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Abstract

AIM: To investigate the influence of treatment
with penehyclidine hydrochloride (PHCD) on
the levels of macrophage migration inhibitor fac-
tor (MIF) in serum and aquaporin-5 (AQP-5) in
bronchoalveolar lavage fluid (BALF) in rats with
acute necrotizing pancreatitis (ANP) and acute
lung injury (ALI).

METHODS: ANP and ALI was induced in
Sprague-Dawley rats by retrograde injection of
4% sodium taurocholate into the biliopancreatic
duct. One hundred rats were randomly and
equally divided into treatment group and non-
treatment group. The treatment group received
intraperitoneal injection of PHCD. Each group
was further equally and randomly divided into
five subgroups for testing at 6 h, 12 h, 24 h, 36
h, and 48 h. The concentrations of MIF in se-
rum and AQP-5 in BALF were determined by

enzyme-linked immunosorbent assay (ELISA).
Pancreatic and pulmonary pathomorphology was
recorded and compared between the two groups.
The wet-to-dry weight ratio of the lung was mea-
sured and blood gas analysis was performed.

RESULTS: Compared to the non-treatment
group, the treatment group had significantly
decreased serum levels of MIF (x* = 20.52, P =
0.042), the wet-to-dry weight ratio of the lung (y*
=21.04, P = 0.000) and arterial PaCO, (y = 82.83,
P =0.000), significantly increased BALF levels of
AQP-5 (y° = 17.22, P = 0.044) and arterial PaO, (x°
= 503.48, P = 0.000), and significantly mitigated
pancreatic and lung histopathological changes.

CONCLUSION: PHCD intervention has an appre-
ciable therapeutic effect on ANP and ALI in rats.

Key Words: Acute necrotizing pancreatitis; Acute
lung injury; Penehyclidine hydrochloride; Macro-
phage migration inhibitor factor; Aquaporin-5
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B T MR LAEBRTRRAEZHEIRL
MR ¥ (acute necrotic pancreatitis, ANP)F
& &M Bi4% (acute lung injury, ALT) 27 E
"% 48 f A% ) 49 4] B -F (macrophage migration
inhibitory factor, MIF)Fe il jf 32 2k ik /K 38 18 &
&1 -5(aquaporin-5, AQP-5) % ik #9377,

Tk RN GZMEILE W EATE 4% A2 R
MM E KR RANPH ZALIAER, 100 2SDX
BT HZ BB IR LA B (penehyclidine
hydrochloride, PHCD)JE = i 4% T 774 57 AL
b d A dE LT 4, A4 B VA6 hy 12 hy

24 h. 36 h. 48 hZANBUM B ] & 4k 42 R AL 5
28, 1048, A-2810 X 3h 4. KA ELISAE M &
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o 7 WP MIF 89 5% & Ao B 6,7 26.3% P AQP-549
WRE, R B ST R A Al 4L SRR LY A F L
B ML LIR /T AR, Bh Bk f AL

LR AR A A EPHCD® A5 FHM
LR B R, A MIFREBEAR(y® = 20.52, P
= 0.042), M RRAQP-5REIE H (' =
17.22, P = 0.044), MA% A= Bl 20 22 93 32 52 B 4%
AR, MALRIR/ TR E AL D (3 = 21.04,
P = 0.000), Zy#k2Pa0, EF(y° = 503.48, P =
0.000). PaCO, T B(y’ = 82.83, 2= 0.000).

Z5it: PHCD#iE L F s X RANPIF &L ALI
Bl — R85 R,

R SERTCAERIR &, SR, BB
R BRI mH E - KEEER-5

£N&E. BRI ERNAERMENTMRIRKMROMIF
FAQP-BRIABIED. HRELAHELAT 2011; 19(36):
3672-3677
http://www.wjgnet.com/1009-3079/19/3672.asp
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HE S IR 48 (sever acute pancreatitis, SAP)
Mol S BERER . WS E . IR RE
2. AR R I EEDY. 2R N E R
S BRI e i I R v HIAE 55 2 P 0
JIRE R 4 PR ) T D R A v A Bl RS T
SUH RS WO IO R AN A B SRR A R 4
JH0, 5 | 0 e PR - R P A R R G TR
SIIREAN ML, WS N B, IR R o 73R
15, SRR EREL. XPPTIEM 5 Ik
i 7 AT AT R B AR KM R A R, TE
RPN AL R & (acute necrosis pancreatitis,
ANP), FFARAE 5 IE MBI Ik 4 Je 214> £
RAA B JE RN SR A IE R 2 3 B ™,
ZbE 4% (acute lung injury, ALT)J&SAP H.11 5
W DL T AORE. PR IBIR RAH SCHE i1 4 (acute
pancreatitis-associated lung injury, APALI)[1]HA%
BLH 1 A 58 A 28 JHAT B 3 i 1 v A i
B 540 X 7 (macrophage migration inhibitory
factor, MIF) /314 B B 98 0E I W AT g A
K2 B 47 (AR A i PR 7K3d 18 2 1 -5(aquaa-
porin-5, AQP-5)JRIEF T HE T B rl GEL5 ik
JEE AU A T I A T PR TR ol S AR Y e s e 3B AT
KB bR 1% 2. Z= Wik (penehyclidine hydrochloride,
PHCD)J& — KW Mk B E P bR 2y, F 2k F
YER T2 HM FIM 32 A, 0 K 2 A7 AE 0 IR
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M, 52 AR TG B S A FH B F e 99, i i 143 < 1
F B MM, B0 2 B A R I TR
Ao 1l A5 EAE I /NAEERE 2. H BTPHCD E IR,
F 116 PR Bva A7 ML A 2y vh 81, IR T
PRI T 465 24, A0 A 0 R HL 0] € 4 M R N
PEALTA BB 8CR. ARE L@ LB 5 PHC D
TR IT XK EANPIf K ALYS 52 --MIF A
AQP-5RIE IR, b 4RIG T APALI v AT 1
5 SR S R S

1 #RRT5E

1.1 #H AR 94 (55 1H Sigma 24 ), K ELMIF
FIAQP-5 ELISAKS M7 & ( il a5 AWk
HIRAT]), KIETPHCDORHAR 1 25 B4
H IR AT, ELX800% E#r1X (32 EBIO-TEKAX
AT, MG ERoche A H]), 42HE)
AL T (BE E Vitros A ), a2 BiE(H A
OLYMPUSA ), A1) Fr HL(1E E LEICA A /),
AN ERBKIEEELEICAA A]), 4148
HHLAEELEICA A A)). fil R FESPFZSD K R
(180-240 2)100 3, HEAERY-, H1RTIE K22 S50 4)
Yy AL,

1.2 7%

1.2.1 XK AANPH AZALIEAHE5S5PHCD?Z
AP B LankischE )5 vk, K RUE BE
B 10% /K45 S [300 mg/(kg-bw) BRIFE i & &
TFAREG, LL0.1 mL/min B [ B HAE py af jm)
EANAY%ETEIH R A1 mL/(kg-bw)], 12 KR
ANPIF R AL, $& R RHPHCDZY)
FRENL > A eI AR IT 41, 97 4K R
FEHIBSE30 min, 12 hy 24 h. 36 hiE VR4S
PHCD[0.2 mg/(kg-bw)], JEIETT 4K BUAE 55 AH W
IS R) R v SR A5 R BRI B AR B R K AL 4 S T
FIR ST I 29 AL #E 56 hy 12 hy 24 hy 36 h,
48 WL AN B) SR, AR SEBE LS4, L1041,
1.2.2 ARG BR415 ) T I8 I 29 ik
MJ56 hy 12 hy 24 h, 36 h. 48 h i M) 4,
W DR BRLUBR 19 (017 425 () i) Ji il BRI == 30 Rt 6 5
Fi L (FF 22 H05)0.5 mL, 25 84 264 (Ol 2 3
HUM#2-3 mL, =3 T BA3 000 r/minf220 min,
HUMLIE E-80 COKM IR AF A ML B0 J= LA
Jifi, A B ER /K2 mLEGE S R 20K, B R
V2 mL, & A2 500 r/min 0010 min, B b
THE-80 CUKFETRAFRr A MU Iilirh 212, &
YR TR K 53, BRI A AL, [ R £ e
IRFIRTZHER, A0 g/LZ 58 H RS [ 2.
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19804 Aho%¥ %
R R, d R
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iR EE
[N A ]
(PHCD) AL T ¥4
£ APALI# A
MG s;:::j; P i
i AR L 6h 12h 24h 36 h 48 h 6h 12h 24 h 36 h 48 h
FLEALIE ARDS 0 89.1+4.1 81.1+4.2 71.3+3.4 60.9+3.7 48.8+3.2 443+2351.2+1.9 56.6+2.3 61.1+2.5 64.8+3.2
iﬁ&,PHCD*&]‘ ﬁéﬁ x4, x4, <) 22 Sy REEERON .0 x0o. oxZ. Zx 1. ox/Z. dxZ. .0ox0o.
BT Rk A — A PHCD
RN N 94.1+22859+2.9 80.4+1.6 73.0+£2.7 66.8+4.7 425+2.6 495+25 50.2+1.1 53.7+2.960.0+1.5
4n &S H
APALI® T 471 -
ey Y& 10264 101.69 10249 3655 72.45 72.83 61.75 52.22 51.41 41.07
PlE  0.000 0.000 0.000 0.000 0.000 0.000 0000 0.000 0.000 0.001
6h 12 h 24h 36 h 48 h
|2V agas| 4.34+£0.09 457+0.13 4.79+0.09 4.98+0.10 5.11+0.15
PHCDy&Y34H 4.35+0.08 4.54+0.07 4.42 £ 007 4.56 +0.08 4.69+0.17
18 2.71 6.69 5.19 2.81 4.39
PE 0.025 0.009 0.023 0.043 0.036

1.2.3 s & o7 B EC T EE 3 ik 1f10.5 mLAz
R Roche OPTICCA Y ifi "<, 43 43 & PaO, Al
PaCO,, HART V4545 L.
1.2.4 AFLALR/F B vem & FHUEAN T A5 fifi
R R AN 11V 7 e e R s W N o S ) T4
(W), SR )5 E80 C LI IRAH A HLIE24 WA d, 1F
P o BT e (D), v S T A
(W/D).
1.2.5 MRAR A=Al 20 22 % 32 22 4 - J IR il ZHL 21
2 WK A Y0, BT IRAORS -
P (HE) P, WABE T .
1.2.6 o 75 MIFA= M6 20 AQP-50 & K H
ELIS A 7243 5k 0] it 375 MIF F i v E R i AQP-5
(IR B, Tt e B ) 6 10 B P R A

it #4038 5 SPSS15.048 40 b £,
KA — AT R 2 R 327 2290 AT,
PAP<0.05 4 Fi v 243 X

2 BR

2.1 KA UK JEEIT 416 hdl KRS
g0 12 WK BRUIT RPN e, (AN AT i Pk
JG7K; 24 hadln] WK B, 15 JE [ 56 4, 1 2
FDY B e w4 1, W SVBH SR, LR REOK I 22, IS
FELRH 384 0, 8 DR s B B Tl RS, R B R IR
Bk B T (R PR I R I 36 hal I A
BAET; 48 hdl NAT2 LK AET . PHCDIRIT AL
INE IR BB PSR BN SIS L,
{85 3897 495 AH N I 8] 05 L e ) R A Ak, If

PERE KW ks, Ha8 hHAAET 1 H KR

2.2 s & A1 PHCDYRYT 415 AR 16T 41 % AH M I
i) 25 LU, PaO, LT Gt 22 2 5 (y* = 503.48, P
= 0.000), PaCO, FR&H G it 2¢ 25 (" = 82.83, P
=0.000, %1).

2.3 MiZA IR/ 2 WAE PHCDIAYT 4/ TR
o LGAE A B WG Ry, (A5 V0 TT 41 % A0
IS 1) 7 LA R %, AT B0k 22 25 (= 21.04,
P =0.000, %2).

2.4 JEAR IR IR LA R F T

2.4.1 RARILES: B30T 4L 5 52 A i IR A i
JEERR LN 2 BE R I BH S ) ki v il 6 hE%F
) 5B T T 4 DL W ot R e, R
AW OB, s NA DR PEEK, 12 PR
AV bk SR AE I B, JR A e Ak
BE, IO A Bl PRI K; 24-48 i R4 40
(i K IR FEE— 8 EE, JFn] WL 2 b a4k
BE. PHCDIAYT 41BN 20 R /K i 4 Al
I AL A L T 25 S 9

2.4.2 BLF LA ARV 416 h] WL SRR N
TR 7K B, R R I, 48 T 4 M v 3], 35 4 P v 4
JfOAZPE; 12-48 hf i) WK & 48 1 4l s,
DR, SRR /N S5 R R, K I 4 i A A
W2, PHCDIGIT 16 s B AT UL IR 8 40 4 it
A, MR SR, H S A R ) SRR YT 4L
LU ) S ke, 12-48 b mf DL JB e /I 1 &5 g ik
Wy ORI ZRE 40 i, AH 55 AH [ )
ARAYT 4 E A B Rk (1 1).
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PRES(HE). A, C, E: IR/45740; B, D, F: PHCD{&I74H; A, B: 6 h; C, D: 24 h; E, F: 48 h.

ik

*® 3 MBEMPBREMEE (hg/mLmean + SD)

6h 12h 24 h 36 h 48 h
SAPH 158.9+7.9 208.0+7.4 191.2+75 177.6+6.5 160.8+2.7
PHCDZE 127.0+5.4 165.1 +5.4 148.2 +5.1 127.9+5.0 113.4+5.4
PR 10.60 9.71 11.28 9.48 8.56
PE 0.001 0.002 0.000 0.002 0.003

2.5 MigRILLALR F R KAAMEL, AIGIT4H6 hiA ZKIh. HUIML. JERE4N MO I W B,

M WA, > Ik f 7K, 12-48 hifl¥EZKZE 2.6 s A MIF#)3h & AL KA [FIN ) 25 PHCDYA
Wi 2, KA T PN, ST R R 12 hel 7 AL iEMIFIR E W BAR T AR 4L, A4
DLESAE R ML A, 24-48 hB I AU I8 2, BEK 2259 (x° = 20.52, P = 0.042, 3).

JOIR, AT L. PHCDZE & AHM IS A] SR K 2.7 B 2k AQP-544 3 25 T AL 45 A [ I 7] 550
JCRIA M35 B S A B RS, ARVRYTAL6 hil  PHCDYAYF 4L Ve A QP-53k B Wl i i -3
SRR G FEML YRR, 1248 Wil yAy7 2L, H 46T 25 500 = 17.22, P = 0.044, £4).
993 BE2H 2R 2 ORI 0 T, S BN [ R R i

HORE TS L kR BRI A K, B 3 TR

YT I B, R AR AN M, IRk SAPRE R K SEE, FRALE R, UGS,
LA AL IR EL . PHCDYRYT AU JFRhEZ, APALLZES AP W& W I &I,
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6h 12h 24 h 36 h 48 h
SAPZH 0.223 +0.032 0.187 +0.017 0.143+0.013 0.117+0.017 0.099+0.014
PHCDZH 0.312+0.056 0.256 + 0.037 0.235 = 0.031 0.200 +0.024 0.183+0.180
VB 7.58 9.87 5.44 5.76 8.11
PE 0.006 0.002 0.019 0.016 0.004

& SAP R I F B AL T R R 2 —. IR I
0 it PN BRI S RE A BRI L i ol A A
i+ i =B 4 100 T 0 48 o AR AU E . 1980
EAhOSEPI IR A ), 1) SR A Py R R
B, B RIS T ANPRIRY 2B (ot
BERL T IR AR B AE R . I IR 45 S 800 2k
JE R A6 0 A AR R R i A, HLERAE LU 7 (8, IR
Cl ) iz a2 5 N . WA e HLE B A A ik
JIEL P40 V) 24 A 55 3 ST 3R R B R 2 )
AL AP AR AR AN [ () R R 28 . FRATTR A 1)
K BB FELAE Py 304 T B 4% 2 B FIEL TR A 1) )y 9%
IS T IR ANPIE R ALL 9 B2 K iy i
TR I SI2 56 B0 1 JE B 2 4850 H AR [ R 8 1)
KM RAEAN PRI bk SR BR A, i R
S ) B AL 28 IR I 3R 8 B R AR B, TR I S £
A Mk K, il 2 2R TR M R 1 M SE 5 483 455
FG 7K, -G APALLPp BECE. PRI, A5
Ry 3 7 R AL A 7 4 A T B, S R L
Toi A% 7 AR TG, AR R 2 1 R A L SRR
HRCR A —E s HAME

Il R 19877 APALII B T B 2 — 2
29T, A5 H RTVR T AR AT AN
B [ N KSR e, DR 2 R e 4
R MAPALLIRYTY Zi). PHCD 22K [H 741
(3 20 JE et K Ik 2, 5 LA T AR 2y
ANFI A, A EREEM, . MARIN . N2 4k
FEPUER, TSN ERR RIS T R, B
PUIRGR REAE F 5. i 3 A 2 2 ML %
&, WPHCDHAFFEAE B T, DA R
SN /N L ISR ISR HPHC D AT g XS
ALLEATVRITAE L, b RESGE Mg in . BT
B A0 o R R EPE L A I AR Ik /D
ARSI 45 s, PHCD W] M 40 A 1< 38
WL RIMBZ AR, FASE T3 L, D> S R oy
Wb, L S .

FEBEE AR SAPINR RN, APALTH 4%
S A IR A FH 283 52 BT D%, Mk B &
B 22 Tl G0 A ST TG BV A RN )

i JORE e AT R 2 k%, B4 T E LA i 1
GHIIR R AE 1) 4> B 1 0E [ Y. TNF-afITL-6
S 20 R DR 2 AN TR T SR 3 AR I R e
ML, B B IR R 48 2 10 3 S I, 40k T 5 30
T8 Kb AR E PN ) AL AN P L R G, R
BEPEA I, Sk 4k R i ™ 48 1 R N R U B
RIZR . T (R BIE 9 h T e e e R 46 1) A
RIS, A N E 4 K 2 5 APALL
(EBEREN. H HTMIF R R A % Th g e e
Z s vh B VR FAE A0 H 25 52 B AT DG,
MIF & —F k40 R 7, HAT R R EAEH,
TEAPALTH 4% 7 HEAE . MIF H IS4 1 Ttk
EL T it 23w, R0 A/ A RS B, e
Wi 40 B A 90 R . AR WOE, IR
A 2 740 TL-18 TL-6FITNF-a%F, M
T 98 1 e . B T3 ek 5 56 R P HC DYAR YT
M5 AT A RIEMIF R %, $¢/RPHCDHA]
FTHIER K FMIFR=2E, AEMIFS I 405
AT L AT R 2 1
BE 2R G0 R AT, A8 400 ot dfe i S5k T P i 52 1
P& i, e A MRS S AR . R S A0 R
(IS 28 ey, 9D T A P R I, DA Tt A R ik
EIUSE A0 M DR - MUIF IR = A R SR A, 40 A
FeAE R DRI R Al AT, A Rk
32t A7 ) Il A [ A fit o py 7K ™,
I B 7 Ml 58 LG e 52 4 A 00 g ok 10 2 P2 UL
JEAE, BRI D). PRk, PHCD Af 9 K i
ANPI R AL 98 5 Js Y.

KB TE e — 4Ny T, 5T
BB R Tk s, ks Hl. EE
K (PRI S R I, 3 — SR B 11 A e Rg 1 AR AN
R, MREA. T BRI T
T HL A F AR O KOS R A 13,
AQP-1. AQP-3. AQP-4MIAQP-5X4Fh KisfE
Jili J2 /3. 7EAQP-1. AQP-3., AQP-4HIAQP-5
L DRI R B /N B, DG o S 1 R o
B N R EIPIRE, AT AQP-SHEA
% /0 B0 R T IR PR A WA R AIG, HE ALK
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L T 1 3 R A /) B PR A 23 i 9 G B A
A% S AQP-SHE R il ok /N B LRI 36 43 4 R ¥
RHEATR DN, B R 25 B R A QP-58 2 /) il
I W 280 920 0 A S 2B RN B A 2, T R
HER (IRICT I B T s, [R) IR e 414K 8 7 6l
TN TR ER TR 2 RN R TG R, 0 A I A i 0 I
AR IR AR ECE RS R, 1 A& AQP-5Th gtk 2k
BT, LA b g5 PR A il 4 SR APk 1 25 11,
AQP-S7E i R T 117) T 2 A B T 5 i v v
WL BT e T AR T AT AR A
AT I SEEGIE S PHCD AE S IMANP I R ALTK i
it YL AQP-S IV B, BRACI I/T
FOAE, I 088 il AR AL D) . R BIPHCD
REARY e I iz i e, e 4 5 /3 i AQP-5
(I Thfe, M ERER R aF iR mak g, B kil
Z0, dEFRFIMIhAEVER. 25 K v] g2 PHCD
A LB AT RE Bk 8 o 28 (¥ 5K g, 38k s ELBGE 5 b 5
S S (R s, T S TS A 5 g BRI, At
WPIRE S UL, ok R o0 s B IV Y,
AE TR IR, PHCDAE B AR LA S LS
2 PR BR AR, TP B A B0 B AT
e, TR AL BEVRL, DRI O B P A i 2
(RS2, R4 B N Ca A R FE 2, AT 4
T el A D3 3% 2 ™, PHCDfig %3 i 4t
IUIE 68 A P 0 F HELE A 98 2801 119 A A 5
S22, PHCDAMY ] LS5 APA LTI i 3
TR, R Refe— e LRHIEALIIARDS
R, PHCDH¥AT 1T g B — FOBT AT 20697

APALI A AT PEIEPETF B
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