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[ E] HE R FREITRAEST K RAZREM KM (NPE) 89/ A B L TRGIA, FiE SD XA 5
Ay E 3T AL NPE 20 F XA 7T 20 mg 21 F XA T 40 mg 40, FARAMTAKRK A5 % F 20 mg/ (kg - d) F= 40
mg/ (kg « d) FEMITHEEF 4, T4 BE,REFARARXZN, EAEER A RA D RIER L F R EZH A
4] NPE #2 4! | Kaplan-Meier & LA S MR R 24 h £ A%, @86 h BAME T ILELFAEMKMNAREL HE &I
BB RILEA, HFIREA KR R M A% Kk a0 (PMVEC) # 47 R AR IR, A X I AIE PMVEC A = % |
Western blot #2 RT-PCR £ 343 PMVEC #J Bax #= Bel2 &G & mRNA £k, R S EwsTRamt #4856
h,NPE 28 X S 4L 208 T AL 2 338 m HE 42 & 5T WO 209 MF 8 R B AR K AF , A B M AL RETRKAAFER
2 T, NPE 48 K &, PMVEC A = % 2 %35 /e Bel-2 % & 4= mRNA & ik Tl ,Bax & @4 mRNA %3k Lifl, 5 NPE
LHARIE | FARALIT 20 mg 28 K KK AP R 22, & A E K & PMVEC 4 = £ 4%, Bel-2 & & 4= mRNA & & Eif @
Bax % & A= mRNA &5 FTifl, 5 FRMIT20 mg a4k FAMT A0 mg B LR TP B H | g FRETH
222 T gl id L8 PMVEC #9 Bel-2, F 98 Bax mRNA Fe & & & & 474 PMVEC 8 =, i 32 X & NPE, 427 F &tk
T AT NPE A B 648 A2 F W6 Rt — e 52

[FESZES] R363 [ XHEkARIEAS] A

Effect and Potential Mechanisms of Simvastatin Pretreatment on Neurogenic Pulmo-

nary Edema in Rats

FU Hui', WANG Qiao-Sheng', FANG Zhi-Xiong’, LIU Yan’, ZHOU Bin’, PENG Zhong-Tian', and LIANG
Xian-Zhang'

(1. The First Affiliated Hospital of University of South China, Hengyang, Hunan 421001, China; 2. The Cental Hospital of
Xiangtan City, Xiangtan, Hunan 411100, China; 3. Medical School of University of South China, Hengyang, Hunan
421001, China)

[ KEY WORDS] Simvastatin; Neurogenic Pulmonary Edema; Pulmonary Microvascular Endothelial Cells

[ ABSTRACT ] Aim  To explore the effect and potential mechanisms of simvastatin pretreatment on neurogenic pulmo-
nary edema (NPE) in rats. Methods The SD rats were randomly divided into control group, NPE group, simvastatin
20 mg group and simvastatin 40 mg group.  The rats in the simvastatin group were pretreated with simvastatin for 4 weeks ac-
cording to 20 mg/ (kg + d) and 40 mg/ (kg + d) by intragastric administration, respectively. The NPE models of rats except
the control group were induced by cerebellomedullary cistern puncture after pretreatment of 4 weeks.  The 24 h survival rates
of rats were evaluated by Kaplan-Meier method. At 6 h following operation, the severity of pulmonary edema, lung tissue
pathological changes of rats were evaluated by Wet Dry proportion method and HE staining, respectively.  The apoptosis
rate, protein and mRNA expressions of Bel-2 and Bax of primary cultured PMVEC were detected by flow cytometry, Western
blot and RT-PCR, respectively. Results Compared with the control group, the Wet Dry proportion of lung increased

significantly, and the pulmonary interstitial edema and alveolar edema of the rats were obvious by HE staining and the apopto-
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sis rate of PMVEC increased significantly at 6 h following operation in the NPE group.  The 24 h survival rates of rats in the

NPE group decreased significantly. ~ The protein and mRNA expressions of Bel-2 of PMVEC were downregulated, but the
protein and mRNA expressions of Bax were upregulated in the NEP group.  While the severity of pulmonary edema and sur-
vival rates of the 20 mg/ (kg + d) simvastatin pretreatment rats decreased significantly when compared with that of rats in the
NPE group.  And the apoptosis rate of PMVEC decreased in the 20 mg/ (kg - d) simvastatin pretreatment rats.  The pro-
tein and mRNA expressions of Bcl-2 in the PMVEC were upregulated; but the protein and mRNA expressions of Bax were
downregulated in the simvastatin pretreatment rats. ~ When compared with the 20 mg/ (kg + d) simvastatin pretreatment rats,
The

One of the mech-

these parameters changes more significantly in the 40 mg/ (kg + d) simvastatin pretreatment rats. Conclusions
study shows that simvastatin pretreatment decreases the severity of NPE and improves survival rate of rats.

anisms may decrease the apoptosis rate of PMVEC through upregulating the expression of Bel-2 and downregulating the expres-
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sion of Bax.

confirmed by clinical researchs.

P22 PP At 7K i ( neurogenic pulmonary edema,
NPE ) SCBR AR Pl 7K i, 48 76 T8 B & O i F1E
SEBR T OC T, rh U A5 45 2 AR 2 2R 8 HA
PRI | L 1 5 25 P 0 PN S 1 e T -5 0 R 2 e it K
i, JFCrpER gy v 2 A SR DRI Bl K ok A B A 20k
A e A ) e R L R PR ot g A ] AR
J% I NPE, UL fa B H A A, HAT NPE &
AL AN AE , B Z BRI, e A Sk i T
BN K B ( pulmonary microvascular endothelial
cells, PMVEC) -2 5 T NPE B W', BT %
B, AT TR T R FRE AR BE AL i B AT
PUR RG] e 25 A 55 TR I B0 4 1N B
ZHARPRA TR P AE A R AR M R £ T AR
HIATRE S5 Bel-2  Bax Fik A &, AW HUE i
AT HIAL L NPE SRR B, 460 PMVEC i T
B Bel-2 Bax RIKAEA, RIF = AAMRTT X NPE ()7
BRI R AR RLHLR]

1 R E

FELWIRAF

RNA # BRI & (b e o 22 & R A IR
NE]) 53 % R A £ (PrimeScript™ RT reagent Kit)
F0 real-time qPCR ik 7| & [ SYBR ® Premix Dimer-
Eraser™ ( Perfect Real Time) | ( A% TaKaRa A8 ) ;
Bel-2 #7 Bax — 40 ( Abcam /A 3] ) ; B-actin — 41, F 10
R 0 o7 B BB K & (fluorescein isothiocyanate
FITC ) 3% # t 3 471 % — 370 ( Proteintech /A 7] ) ; % 4t 0
IR E AR EEH 2T CDI(RRXELEELES T
AR /AF ) ; Annexin V-FITC 48 f, 8 T # 3K 7] &
(LBEEZREPBEAARAE); FERMT (R
20 mg MM BRI R AR AE)

1.1

It is implied that simvastatin may play a role in the prevention and treatment of NPE, but it needs to be further

1.2 FESA

BERMEESD KR TH EErn Bz
HIRAF 3 ~4 A, KE 200 ~250 g, 1% FEHHL
BF ko WA ¥4 NPE 42 37 20
mg A ERMIT 40 mg 4, EH 31 R, FEHRMIT
20 mg 41 F13E 4& 9T 40 mg 41 K B 7 & % NPE # A
Mo Bl F oF &R T 20 mg/(kg - d) An
40 mg/ (kg - d)JEE 4 B, EH X4 5 NPE 4 2
FEFH LK,

1.3 X NPE #&8$| &

NPE 41 | 3 % 197 20 mg %1 F1 2 & 4,97 40 mg
AARRFAES FEEH KR NPE A, E¥ X
BALRTEAR, 5& /NI H 0 F R % E 4| NPE
AL srah ok BORRT 12 h 2548 R 25K, 10% K
4 4B 300 mg/kg P8 E ST HEAT IREE E E, BREE B

SEYFATREHEL, 01 mLiEHBEAMERET
0.6~0.7 c¢m 3 %Jr HAERE F1.0~1.5 cm, 7R 3
NI JFE B 5 5 R AT R O\ T E B B B 20 A K
BRI N UE ST A 4 R A R (100 g/L) A afn B (200
kU/L) % 0.075 mL,

1.4 F/KMEEVNERAREGFER AR
Eit&E

EERIE,FAIS RAR,EFXE&HEARE
R, 28 EFHA, LRELA KR 24 h EFF,
HHE6h EHLERAR, #43 A BMW44E
T10% P HEFEEE, ¥ NG, HE 2246, 4
GTHTREFAER AR RERLT, WAL E
T i 18 ( wet-weight/dry-weight ratio, W/D) 7 f fiif /K
PRAZE, R4 LA E DA R R A v, 4 e I —
REBE, RO EMELCREALR, ARKREMN
EFHNBRE, ARAKRFERT AL, KEEEE
60CKE 4 H ,72 h EHTE,iE W/D,

UETEE
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1.5 KR PMVEC ERIEFELEE

Z B XHR[7], ¥ PBS ¥ ik Ja WY 3k G 4 2
K2 ~3 mm’ A/NAL B AL HTET 25 em® B
FMF BB FMT 37C 5%C0, hiEH Mt 2
~3h,ZEEERAMMERE K, BAETRE,
BALSE BN ARLRRE SE, B aE R
BREHNESMTRERE R, LHAWT— KK A
MUAS x10* B M TFEZ N 24 LR,
FRERTESR, RERRE MET 4% 5 R B
E £ 10 ~20 min, 1% Triton X-100 F1% 20 min, 5%
BSA # [ 30 min, PBS #k % 1 %k &, /m N\ 1: 100 Fi
BW BRI R CD31 —410,4°C vk 48 8 & 3L 7 PBS
WPk 3 K JE, m N 1:50 FoB By FITC #7148 0 — 41, 1%
Flh, ETHRAEERHAE TAEL A B BEE
W, BA M At B 4 48 Bl 5% BSA R & CD31 — 47t
BHE,_ME¥EBE, SEine.OQah 2407,
BETCAZHAWNHEL R HY, EHNH,Q
FITC #Rit i E R & & L I,
1.6 mRAMAKEN PMVEC BT

o EE L 2 ON 15 mL B0 1000 r/min &0 S
min, 7 k7%, A PBS "R 377 i — & ,1000 r/min &
5 min 53 F¥ . 1% Annexin V-FITC 40 7 8 T4 M
R B 1R BAR I & 41 40 B T IE L
1.7 Western blot #2il] Bax #1 Bcl-2 EHRIE

Ao N 4afE B R R, vk B A# 30 min, 4°C

12000 t/min# S 5 min, B _E 7% #& , Bradford 3% | & &
BRE, TES 20 ng B & G B REREN LA
&, 31T SDS-PAGE Wik, # #% % PVDF £ 1 ,5% Jit
JEU £ B E A 1 h, Bax #1 Bel2 —EEBEEH 2 h
JE4CHE HRP B —HERBHF 1L 5, B E
BEN, BHEH., BIRAF R A BG4
IPP6. 0 FAT A S By R M 2, LE & 5 W&
B-actin HY kbfﬁﬁ?ﬁ*i%f&?@,@?ﬂﬁﬁ 3%,
1.8 RT-PCR #&ill Bax #0 Bcl-2 mRNA Rik

Trizol %2 B & RNA Jf % &, B R 4% B X 7| &
WA PEAT, BB RNA 2 wg AT 3 8 F KR, A KK
¢DNA, A\ ¢DNA 1 wL, BG40 1 L, T i 5] 4
1 pL.2 x SYBR Green qPCR Mix 10 pL % ddH,0 7
pL, B4R 20 pL # 473 H# Bax,Bcl-2 71 B-actin,
W % % Real-time ® & ,95CH % % 3 min, Z 5 & —
% M 95°C |10 s,58°C 3B K FE 1 30 s; FEH#E4T 28 A
B, RN B BRAE, 31T 7 Ry
B Bk 4Bl A Bel2 g Bl 4 5'-CCG GGA
CGC GAA GTG CTA TT-3', Ti# 5 47 5'-CGA CGG

TAG CGA CGA GAG AAG T-3' 74 Fr Bt K & h 368
bp;Bax Ei# 5] 4 5'-CGG GTC CGG GGA TCA TCT
C-3", T i# 5l 41 5'-AGG GCC TTG AGC ACC AGT
TTG-3" 47 4 }r F K & % 369 bp; B-actin b i 5| 41
5'-CCG GGA CGC GAA GTG CTA TT-3', T 5| 4
5'-CGA CGG TAG CGA CGA GAG AAG T-3" ¥ ¥ K
Bk E A 558 bp, 2722 it & Bax # Bel-2 mR-
NA A Xt R &,
1.9 SHitZEFHE

B #5345 6 7 SPSS 20.0 # et 4T AL, EA
AATIEE R Rl £5 % 75 ;0ne Way ANOVA #ATH
iR, 408 % E Bk A LSK % ; Kaplan-Meier 3% H %
KUEFR P P<0.05 HEREHEZITFEL,

2 # R
2.1 KRETFEZELR
TEH X BRZH KR 24 h ZEFEZR N 100% ,NPE 41

H30% ,FARABTT 20 mg 41 AIE AT 40 mg 41K
FUAETE R 509 60% F1 80% , 5 NPE AL, ¥
fRABTT 20 mg L FEARABTT 40 mg 41K BRAEAF R
#F(P=0.046 fil P =0.003) ; MR ATT 20 mg 41
FEEARABTT 40 mg R BAEAR B E 220 (P =
0.055;& 1),

104 — NPEA
: | 2% {th;T20 mgA
| - R ARIT40 mgh
I ~—+ NPE#H-censored
0.8 - - 2R AT20 mgsA-
O | censored
| {4 #5740 mgA-
X 06- A N censored
‘8 |
\>-</ |
4 |
ﬁ 0.4- |
ﬂ s e
T
B 024 0 oo ‘
[
|
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Figure 1. The comparison of survival rates in each group

2.2 KRAHHZE W/D EbER
55 1F H X%F BB ZH AH [, NPE 4 K BT 4H 48 W/D
B S 3 HI (P =0.000) ; 5 NPE ZHAH L, S tAthiT 20
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mg 20 AE R ABTT 40 mg 41K B4 4 W/D F#AR
(P=0.000) ;& Al7T 40 mg 20K Bt 2041 W/D
LR AR AT 20 mg 4R (P =0. 028538 1),
2.3 R4 HE 8

TEH X R R U A 20 S il 2544 IE 5 . NPE
LR B Tva) J5 34 JE il 96 P AT L R 34— 19 K i
W, 5 NPE AIAHLL, FARATT 20 mg 4 FI-FHfthiT
40 mg 41 EEE LI R] SR R S il K i
AT 40 mg R/ DI (K 2)

2. HEHEKXRMAL HE & ( x200)

F1. HEEKXRMEBLR W/D(x =)
Table 1. The lung tissue W/D of rats in each group(x +s)

S| n filiZH 4 W/D
1EH % R A 10 3.22 +0.37
NPE 21 10 5.92 £0. 35"
FARAMLTT 20 mg 21 10 4.48 +0.69"
FARAMIT 40 mg 4 10 4.01 £0.59"

ajP<0.01, 5B LE ;b A P <0.01,5 NPE 4 HE# ¢
P <0.05, 53¢ HAMIT 20 mg 4 HEE

A HIEFR XTHRZL, B 24 NPE 41, C A ARATT 20 mg 41,D JE R AhiT 40 mg 41,

Figure 2. HE staining of rats pulmonary tissue in each group( x200)

2.4 KB PMVEC WEEREKER
PN WAEE A W — e gk (4 i PMVEC, B
PEXT RRZ AR AR SR (A (T 3) , IEH X BRZH KR

PMVEC A K24 | 1fii NPE 40 PMVEC />, 3=t th
TTHIALFR S PMVEC ¢ NPE 25 B S 54 0, 40 o A
RiF(KE3),

--

--

3. RAPMVEC HEERERKER( x400)
1740 mg 4,

A SHBAVEXTIRZE | B SHIEH X IRLL, C S NPE 4, D KRBT 20 mg 41, E i

Figure 3. The identification and growth of PMVEC in each group( x400)

2.5 PMVEC BT ZE®

SEH T AL A [, NPE 240 PMVEC 818
FHE (P <0.05) ;5 NPE A EL , AT 20 mg
HFFEARABTT 40 mg 20 PMVEC T3 i E [ K (P
<0.05) , Hr A iT 40 mg 41 PMVEC JHT-%
T E AR AT 40 mg 41 (P <0.05;%2)
2.6 PMVEC HJ Bcl-2 #0 Bax EARIE

S EH % FBALAH ., NPE 40 PMVEC ) Bel-2 &
HEFMK(P <0.05) ,Bax R IAME & (P <0.05);
AT FAR B, W & 2 1 B8 5 5 o AR
1720 mg 2 EL , 2 ARABTT 40 mg 4 PMVEC [ Bel-
2 HEFRIBHE (P <0.05), 1 Bax & 11323k AR

(P<0.05;/4).

R 2. BEAPMVEC BT (x+s)
Table 2. The apoptosis rate of PMVEC in each group(x +s)

IEH X R 3 2.73% +0.32%

NPE £ 3 22.03% +3.01%"
FARAMBTT 20 mg 21 3 15.70% +1.35%"
FARAMTT 40 mg 41 3 12.03% +1.39%"

a P<0.05, 5IEHX A LE ;b P <0.05,5 NPE K ;0
P <0.05, 5FRAM0T 20 mg 40 LA,
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Figure 4. The expression of Bcl-2 and Bax proteins of PMVEC in each group

2.7 PMVEC HJ Bcl-2 #1 Bax mRNA Ri%

FAAETT 20 mg AHF=FE R iT 40 mg ZH PM-
VEC 1 Bel-2 mRNA ik # NPE & (P <
0.05) , H AT 40 mg 41 PMVEC () Bel-2 mRNA
FRBERMTT 20 mg HIRA B (ARG
SE(P>0.05), 15 NPE 4AH ., 2= RAMTT 20 mg
AT 40 mg 24 Bax mRNA K[ (P <
0.05) , HorfAthiT 40 mg 41 Bax mRNA A5 A
YT 20 mg HFEAMR(P <0.05;K15)

1.4 9 wBcl-2 mRNA
1.2 1
1.0 1
b
R 08 .
?;E; 0.6
0.4
0.2
0.0
é.‘% Q@‘%’ @‘S,& @q
& s 3 ®
& & ‘\\
X
*
167 mBaxmANA _
1.4
1.2
g 1.0
& 08
o
* 0.6
0.4
0.2-
0.0
_@\ _&}
A

B 5. %4 PMVEC # Bcl-2 1 Bax mRNA #xt&iE  a
Jg P <0.05, 5IE# % B4 L% ;b g P <0.05, 5 NPE 41 1b48 ;¢ Ty
P <0.05, 53¢1&A7T 20 mg 4 b4,

Figure 5. The expressions of Bcl-2 and Bax mRNA of PM-
VEC in each group

3 i
NPE J2&—Fh e 5k 2 AU i) il 7K b | % A= BIL il 38 2

it

%, HAHLH Z — 2 P X R Rk & 1) 4 B R G R
iE S, R AN R 7 bR 7 e ik s P45
B, SO I P Rz 38 P, 37 & Bk B
FFE LB, A b7 T FoUA B AT RAARR 4 M S0 A HE vk
VB P-E PR TR AN MG 805 R LA R AR
SRR BRATR T L P R A B O AT
VBl PN R 2 TSSO B A5 A A e T AR i
Koo e n e A e KRR A
S AL | S T UK A S I R B R R K
SRR AT T AL BB AR P9 2 R T A b A
P, TR SR EA G, RFFRESREM, -
FRAWT T FAL B S5 Al 20 20 W/ D BH 88T [, itz i A
B R, A A7 R 30% ETHE] 60% ~80% LA |,
PR A b T T A P T UA  2H 21 S E SV, 403 R
RATER, WA AT 40 mg/ (kg - d) BALBER
20 mg/ (kg « d) FALHAGIAHZ W/ D A B EFFAR, fitizk
i SRR | B R LAt K i 0V AR S — 2 Y
Fl AR E
WG C RS, 2 A A0 VT 07 38 2 17 15 A [F) 41 21 40
R Bel-2 Sz Bax PR %) 2 15 DA T 4000 ol 4 17 448 A 0
To, R AR R B AR A VT AL B AT b O L
ZHZH Bel-2 | R Bax Rk #PLO LA B T, 820
ONUESEHEAN, 54 BT Kk B b T 7T 9 Bel-
2 Y FIE AN Caspase-3 FR 35, W/ #4841 g 14
T, R ERT . AR AT 8 o] LA i
5 Bel-2/Bax Al 48 J 07 T, X 400 0 HR a1 P R
CEM LAY R FRATHE Je R AT o & B
AR A TT T R N B KOS P R 4 Bel -2 A
Bax JEK A mRNA FIEE [ 83k, Il L@ =,
AR AT 40 R T AL He A A 2 B Tl
LYY Bel-2/Bax 3k Ll f Caspase-3 145 42 #1 il 41
H@{FJE% B0 LLiE I R 18 TNF-o/NF-xB 3 % 3
PBPO IR RS R BT TNF -, 384 10 390 2R A5 94
%% 13k, T P B AR A i = 5 DL R B AR
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PEAE S HLE I A s g v FRATHE 5 — T
8 K B AR AT 15040 B8 AT #0 f] PPAR-o/ NF-kB
fE 550, T iNOS mRNA FIE M £, H5 N
S A0, B e i R R A s >

NPE B T B2 2100 2 5E 52 R AL A1, 3480k &
B PMVEC A T- AT BEZ 5 T o BT 80U #4577
ARUHFSE 45 B IR IESE NPE £ 78 9] 52 9 PMVEC
T, [l A S 7 2 AR At 7T 991 Ak B AT 38 5 98 15 PMVEC
Bel-2 } Bax %5 1 F1 mRNA 19323k, 8 /> NPE
KELPMVEC J T, MO8 N B 20 B 1, GRS 1 2E
AT HLE T AR H M NPE fBIG1ER . IFH., 53¢ %
7T 20 mg/ (kg - d) FALFAH L, 2 At 7T 40
mg/ (kg - d) BALFE G PMVEC JHT-5 /0, By &
e 70 4 B K i B v R A O T A B
B R BUE A RN F 4R S B 035 | #2785 NPE 7]
BB 4= B PRI 1 — > 7 1T, N R B4l B IR
NPE 1fif ZA0H A B D RE A 4E P,

S AR 5 38 S AR AT T S K BAT
PMVEC J5 A5 72U N K 40 08 72 )2 Bel-2 Fll Bax
I ZER Al TR RALTT X NPE (IVET, 18IE T
SEAR AR T AL BE AT o K B PMVEC [ Bel-2
mRNA FI%E £k, FH Bax mRNA 55 (2635, 11
il PMVEC J8 1, FRAL KR NPE =B AR, 2o K B
AAETEYE . AR R SR A TT X NPE A B iA 1R
FH, Uil PRI 5T 58 2F — 25 0E 52, B XoF 1N P51 A 2 9
Ke/NLEESE T 7 BT 80 NPE BB iR A 2
I AR S
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