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This study aimed to investigate whether nociceptin contributes to the alterations in cerebral blood
flow (CBF) regulation following postnatal exposure to ethanol in Sprague-Dawley rats. Animals re-
ceived ethanol twice a day, 2 hr apart, on postnatal 6, 7 and 8 days. The changes in regional CBF
(rCBF) in response to the changes in mean arterial blood pressure were determined at 4-, 8-, and
12-week of age by laser-Doppler flowmetry. Hypotension was induced by the gradual withdrawal of
blood from arterial catheter, and the reversal of blood pressure was produced by the reinfusion of
blood. Expression of nociceptin-like immunoreactivity was determined in dura mater and cerebral cor-
tex using immunohistochemistry. Postnatal exposure to ethanol almost abolished the autoregulation
of rCBF in all age groups. Pretreatment with nociceptin but not with [Nphel]nociceptin(l—l?))NHz, a
selective competitive nociceptin receptor antagonist, 5 min prior to ethanol administration preserved
the autoregulation of rCBF in all age groups. Postnatal exposure to ethanol markedly increased the
expressions of nociceptin-like immunoreactivity in the dura mater and cerebral cortex, both of which
were significantly inhibited by pretreatment with 7-nitroindazole monosodium salt as well as amino-
guanidine 5 min prior to ethanol administration in all age groups. The values of arterial blood gas
analysis were not significantly different from the basal levels in all groups. These results suggest that
nociceptin deeply contributes to the compensatory mechanisms for the nitric oxide-dependent alter-
ations in CBF autoregulation following postnatal exposure to ethanol.
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oh AA wo] SlojA olEfAMA G thEE R
A olEfARIE =R T o e Ae] 82

Ao 9251 3Ir}23, 36]. Nociceptine th]
e &4 ddte] FoF 94FS & Aol FHHL
e, 2 7o RA HEA HEL Fi2Y FE 249
glutamate®] 2] A 3}L[44, 45], glutamatedl] 2] 3 F5&
A ABRES JAFH[11, 59], AL-IEAH G FE2E 9
A FHS8, 42]1= HECIT
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ARads FEstil oS ZAZRY dHofd A4 AF 9
Adettot gxd =

A S71% 0 gole] Qw34
= A
.

AT 9oz A HZo| ¥EAtol

O

o
4
2
e
B

JBSE W 232 S

Sprague-DawleyAl A4 &F(AF 101~157 g)ollA
Tkonomidou 5[28]¢] WS S&3t] A5 6,7 % 84 39
el 2AH 0.9% BAALFA H4T 20%(w/v) ABE25
g/ke)& 247 A2 14 23] dsFAle AT Tl
= 09% AAEFE dge FoAT TLT Yoz Fo
AT &AL FA 5 AL Aoks WA Aste] APE
= WIS ofgdllA 243 4He] 5T 71A] HEAA

A7t BAZE S0 A= AR W E S3 . °ol5E A

A EES urethane (1 g/kg, ip)oZ PIFAI7|2 A
37CE FANN7] flgted aged A H2 A7
(homeothermic  blanket system, Harvard Apparatus,
Edenbridge, Kent, UK) $loll 53 4o} 2 n43tdnt. 713
AM&S B3t 14G catheterZ 7|=5 1R} gallamine
(3~5 mg/kg, im)s Folste] TAZE v AY TEE

%5 71(683, Harvard Apparatus, South Natick, MA, USA)E
ARG AT 71Ete] £ 50~60 319 S5 KA
th. 4% 159l PE-50 polyethylene ¥ 44913lal o]
Edle] g 7kx @ pHE ZA8¢THi-STAT Portable
Clinical Analyzer, i-STAT Corporation, East Windsor, NJ,
USA).
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S #Est7] fote dPEEY EEY
o A44¥ polyethylene #Ho] AZFE e HE7](pressure
transducer: Statham P23D, Gould, Cleveland, OH, USA)&
Eoto] dehs 243t MacLab (4s, ADInstruments, Castle
Hill, Australia)Z Macintosh computer (Power Macintosh
7500/100, Seoul, Korea)2 T/ ¥ data acquisition systemol

=
polyethylene #-& 53}
A GAAFIL Sl At

FINE MR
kSl & 2o] Fd T AFFE AYE EJY=
HAAA 7R FEE 249717 (model 900, David Kopf

Instruments, Tujunga, CA, USA)oll L ZA AT FF4 & o
g FuE NG F 5 FA= AFE(6x6 mm)S Bt
1 wE 37CE 7@ A HAFA S BReAT AT
A HHFH] 242 th 3 2ok Na' 1565 mEq/l, K
295 mEq/], Ca" 2.5 mEq/], Mg* 133 mEq/], CI" 138.7
mEq/l, HCO5 24.6 mEq/1, dextrose 66.5 mg/dl, 18] 1L urea
40.2 mg/dl (pH 7.4).

=2 HgF &Y

ddge FAZ AAY FAZS Tk laser-
Doppler flowmeter (Laserflo BPM?, Vasamedics, St. Paul,
MN, USA)-& Trimflo parenchymal probe (Vasamedics)E
AA71 & vz 7198 AREskel dAute Al
ASHA ZHAAS. L8 At F HA F
A 3 E Aol e & HIRI |
3} th. Laser-Doppler flowmeterd] 2j8}o] S
<] W52 MacLab® Macintosh computerZ
acquisition system®l] 7]&3} %1t}
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200 ml A=< 0.02 M phosphate buffered saline (PBS)E #+F
o

AA BAS AAT o 250~300 ml9] 4% paraformalde-
hyde/PESE. % 42 ABsSTh =2 A4S 429
Y 3N g3 4T YA D2AT B¢ FuF
(postfixation)& 3}oH, A9 AA =HE 3 F 6717t
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20% sucrose/PBSel| 8A17F B¢t A AAA T2 A dojy=
WA (ice crystal)S A AT o] F Z ek A eh(silane)o] Y
A e ol == T (Muto Pure Chemicals Ltd, Tokyo,
]apan) ol £24 FROZ —r?W?]L, q4%E w2y AT
Eo2HH 2mm H40g d& 7709 AR F 573U A
HE 79A) S AUES Y E w7 |(HM560 MV Cryo-Star,
Microm, Walldorf, Germany)& AH&-3te] 10 um +7 ¢ &3]
HHAE THEo] Feto ‘::Lﬂ-’\( uto Pure Chemicals Ltd) 9
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W14 peroxidased] W3S AAS7] 3 =4E& 03%
At age] Wof 2087 Ao BAsT 2§ 24
< 0.02 M PBSZ 15%7F 33] Al 4gk $of H]Eo]A Q] HARE
-&-(nonspecific immune reaction)S W2|3}7] 913} 2% bovine
serum albumin (blocking antibody)< AF8-3t%] humidified
chamberel| 4| 303 &<t ¥H&-A1# . Blocking antibodyE |
A H 12 FAQ rabbit anti-nociceptin  (Millipore
Biosciences, Temecula, CA, USA)& 1:15002.2 343 &,
4TCAM 1247 F2 WA ojuf 3442 0.02 M PBS
ol 0.5% bovin serum albumin®] ¢ Y= RS ALE3FAT
I 5 A A 0.02 M PBSE 15 31 338 AlH st} 23}
A biotinylated goat anti-rabbit IgG (BA-1000, Vector
Laboratories, Burlingame, CA, USA)E 1:1,0002.2 8] 43}
Aol M 1A T WA 22 FA] whgo] T
0.02 M PBSZ 53t 38] Al 4% & 33 wk3 &<l avidin-
biotin complex (ABC, Vectastain Elite, Vector Laboratories)
Aoz Yol A&dM 147t w5171 F 0.02 M PBSE 15
7 33 AA3t3 diaminobenzidine substrate kit(Vector
Laboratories)E  ©|-&-3to] #3881 % (Axioskop 40, Carl
Zeiss, Gittingen, Germany) .2 QI3 HA] ZA0H-g-& A] )
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3to] cover glassE 2 F F8E1 % 22 nociceptin-frAF
™ 9938 (nociceptin-like immunoreactivity)s 23Tt
Nociceptin-fAF HRHE-2 o] Lol gk 4 HAd F
4 AT AZES 0 (AxioVision 4.2, Carl Zeiss)E A3
ZAH F 2E AeE SASA

T8 k&2 nociceptin, nociceptin &
2 AAA 23A< [Nphe'|nociceptin(1-13)NH,,
A4 EA nitric oxide (NO) a4 AAA <
indazole monosodium salt (7-NINA) (¢]/¢ Tocris Cookson
Ltd., Avonmouth, Bristol, UK) [51]9} =4 NO #A4 &4
AA Al aminoguanidine hydrochloride (Sigma Chemical
Co., St. Louis, MO, USA) [20]0]t}. o] 5 oFEe] A& o
B Fol 5% Mo Azt B 2 FARIAH.

7-nitro-

SA Az

BE A ot T Y BFAE FASAY. B
THEYE HF e 14 HEFY wse HAd AL
Aoz 4313, nociceptin-fFAH T G RE-g-H o] WE 2
Student’s unpaired tteste} FAFEAH o2 EA3 & 7
Abole] $-914 742 Dunnette] TEHI LY O E ALF HH
dtod p grol 0.05 Pl S stk A4

2 o

=4 Y7o HE

A 28-Ads 3 Y AFYel wE 34 HE{Y
W35S laser-Doppler flowmetry WH o2 S48} 0.

24 56,7 8 84 09% A d5-E HAE sham
& FRol #ARlel BaEAHIt wFel g T4 HEF

o

o WS F4AoZ Yei Ath(Fig. 1, Fig. 2 2 Fig. 3).
U} 25 g/kgd] 2L Wl 247 THA 0 23] T
Pt & SY-A YA 477 (p<0.05, Fig. 1), 85 (p<0.05,
Fig. 2) @ 1253 (p<0.05, Fig. 3)ll A #ut ojujz} dof 25
Al 45%(p<0.05, Fig. 1), 858 (p<0.05, Fig. 2) 2 12F
(<005, Fig. 3) RFol A HF A712A 7)%50] 24 ®
73] oFshE ik

A 27] AgE T osto] 2 A [ AtxA
715 £4& dgE Fo 5% A9 nociception (0.138 u
g/kg, ip.) AAAo| Jste] EF-AH} Al 458 (p<0.001,
Fig. 1), 85 % (p<0.01, Fig. 2) ¥ 125 % (p<0.001, Fig. 3)l Al
Wk odel Y AYFPA 4579 (p<0.05, Fig. 1), 8
(p<0.05, Fig. 2) & 1278 (<001, Fig. 3) ZFel A 9] 31
e o] HEF A7t 750 AR FAHNS 2
&4 28412 [Nphe']nociceptin(1-13)NH,
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Fig. 1. Changes in regional cerebral blood flow (rCBF) in re-
sponse to changes in mean arterial blood pressure
(MABP) of 4-week old rats. Animals were subcuta-
neously treated with ethanol (2.5 g/kg) twice a day, 2
hr apart, on postnatal days of 6, 7 and 8. Nociceptin
(0.138 ng/kg) or [Nphe'lnociceptin(1-13)NH, ([Nphe'],
1.38 ng/kg) was administered intraperitoneally 5 min
prior to ethanol treatment. Numbers in parentheses indicate
the numbers of animals. LL=lower limit of MABP for CBF
autoregulation. rCBF =rCBF at LL. MABPcprs)y= MABP
needed to maintain 80% of baseline rCBF of sham group.

AAAE oehSo o3 H8F kx4 759 &4 Ad
oA sk

HEF A7tz 315k (lower limit)2] ©]5S H7] $13}
Yamamoto 5 [58]<] el w} 271328 A S [autoregulatory
index; Bt W IHo] 10% Aot writh 2= A7
HEA Y Wi, F (A% HERF)/(10% st A3}
£ Foto A7t REAF7E 7 o] HEEHEeds He
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o B¢ 714 B
ok
o}
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o g2 Er(’%v‘ﬂl/ﬂh A EA A o] 47 8799 7
T 2dH0a, 125799 F5 714 HEsHEte] oF 83.0%

AFHAT 2 TAN 2T A%
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50 100 50 . .1(;0. —
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Changes in rCBF in response to changes in MABP of
8-week old rats. MABP:csr(7s1=MABP needed to main-
tain 78.1% of baseline rCBF of sham group. Others are
same as in Fig. 1.
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Changes in rCBF in response to changes in MABP of
12-week old rats. MABP:cpr771)=MABP needed to main-
tain 77.1% of baseline rCBF of sham group. Others are
same as in Fig. 1.

3193, nociceptin AH AT 2T FAZE FA59
S oz 399201}, [Nphe'lnociceptin(1-13)NH, 23]
AT ofde] dxoht 2 FEFUIYS 2o
3ttt

B9, Wl 7hs B4 AE 4599 A9 Table 1914 2



8 wk 12 wk

Fig. 4. Representative photomicrographs for expression of noci-
ceptin-like immunoreactivity in dura mater of 4-, 8- and
12-week old rats. Animals were subcutaneously treated
with ethanol (2.5 g/kg) twice a day, 2 hr apart, on post-
natal days of 6, 7 and 8, respectively. 7-Nitroindazole
monosodium salt (7-NINA, 50 mg/kg) or amino-
guanidine (AG, 1 mg/kg) was administered intra-
peritoneally 5 min prior to ethanol treatment. Scale
bar=100 pm.

-
=
=

S 8 5

-

% 8 & 38

Number of nociceptin-like immunoreactivity

100F 12-wk
75
50
25
Sham Vehicle 7-NINA AG
Pretreatment

Fig. 5. Inhibition by nitric oxide synthase inhibitors of ex-
pression of nociceptin-like immunoreactivity in dura
mater of 4-, 8- and 12-week old rats. The number of
animal is 4 in each group. p<0.01; ~p<0.005; ~ p<0.001
vs. sham group. "p<0.05; *p<0.001 vs. vehicle group.

=g} o] A¥ A = 2 Bo §93k x}o] = Holx| ol
a9tk 853 1258 o) A$o YolHE Frps B A
e AP A, T E Foll 7T 2ol & HolA| ot itk(E
2 wAAD.
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4 wk 8 wk 12 wk

Sham

Control

7-NINA

AG

Fig. 6. Representative photomicrographs for expression of noci-
ceptin-like immunoreactivity in cerebral cortex of 4-, 8-
and 12-week old rats. Scale bar=100 pm.

1500
3 sham

HEll Vehicle
7-NINA
@R Aminoguanidine

12501

10001

750

5001

Number of nociceptin-like
immunoreactivity

250

0

Age, weeks

Fig. 7. Inhibition by nitric oxide synthase inhibitors of ex-
pression of nociceptin-like immunoreactivity in cerebral
cortex of 4-, 8- and 12-week old rats. Nociceptin-like
immunoreactivity was determined by summation of in-
dividual immunoreactivity from 5 consecutive slices at
a 2-mm interval from frontal pole to occipital lobe of
brain. The number of animal is 4 in each group. £<0.005
vs. sham group. *p<0.05; *p<0.001 vs. vehicle group.

48} L nociceptin—AF HeiESE g

AP5E9 4 Ul nociceptin-fAF W WS- Fig. 49}
Fig. 514 B uke} o] Bawol e A d F9]d 4
2% B EAT@AFH, 300295 N/ 2AME; 853, 21.313.0
N/ ZATE; 1255, 128428 71/ ZAME). 22y 24 271 9
g8 Fo Fol|HE Fig 49} Fig. 5914 B nho} o] 7wt
W nociceptin—frAt HERHE-E o] BE FE oA dA 3| F7t
"3}9\9,1:]'(4—r 4, 98.1+13.4 7l / ZAMH, p<0.01; 859, 91.3+11.7
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Table 1. The values of arterial blood gas analysis of 4-week old rats in determination of regional cerebral blood flow

pH PaCO; (mmHg) PaO, (mmHg)
Shamn Before 7.401£0.038 435:34 95123
-1 During 7.400+0.035 42.0+3.6 95.0£3.3
(n=4) After 7.402+0.037 1435 95.842.9
. Before 7.388+0.037 431434 945422
Vehicle .
(n=5) During 7.413+0.035 42.6%4.1 94.612.2
After 741240.032 429+43 93.9+33
Nocicentin Before 7403:0.032 432+44 96.1:2.8
e o During 7.40140.035 42.8+4.0 972425
n=4) After 7.403+0.036 06441 96.1+2.6
[Nph 1] Before 7.398+0.030 431+3.3 944+31
(rf:;; During 7.402+0.030 399437 93.5+3.4
After 7.403+0.032 411431 93.7435

Data are meanstSEM. Before, basal values before hemorrhagic hypotension. During, values during hypotension. After, values after

blood reperfusion. Others are same as in Fig. 1.

M/ ZAMAE, p<0.005; 1255, 74.949.3 7/ ZAMH,

A 27) dgs
nociceptin-frA} 9 ¥HS-&
d4s ARy Hﬁ}@%

7<0.001).
Fofol oste] xejd olHg AH W

FH F7ell 2ol NOo| #
A7 NO qHax JAAA
a2 9AAQ aminoguanidine
o gg Fool 9fgk = Y nociceptin-frAF A
ﬁt&% 4 —’;‘— 7be 7-NINA AA X4, 8 2 12F% 2F
P .001)01] 9]’3}04 Bt o}y e} aminoguanidine %A X|(4, 8
9 12579 BF p05)ol Jste] BE FHNA FojaiA o
A = A H(Fig. 49} Fig. 5).

¢H aminoguanidine®} 7-NINA #tAl+ 79 W noci-
ceptin-frAF W HHS-Hol 2 J&FS n XA olsYTh(A
) ;ﬂ]/\]).

CH=|m|Z! LY nociceptin-FAH BHodHI22d k5

AFY EoZHH 2mm M40 4L 79 o HE F
SAGBHARE 784 HAEANA LEE = nociceptin-+
Ab H AR Fabsk At ol 9 ol 49 nociceptin-r
AF HARHE- 82 Fig. 67 Fig. 7oA He npe} Fo] At
Me A TAEAGETH, 677.7+485 7/ A, 85H,
654.0+46.5 71 / ZAFE; 1258, 669.1+55.8 70/ ZAHE). 22y

4 27] g T PO A<= Fig 63 Fig. 7914 He vhe}
2ol tiH 9 noc1cept1n-Tr*} AGrkg o] BE FHd
M AA3] F7FH AT E, 1124.0£71.8 7]/ ZAHE, p<0.005;
857, 993.0+49.7 7} /ZA} , p<0.005; 1253, 948.627.9 7}/
ZAHE, p<0.005).

A 27] dgE Fold ot XY HE o] g 3 A
HW-e- 8 wd ] F7hE 7-NINA WA
4, p<0.001) ¥7F o} 2} amino-

W nociceptin—f-AF |
2454, p<0.05; 8 ¥ 125

guanidine A )4, 8 ¥ 1278 EF p<0.001)¢l 95t BE
FoA frelstAl A= Atk(Fig. 63} Fig. 7).
A 7-NINA$} aminoguanidine A= o3& U noci-
ceptin-fAF Wuk-gE o] & J&FS v A] ofY 3 th(A 2
A A)).

2 dFe dFAH A 2719 dEE FoAe 4% &
HEF Atxd 7l A Wss 2k, ofd uig
B4717 9 2 A nociceptin®] Hd o] F7FskH, o 7]¢= NO
7b Zo] #ofsta A5s #EASATH

H7)% Tegel dEl HAduin], BAAA B 5ol
gjo}7], SAAF7] e Aol 9] ¥ whg A 7)o oju gt
AQlel M E H7F £44S opx] EAFT9]. o] bt

Fo] Al&so] gtk

=4 Zd?ﬂﬂ Ao oJato] ojxpH o g R H= Arta
S84 HSE H7)s w7 £ AP LAl
AT T AL HEdA T dFS A
dl, 2719 1) AuEEe B2 o] A2 7HA =of gof
879 WEo] Yojhar, 2) A HIFo} FA4 HEFY
77 Loy, 3) wgr&oﬂw HEF 2}7&@ 71%

g7 11 0] 59 H
1Atk E# A o) Volpe §[53]& 2

b GorsalA A HE 7ol s
F-9 o] dFgFo] An¢-2 7 (sylvian cortex)S] FFHE
o 25~50% U WS #E35+9 3, TaudorfS} Vorstrup [52]©

2 o
N
-
2
[-40
)
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(transcranial Doppler)Z 274 gt ﬂf‘g%
of AAU, 14] %4 HEF7} 745 o]
Hh ATH57].

o A7) Aikagel =EEHW =34 7] IIJr &4
HE7F 2 A dehdtal Ee A lus4]. 44l 37

719 =2 s A A £430] F2 UrE}‘/}",
719 Fatol =EHW Sk AR oyt 714 9
) (lentiform nucleus)l] 7o) Wbl JAZ 7] =
ZHW E9Z Al (ventrolateral thalamus)Z} F# =3
(posterior lentiform nucleus), %% |4 5% (perirolandic
cortex)0] £45H, €155 &3 (lateral geniculate nucleus)Z}
A Z- 523 A (optic radiation)o] <47 ?51-1’4-

Eﬂo].ol:y'ﬂ_z T2 oAl 7|7k o

2= o T LT

4R ey %w Jolol A 21
o

fiopr Hz 2
oAl Y 2 e

IR

fu}

=5
N rlr 31; e

P

9
-

i

o

d

e
IN >

)
NEJRae

N
N
mrﬁ

=

9

£ A

}L BAAA, Q%Prﬁ, Ast PeF ToZ A T
15E H=g3l] Hel Ui 4o AFEAEE W} F
B E A7), & ABAERF ] FAHE Al7ld 53] W
A debdtia stet), o] A7l AR A e 94l 27
o it Fs A F 274 sfFeTH10, 16]. AHE
o T Aol A ABAEHFT AL 44 3Ll e
7] A&ated[41] AF 247) E71A] i3] o] Foix ko
ol2tir} 1 o]F A3 AR F] A5 A 7Y

o

HE ¥ B Qlojx] 2ATH O ALY 94l 32~345F
T A oF go] A} frafste] i o)
7b 2495 31, o} 7] (germinal matrix)©] %%3}71] Hd7
A =, Wge ob F2817F A MNP E A
ATk SHoH48]. weba] AA7] FHel A &S

I FEAN ekt M 71 AWAL Gk, 2
ok alvlol o) AAALS 44 Fol 2ABrHI7, 56, Lt
gz 9@ 75 wLgdel gF A7E 9T 47T
FRAY 2eol e - FAL WY ohiek 2 49
dot4 FAE ofy BRAH ARolth

185 70)9] #lel

=

s
2)
F o Ikonomldou F28]& &4 =7
3
[e}

A eSS A7t 7HA O F 23] Eojdto g A EAEA
A7RMA el oA FAsA BHEE AF5he] HolLnL
3579 4gnde Agsivta AA AT B A7 ¢
BN 4% 72 o}Eu} deeg Foid 7o) Fh HPF
o) A2 5L 4FHANE A £AHUIL, 85 o]
FRFgor 74 °l 7Kl wet oshE e ShgAw

B 8H7] AAetglnt. 22y AF 748 et 3U3E o
G2S FAY TollMe FEA BARlCl A7 At

d

Journal of Life Science 2013, Vol. 23. No. 2 163

e HAAsH Y Atz dHeEAe] ¢43] &
A e A8 3t E}EW 24 27 d=2E FoA
g w7l Tl #3 A7 T3] fAstd= AF
7ot o2& Foldhe 4E‘¢‘r A 6~8Yl 24 3%
T AdgeE Folste Aol ARGl AT HES
ZYstEz H7)s Tegoe) TE2EEE ¥ AP Aoz
FerE A

HedAe 34T Y 24 Adle g8 o] dojua,
gto] F43] FsiA HH 8 o] dojy Ao
HE dRdhe @Yol A9 A FAHEE 2Hsh=
A7k 2A 7% 7L QT3] B H EZ T &F
°of 7k == FasHA HW o] 99 HEFRE S ke
st "o o9k 22 HAA W vl E R &F4l glo
Ao ZAd e A 29 d 5914 ¥ (pericyte) ol Ef st
= BT F54 B, 3]0 T2 g & FAY, g8
FAMNES] FFET AEZ F3H 0B8] HAE W vAEH
o TE/del Befs) Fot & A7 Aol e 24 27] o=
< 0401] oste] 4% Fof 54 HI[F 24 7wl AAT
Hgol 2=t &, @AH 224Dt 2 2 AFAl
ot WY W weE i HdRe Hes BE

7 A7txAE 7159 &4 nod-
ceptin 75—15‘101] /]O}Oq M;q]go] HEf{ AptEd 715 E B
£ FHdA AYFo 2 el Atk 23 Y nociceptin
A A8 B2 2870 [Nphe'Inociceptin(1-13)NH, ?ﬂ?ﬂ
A& o ZHTE itk
g, NO= A vnl o 3 1Akl A4ka
BAZE Yt A HAA AdLSe A7
B4 mRNASH 9 B8-S F7HA7]H N
B2 tetrahydrobiopterin 3499 £ & A
cyclohydrolase 1¢] &8-S F7FAIZITH22]. &
T ARL-E oY mE2 ALta-sde] U
ABAMEAL NO P ass wdshe 2A73A
Al71H[3, 24], WA E AZ3AE
A7 AAAME A rA- 61
SITH12]. E3] S10082
AbstA H=H, o]® NO %”‘4 a27F gAstEH NO 4
e Xﬂzﬂ = ﬂﬂo}tﬂ *ﬂ“”‘} dol Al ETH26]. webA

1
ol
<l

>
bl

oXx, mel

:'-_l,

v O g

ox Z
Q b

=t O
oot
Q o
5 9 ox ok

of ol
o b
o

>
qr

oN X0 2
N o X

1

ol
&

¢

Wt to,
¥
i

ox ¢
Z,
O
lﬂ‘
ox

‘
B
o
5
5]
0
7
&
c
=

X

Lo,
o

& =
sholH, AR UM EY ALE FEF F
oflghEo] WA X NO Aol vlA=
= "¢ gFsiA Ras iy 9=, Kimura 530]2 477t
eSS Fofuke 7Ug 249 vt gjote] ¥ FA9} sfu}
W AZAEA NO §AH a4 BT ZAadATa s,



164 A3}35]4] 2013, Vol. 23. No. 2

Phillips 5[47]2 &4 ol g2 =EFo 2N HY Y&
Y (superior colliculus)®} = #5939 & (periaqueductal
gray) Woll AZAMEA NO §HELS 71 AAA LY 47}
ZaE At =71 318, Pantazis 5[46]% Zou S[60]

NO B4 E4 oAl eked o3 AAEAES HEG
o g,
2 AT A & 2ojd olate] Hota} o]

24 27 dgg
I Aol nociceptin-frAl B RS o] W o] FAE| F7ts}
Hed o] 2752 7-NINA ¥ aminoguanidine %] ]¢] 9]
EERCE 7]'5\—'5}&”3} ojFF AFEE L A F ATA
ZAT gAjo] YA
Sl ojsto] J-EHQ% 7
NO A a7} §1—H§}Q = o]o] =
Al 524 NO A aL7t %‘*éﬁ}%&iﬁﬁ A&
o= ’%‘“Q NO°“ 40}@] "J 57—‘}%01 =, o

w0l x]—_-,_zj,gi °e]°1‘r_} ﬁﬂrﬁ]r—’ ‘3715”4' a2y ol
7Fs 3ol Wate] & AFA oee Fof 39 Hui NO9
Folu NO 4 a4sd SR Wss A4 S48 A
got A= &3] &A FohaL g
TE o 3 RHopop & Fart gl

2 ATl S 27 g FoAd st 2He

7 AtzA 759 £40] e Fo ol HA g ¢
21 nociceptindl] 9Jste] frofstAl AdH o HEF A7tz
A 750l ARAHoE FAHNTE AHE S wg Frdle
Aitoltt. 28} o]k 22 914 nociceptin H A X9 o]
HEF A7tEd 759 BE a3 tiste dAEME 2
714 8= & 4 )l @A Armstead [1]7F A7) S
A9 A% AutEe ¥ M nociceptino] cAMPS} K' B2
(ATP-R17H3 2 Ca™-R17H4 K B2)9 &8 714S 53t
of SAAATL & E19 Nelson [44]0] 9 dj¥ 54
Ao dist 34 38 AP AA nociceptin®] glutamate 2]
&S gAste] 8RS A&3 7va 3 Russ X
& B, olehE Fof ol Fofgk I nociceptinel] 2] 5}
glutamate %] AAFOZHN oA = A4R T G749} &
7] cAMP FrEish 71 o] ¥ ATP-RIZ K 82 B Ca™-¥1%
A K Eig] 7H:[L°ﬂ g]z“s_} ojuLEuﬂg] :«‘z}%}o] °“ﬂ""°i’>ﬂ
A HIRFE AL 5 A Hol 24 27 g Fo
of oJste] xejs= Arta-sld A7t ARl WA EUS
Aoz F58 F 3lv}. a2y ofF o5 ST e
7t AR glo]l st7l= 5 &5 o Zo] e 4
3 =2 "es 9o

o }e] AFHES TR B 24 7] A
59 HER[ Artxd Ve AEH &4
g, o]o i BAF7]H O ZA nociceptin®] TH
o7]d= NO7} Zo] #osta las AAT

ot
it o

ol

4 m
T

A

filo
—m
ol fr
M ox

B

37t

].
1:q/

2 e

[e)

of
=

10.

11.

12.

13.

14.

A =

3 AGTA S TH el olste]

References

. Armstead, W. M. 1999. Nociceptin/orphanin FQ dilates pial

arteries by Karp and K., channel activation. Brain Kes 835,
315-323.

. Berger, R. and Garnier, Y. 2000. Perinatal brain injury. /

Perinat Med 28, 261-285.

. Black, S. M., Bedolli, M. A., Martinez, S., Bristow, J. D,,

Ferriero, D. M. and Soifer, S. J. 1995. Expression of nitric
oxide synthase corresponds to regions of selective vulner-
ability to hypoxia-ischaemia in the developing rat brain.
Neurobiol Dis 2, 145-155.

. Boado, R. J. and Pardridge, W. M. 1994. Differential ex-

pression of a-actin mRNA and immunoreactive protein in
brain microvascular pericytes and smooth muscle cells. /
Neurcsci Res 39, 430-435.

. Bode, H. and Bubl, R. 1991. Brain circulation in residual cere-

bral damage. A Doppler ultrasound study. Monatsschr
Kinderheilkd 139, 144-510.

. Cavazzuti, M. and Duffy, T. E. 1982. Regulation of local cere-

bral blood flow in normal and hypoxic newborn dogs. Ann
Neurdl 11, 247-257.

. Clarren, S. K., Alvord, E. C. Jr, Sumi, S. M., Streissguth,

A. P. and Smith, D. W. 1978. Brain malformations related
to prenatal exposure to ethanol. / Pediair 92, 64-67.

. Connor, M., Yeo, A. and Henderson, G. 1996. The effect of

nociceptin on Ca™* channel current and intracellular Ca** in
the SH-SY5Y human neuroblastoma cell line. Br / Pharmacol
118, 205-207.

. Dammann, O. and Leviton, A. 1997. The role of perinatal

brain damage in developmental disabilities: An epidemio-
logic perspective. Ment Retard Dev Disabil Res Rev 3, 13-21.
Dobbing, J. and Sands, J. 1979. Comparative aspects of the
brain growth spurt. Farly Hum Dev 3, 79-83.

Faber, E. S., Chambers, J. P., Evans, R. H. and Henderson,
G. 1996. Depression of glutamatergic transmission by noci-
ceptin in the neonatal rat hemisected spinal cord prepara-
tion in vitro. Br J Pharmacdl 119, 189-190.

Ferriero, D. M., Holtzman, D. M., Black, S. M. and Sheldon,
R. A. 1996. Neonatal mice lacking neuronal nitric oxide syn-
thase are less vulnerable to hypoxic-ischemic injury.
Neurobiol Dis 3, 64-71.

Fukuda, K., Kato, S., Mori, K., Nishi, M., Takeshima, H.,
Iwabe, N., Miyata, T., Houtani, T. and Sugimoto, T. 1994.
cDNA cloning and regional distribution of a novel member
of the opioid receptor family. FEBS Lett 343, 42-46.
Fukuda, S., Kato, T., Kuwabara, S., Kato, 1., Futamura, M.
and Togari, H. 2005. The ratio of flow velocities in the mid-
dle cerebral and internal carotid arteries for the prediction
of cerebral palsy in term neonates. / Ultrasound Med 24,



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

149-153.

Gleason, C. A, lida, H., Hotchkiss, K. J., Northington, F.
J. and Traystman, R. J. 1997. Newborn cerebrovascular re-
sponses after first trimester moderate maternal ethanol ex-
posure in sheep. Pediatr Res 42, 39-45.

Goodlett, C. R. and West, J. R. 1992. Fetal Alcohol Effects:
Rat model of alcohol exposure during the brain growth
spurt, pp. 45-75. In: Zagon, I. S. and Slotkin, T. A. (eds.),
Maternal substance abuse and the developing nervous system
Academic Press: San Diego, USA.

Goodlett, C. R., Marcussen, B. L. and West, J. R. 1990. A
single day of alcohol exposure during the brain growth
spurt induces brain weight restriction and cerebellar
Purkinje cell loss. Alcohol 7, 107-114.

Greisen, G. 1992. Effect of cerebral blood flow and cere-
brovascular autoregulation on the distribution, type and ex-
tent of cerebral injury. Brain Pathol 2, 223-228.

Grether, J. K., Cummins, S. K. and Nelson, K. B. 1992. The
California cerebral palsy project. Paediatr Perinat Epidemiol
6, 339-351.

Griffiths, M. ]J., Messent, M., MacAllister, R. J. and Evans,
T. W. 1993. Aminoguanidine selectively inhibits inducible
nitric oxide synthase. Br J Pharmacol 110, 963-968.

Gu, H, Hu, D,, Hong, X. R,, Li, W., Cui, Y., Hui, N. and
Sha, J. Y. 2003. Changes of hypothalamus and peripheral
orphanin in fetal rats with intrauterine ischemia and
hypoxia. Zhonghua Fu Chan Ke Za Zhi 38, 683-684.

Guo, Y., Ward, M. E,, Beasjours, S., Mori, M. and Hussain,
S. N. 1997. Regulation of cerebellar nitric oxide production
in response to prolonged inn vivo hypoxia. / Neurosci Res 49,
89-97.

Henderson, G. and McKnight, A. T. 1997. The orphan opioid
receptor and its endogenous ligand - nociceptin/orphanin
FQ. Trends Pharmacol Sci 18, 293-300.

Higuchi, Y., Hattori, H., Hattori, R. and Furushom K. 19%.
Increased neurons containing neuronal nitric oxide synthase
in the brain of a hypoxic-ischemic neonatal rat model. Brain
Dev 18, 369-375.

Hou, M., Uddman, R, Tajti, J. and Edvinsson, L. 2003.
Nociceptin immunoreactivity and receptor mRNA in the
human trigeminal ganglion. Brain Res 964, 179-186.

Hu, J. and Van Eldik, L. J. 1996. S1008 induces apoptotic
cell death in cultured astrocytes via a nitric oxide-dependent
pathway. Biachim Bigphysics Acta 1313, 239-245.
Huttenlocher, P. R., de Courten, C,, Garey, L. J. and Van
der Loos, H. 1982. Synaptogenesis in human visual cortex
- evidence for synapse elimination during normal
development. Neurosci Lett 33, 247-252.

Ikonomidou, C., Bittigau, P., Ishimaru, M. J.,, Wozniak, D.
F., Koch, C,, Gengz, K., Price, M. T., Stefovska, V., Horster,
F., Tenkova, T. Dikranian, K. and Olney, J. W. 2000.
Ethanol-induced apoptotic neurodegeneration and fetal al-
cohol syndrome. Science 287, 1056-1060.

Jones, K. L. and Smith, D. W. 1973. Recognition of the fetal
alcohol syndrome in early infancy. Zancet 2, 999-1001.
Kimura, K. A, Parr, A. M. and Brien, J. F. 1996. Effect of

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Journal of Life Science 2013, Vol. 23. No. 2 165

chronic maternal ethanol administration on nitric oxide syn-
thase activity in the hippocampus of the mature fetal guinea
pig. Alcohol Clin Exp Res 20, 948-953.

Kruse, J. 1984. Alcohol use during pregnancy. Am Fam
Physician 29, 199-203.

Lachowicz, ]. E,, Shen, Y., Monsma, F. J. Jr. and Sibley, D.
R. 1995. Molecular cloning of a novel G protein-coupled re-
ceptor related to the opiate receptor family. / Neurochem 64,
34-40.

Lassen, N. A. 1964. Autoregulation of cerebral blood flow.
Circ Res 14/5(Suppl 1), 201-204.

Leech, R. W. and Alvord, E. C. Jr. 1977. Anoxic-ischemic
encephalopathy in the human neonatal period. The sig-
nificance of brain stem involvement. Arch Neurdl 34, 109-113.
Lou, H. C. 1988. The "lost autoregulation hypothesis" and
brain lesions in the newborn - an update. Brain Dev 10,
143-146.

Meunier, J. C. 1997. Nociceptin/orphanin FQ and the opioid
receptor-like ORL1 receptor. Eur J Pharmacol 340, 1-15.
Meunier, J. C., Mollereau, C., Toll, L., Suaudeau, C.,
Moisand, C., Alvinerie, P., Butour, ]. L., Guillemot, J. C,,
Ferrara, P., Monsarrat, B, Mazarguil, H., Vassart, G.,
Parmentier, M. and Costentin, J. 1995. Isolation and struc-
ture of the endogenous agonist of opioid receptor-like ORL;
receptor. Nature 377, 532-535.

Meyrick, B. and Reid, L. 1978. The effect of continued hypo-
xia on rat pulmonary arterial circulation. An ultrastructural
study. Lab Invest 38, 188-200.

Miller, M. W. 1988. Effect of prenatal exposure to ethanol
on the development of cerebral cortex: I Neuronal
generation. Alcohdl (lin Exp Res 12, 440-444.

Mollereau, C., Simons, M. ]., Soularue, P., Liners, F., Vassart,
G., Meunier, J. C. and Parmentier, M. 1996. Structure, tissue
distribution, and chromosomal localization of the pre-
pronociceptin gene. Froc Nat! Acad Sci USA 93, 8666-8670.
Molliver, M. E., Kostovic, I. and van der Loos, H. 1973. The
development of synapses in cerebral cortex of the human
fetus. Brain Res 50, 403-407.

Morikawa, H., Fukuda, K., Mima, H., Shoda, T., Kato, S.
and Mori, K. 1998. Nociceptin receptor-mediated Ca™* chan-
nel inhibition and its desensitization in NG108-15 cells. £ur
J Pharmacol 351, 247-252.

Nehls, V. and Drenckhahn, D. 1993. The versatility of micro-
vascular pericytes: from mesenchyme to smooth muscle?
Histochemistry 99, 1-12.

Nelson, R. M., Calo, G., Guerrini, R., Hainsworth, A. H,,
Green, A. R. and Lambert, D. G. 2000. Nociceptin/orphanin
FQ inhibits ischaemia-induced glutamate efflux from rat cer-
ebrocortical slices. Neurarepart 11, 3689-3692.

Nicol, B., Lambert, D. G., Rowbotham, D. J., Smart, D. and
McKnight, A. T. 1996. Nociceptin induced inhibition of K
evoked glutamate release from rat cerebrocortical slices. Br
J Pharmacol 119, 1081-1083.

Pantazis, N. J., West, J. R. and Dai, D. 1998. The nitric ox-
ide-cyclic GMP pathway plays an essential role in both pro-
moting cell survival of cerebellar granule cells in culture



166

47.

48.

49.

50.

51.

52.

53.

54.

A 78k5] 2] 2013, Vol. 23. No. 2

and protecting the cells against ethanol neurotoxicity. /
Neurochem 70, 1826-1838.
Phillips, D. E.,, Cummings, J. D. and Wall, K. A. 2000.

neurobiology of stress in human pregnancy: implications for
prematurity and development of the fetal central nervous
system. FProg Brain Res 133, 131-142.

Prenatal alcohol exposure decreases the number of nitric ox- 55. West, ]. R., Chen, W. J. and Pantazis, N. J. 1994. Fetal alcohol
ide synthase positive neurons in rat superior colliculus and syndrome: the vulnerability of the developing brain and
periaqueductal gray. Alcofol 22, 75-84. possible mechanisms of damage. Mefab Brain Dis 9, 291-322.
Rice. J. E. 3rd, Vannucci, R. C. and Brierley, J. B. 1981. The 56. West, J. R, Hamre, K. M. and Cassell, M. D. 1986. Effects
influence of immaturity on hypoxic-ischemic brain damage of ethanol exposure during the third trimester equivalent
in the rat. Ann Neurol 9, 131-141. on neuron number in rat hippocampus and dentate gyrus.
Richardson, B. S,, Patrick, J. E., Bousquet, ], Homan, J. and Alcohd Clin Exp Res 10, 190-197.
Brien, J. F. Cerebral metabolism in fetal lamb after maternal 57. Yamada, K., Tsuzura, S. and Matsuda, H. 1995. Brain MRI
infusion of ethanol. Am J Physiol 249, R505-R509. and single photon emission computed tomography in se-
Roland, E. H. and Hill, A. 1997. How important is perinatal vere athetotic cerebral palsy: a comparative study with men-
asphyxia in the causation of brain injury? Ment Retard Dev tal and motor disorders. No To Hattatsu 27, 269-275.
Disabil Res Rev 3, 22-27. 58. Yamamoto, S., Nishizawa, S., Tsukada, H., Kakiuchi, T.,
Silva, M. T., Rose, S., Hindmarsh, J. G., Aislaitner, G, Yokoyama, T., Ryu, H. and Uemura, K. 1998. Cerebral blood
Gorrod, ]. W., Moore, P. K., Jenner, P. and Marsden, C. D. flow autoregulation following subarachnoid hemorrhage in
1995. Increased striatal dopamine efflux in vivo following rats: chronic vasospasm shifts the upper and lower limits
inhibition of cerebral nitric oxide synthase by the novel of the autoregulatory range toward higher blood pressures.
monosodium salt of 7-nitro indazole. Br J Pharmacol 114, Brain Res 782, 194-201.
257-258. 59. Yu, T. P. and Xie, C. W. 1998. Orphanin FQ/nociceptin in-
Taudorf, K. and Vorstrup, S. 1989. Cerebral blood flow ab- hibits synaptic transmission and long-term potentiation in
normalities in cerebral palsied children with a normal CT rat dentate gyrus through postsynaptic mechanisms. J
scan. Neurgpediatrics 20, 33-40. Neurgphysiol 80, 1277-1284.
Volpe, J. ]., Herscovitch, P., Perlman, J. M., Kreusser, K. L. 60. Zou, J. Y., Martinez, D. B., Neafsey, E. ]. and Collins, M
and Raichle, M. E. 1985. Positron emission tomography in A. 19%6. Binge ethanol-induced brain damage in rats: effect
the asphyxiated term newborn: parasagittal impairment of of inhibitors of nitric oxide synthase. Alcohol Clin Exp Res
cerebral blood flow. Ann Neurol 17, 287-296. 20, 1406-1411.
Wadhwa, P. D., Sandman, C. A. and Garite, T. J. 2001. The

X2 54 27| oSS Sof Bl3le] HEF XH US| it Nodeeptin®| 2404

ZSE - O A
(st st R et o2 st
¥ A7 SpragueDawley] £Ho0A 4 27] o @gole] ol 93 44 ¥ MUF AEAY WEL

wastal o2 Wl i nocicepting] ¥ E HFsFA} OP%U} AAFEAA S 25 g/kgs A F 6,

7 2 849 3% Fok 2413k 74402 19 23] T3t FAegth 8 8 125 A7l @A 28 o7

A8 5 "o AFQel @ W Ao HFE Aol Wl w}% 54 ¥R WES laser-Doppler

flowmetry W o2 Z433aL, etz o3 A oA nociceptin-fAF W2 o] WHE WAz} O

2 2439 24 27] 9L Folt 4,8 % 1279 BN F& NUF AR A5 A9 2847

ek Fof Ao nocicepting AH A3 oM BE A TN F4 HIF A7t2dE 750 REHAOY,

nociceptin &4 Nel 2 A2 289 [Nphe'|nociceptin(1-13)NH,Z A28 FolAE BEE A ols}g]

o 24 27] g Foqol 9fste] 42 W nociceptin-fAF AHRE- 2 o] & AFLA BA3) SrhekiL,

7-nitroindazole (7-NINA) Z %] X %5} o} U2} aminoguanidine WA x|o] &t BE FH oA FoJtA A

Atk 24 27] dgE oo Jste] thxd 32 Y nociceptin-FAF W RS o] RE AP TN AA3) F7}

3}, 7-NINA A3 %] ¢} aminoguanidine A x| o] 93t BE FH A Fo3tA dAH AL B P79

FHEALEY A%E Y A, 3 2 5l §9% Aol2 wolA ohJshdt. o)) AR Ho} 24 %]

e Foe AT $ HEF Artxde] HES 2elsta, ofd e B/4718 2 2 A nociceptin®] o] F7}

3le=d], o7]d+ nitric oxide?} Z o] BH3l= Ao g AZH.



