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[ ABSTRACT] Aim  To investigate the effect of modified Zhishi Xiebai Guizhi decoction ( Zhishi, Xiebai, Sanqi,
Renshen, etc.) on the expression of aquaporin ( AQP) in myocardial tissue of ischemia-reperfusion rats and its possible
mechanism. Methods 52 SD rats were randomly divided into 4 groups: sham operation group (n=10), model group
(n=14), Zhishi Xiebai Guizhi decoction group (ZXGD group, n=14) and modified Zhishi Xiebai Guizhi decoction group
(mZXGD group, n=14). Left anterior descending coronary artery was ligated after 14 days of intragastric administration,
and the myocardial ischemia-reperfusion injury model was established according to the method of ischemia 30 minutes and
reperfusion 120 minutes. Changes of serum lactate dehydrogenase (LDH) and cardiac troponin I (¢Tnl) were detected by

automatic biochemical analyzer. Change of cardiac histopathology was observed by HE staining. The levels of plasma
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adenylate cyclase (AC) and cyclic adenosine monophosphate (¢cAMP) were detected by enzyme-linked immunosorbent as-
say. Immunohistochemical staining was used to detect the positioning expressions of AQP1 and AQP4 in myocardial tissue.
AQP1 and AQP4 mRNA expressions in myocardial tissue was detected by real-time fluorescence quantitative PCR.  West-
ern blot was used to detect protein expressions of protein kinase A ( PKA), phosphorylated PKA (P-PKA), cAMP-re-
sponse element binding protein (CREB) , phosphorylated CREB (P-CREB), AQP1 and AQP4 in myocardial tissue.

Results
(P<0.01), and the expressions of P-PKA, P-CREB, AQP1, AQP4 mRNAs and proteins in myocardial tissue were in-

Compared with sham operation group, the contents of serum LDH, c¢Tnl and plasma AC, cAMP were increased
creased (P<0.01), in model group. Compared with model group, the contents of serum LDH, cTnl and plasma AC,
cAMP were decreased ( P<0.01), and the expressions of P-PKA, AQP1, AQP4 mRNAs and proteins in myocardial tissue
were decreased (P<0.01), in ZXGD group and mZXGD group.
LDH, cTnl and plasma AC, cAMP were decreased ( P<0.01), and the expressions of P-PKA, AQP1, AQP4 mRNAs and
Modified Zhishi Xiebai

Compared with ZXGD group, the contents of serum
proteins in myocardial tissue were decreased (P<0.01), in mZXGD group. Conclusion
Guizhi decoction can improve the pathological damage of myocardial cells after ischemia-reperfusion, and its mechanism

may be related to down-regulating the AC/cAMP pathway and inhibiting AQP1, AQP4 mRNAs and proteins expression.
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reperfusion injury , MIRT) 38 % J& 4§ o & I 0 L
HEEIRYT IS, RO E 2H 21 % B 1% T RE B i A 45
P, L 5 R AR RS G4 . MIRT (1
H VP RRIE 2L LA B i ik, LT 4EMr 22, /Kad
T 1 (aquaporin , AQP ) 2 /K #5351 F B ik 421 |
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RLODZURBOR B3, A S92 50 AR PRV s AR 52 3
A7 2 Al T BRI PFfL  (adenylate cy-
clase, AC) /FRBER B 1T ( cyclic adenosine monophos-
phate , cAMP ) il %, #1 ] AQP1,AQP4 [ 33k, MMl
WK S I 2 | R AR O WL PE T

1 M#EFTE
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AR AR 52 7 B A AL 2 AE 6 9T M 4 7 AR L Bk
AW R AR, A AT AR 12 g
B12g BEA1R2g BH6g MERAS 2. =+
9g, HHARFHKLMS;RAFR, WF T
FLEEH W AHRAG, F 100°0C % 18 Kk 7 0 % # R
A HIEAKKEHRI 0.018 &% F , L3 A
1 4.59 o/kg, fm AR S 7R B A AL 6.48 ¢/kg, AR L
BURL AL, # 5 15015502 # & B4 A, #5 15015981

HACBR A, W5 15018593, K % Bk A, M5
15020191 ; )8 4D Fokr 7, # 5 15019241 ; A % Ftr 7,
#5 150151025 = B AR A, 15 15015021 ; 34 4F 4 E
FHE N4 T EITE,
1.2 HMEHAE

SPF & M SD KB 52 R,7~11 A&, K&
170~210 g, W 3= FAb 4 B e 4 AL 3 A IR A 3]
[ 7% 5 . SCXK ( 3£ ) 2014-0004 ; 52 % 34 4 )it &
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B B B A RRL TG 1 4 A & A (cAMP-response
element binding protein, CREB ) i & ( # &
WL101848) AQP1 L& ( #£ 5 WL00730) ,AQP4 1
R(#5 WL02267) , ¥ W 3T oL 7 % £ A K
[R/NE] ;% & 5 A (protein kinase A, PKA) a/B/
yeat J0K (5 sc-98951) | # B £, PKA ( phosphoryl-
ated PKA ,P-PKA) o/B/yca( 5 sc-32986sc) , 34 ¥
F Santa Cruz A 3 ; ) F 5t % LgG L& (# 5 bs-
0295G) .P-CREB( #t & bs-0036R) , fy . 7 18 B 7 4
PR TR A B R AC . cAMP B8 5K % % AT 1R A
&, WA U A R BOR IR R

KIS e A HmEAKRF N (B KB LH
Pt ) ; Infinite 200 PRO B 47 0L ( % + TECAN A 7 ) 5
4 3 A A AL ( B A B 5L 7170A) 5 Bio-Rad
B ok Bk A & R H R A Fl ) Bio-Rad
ChemiDoc XRS ft. % & ¥ R 1% % 4% ( % B @ & »
) ; 528 PCR BU( % E BIO-RAO 2 4])
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ﬂxffﬁ‘é’m 0.5 cm WO AL, &ETEER
(10%F&/R G #R) F 48 h, B B A — % K & 5 it
KU SR N b B e 45°C B IR 48 BT
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ALK, TAFEME T WED SR 2%
KE,
1.7 EBEARZERAMIE AC.cAMP &2

KA B FRME 15 min B, N —80°C 7k 45 # L
4 1 4, 13000 r/min B8 15 min, B _EE, & # 4%
96 LK it B 45 £ 1

1.8 SEALZNLFERMOAAELR AQP1 AQP4 FKik

BEB AR THREF 1L 8K LKTE,
a‘ﬁ% TR LR B Z R 15 min, B RAH

B 3k %% ¥ 7 ( phosphate buffered solution, PBS) »f
% 3K, 4K 5 min, 3%H,0, BH H KR AEELEA
4 B 7 M, PBS ik, 1l ¥ i vE F 98 £ 30 min,
1A — 40 AQP1 AQP4 (1 : 200) & %, %K H
PBS Z 3 3 K, 4 K 5 min, At 40 (1 : 2000)37°C #
H30min, R e S THE, B RAKEER
BLAAEEZL S8 BHEMEDEREL L,
R AKRERHETHE, HEER/, —F XN AZE
PR AT AR A
1.9 SEHEHEXEE PCR @M OAALR
AQP4 mRNA FRi&

(1) 4R E RNA ;R &0 AL 24 47 80 mg, #% Trizol
KA &YW P #E R E RNA, 2 ® & E
(absorbance, A) , %Ml RNA &, 1T & Asg o/ Asgo
P ABL, 35 240 T 45 R BT 4% 8 RNA He B34 7 1.7 ~2.
0z, (2)# 4 F 4K cDNA10 pl KK %, Ao
A& RNA 5 pg,70°C % ¥ 5 min, F Am\ 10 pL X
B F, — 4 20 pL, KB4 #:25C 5 min, 42C
60 min,70°C 15 min, & ¥ 3k & 89 cDNA fif 77 T
—20°C % 2 KA, (3) 4 3 K AN . A ABI
7500 A £ G, AR5 ikt RA KA T T
EMAEI TR, TR LK 1, ¥R BE R 20 ML,
PCR & 4 1:95°C 10 min,95°C 15 s,60°C 1 min,
40 NMEFF;95C 15 s, 43 x5 G, @ 3T Cu
RREQYYUHHENEREZEaRA S ® Y
B R4 B (GAPDH) By # K,

AQP1,

x 1. EE3MF7
Table 1. Gene primer sequence
HEH 44 LG TG YK (bp)
AQP1 TGGCTTGTCTGTGGCTCTTG TGGTTTGAGAAGTTGCGGGTG 111
AQP4 TCAGCATCGCTAAGTCCGTCG TCCATGAACCGTGGTGACTC 128
GAPDH ATGACTCTACCCACGGCAAG TACTCAGCACCAGCATCACC 136

1.10  Western blot il & 1» Al 2B 42 PKA, P-PKA,
CREB.P-CREB,AQP1,AQP4 BB RiIX

M—80°C vk 45 9 B H ok R B 0 AL 41 45 90 mg,
AN 1 mL BEARA, Pk 5 AR 4 R0 R A BT 8
7 13000 t/min 4°C &% 30 min, B _E V&, BCA %3t
TERAZE,HEAMNAE 95C, & 5 min, KHFE

B 21 & BUE I B T & X AL B 2 B R AR 4 i, 4k
4% B 110 V % I8 Wk 90 min, ¥ & & 4 B — &t
REFEFE 60 V # % 120 min, Ji TBST B % 5% fit fg
Wk, bl 100 2 5, F R E A 1 h, fn— 40 PKA
(1:300),CREB(1 : 1000) . AQP1 (1 : 1000) .
AQP4 (1 : 1000) . P-PKA (1 : 500). P-CREB
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(1:1000) ,4°C 4 K % & 7L 7 ; 0k B A TBST ¥ f¥ 3
K, EK S min, I N BRI A b 4 BB K — 4
(1:5000),% &+ K 2 h, TBST ¥ fE 3 %, & %K 5
min, ECL % & Kk F| & & ¥ , Gel-Pro 247 & H By
BEOMKEMG,TEAE 2N ERNSHLE,
111 SitZEAE

Fi AT 5236 B0 AR ] wks R, KA SPSS 17.0 34T
GITFEM , HEATES QAT £ ERE, S 4
Bl B R BB & £ 20, 7 £ 5 R LSD &k, 7
3% F Dunnett’s T3 # 36, Ll P<0.05 % = #H 41t

2 7 R

2.1 Ini& LDH.cTnl &K

S5IFARA i, BA A M LDH  ¢Tnl & &
N (P<0.01) ; SHERILL 55, AR SERE FRERLIA 4L
Js RS2 B AR B 4 LDH  ¢Tnl & 2 K (P<
0.01) ; S A SHE AR R 7 41 LA, ins AR S (A
ko740 LDH (Tl & 2 i E FEAIR(P<0.01) . KRBT
VARSI B P AR 1T DA RN 0 LA 45 R

|\ :“_‘.\{;‘4 o B
0 [

% G

1. T TR ZH O ALE LIRS F B (400%)
B

%

ANRTARL, B WA, C A BISEHE AR L, D AR S5 F R

(%2>O

% 2. % LDH . cTnl 82tk E (n=6)
Table 2. Comparisons of serum LDH and cTnl contents(n=6)

A LDH(U/L)  cTnl(pg/L)
T AR 511.6+17.3 16.1x0.6
AL 1971.2£39.9°  71.0£0.5"
RS R R 7 1010.2£30.9"  43.4x0.7"
TR SERE RERGAA 914.7435.0  29.9+0.6™

a j P<0.01, 5RFARLLLE ;b B P<0.01, SERIH LI ;¢ M P<
0.01, SHREE FFEROA 4 LUK

22 HE B4R

T 400 5562 WA T ULEE A5 40 LA 2 2544
MRS, T RGO WIEFHEHES 55, A ss
FATEHE A L AR s R ILET AEHES ) 2 I TRIR
WL W%, AR EE AR | S s vtk MR K HA %
PN IR 5 AP SR RS A 2 N AR S B A A
B A W] s LA e S5/ RS A AL
I, £LAMEIRD A K DA%, ELINIsAR S 3E AL
A RBCRIL T AR R (1)

\ N
N\

Figure 1. Pathological changes of myocardial tissue under light microscope in each group(400x)

2.3 IM¥ AC.cAMP &ELLE&
SIEFARA e, BRI AC  cAMP FH
R (P<0.01) ; S RIA b A, B S 3 B R 3 41
TSR S 3 AR A 40 AC ., cAMP & R [ AR (P<
0.01) ;-5 ARS3E P R4S 0 40 H e, s A S 3k 1
KA AC . cAMP 5K (P<0.01) (Kl 2)
2.4 LALAZR AQP1,AQP4 FRik
BRI R BEHLIE R 6 S FLEF  7E 200 5 W
TG, A B RIA S R AQPL 4 A T4
PRLRSE i ok BE DY 2 3K 5 A B 60 JIUREAR (R Sk A )
AQP4 4355 0 IL2H P A% 2 18, A B 5 4 €8y JLFH
PEFIR, SIF ARG A, BRI AQPT R B (4 FH

PEAHN K AQP4 25 1 FH R IA 3G I ; SRR LA,
PSR AR 2 AR 523 R R 41 AQPL
AQP4 BHPE IR /D 5 55 B SEHE AR RO 21 e,
WA SZHE IR RO AQPT  AQP4 FHPE 2 3k B 1 U
P (K3 4),
2.5 DALAL AQPI AQP4 mRNA Rix

ST AR, A4 AQPT, AQP4 mRNA
FIRHFER(P<0.01) ; HHAI AL, #UILFHE kR
Bz AR S5 AL 24H AQPT AQP4 mRNA
FIRHFEIK(P<0.01) ; 5HSLHE I EEROA 4 LR,
TSR S8 I EEAL A 4H AQP1 ,AQP4 mRNA FikF
% (P<0.01) (K& 5)
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Figure 2. Comparisons of plasma AC and cAMP contents in each group(n=06)
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Figure 3. AQP1 expression in myocardial tissue detected by immunohistochemical staining(200x, n=6)
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Figure 4. AQP4 expression in myocardial tissue detected by immunohistochemical staining(200x, n=06)
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Figure 5. AQP1 and AQP4 mRNA expressions in myocardial tissue detected by real-time fluorescence quantitative PCR(n=38)
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Figure 6. Protein expressions of PKA, P-PKA, CREB, P-CREB, AQP1 and AQP4 in myocardial tissue detected by Western

blot(n=9)
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