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T 40 AQP1,AQP5 4 RNA /K- (1.462 + 0.080,1.267 + 0.063) T C 41(1.160 + 0.229.0.940 + 0.087) , Rl , L HRHEHFAF T
#(0.607 +0.203.,0.139 + 0.046) , ij LT 41 mRNA KF-(0.848 £ 0.071.0314 0.134) & F L A (P<0.05) , FFE AL (C £H.2.096 =
0.114.2.285 + 0.266;T £ ;3.253+0.149.3.790 = 0.308; L 41 :1.133 £ 0.202,1.068 + 0.221; LT 41 :1.562 + 0.085.1.647 +0.239)
Western blot Z55 (C #.1.443 + 0:103,1.278+0.061; T 41 ;1.667 + 0.087.1.644 + 0.102; L £ .0.974 + 0.090.0.529 + 0.100; LT 4 .
1.179 £ 0.051,0.805 + 0.082) 5 qRT-PCR —3{(P<0.05) . &it . )| & B A B BB S5/ T S PR 38 S5 A TR A BRI
BRI YRR , AL AT RE 5 198 AQP1 AQPS MIRIEH X, -

[XERIZE; JHEPREFASSE; KBEEA

[hE%#S]R563 ' [X#ARED]A : (A& B #3)2016-11-28

Effect of tetramethylpyrazine’s on expressions of aquaporini,5 in
| lipopolysaccharide—induced lung injury in rats
Chen Yi,Mao Rui,Xiao Ling,Liu Chang,Liu Xin,Tian Shijing,
Wang Xiyu,Zhou Qiao,Hu Xiaoyong,Zhou Fachun
(Department of Emergency and Critical Care Medicine,

The First Affiliated Hospital of Chongging Medical University)
[ Abstract JObjective : To preliminarily investigate the effects of tetramethylpyrazine (TMP) on expressions of aquaporinl,5 in lipopo—
lysaccharide (LPS) —induced lung injury in rats. Methods : Thirty~two healthy male SPF grade SD rats were randomly divided into the
normal control group (group C),the TMP intervention group (group T),the LPS stimulation group (group L) and the TMP treatment
group (LT group),with eight rats in each group. Rats in the group L were given LPS(6 mg/kg) through tail vein injection‘, rats in group
T were given TMP(100 mg/kg) through intraperitoneal injection,and rats in group LT were given LPS for 1 h followed by TMP(100

mg/kg) through intraperitoneal injection immediately. After 8 hours,all rats were anesthetized and sacrificed, with lung tissue speci—

mens harvested. Wet/dry ratio(W/D) of the lung tissue was de—
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tected. In addition,hematoxylin—eosin (HE) staining was pef—
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56 4 BR : http:/fowww.cnki ne/kems/detail/50.1046..20170103.1652.044.html and AQPS mRNA levels of the lung tissue homogenate. In addi-
(2017-01-03) tion ,immunohistochemistry and Western blot were used to de—

formed to observe the lung tissue morphology;Quantitative re—

al-time PCR(qRT-PCR) was used to detect the AQP1 mRNA
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tect the protein expression of AQP1 and AQPS in the lung tissue. Reswlts ; After HE staining of the lung tissue sections, the lung tissue
was integral and clear in its structure in group C and T under light microscope. Alveoli were disorderly in structures,the diffuse alve—
olar septa were thickened, and alveolar inflammatory cell infiliration, hemorrhage and edema were observed in group L. While the LT
group had milder pathological manifestations than group L. The average W/D ratio of the lung tissue in group L(5.577 £0.243) was
higher than that of each of the other three groups significantly(P<0.01). Compared with group C and T(3.430 +0.251.3.251 £0.142),
the W/D ratio in the group LT (4.384 +0.236) was increased,and the difference was significant (P<0.01). The results of gqRT-PCR
showed that the levels of AQP1 RNA and AQP5 RNA in group T(1.462 = 0.080,1.267 + 0.063) were higher than those in group C
(1.160 £ 0.229,0.940 + 0.087) and the levels in group L(0.607 +0.203,0.139 + 0.046) were down-regulated. Meanwhile,the levels
in group LT(0.848 + 0.071,0.314 £ 0.134) were higher than those in group L(P<0.05). The results of immunohistochemisiry(C group:
2.096 +0.114,2.285 + 0.266; T group:3.253 +0.149,3.790 + 0.308;L group:1.133 +0.202,1.068 + 0.221;LT group:1.562 +0.085,
1.647 £ 0.239) and Western blot(C group:1.443 +0.103,1.278 + 0.061; T group:1.667 + 0.087,1.644 + 0.102; L group:0.974 + 0.090,
0.529 + 0.100; LT group:1.179 +0.051,0.805 + 0.082) were consistent with those of qRT-PCR(P<0.05). Conclusion:TMP can ex—
hibit positive protective effects by mitigating LPS—induced pulmonary edema in ARDS effectively,and the mechanism may be associ—
ated with the upregulation of the expressions of AQP1 and AQPS5.
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NanoDrop 2000 il & H:# B J5 -80 CIRAFAH, K 1 ng 4141
RNA #3701 & 18 B AR e S cDNA | SR Ja B vk BE A
Bl 100 pg/mL, W H qRT-PCR A&3illl AQP1 . AQPS BHiF/K -
#ik ., AQP1 £ 3| LUF5 4 .5’ ~-CCGCAACTTCTCAAAC—
CACT-3’, Fi$314 :5° ~-CATCCAGGTCATACTCCTCCA-3’ ;
AQP5 #3515 1%) .5’ ~AACAACAACACAACGCCTGG-3 ,
T #5145’ ~-CCGGTGAAGTAGATCCCCAC-3’ ; N2 B-actin
2| 9173 Eff .5 -TGTCACCAACTGGGACGATA-3" , F i3I
¥ :5° -GGGGTGTTGAAGGTCTCAAA -3’ , JZ W14 & :cDNA
FiHZ 1 wL,2 x SYBR Premix Ex Tag™ Il 10 pL, 1 ] & 52 i1
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FHIanis it L 98 . 95 °C, 15 5360 °C,60 ;95 C,15 s, 4
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2.1 LR FERE
PRI AR R AT L T 6 Xof BELZH AN TMP A B2 K Bl 40 41

ML, , A UL BA 5 70 00 i 0 LIPS 3] 8 2 i 2 £ R B A
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Fig.1 Pathological changes of lung tissues of rats

in various groups ( HE, 200 x )
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4 KBRS L WD Hef R T, L 4(5.577 +
0.243);C 41(3430 +0251);T £H(3.251 +0.142) ;LT 24H (4.384 +
0.236) ;4 4 L4 F=165.864,P=0.000, L ZHF-3filiH 4! W/D
{ELHA Sk e T HEAY 3 41, B ELAR P B M 0.000; 5 1 % X IR
ZHF1 TMP ALFBZHAHLE , TMP YA 7208/ 8 LL I, 25 RAFAE
Giitef R L (P=0.000), [AlAF, TMP 345720 W/D fti/NT LPSH)|
WA, 25 BAGTHEE L (P=0.000)

23 qRT-PCR £ %

M qRT-PCR Kl 4 2H it 2128 AQP1,AQPS mRNA 7K
L5 R . TMP A FEZH AQP1 ,AQP5 mRNA 7K F-(1.462 +
0.080.,1.267 + 0.063 ) & T-X BEZH (1.160 + 0.229,0.940 + 0.087)
(P=0.024,P=0.000) ; ifii LPS 3 4H Wi % 7K F- (0.607 + 0.203
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0.139 = 0.046) F#1I% (P=0.004,, P=0.000) ; [A] i}, 5 LPS $384H
FEE , TMP JA97 20 AQP1 . AQPS 1% K - (0.848 + 0.071 .
0.314 +0.134) |- 7} (P=0.037,P=0.025) ,{H{X T C.T 2 41 (P=
0.020, P=0.000; P=0.000, P=0.000) (% 1)

%1 qRT-PCR#&&AKXRMEL AQP1.AQP5 mRNA Fikx
(n=8,x+s)
Tab.1 Expression of AQP1 and AQP5 mRNA in rats lung
tissuses by RT-PCR( n=8,x =5 )

AQP1 mRNA AQP5 mRNA

it A FIXERAE AR
ER X 8 11600229  0.940 = 0.087
TMPLL 4 8 1.462 = 0.080" 1.267 + 0.063"
LPSHI i H 8 0.607 +0.203*  0.139 + 0.046™
TMPIRYT A 8 0.848 +0.071* 0314 +0.134*
F Al 26.176 176.217

P {H 0.000 0.000

Hea, 5 C Y ,P<0.05;b: 5 T A ,P<0.01;¢: 5 LT 411t
#,P<0.05

2.4 SoEmsctEm

i 938 21 24k 27 L {0, 45 B 5 R 1E 5 X HIR 4 AQP1  AQPS
FRIANE L A OER, BB MR GA TR AE 4 MR, TMP Ab
4 AQP1 AQPS 2 3A ht i T4 41 (P=0.000 ., P=0.003) ; Ifij

LPS Sl 2 W 4 35 it FEAIR (P=0.002 ,P=0.004) ; [l i}, 15 L

ZHAH LG, TMP QYT 2H AQP1  AQPS & [ ik [ 18 (P=0.028,
P=0.036) , {EAI% T 1E. & X B8 24 (P=0.003 .P=0.037) (&l 2.3,
% 2)

A. IEH IR B. TMP AbFHZH

D. TMP 33974

C. LPS Hil#4H

2 AQP1 ZERALRHHIRIE (200 % )
Fig.2 Expression of AQP1 in lung tissues of rats ( 200 x )

A. 1EH R EE 2 B. TMP 4bFHH

D. TMP /9740
B3 AQP5 ZERELFRAIFRIE(200x% )
Fig.3 Expression of AQP5 in lung tissues of rats ( 200 x )

C. LPS Hil3#4 21

%2 K4 AQP1F1 AQP5 FikLb® (n=8,x+s)
Tab.2 Comprison of AQP1 and AQP5 between four groups

(n=8,x+s)
2151 %% AQP1ik AQP5# ik
1F 0 B4 8 2096+0.114 22850266
NESY S I 8 3.253+0.149°  3.790 + 0.308"
i 2B R 8 1.133 £0.202%  1.068 + 0.221"
ML Sepig il 8 1.562 + 0.085"  1.647 +0.239*
FAi 121.050 60.703
PAd 0.000 0.000

T ra, 5 IE AR IEZH HAE , P < 0.05:b: 5 )1 25 AL FRA LA, P < 0.01
c: S EWEIRIT AL AL, P< 0.05
2.5 Western blot #2)

Western blot K IJHZHZL AQP1 AQPS 2 A #ik , 45 58
7" TMP 4hBRZH AQP1 (AQPS i 11 %A it iy 1 X HR 41 (P=
0.045 .P=0.006) ; Ifif LPS Rl ZH P # 1K HEFEK (P=0.004 . P=
0.000) ; [, 15 LPS HIMALHI L TMP i597 41 AQP1 AQPS
ik F I (P=0.026 .P=0.020) , {EfIk T 1E H XF BE 4 (P=
0.016 .P=0.000) (|8 4,5 3)

AQPI
AQPS mm”n
B-actin _— a—

12 1EF X IRE ;2. TMP AbFEZH ;3. LPS filli#4H ;4. TMP iY77 4

4 Western blot #:llfiZ64% AQP1 #1 AQP5 ERH &KX
Fig.4 Expression of AQP1 and AQP5 proteins observed
by Western blot
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*£3 BAKRMALDH AQP1 F1 AQP5 EBRIE(n=8,xts)
Tab.3 Expression of AQP1 and AQP5 proteins in rats lung
tissuses( n=8,x ts}

5 FI%  AQPIEHRKBE AQPSEHRIXER
EHEXTRRA 8 1.443 + 0.103 1.278 + 0.061
JUE=T-2iik ik 8 1.667 + 0.087* 1.644 +0.102
BEEFRIBA 8 0.974 + 0.090% 0.529 + 0.100%
NEBIr 8 1.179 + 0.051* 0.805 + 0.082
F1{H 37.947 95.637
P 0.000 0.000

Eia, GIEHNIBHALE P<0.05;b: 5 ZHLA A LLE P<0.01;
o: H)IZHRIGTTHILE P<0.05

3 3 it

ARDSEHEZMBURE RS, BB EHM
B 5 KERAEFE TR, T 1E Bt N R R AE
R R WEE A, RHERRRMEILTR
FAR S, BEE BUA ICU BEF- R B2 B, BF5THIE
ST, ARPE Y & AE SR 45349 it 16 7B 48 1M A PN R 40 B R
Al b 57 40 A, S BUMOK IEBRBE I T % I EOK B
eI, BT B e, Bk YRAAR T A 2H 2R 48 i P
A Bl PN A1 i BB T SR 55 WU LR ARDS a2
HERAKE, EAIRRIESRKIEBRE SR ERE S
7 BRI AL ST 534 T 6 I ) A 4, 995 BE R
fi%; A K S BR R IL B, FEIFRALFGYT
FEHE] K BLARSEER R, H Al L, 3% I v i
TE R R, R Il v s 0 4R, X B R U Kbk 3
BREAREEEN  EEE—ERE LIRET ARDS
BEWEREA,

KB HLH AW, — R B X+
JZ TR YL, R T A R B R R e R R
&, AQPs B—H S5WIAFEH XA EE
H, KEIEHEFEBA AQPs 5 ARDS ik 4L fn
BEYIMERK, €45 Rk, AR EZHE AQPs GL1E
AQPO~12 3t 13 FE &Y GIESCHAE LW AR AT
EHHEAFE—EER , HP o HmEMARTHE
AQP1 AQP3 AQP4 1 AQPS5 DUFHT, &A1 7E i N Y
AES A E SHIGEAHEN , AQP1 EE4FHTE
it 60,36 4 108 PN B 4 AL, BR BEVE R IB1 K 43 AQPS
FEFET [ BB 5 400, 78 IR il v B K
4%, BAR AQP1 F1 AQPS i43- 1 2L 4H Hude Fedk (0
WMRNZRENEENNEREAE SR, AR
L AQP1 F1 AQPS X 4 HFfii AN AT 3 [ & #8
EEEEA, Hik, PSR ESERE LR R,

BFsc £, I RRIEBREE )1 5 AQPs MRIAE H
BEHE O . MR AQP1 A A/ U B 41 1 5 B 55
PR A R S A S AR A 2 4 I A R I
BT 10 52548, Qi FNEL AR (acute
lung injury, ALT)Af AQP1 1 AQPS F&3ik T 1, Sebrift
FIEI IR E] LPS 15 S/ ARDS AR BRI A B K
W-RAR b AR S B TF S i 48 A% e i K ek BT B
AQP1 AQP5 Ak, ETXHAEIDER , FE2H
FFiRF-H LA AQPs T Hl#E A5 ) ARDS RYTH5 It ,
FHEBS T —ENER, IR AR REE TR
WG RR T AQP1  AQPS K1k | 155 i K 7 Bk
BB 7, b PR A A A2

NZ B EE R 4 2 TMP, BFZElh B HESEH B
B MG BN . SR VR T DIBE s BUEE T AR TE
BEIVERT ; B 3BUETIE SR ; PUE ARt (B TMP Xt
G SCEE AR S/KBEREAETIME, B
i AR, ALEEd LPS S AIE KR
ARDS #E! L F| LPS R 5 i1 408/ T &
WEHEESTHAR 34, Rt HE s R E£H L
ZH i R AR A A K IR, [B] PR R I8 36 B JIESE
ARDS iRk MR L, 2P R A S IE
WX FBZHAH L, LPS RIBLZE AQP1 Fil AQP5 Bk
SEAEAFRIATIA, X5 Wang FEURFFTEER—
B, %9 AQP1 ,AQP5 AIRES 5 T ARDS HEHiAE
AR, SRS TMP YAYT, AT LI EE 2 i
K b B B2 . HE Y {8 B 78 TMP 1A 7T 4 g
ALK BB/ | 48 M I TR W AT 2 S R
W B AiVE/ T3 AT L TMP 38974 W/D /T LPS
T X Le4E RUEBA T TMP Xt ARDS fitiZK i ) 5.
EokEMER , AL B8 TMP 4bBE4H AQPLAQP5
B %% 53 55 B K T 5 X FR AR, BRI X F ol 4R
A4S TMP _LiEIE ¥ H S & R A %, 18
AR B ARMEZE] S LPS T HAM L, TMP I4

 JF4H AQP1.AQP5 FEik/K T T, 47 TMP 674

Fiti 7K Beh % A o BB b RS AQP1 AQPS FIRIA K
HIEM,

28 ERTR AR RAIEHITT AQPL AQPS £
K R E R ) R B, B0IE T TMP 7 LPS
W3 ARDS KEUE LT LA AQP1 F1 AQP5 M Tk
BNl Bk IR VR, SO IHERYAYT ARDS $245E T 3%
KB, HET ARDS RR M E 24t il i
HITE AR 2301 B, X F AQPs FEARDS
KA R R ) B VE F BRI HLE T Rk SR A
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IMRTHE 17 Ja B LA 5 1) i H6R YT IR 3 vb e
AE/ 2 e i A I 7 35 By

¥ FH,E H,ERE,H 4B,k
(E R BT/ E B AR EE O HOT R, R 400030)

(# E)BH: LLBGETEERBUNIAYT (intensity modified radiotherapy , IMRT) Bk & 52 37 14K A UHNA ST (stereotactic body ra—
diotherapy, SBRT) 5 B.4{ IMRT J4Y7 &8 iR B dE /N MU B9 T2 . 773 4% 90 BR3P Bt Ik /NAB MR8 (non—small cell

lung cancer, NSCLC) i BEALST MUK S 4H AU HELH , & 45 4, XS04 R F IMRT BX & /582 SBRT, 5617 IMRT, ¥ M BIH R E
50 Gy/5 J&, B2k SBRT #e& 17.5 Gy/1 J&; % R4 K I IMRT, B A SR EZE 70 Gy/7 B, TEHUTLER 3~6 A A BTAtpse
B CT K, R SEAIZ 16 77 3PP AR #E (response evaluation criteria in solid tumors, RECIST) ¥FA4f; SE & E B H (complete re—
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