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Abstract

AIM: To investigate the effect of different doses
of quercetin on the pancreatic pathology in rats
with cerulein-induced acute pancreatitis (AP)
associated with hypertriglyceridemia (HTG).

METHODS: Seventy-two male SD rats were
randomly divided into 12 groups: HTG group
(n = 6, fed a high-fat diet for 2 wk: 77% normal
chow + 3% cholesterol + 20% lard), HTG + AP
group (n = 6, after 2 wk of a high-fat diet, AP
was induced by peritoneal injection of 50 pg/kg
cerulein twice at 1-h interval), HTG + AP +
quercetin groups [n = 24, divided into 4 groups
(6 rats each), quercetin (50, 100, 150, 200 mg/kg)
was administered to rats by peritoneal injection
after AP induction], normal blood lipid group
(n = 6, fed normal chow for 2 wk), normal blood
lipid + AP group (n = 6, after 2 wk of normal
chow, AP was induced by peritoneal injection of
50 pg/kg cerulein twice at 1-h interval), normal
blood lipid + AP + quercetin groups [n = 24,
divided into 4 groups (6 rats each), quercetin
(50, 100, 150, 200 mg/kg) was administered to
rats by peritoneal injection after AP induction].
All rats were sacrificed 9 h after AP induction.
Plasma levels of amylase were tested and the
pathological changes of pancreatic tissues were
observed.

RESULTS: After two weeks of a high-fat diet,
serum levels of triglyceride and total cholesterol
were much higher than those in rats given
normal chow (P < 0.001). Compared with
the normal blood lipid + AP group, plasma
level of amylase was significantly higher
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(23670.00 U/L +2053.13 U/L vs 13136.00 U/L
3536.95 U/L) and pancreatic tissue injury was
significantly more serious in the HTG + AP
group (9.75 £ 0.94 vs 5.92 £ 1.32) (P = 0.022; P <
0.001). Quercetin intervention groups showed
significantly lower levels of amylase and less
serious pancreatic tissue injury; the effect
was dose-dependent. This protective effect of
quercetin was more obvious in the HTG + AP
group than in the AP group (HTG + AP + 100,
150, 200 mg/kg quercetin group vs HIG + AP
group total histopathological scores: P < 0.001
for all; normal blood lipid + AP + 100, 150, 200
mg/kg quercetin group vs normal blood lipid
+ AP group total histopathological scores: P =
0.084, P = 0.003, P < 0.001), particularly in acinar
necrosis and inflammatory infiltration (HTG +
AP + 100, 150, 200 mg/kg quercetin group vs
HTG + AP group necrosis score: P < 0.001 for
all; inflammatory infiltration: P = 0.008, P = 0.006,
P =0.001).

CONCLUSION: Quercetin could significantly
ameliorate the pancreatic pathology in rats with
HTG related AP, especially acinar necrosis and
inflammatory infiltration. The protective effect
is dose-dependent.

© 2015 Baishideng Publishing Group Inc. All rights
reserved.
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B#9: MR R A2 69 M A xT & H b = B
A2 3% (hypertriglyceridemia, HTG)A8 % 14 &4
A X (acute pancreatitis, AP) X IR AE % F2
EOEAH

Fik: 722 8 SDR A, MAL4A1248: HTG
(n = 6, S g2 wk: 77%E @ 4A4H43%
fe B BE+20%% %) HTG+AP @ = 6, &
REAR 2 wk, JEAE M EH TS0 pg/kgX
2k, a1 h). HTG+AP+H# & %20 (n = 24,
B EIRAR2 Wkia B4 A4, K APE 5 A
#4750, 100, 150, 200 mg/kght & & =
EH) EE RGN = 6, A2 wk).
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B E+APL(n = 6, EEFARAR2 wk, I
NIEH TEIKS0 pg/kg X2k, BFEl h), E
o AE AP E 4 (n = 24, B ARE2 wk
J& B A48, F ZAPJE 5 #1450, 100,
150, 200 mg/kgtt B & M IESY). PiA K&
¥ TAPEME9 habst, M T fe i B Be &
P, PN MR IR B AL,

ZR: KRS wkia, fifH ik =88
Fe B R BB YR EFR MR R G, B
£ F A %3 & L (P<0.001). L5 EF ffig
+APZAAR G, HTG+APZH 64 ofn 32 52 4 Bl 75 1
(23670.00 U/L+2053.13 U/L vs 13136.00 U/L
+3536.95 U/L) A i 237 4(9.759 £
0.94% vs 59245+ 1325 AR &, A £
FH Gt 32 SL(P = 0.022; P<0.001). EF
A BE+A P+ X E A A=HT G+AP+H#H & & 48
0 o R SR B E I 2 AR B I T
TR 57 B2 AR 45 AL AR B M B2, MR 2 643X AP
13 2 8 STHTGHAPA AL % ¥ 2 (HTG+AP
100, 150, 200 mg/kg#t B & T4 vs K&
240 %4 3P<0.001; EF £ iE+AP 100
150, 200 mg/kght &k & FFAL vs R&HA
F3FH: P =0.084, P = 0.003, P<0.001).
XM IR A KR R B R B
(HTG+AP 100. 150, 200 mg/kg#ht & % F 1
20 vs R HLAIRLIE S HP<0.001; £ HiF
H3E %~ P=0.008, P =0.006, 7 =0.001).

28 Mk E TR 2K KAHTGAR £ HAP
o JRNT IR ER ARG, LA AR A K iR
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HRZZ o IR R A G PR Bk R %
FRIBE A, R SRR 7 R v i I
AE EEL ARTORE VR0 A« OB PR L e A
4. VE NRMERIE % (acute pancreatitis, AP)
RRHIER R R 22—, R 7 A i v I A
RE T ELHE T R APV SN A PRI, Hi fe
(3,345, 7- LR FE B i) (quercetin) & —F 2
FAET KR . BRSNSV A5 ) b i A A
WERMEY, BATIR. Pl Bk, %
Jlg PR 5 2 B2 BEAE H, X 2 B ATk
FEARAP RO B FTIME KR R IR B i K
f51 i = B IMLUAE (hy pertriglyceridemia, HTG)FY
FLl_E PSR APERL, JELSEANFI R B R
Xof FLH 5.

1 #RR0T3EA

1.1 A4t i FE & SDK KL (SPFZR, 145 #:150-160 g)
725, S5kl ¥ A i e v sr
NV PR =L v AR RHAC 7 (DA & 4 #0ER
IR): T7%IE 5 2005 i +3 % HH [ 5. 7
Jiko Mtz RN — H 3£ AR (dimethy] sulfoxide,
DMSO)IY H Sigma. R T4 B £h K
(normal saline, NS), #fif 2 2 ¥ T-50%DMSO.

12 Fik

1.2.1 #4% 428: SDAR 3 A124: (1)HTGA
(n = 6), SDRRE IR E2 wkiE L HTGHLZY;
(QHTG+AP#(n = 6), SDK R EIEIR &2 wkid
SCHTGHEAY J5, M A5 RS0 png/kg X
20K, FHKIEIREL h; (3)HTGHAPH & K4l @ =
24): SD KRS HTGHAPER 5 40 N4 AR
A7) A R TP, 416 . 50 mg/kg T T
H, F K APJE30 minTHiH 7 250 mg/kgh@lEiE:
5t 100 mg/kg T4, 175 K APJ530 minfill h#%
750 mg/kghfit iz MR VST 150 mg/kg i,
HERAPJE30 min. 1812 h#%F50 mg/kghft
Rz E WSS 200 meg/kg T-Hi4L, ¥ KAPJE
30 min. 1. 2f13 h# 750 mg/kghfit i 2 G i
VESF; (4)IE% MARZH @ = 6); (5)1E % M A+APZA.
(@ = 6): SDRFIEHRE2 wkim, K NES
FYEEIRS0 pg/kg X 2K, BHRIAIRGL h; (6)1FH I
AE+AP-Hff 2 X @ = 24): SDA R IE % 1L
RE+APRLRL 5 F 93 44, &F4H6 X, 4393 F 50,
100, 150+ 200 mg/kghfit 57 2= M 4T A T4
B BT T4 8 50%DM SO 1 5HE N
SRR, ST TSI R E RKAP 9 hig AR B
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1 EERRENSERREARMBEEH=E. &
PEEESIKIE. tP<0.01 vs R TREZH.

4 5™ B, WA IR R S5 9 hgH B
P R BR T 1% 5 B b 22 B IS s v e JRR T, 1
FIRKCR MALFE.

1.22 AFATAT B AL 2L IEH R IR R wk
Ja, FTA KRB IR AL, 2 2 I & 5 A8 B
AL R I =B (triglyceride, TG). MJH
[ f% (total cholesterol, TC). &% /5, HIE F
Bk ML 73 185 M 3 A AR e A A s Ao DU oy Pl v
P, BB AR ZH 2 E T v A [ 72 48 h,
R B Uy AHEG (A, J R4 2
P4 HE 4 2 B SchmidtiZ .

St KR T RER Flmean+ SD
Fon. MILSPSS19.08 AT S it 540 T, K
FHeRT 38 R T5 22 53 W LA & 2HL 1) 22 5, P<0.0519
EZRBgIFFE L

2 R

2.1 ZAE%AEFFHTGRmEAP HERE
2 wkig, BIESTHTGHE R, KRIMETG.
TC/AKG-I R 25 T IR IR 24H(0.67 mmol/L
£0.18 mmol/L vs 0.27 mmol/L%0.11 mmol/L,
2.27 mmol/L£0.32 mmol/L vs 1.62 mmol/L
+0.32 mmol/L)(P<0.001)(1). i KAPJG,
HT G+A PZH (1 5E ¥ Wl 3% P4 B 2 T 1E 4 1ML
fE+AP41(23670.00 U/L+2053.13 U/L vs
13136.00 U/L+3536.95 U/L, P = 0.022)(/2).
JeBE A WHTGH+APALEAR KB . 3RE. H
IR 98 14 35 1 P2 e I % I S + A P 4L B 5
5, UH R IREIRIE(3.4297 £0.38% vs 1.58%
+0.7450)F1 2 IR (1.425) +0.494) vs 0.75
43 £0.2748)(P<0.001, P = 0.020)(/&3, 4).

2.2 MEFRFIH K AHTGAH X AP R
FopBEEE HTGRKRIFERAP, i & T
{140 I 2% JiE Ao il v A o A 2 25 B 1 T s T
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)R N TN
T -ofe it A AL
4 B (myeloper-
oxidase). &
—®(methane
dicarboxylic
aldehyde)/K-F, 4
A& T AR
T K REA
MU R AR AR 7 2
R, AR R A
2|25, 50,
100 mg/kghtt i %
A 289 7 Z AR
B

2015-07-18 | Volume 23 | Issue 20 |



AiE, 5. NEFISMERNSEB=EEIMEER M R RIS RIRRIENFID

Wel# 3 &

AR KASDR
RAPHEAE, M
A F(50.
100 mg/kg)F= X
# & (150, 200
mg/kg) I 24
22, R IR
FEM ZRHM
P B B MR P2
B ESHTG
#8 % AP R
BREERZHE
X F 1T A fig 49
AP, KA R B
SRS Ae KR,

J3aishideng®

WCJD | www.wjgnet.com

30000 - = JEEAEZ
O HTGZA

4 25000
20000

SR8

~

ez L
e 15000

i
5 10000

= 500

0

2 BERBMERENEIKTE. 1 FHMis, HTGH; 2:
EHMAS+APZH, HTG+APZH; 3: 50 mg/kgliilfz 25 T-FiH;
4: 100 mg/ kel fZ ZF-4H; 5: 150 me/kelfit 2 Z5F-F5i4H; 6
200 mg/kglfft ¢ ZT4H. "P<0.05, "P<0.01 vs HTG+APZH;
P<0.05 vs I IIAS+APA. HTG: &H i =ESIE; AP:
AVEER .

BHRAL, 50, 100, 150, 200 mg/kghfil fz &
T FRZE 1) I 2% V€ by B P4 43 79 9 14272.33 U/L
+3272.79 U/L. 8650.00 U/L+822.64 U/L.
5140.33 U/L+1461.33 U/LA13283.67 U/L
+523.57 U/L, 5R% %4 (23670.00 U/L+
2053.13 U/L)LE, %2 F3A Gt 5 L (PIE 5
51°50.014, <0.001, <0.001, <0.001). Tfj 1% IfiL
HE K B 5 K AP S, Mt Bz 3T T 4H (1) I 3% Ve b il
TR B AR BE R B 3R R ROt PR A, {H SR
R, ZEFITEGE R SU(ER). IEF L
JIE+APFIHTG+AP 50, 100, 150. 200 mg/kghfil 5z
T T4 e by B A A ] PR R BE 43 ) 2 16.26%
vs 39.70%- 22.12% vs 63.46%-. 35.74% vs
78.28%H171.67% vs 86.13%.

2.3 M EF R FRERKAHTGH X AP Kk
IR B HTGKRAPHL L =15, B
TR R, SV RIK I, . SRR,
R AR PV 3 S5 B A A B 2R R0 1) T R T
W%, H 100, 150, 200 mg/kghl & T 1
HPREVP 2 5 ARG A L, 2 RIH G0
2 L (RAESr: $IP<0.001; /KT $5P<0.001;
Hif: 2 =0.03, 2 = 0.036, P = 0.001; $KFE: ¥J
P<0.001; % MH3RZH: P = 0.008, P = 0.006, P =
0.001), 1150 mg/kghft B =T TLH WA . Hh,
7 JE IR IR FE J7 1, HTG+AP+100. 150, 200
mg/k gt i T A0 2 mloN1.17 5 +
0.26%5+ 0.759r+0.52%r. 0.424r+0.384), 5
HTG+APZ(3.4243 £0.3847) LL s, $41P<0.001;
RAEIR IS5 5 80.584r £0.384r . 0.42%)
+0.494r. 0254 +0.27%r, SHTGH K IEAP
H(1.42%r £0.4950) L, PIE 5 5)°80.008.
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0.006. 0.001.
IEH AR K RAPHHE R THE, 2T
AR, I 6. KR EFES R
DA Bz 22 70 R P M B A, (H XA, 15040
200 mg/k ghfft Bz 2T FUAH A S s B4
KGR, ZRA SR (P = 0.003;
P<0.001), 1f750F1100 mg/kgh iz 25T T4 N ¥
£; 100, 150, 200 mg/kghfitJz & T4 7K
R SRS AHLE, ZREGRITFEXP
=0.035; P<0.001; P<0.001), Tfij50 mg/kghfil ¢ %
F-FRALMBEA ; 200 mg/kghl B &= F FR4H 1R
SEFA 9 R E VR4 5 R 45 25 L 30674 £
0.52%3 vs 1.584r +0.74%3; 0.3343 £0.26% vs
0.754r £0.2741), ZRA Gt #E (P =0.032,
P =0.022), 150, 100, 150 mg/kghifz & T
YLPAT . BARRR AR J PP tn I3, 4.

3 e

CAHFF L RAHTGINE MRS S AP, A&
WHAEEESD Kk &2 wkis KHTG
P EEAl E S R APRLAY, i — PR IR I
GBI APAILL, HTGAHSCTEA P B AR5 477 5
PR, MR UE R B M L SR IR R
FIHT GAH R MEAPEREAL LI AT BEELFE: (1)
it 22 T G g A 17 16 7K At RS 25 HE BT R (Free
fatty acids, FFAs), FFAX iR A6 20 i A i
W R 20 A BRI AR M E e K AL BE Aok mT
B0 R AR R, L BRI M AE JRE h  h
A0 FEpH P, IRYEASTE N EFFA
MRS Q) mARIE 5 1S i B R 7 K MR,
APIN K& g A g 5 SR 8, e A FH f L7 AR
AN RN g 17 2 (unsaturated fatty acids, UFAs)
WA REZAPINE [ JE R 22— 3 ‘INTG
DURRAE I R IR S5 AR M 07 4 213, w2k e Ak
PORETENR W VEIT 0, J5 & e RES L& “ A
PERG T PRI 1 PUELTIAE PR A A
| R R AR PR A1, I A5 75 il i Xt %
0 R 2R I RO IE I, & A2 A PSR i B
140 AT BE A 5 D0 E; (4) 18 MR RE JORE 7 i
e R I Ak P I AR, A KR E
B, (EHUAR LT — P8 PR R MRS, AP
I 298 M s R — S5 IR K (5) A U5 I 8238
Ut R IRE R DL R U L R 07 R
SF 2N LR AR B I REBUR Y (endoplasmic
reticulum stress, ERS)"*"". ZengZ" f\HF 7T K
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3 BEKXBRRIFALRIBETHERE x 100). A: [FHIIAEA; B: IFFIMAR+APA; C: IR MAS+AP+50 me/kelfi{fZ
FH; D: I IE+AP+100 mg/kehfit S Z540; E: (IEHIIIE+AP+150 mg/kghfit i< Z54H; F: I IAE+AP+200 mg/kelffi B2 2%
ZH; G: HTGZH; H: HTG+APZH; I: HTG+AP+50 mg/kglfil 7 Z54H; J: HTG+AP+100 mg/kghfilFs Z2H; K: HTG+AP+150 mg/kg
MR 220 L HTG+AP+200 mg/kghilZ 2540, HTG: & Hith =BRIME; AP: ZEBilE %,

LAES DK B v AR AR 0 Al b P FH g e 7%
RAPHERY g i £ LE 1R I AP B B I 2
1117 H. F B U 2 380 17 =& PN 5T R LR AR P2 5K

AT LA, ER ShRIC 71 & E 1 1 R
H78(glucose-regulated protein 78, GRP78).

BRI X & 45 & B H 1 (spliced X-box binding
protein 1, sXBP1) R FI 8 H /K115 i & 1
s (O) IR R4t g 07 L AU BLAA Y
REm “WAEEE” | B —DEER N
B, iR &K (adiponectin, APN), JEZHK. ik
PrE&E. MR IRFER F o(tumor necrosis factor o,
TNF-0). WRREZHME T, WEVRT. &
JRRE T 51 A A7 2l 7, ELAnA PNy
WK BRI, 1M APNSKS =1 g IR B AP LA (79
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R, ArakiZE" EGue R T —TEFT, APN
5 DR R ok /0 BT o R IR MR S A 45 TR
F WK S 5 T I AR, T
FIFH B B A5 L I APNIE R 5 /N BR& R IR IR
AT+ I PR A B, FER T 47 40 B S Rk .

Wi R B R A T o0 A B ) R — T B e 2K
&Y, RKERE TR WM R 20 R RS M
REWVERFR . OB 11 AU R 25 2
PRIF #R AT — S AR M. CarvalhoZE ™
FEVE ST M AR (50 pg/kg ip, qh X5 h)iE K IE
WIRE/NRAP 1 hZ B4 725, 50,
100 mg/kghfit r RHER, 4R KIIX =M=
ik B T T P JR I 1 2 B R, T B
(interleukin, IL)-1B. IL-6. TNF-afllid%&4L4
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AR E KRR
HTG#A8 X AP
AR bR
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M % B84 % om
KM B F T A
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WA BH

N R R R %
(ERS): AEATH#H.4L
ER#E A6 H Z4m
A4 3. Ca®
SN E %
% #0 5T 5 HERS,
WE S STk
S
By A8 B BOR
ECR S
B, ERS M 3] A&
20 Je AR 45 B £ 5
. ERS#tiE8 =
KAz 5 il 54 0,45
IREla/sXBP1.
PERK/eIF2o #=
ATF6i# 3%-.
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A B

12 - = EFIAEZHE
O HTGZH

10

8
R
B

T4y

1

1 2

1.8 - = IEHEIMABA
16 3 HTGZH

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

H sy
AFEESy

1 2 3 4 5 6

- mm FEImAEA
O HTGZH

2.5

2.0 r

1.5

SPERITS

1.0

0.5

0.0

5 _ mm EFIAsH
O HTGZH

4 - = FFIAEH
O HTGZH

B 4 BERERRELRESED. A: 2050 B: A C: ISy, D: AT B RYEEETFY. 1 E#Iil
&, HTGA; 2: I IMNE+APAH, HTG+APZL; 3: 50 mg/kgfitFZ Z5 104 4: 100 mg/kglfi Rz ZXFT04; 5: 150 mg/kelfifz
FTIH; 6: 200 mg/kgli iz 25 T4, *P<0.05, P<0.01 vs HTG+APZH; P<0.05, ‘P<0.01 vs [FHFIMIS+APAH. HTG: & H

i =ARILE; AP: TlRBRIRA.

i (myeloperoxidase, MPO). N _.fi¥(methane
dicarboxylic aldehyde, MDA)/K-F-¥J %K, H5
KRG LI 72 S 388 Ge v 27 30, e A
J% 2 Al RE 2 Bt 28 oA A I L R 4 R A
RRBE, AHAZ I TR A2 325. 50, 100 mg/kg
i Bz 2= B Sk 1) ) B AROR . FRATT A ] SR,
Z2% [ RN LR e G, R
FISD K A P A B2 550 &, BI150.

200 mg/kgifiyT VERG I S 45 2533k — P ESE |
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