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Abstract

AIM: To investigate the expression of ghrelin in
the liver of rats with acute necrotizing pancre-
atitis (ANP) with liver injury and to explore the
role of ghrelin and NF-«B in the pathogenesis of
ANP-associated liver injury and the mechanism
underlying the therapeutic effects of melatonin
against ANP.

METHODS: Seventy-two male Sprague-Dawley
rats were randomly and equally divided into
control group, ANP group, and melatonin inter-
vention group. Rats of the ANP group and mela-
tonin intervention group were injected with 6%
L-Arg (1.5 g/kg) intraperitoneally three times

to induce ANP. Rats of the control group were
injected with same volume of normal saline. The
melatonin intervention group was given 1% mel-
atonin (50 pg/kg) intraperitoneally 0.5 h before
the first injection of L-Arg. Rats were sacrificed
at 6, 12, and 24 h after the injection of melatonin.
Pathological changes in the pancreatic and he-
patic tissue were observed and graded under a
microscope. The expression of ghrelin and NEF-
kB mRNAs was evaluated by RT-PCR, while the
protein expression of NF-xB was detected by
Western blot.

RESULTS: Pancreatic and hepatic pathological
scores, serum amylase, and expression of NF-
kB mRNA (6 h: 0.74 + 0.04 vs 0.40 £ 0.05; 12 h:
0.77 £ 0.03 vs 0.40 + 0.02; 24 h: 0.82 + 0.04 vs 0.40
% 0.03, all P = 0.001) and protein in the liver at all
time points were significantly higher (24 h: 0.48
% 0.07 v5 0.6 £ 0.04, P < 0.05), and ghrelin mRNA
expression was significantly lower in the ANP
group than in the control group (6 h: 0.39 + 0.04
vs 0.66 £ 0.03; 12 h: 0.14 + 0.37 vs 0.30 * 0.05; 24
h: 0.22 £ 0.02 vs 0.59 * 0.05, all P < 0.05). Pan-
creatic pathological scores, hepatic pathological
scores, serum amylase, and expression of NF-kB
mRNA(6 h: 0.50 + 0.05 vs 0.74 £ 0.04, 12 h: 0.54
0.04 vs 0.77 £ 0.03, 24 h: 0.57 £ 0.03 vs 0.82 + 0.04,
all P < 0.05) and protein were decreased (24 h:
0.32 £ 0.04 vs 0.48 + 0.07, P < 0.05), and ghrelin
mRNA expression was elevated (6 h: 0.54 + 0.03
vs 0.39 £ 0.04, 12 h: 0.40 + 0.09 vs 0.30 + 0.05, 24
h: 0.39 £ 0.04 vs 0.22 + 0.02, all P < 0.05) in the
melatonin intervention group compared with in
the ANP group.

CONCLUSION: The expression of ghrelin may
be related to the severity of ANP with liver inju-
ry. NF-kB may also be involved in the pathogen-
esis of ANP with liver injury. Exogenous mela-
tonin can reduce ANP possibly by up-regulating
ghrelin expression and down-regulating NF-xB
expression.

Key Words: Acute necrotizing pancreatitis; Liver in-
jury; Ghrelin; Nuclear factor-kB; Melatonin
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BH): M Ghrelin, NF-xBA X K &3R5
M RR AR K ST D45 Bk 2 A& T TR A BT P
9 R E, WA A A A b 9 AR R Bk B AT
Ghrelin#9 %5 " F= 7T EHLH .

Fik: 727 & SDX A REAS A *F BBALL(CAL, n
=24), EMINRMEIEME K A(ALA, n = 24),
& 2 EFFLA(MLE, n = 24). AL 3RIEREE
$H6% % #e Ak BB (L-Arg)1.5 g/kg, 4 & IR
MR K, CLLR R ERF T ALK M
Y B RIESL-ArgiT0.5 hLIEE 5+ %48 2
%50 ngkg AR RAERKREAEEHIEO6.
12, 24 hoy a5t 4L T AR BT IE %
2 BCK S HAT IR, W e B K T, RT-
PCR#&M A BEGhrelin & NF-kB mRNAKF,
Western blot# | AFNF-xkB& & &34 .

HER. AL SRIEEITIERE TS,
M. FFNF-«xB mRNA(6 h: 0.74+0.04
vs 0.40£0.05; 12 h: 0.77£0.03 vs 0.4040.02;
24 h: 0.8240.04 vs 0.4040.03, 3P = 0.000)
BB 8 #.35(24 h: 0.48+0.07 vs 0.1640.04, P
= 0.000)¥ #2C4L 2. % 71 3 (34P<0.01). Ghrelin
mRNA#CA 2 H4%(6 h: 0.3940.04 vs 0.66
4+0.03; 12 h: 0.1440.37 vs 0.3040.05; 24 h:
0.2240.02 vs 0.59+0.05, P = 0.000). MZL &
B SRR BT IR R P3R5 i B, AT
NF-kB mRNA(6 h: 0.5040.05 vs 0.74+0.04;
12 h: 0.54+0.04 vs 0.77+0.03; 24 h: 0.57+
0.03 vs 0.82+0.04, ¥P<0.05) %% & % ik (24
h: 0.3240.04 vs 0.4840.07, P<0.05), ¥ 4XA4
B EHAK(3P<0.05). Ghrelin mRNA%XAZF+
%(6 h: 0.5440.03 vs 0.39+0.04; 12 h: 0.40+
0.09 vs 0.30+0.05; 24 h: 0.39+0.04 vs 0.22+
0.02, ¥.P<0.05).

%58 Ghrelinfe & MM ¥ AT 845 it 09 &
AT RESEREA X, NFkBEZRE
KR FARPART ERAFA, SMRARZ F T A
TRER B TR K R AR T IR R K, Z AR AP AE
B 7T 46548 ZGhrelin®) &35 . FTiEANF-xB#
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AVPEBIR 4 (acute pancreatitis, AP), iR 4>
BRAESEAEWNE, W WIS —. EAE
ZPERR & (severe acute pancreatitis, SAP) L
JRH I SR A0 A T2 B, 2 F R B W
B L BRSSP, G A )
AEfE 1S (multiple organ dysfunction syndrome,
MODS)H 2 Z 4 FH I BE X ¥ (multiple organ
failure, MOF), Wi 405 5. & A, B 46 IR A
i RO SR IR R AR 5 iR 5 3
JRRAE P ZE RS, S1E v an i tn, g ies . B
TR, TR IS5 A 28 0 40 5 162 22 b 28 A T A Al
MO PR 7= AR IR TN ML, S8 A S i1 T e, 5
SR IR R R AG  JRE EE R, S
DI BE A MLAEFE, SRPIHLAA LA IESS . Ghrelin
JE 19994F S FL IR A AR A2 70 e 32 AR 1R T AR I
&, FEAE G MW, miE. B .
DO AR s R G Kk, HARIBEEK
WERBI TR S R & E E A
W A v B R T v I A 2 A AR ) A 1)
BN, WFFUR LG hrelin i 2 R 26 (¥ 7 E A
A HEAPIR . Prabin i S e, i
W8 5% A “FxB(nuclear factor-kxB, NF-xB)& H §if
BN S 5 JBIR R 5 TT RN o8 B 3403 1) OG5
DR, AR S T ok 22 VORI R I e S L R
FR(L-Arg) 53 1l S VIR 98 I 40 0 (R AL 2,
MEEGhreliny NF-x BYEJ IR IA 5 AH G H
(R BEEA) (198 &, 81 Ghrelin, NF-«BEHHIE
45 TP B HE ] I K 22 25 (melatonin, Mel)%t L)
SR AT BEHLA.

1 SRIASE

1.1 A4 TERH 8 SDRRT72H, #4515 180-250
g, W PEERERZE S S . L-Arg(5E
[ESigma’s#l); 1%Mel(fE[ERuibio’s #]); NF-
kBH TR, B-actin L IE PR, HRP
FRACH LD P A Santa Cruz/iy &]);
TRIzol(Invitrogen’ #]); RT-PCRIF ik 7 &
(MBI% ]); RT-PCR Taq/(3£ [ Promega’s )
J T A% R iR . Braford 25 11 FAk & (3
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Wi £ B8 1.2 7k 1.2.5 AFJENF-xB# Western blot#l: FRE— &
Waseem 5 ¢ & %,

# 7~ Ghrelin £ #|
. B AR H
Wi X & BT
WA mTeS
- 4F B M Ghrelin
0 # A% T NF-kB
WM EAE T 38
3% T p38MAPK#
EE, ARG
TP KR Fa#
. Ni%3E LAk 2
F i i W HINF-
kB EM. R
TNF-a# £i4, B
& e B KT 27 45
B 9 48 B R .
L.

1.2.1 sz A 720N 34, %]
H1(CAL, 2410), EIRFEE IR S AT 20 (A,
2410), Mel THAL(MAL, 24 H). F41K Bl sL 5
AIAEEr12 h, AWK, A4l 23S 6%
L-Arg 1.5 g/kg, BRRIEIRET h, 5K SR FEME
Ji 561 AL IR S A AR FE K MALE
IRIESTL - Arghif0.5 hIE S 1% Mel 50 pg/ke,
ZJa RIAZL 7. 5 4K AR I s i 51 e
6+ 12 24 hiZ ] sSAEE8 A ftAbsE. B E Bk
M R AT bR AR,

1.2.2 MR AT LR/ . HEZ & B
PRAR40 g/ [ e, A, )R 5 T
HEZ 0, 70658 Ak U) v B AL %2 54N FL Y
FEVPAY, ¥ vh R s B I 0T 58 B 5K D) R V4
HSARREF A, R TR BEVE 43 53 0 2 2%
Kusske”. Schmidt™ 43 #rUE.

1.2.3 o e B 5 550 S HEARE K R R
WAk, 4 8 B AE A2 B A0 i L3 A i
.

1.2.4 FFJENF-kB. Ghrelin mRNA K -F45m]: RT-
PCRIE. TRIzolIFEHAN ML B RNA. 514K Hs
GenBank™ K fFRNF-kB A Ghrelin mRNAF%1 %
I NF-«xB_L3i54: 5'-AGCTCAAGATCTGCC
GAGTA-3"; Mi#51#)5-GATCTGCCCAGGTGG
TAACAC-3'; §54 Jv Bt 4557 bP. Ghrelin 5]
YIFE3: 5'-GTGTCTTCAGCGACTATCT-3'; R
SI¥F5): 5-CCTGTCAGTGGTTACTTGTT-3
I3 Fr Be 362 bP. B-actin i 5 HF51)5'-CC
CATCTATGAGGGTTACGC-3"; RiEs|MFE3):
5-TTTAATGTCACGCACGATTTC-3"; ¥}
B4 150 bP. RT-PCRIFH RS /E F il 7 Sridd
BEAT. WS A icDNA W 44F: 65 °C, 5 min;
42 °C, 60 min; 70 °C, 5 min. 5 %I cDNAMIAH W
SIPEATY 1. PCRIR AR FR K50 pL, 5X buffer
10 puL, 1.5 mmol/L MgCl,, dNTP 1 uL(10 mmol/
L), E R 51#4#2.5 uL(10 umol/L), Taq/#0.25
uL(5 U/uL), cDNA#AR1 pL, ddH,0 33 uL. NF-
kBY By AR E94 °C 5 min, 94 CARPE
30 s, 60 ‘CiE-k30 s, 72 CIEMH45 s, 3354
R, MIEM72 °C 10 min. Ghrelindg™ 34 545 4 : ¥
A3PE95 “C 5 min, 94 ‘CAEPE30 s, 56 Cil k40
s, 72 ‘CHEAP40 s, FLIS/MEIR, BAEHT72 C 10
min. PCR™HH1.5%5 IEHH B e vk 5 1A T vk
JBE R AG R G5BT

RN, LU B & E A S, %R
IR, BIFEE A bR el g o B Ak
. B RR ESDS-PAGE b HLIK(12%7) B
E, 5% R4 ) 5 55 7 2P VDFIE, 5%l 0
1, NF-xBHLPIH%1 ¢ 800, B-actin yiid Aok
B, TBSTYEB3 G il © 4 0005 7 5, [F)
HIVEDEIE3 U, I3 FH 38 i 140 27 % 5672 (Enhanced
chemiluminescence, ECL) 5. Ei)a, A&
14 H Quantity One#K {47347

it B AT N SPSSI3.0 AL HT, 52
I HFE Y Fmean £ SDFER R, KA IR 7 250
s TR, P<0.05 0 22545 Ge it X

2 BR

2.1 FRAR KRR 9% 22 T Ak C41 K RUBE IR Y
IR TG A AL, BT B MR R 96 &5 K e 8, it/
I AT, A AL /0> S 7K B R 8 P A 9, TE R
SE HAIL. AZBEIR AL S K A B B £, K
i B S M DAL R Bt it M IR K, A A A
R MR 24k, BT W R BRI K, 45
AN, RN FE A R R SR8
I, MR/ ES R R IR . 55 AR AE & I B B[R] %E
SET AN, MALRE A A A IR, A LA
Ji, WK, BRI RS ORI IR 2. B
LR AR T AL, BRI AN IR AL, D
PEAH MO, ARG R LR . & 20 R D
AR

2.2 JFFME R AR LA g% 22 AL C4H T T 26 T e 41
o, eI L. B B RIS, LK
TCWT AR, JH-AH B4 R ig . AZHJH AN
1A I N N N L R B < W
B, Y DD 98 1k Al v i, /b o Al B IR
HE. 25 I R0 24 i I (0] 77 00 . ML 4 i ek AR
FERRAZH AR, I SEdT 9K, T4 DX R P4 i
b, TR A, S AUV WAL

2.3 R BE AL m TR B L C AL 2 2
Thr, 64 12 24 hAHM & I fiMZL LE AT AR
AR B B AR L.

2.4 FENF-xB. Ghrelin mRNAZK-F A4l %
RINF-xB mRNARCHL W E T 5, HILERIEKT
B I TR 42 1R [ AT ML 3R IR A AL PRI, 25 5%
HHEE 22 X, AE S A I U 2 B B[] 555
Ghrelin mRNATECAI KA f i, AALRIL 3%
IR T-C41, HEEAE RIS, Ghrelin mRNA P
iK. MALERALL A I 2 38 A7 e (7] 7H(P<0.05,
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TMB, 5. Ghrelin ENF—«BERIMIAT M BRIRS FEATHRI P8 ERR 571
xR 1 SHERBREAFIDRESES . [MEEHIBSE (mean+SD, 7 = 8) -’5”‘[ &2
S FEY
PSR Y
. S - it ¥ % F
248 BRI =TS SERAEE (U/L) _EETHMT
GhrelinfNF-«xB
CH FKWHR, £
6 h 0.14+£0.37 0.25+0.46 1736.25 + 435.99 A Sh R AR AT AR
12 h 0.14+0.37 0.50 + 0.53 1901.12 +777.11 iikthl{nﬁ
¥ =H 2
24 h 0.33+0.51 1.00+0.76 2033.00 + 862.66 Wt R, AR
AR APWH T AR
6h 450+1.19° 4.00+0.76 2129.42 + 760.16° ENRSES
12 h 5.75+ 1.49° 4.88 +0.83° 3012.22 + 1424.89°
24 h 8.43+1.39° 6.13+0.83° 4598.42 +2273.79"°
MR
6h 1.72+0.75° 3.00+0.76° 1824.12 + 333.55°
12 h 2.37+1.18° 2.88+0.83° 1834.87 + 499.07°
24 h 6.57 + 0.65° 3.38+0.74° 3990.75 + 1145.61°

°P<0.05 vs C#H; °P<0.05 vs AZH.

+® 2 BIAKRFBEFFAEGhrelinEzNF-«<B mRNAIKIE (mean + SD,
n=238)

4R Ghrelin mRNA/B—actin - NF-xB mRNA/B-actin
CH
6 h 0.66 +0.03 0.40+£0.05
12 h 0.64 +0.09 0.40+0.02
24 h 0.59+0.05 0.40+0.03
AR
6 h 0.39+0.04° 0.74 £ 0.04°
12 h 0.30 + 0.05° 0.77 +0.03"
24 h 0.22 +0.02° 0.82 £ 0.04°
M
6 h 0.54 +0.03° 0.50 + 0.05°
12 h 0.40 £ 0.09° 0.54 +0.04°
24 h 0.39+0.04° 0.57 +£0.03°

°P<0.05 vs C#H; °P<0.05 vs AZH.

1, %2).

2.5 FFIENF-kB#) Western blot LAB-actinhj
2, {£24 h NF-«BHE 1 K&, MAKCH W&
P, MM 2 T A4LH FTBR%(24 h: 0.48+
0.07 vs 0.320.04, 0.16+0.04, $P<0.05, [£2).

3 e

FEE &MU BE 0 A By HE g 3 2L
ST, UHE B a4 5 0]
IR, ANPRAE G, BN ML JERG . K&
RUEN TR 7~ &R A s, i
WAL B 5 2255, 20 1 THREIK 1 S E BT IIE, B3
IRESE. FFThRESZ B, WA S B bk B )
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§§§ Ghrelin

100 B-actin
6h 12 h 24 h

1 BFAEGhrelin mMRNABYZRIX. C: CZH; A: AZH; M: MZH.

R, ATTIRJE T 0w IR R RE, T BERPEEIA,
A FEUR DRy, Horp, 2O0E KOV A AR
i e SR L. K up Frerdi i 2 7k N 5k
(SN S R N9 SN = B 77 R A TSI BN S
JEFR JORE R T, A4 TNF-00s IL-1. IL-6. IL-8
SR A2 (phospholipases, PLA2)%%, N H4%
B0 A0 R, A0 I I 52 9 T K up ffer4i i, )5
HAANFGE S &%, WEHNF-xB. L
TNF-o. FasfJ#ik, M5 TNF-o. Fas-L.
TGF-B1. IL-1. IL-6. IL-8%541A T, /+ %
0 M T B PR AED. T A R A B R S T B
Vs B NG o A5 A, B0 At i FC AR B b T g
WEKupfferd i MR A R 40 . ok 40 i
S RIS PRI RIER T, &
Eifi ke W Am L RIS N, A 9 RE N SR
ERAE, RIPTEK “ a8 RN EESIE” (
systemic inflammatory response syndrome, SIRS),
B #5EEMODS.

Ghreling /% HiK ojimaZs " F19994F MK B
B2 g ok, Ghrelinf28Ma LR ALK,
ERNEFE TS R G, . B, OIme .
AL S e RGLERAT) 2 o0 A BT RS,
HEAE i SR R A oA, B i
X/AFEAN LS = ZL K o b 4. Ghrelind5 JL3E
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i REE
BB KGR 5
2 F A R R
XA AR AE R,
GhrelinZ NF-kB /£
%k gmIiE AR A
EELOER, 7
% Ghrelin®y & &
Fa 49 HINF-xB &
M, AR K G TT
FAET #7834

A CH A% M2

Ao W . \F-iB(65 000 Da)

AP e g p-actin(43 000 Da)

B0.67
50.4—
.%
<
o
¥
£0.2+
0.0 T T T
CH AH MZH

B 2 RAARAFHE24 h NF-kBEEINT.

PEZARGHS-R1agh & ), AR AE KRR
Z BN AT A, S5 7 B A,
PR RSP, /e FRIRAS, Ghrelinfig
il 9 IE PR 7 1) 77 A2 FUORE T, kR WL 1) 90 I
N BIFSCR I, AR 220 5 T I O A v A
RAEFIL-18. TNF-oKEAE K, P4 K+
IL-10/ 49005 TAMNEMEGhrelin)U n] fj . 1)
A4 A S B AIRIL- 18+ TNF-ou, [R)IH4RIL-10
(1A, Ghrelinm 4 s i o/ - RE A B340 1 7
B 7 O | e 71 72 93 S R S i v S AT ]
&5, IITTAE 5 i b M 0 e 4 O 1 1),
Me & 4= ZL7E 5 W 16 FHAS JEAR 2 Wb 1 — PP
i), BA R rE, R e H e AN 41 i, xf
DU AL BRI U B TS PE T AR P DN A
AR ARV EAS 2 A, PR R
L4 A E. M H Y. Bt 8o, ek
ARG, GhrelindfiFME. B 38 L Bl A
B AT Ry AR

NF-k B — MR R 5k 8 R B DA 1)
A N I LR e e Red ol e ST PSR S RN
AT, NF-xB5 HAWHI & AI-«B(inhibitor protein-
kB G AR T I, 2% Rl A UG, T-«B
R B K AR, P 43 B, NF-x BB O
¥, 5280 H SR R 2 DNASF A&, JH3)
IXSEILIR [ A 55k, LA HEUnICAM-1. IL-1,
IL-8. IL-10. TNF-a. Fas-L2& 98554 5 X 40 i
7, I3 — R AN 90T S M. E I 4% 11
A5 RIE RN H, NF-«BA] Bt filk “ A"

G S L T IE O, UL AR IR 5 7
Kupfferdi U INF-« B35 1L 5, TNF-o. Fasi
Foak A I, AR AN R T, 2 R g8
P () D IR, W9 R I, GhrelintgMel &
PR PUEAVERI I, #5 NF-kBiG P BEAIG
A%, W] AR AR I NF-« Bi 2 15 41 Ha K 1
JRFEA T 4B SRR, T LR R
LR E 2,

FEASZIG o) NF-xB mRNAFIE [ &1k K
FEAZLE 2 =T C4L, H R R T 3E =y, 59 EED)
Jv LR B I 5 S 28 B L0 R R O — B Stk
M, HFGhrelin mRNAZECL £ i, AL
3 R, FLBEE R R 5405 1 n 7 i
fiX. TMelFAbBE, XN %I fFNF-«B mRNA
AR A RIE KT BEAAY R, miFGhrelin
mRNA FJZRIEAG FTIR S, R AT e A i )
o BT SO el 1 T AR A A ) A B (super
oxide dismutase, SOD)SE=INE WK E, 1E NG
JL EACFE L FR AR I N — 1% (malonaldehyde,
MDA) & &AM, 38T s K v] feAE W LA T
[f. 5, RUENTU. 40 M 87 B 5 A e N
JHFA, 368 3k 355 £ 40 Jf P NF - BIT 30— 22 91 80
IS 453457 JET 4 B PR [ I, 38 3ok o A /B 4 A
() Ghrelindl A7 a4 H, HEAE )5 # Ghrelin
mRNAM . BHEE2 24T, ok, SRR
G A R JI 2 0 Je It R i A RN T IR A e R
SO AR R B B8 W b2 B, v el
GhrelinF g/, 78RR 23 Am i b, o 20
LU DR FH S 0859, TR A 7 WG hrelin4
) Zh BE BRAR, mRNAA BORAK; F#, RAER
T HE A Ghrelindl AT T8, A S25E
SEAMJEPEIL-1B P K B Ghrelin mRNAFKIA
SRR, 8 A AZH (1 T JUF Ghrelin mRNA
FIE T U A R0 A U 2R A 1 K 4 e TR A K
Mel 77, it N RNF-«BiE 1, KAEHBIRPT
SAARAE R, AT S GhrelinZl JE 145 vk 2,
Ghrelin mRNA#KIE & SOD % 543 LT, MDA
(T WA B0 10X — R AL RE, #B 5 NF-xBi&
A K. TR WISNEYEGhrelindE SvE R ¢
L rpoaT DL 1N S A IR L I 28
SRR SO 115137 4 Y R Al PN N A NS
By R T AN PEGhrelin, 112 30 A6 0 Py 5
PEGhrelinfE AR R Mel T F4LIZRIE, HIFEIE
B T Ghrelinf Ry 1EH. HIbBA 148 2], Ghrelin
A BEARA0 B R S R A K A H R
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