN TS
HEDKFHLED T IS IR TREREETDH %,

Pz s, HR17.5 B2 0@ER21.5 HDME
BIEFICBT A NOEAICEHIIEO LN 2o
7275, PRBRHARERIC B VT, 2 OHIEIC NO EEDNS

AECHALTEY, EEWRT-PCRIEIZELD, NO
FEAEDFA & —F L T, iINOSmRNA FIRD A HSEL
DN ehs, ZORMORERETICBITS
NOEAIZIE, eNOS HHELTWAE L DD, INOS
DEGHREVI DEEZ b, T/, HIREKM
DJEBIT BV TIE, /NN < ML i %
SIZBS LTWAh NOEEL TIHRER T THET S
72012, INOSEIETFORRAVEE LNV THE SN
TWwWhbdneEL LN,
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