5528 %45 8 1] FEXRAFFERE Vol. 28 ,No. 8
202244 H Chinese Journal of Experimental Traditional Medical Formulae Apr. ,2022

1T VIP/cAMP/PK A/AQPs {5 5 38 B8 WF 98 il 7 4516 15 I8 %
i 7K B3 7 A Bl 4 405 8 A FE AL

EILFH', AR, FRFE, BT, L7
(1. EdmPEBRF AMESR, G R 712046;
2. BEFTEBZRFE WEER, BE AM 712000)
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il o 773 Wistar KR BENL 3 Ry 155 20 BIBLLE il A A A% m R i 2 b FEK A2 . SR LPS(10 mg- kg™ ) I8 B 1 4 42 1l
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[ Abstract] Objective: To explore the mechanism of the combined therapy of lung and intestine
(Mahuangtang + Da Chengqitang) in alleviating pulmonary edema in rats with acute lung injury (ALI) induced

by lipopolysaccharide (LPS). Method: Wistar rats were randomly divided into blank group, model group,
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low-, medium-, and high-dose groups with combined therapy of lung and intestine, and positive control group.
LPS (10 mg-kg') was given (ip) to induce ALI in rats. After modeling, the blank group was given normal
saline (25 mL-kg"), the combined therapy of lung and intestine treatment groups were given (ig) low- (5 g*
kg'), medium- (7.5 g-kg'), and high-dose (10 g-kg') Mahuangtang and Da Chenggqitang, and the positive
control group was given dexamethasone (5 mg-kg'). Medications were administered 0, 8, and 16 h after LPS
injection for 3 times. Then lung tissue and serum were collected after administration. The lung tissues were
stained with haematoxylin-eosin (HE) , and the pulmonary edema score was evaluated. The dry/wet (D/W)
weight ratio of lung tissues in each group was measured, and the content of serum vasoactive intestinal peptide
(VIP) in rats was detected by enzyme-linked immunosorbent assay (ELISA). Western blot was used to detect
the protein levels of aquaporin-1 (AQP1) , AQPS5, VIP, cyclic adenosine monophosphate (cAMP) ,
phosphorylated protein kinase A (p-PKA), and PKA in lung tissues of rats in each group. The level of VIP
mRNA in lung tissues of rats was detected by real-time quantitative polymerase chain reaction (Real-time PCR).
Result: Compared with the blank group, the model group exhibited obvious lung injury, increased edema
score, decreased D/W ratio (P<0.01), declined AQP1, AQP5, cAMP, and p-PKA/PKA in lung tissues (P<
0.05, P<0.01), elevated VIP content (P<0.01) , and up-regulated levels of VIP protein and mRNA in lung
tissues (P<0.05, P<0.01). Compared with the model group, combined therapy of lung and intestine treatment
groups showed alleviated lung injury, increased D/W ratio (P<0.01), elevated AQP1, AQPS5, VIP, cAMP, and
p-PKA/PKA in lung tissues ( P<0.05, P<0.01), and up-regulated VIP levels in lung tissues ( P<0.05, P<0.01).
Conclusion: The combined therapy of lung and intestine can alleviate ALI-induced lung tissue edema, and the
mechanism may be related to the activation of the VIP/cAMP/PKA signaling pathway, which further promotes
the expression of AQP1 and AQPS5 and enhances the water metabolism of lung tissue.

[Keywords] combined therapy of lung and intestine; acute lung injury; pulmonary edema; vasoactive
intestinal peptide (VIP)/cyclic adenosine monophosphate (cAMP)/protein kinase A (PKA )/aquaporins ( AQPs)
signaling pathway; Mahuangtang; Da Chengqitang
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AQPs 15 5 38 ¥ A PIA L, R0 i 11 53R 75 X ALT R
Rt 7K i ) 52 i) AR AH VR AL -

1w

1.1 Zh¥)  SPF Zf 1k Wistar KR, 3t 60 H | {4 i
H#(250+20) g, W F LR IA A0S 96 sh A BR A A, &
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1.2 &F  JEZHE(LPS, 32 [ Sigma-Aldrich A ] ,
1t5 065M 8209V ) 5 b FE K A 1 S Wk (H PR T S 5 3
Y25 A BR 2 7L 415 20200902) ; BCA & 1 5 43 Bt
ik 7 & (4 E Beyotime A A , L5 p0010) ; /K 18 & &
M 1(AQP1) /K i i % 1 5(AQP5) . VIP, cAMP,
PKA ., i iR 1t 2 1 ¥ B A (p-PKA) .B-WL3h & A
(B-actin) ¥ 44 ( 3 E Affinity Biosciences 23 & , it 5
4y 9 Sk AF5231., AF9927. AF6627. AF1200,
AF7246 .AF7746 .AF0627) ; TRIzol( & [H Ambion 2
") L5 15596-026) ; SYBR iR 7 £ (FH§ 5t VAZYME 4
YA BRA LS Q111-02) 3 Hi A K -PHL (HE) Y i
A a (R Ay TREA RS LS G1120)
KB VIP 3R G 58 W BRFI 7 75 (ELISA ) 35 5 (i)
PR H Rr AR R 23 R LS B-EL-R1062¢) .

1.3 259 b ZEKAAVE SR (B R T SE B sh ) 251
A BRI S 20200902) , BT A 254 G T (BR P
DA 25V A R T AT S ) GMP AR PR Al ) B i 43 A
e R 80 & KR , 2590500 5 FIZH B : R 9 g
(#it*5 20200501) \FEAE 6 g(Ht 5 20200301) 71~
9 g(#1t520200201) . H % 3 g(#it 5 20200301) . K %
12 g(41t*5-20200101) .71 9 g(Hit 5 20200501) A
5212 g(4ik4520200101) JE £k 24 g(Hit 5 20200301)
L. 27 INK Bt 25 M 120 20 min, & JF J5 FFLL
30 min, & 98 25 W, B R oK, & T 30 min, 38 H 24
W2 WIRG DA 08, 0 R 28 Rk k4 &
PR | g mL YA .

1.4 X2% MLS-3750 B4 A s i K K F g (H A
=T ) RM 2016 9 L) J AL (7[5 Leica 24
A ) JK-6 4 ZUBENE R Bl JT-120 BB K AL (2R I0R
AN ] ) 5 C2500-R-230V A 73 A0 2 3 B 0 ML (€
Labnet 2 7] ) FlexStation 3 % £ 31 GE fif Fr X ( 2 [H
Molecular Devices 23 F] ) ; TY300 %Y 7K 5 et F5 4 (b 52
BERITHRIKESAMRAA);BXS3 AR M (H
7 Olympus 2> 7 ) ; QuantStudio 6 %I 52 if %¢ ¢ 5 & R
4 il 5% 3 2 W (Real-time PCR) X ( & Applied
Biosystems A\ H ) .

2 Fik

2.1 Zh Rl 2 M Wistar KR
60 H, i FH Bl AL 53 4 0 43 Ry 1E A1 RS A il
BAK(5 g kg ™) (7.5 g-kg") @ (10 g-kg!) | &
2, b ZE KN (S mg-kg!), FL 64, R4 10 R, %
R MR RKR S NS REE6.25: 1, Il A
60 kg 1A Jit 5t 55 A% 79 Sk 40 55 R il P G v AR 4

IE R gy T A BEER K R T, H R & A U
10 mg-kg' LPS I i 7E 5F 1 %, LPS 5 5 i ALI A
A5 N0 ALTAHARL, 2 ik & 2 8 10 9% 5 A 19 4 1
AT 5 BT 4 20 0 R S e B 5, 2 RS 2 h KR
S SUE NS I SR SN ISR IV =1
I T AR IE R AL R R 4 SR R A B R K
TEE I AR S ALY TN R 2 b FE
KA 2 R FH b ZE K MRS WHE 1S, 43 50 T LPS v 3 e
0.8.16 h45 2,333k,
22 JAZUHE Gt g 4% 2 5 W [ 1 il 41
ZUBLK B A, AU R (2 pm) RS, £
P s J32 5 UK 4 PR OHR) 8 8 B X 4% 4 il 240 2 16 4T HE
eta, JEBE T LS Ml 41 20 B AL X YY) R R AT
RAEVESY o BT WLE il 41 L% FEAR AL, A pr A
R il ] J5 7 e il 6 K i, e B B TG % P VL 4
BT 0.1.2 34 X Y ) e EA T K IR B VT 4
2.3 i TR (D)AR K E (W) & 4l
TS, SR AR T il A 2R TE KA BR WL
HLUTE 70 CCHEA T4 48 h, k& D THli i &S
Y i S5 1 HEAE R D/W, LA it K i 72
2.4 ELISA K K BV VIP & i KO BER
1fiL ,3 000 remin™ &[> 10 min ( & .04 10 cm, T
[F] ), e B i 35, 4 350 WY 45 22 oK R0 BRI A2 i 3
VIP & it
2.5 HHRIEEE L (Western blot) £ I K Kt 28
21 AQP1.AQP5, VIP,cAMP . p-PKA . PKA % 1 3
ik WU 2L, I A S AL L 12 000 re min
B0 S min, SERCEE A, W0 R A ORI S AR PR
BEB 2 LA KR EEAT UK R .
AQP1,AQP5.VIP . cAMP ,p-PKA .PKA(1:1 000)%F
SHEPURE 4 CTWE K. K HHH PBST ¥k
J& AR T RO R EUfk P B (HRP) 45 & 1) 9t
(1:5000), 5% 1 h, J] Image J %t 5% 20 7 4k 18 5
FNTIRIE
2.6 Real-time PCRAEGMTZ1Z! VIP mRNA )ik
K TRIzol 3 #2 HU 45 41 i 41 41 RNA, 31 % RNA
() 0 B RV B RN RT3 2 S 3l 3%) -1 oKk il Ak - 25
O, F 300 Bt SR a3 G 100 B A AT 390 5 SR 454 5 Real-
time PCR K& I , Je b & &« EUiE51 49 (10 wmol-L™")
0.4 wL, F %7 51 % (10 pmol-L") 0.4 wL, SYBR
10 pL,ROX Reference Dye II 0.4 pL,H,0 4.8 pL,
cDNA 4 wL. 2R FEJF :95 °CHiAE P 10 min, 1 41
595 °CAZPE 15 5,40 DG 560 °CilR K IE i 60 s,
40 16 5 . Bl W J¥ 51 . VIP (211 bp) I JiF 5™
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ATCCAGAAGCAAGCCTCAGT-3', T il 5'-ATAGG
GCGTGTCATTCTCCG-3', B-actin(240 bp) : I iiF 5'-
CACGATGGAGGGGCCGGACTCATC-3', T {if 5'-
AAAGACCTCTATGCCAACACAGT-3', iy dt 5t %
BHA WA B |G R

2.7 Giibseab P R SPSS 19.0 AT 4340 #r
T S RGP xks on , SE R A1 2 [R) B HRCR
FH TR 2 07 22 40 B, T 22 o LG AR R FH e/ 0 3 1 22
5 (LSD),P<0.05 W 2ES A G+ E L.

x200 g.f“ 3

3 R

3.0 X ALLR R ZH 200 B AR AL A9 2 ) I W2
R BRI 2 S5 R o il 9 5 I A L] B AR L
Hh kR 0 (S E A ) R, R A BE e R R AR
K BRI 26 A Y Y B o L ) B R
il 36 7K b ] IRE AT I i S A% A0 IR 1 A
A5 il g 3 v R 2 b SE DR A 2 X T
PP PR A A A B A A T AR R e 2 AT 9K RT L
BB N PR A ERAE . WL 1.

TE:AL IR A B BRI C. Wi IR A5 i 2 D. s 4506 Th R B 28 B i 36 o 00 4 B S S8R AN 2 (8] 2- T8 4 1R))

B 1 FiBa A& RS ALLK B A% T2 B 4R % % (HE)

Fig. 1 Effect of combined therapy of lung and intestine on lung histopathology of ALI rats (HE)

3.2 X ALT K B 20 2 A IR WL ¢ J D/W 7K F- 1Y 5%
W5 OE H 4 A, AR A K R A 4R R K
AR, il 20 28 D/W BEAIR (P<0.01) , K il 243 7 5 (P<
0.01) ; 5 RERULL L AL, il B 516 45 241 5 1l ZE K P 4
Jils 41 2044 B /DN K B E 43 B AR, D/W T R (P<
0.01) ; 5 Hb ZE K WA ZH L3¢, Jili i 5 16 A% 771 2t 21 K B
i 28 23 7K Jib 3 43 T+ 55, D/W AR (P<0.01) , s 7
HWHAEF LG E L. Wk E2,
WI||II||IIII|IIII||III||||||III| I

=hly 2 3 455 6 Va8 9 19-11.92 1

A B (€] D E F
2 BB &ARENTALLKRMARRUELAF M
Fig. 2 Effects of combined therapy of lung and intestine on

apparent changes of lung tissue in ALI rats

3.3 XF ALI K BRI i VIP & =& A1 fili 41 21 VIP

mRNA X RIBM 5 5 IEH 4 i, B K

SR VIP &5 i AT 41 21 VIP mRNA X 35 55 i 3%

T8 (P<0.01) ; SBIRIA] LA, il s 636 45 41 5 Hh 2
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R1 B EEEI ALIK R AL KM D/W BN (3£s,
n=10)

Table 1 Effect of combined therapy of lung and intestine on lung
tissue edema score and dry-wet weight ratio in each group (x+s,

n=10)

20 59 Flhr/gekg! AKIPIESY /4 D/W
IEH 4L 0 0.231+0.008
AL 2] 5.32+0.61 0.184+0.007%
Jili B 45 3 AR 4 5 4.10£0.52*%  0.209+0.006*°
Jili B 45 3 vh R 4 7.5 2.90+0.74" 0.218+0.007%
il & mmlmda 10 2.75+0.929 0.221+0.009%
HbZE K FA 2 0.005 2.53+0.84" 0.222+0.018"

5 IEH 4 L U P<0.05,2 P<0.01; 545 % 41 1 % Y P<0.05,
DP<0.01; 5 M FERIA A L # P P<0.05,9P<0.01(K2-%4F)

KA R BLUIMLTE VIP 75 5 Fl T 21 21 VIP mRNA AHXF
F ik W] B TH i (P<0.05, P<0.01) , Jili 7 & 16 % 2 VIP
& 42 Fl 20 21 VIP mRNA A %F 26 38 09 TF i K F 5
25 24 3R] o 5 R O 5 5 b FE K AR A LU, il
AR K BURLTE VIP & 8 20 21 VIP mRNA A
X R IR FFEML(P<0.01). WFE2,

3.4 XF ALT K Rl 41 41 VIP . cAMP . p-PKA . PKA
EHRAEW 51 4 R, SR 2 KRR 2 21
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®2 MEAKEN ALIKRME VIP & EMATHLR VIP mRNA K F R (x+s,7=10)
Table 2 Effect of combined therapy of lung and intestine on serum VIP content and lung mRNA level of VIP in ALI rats (x+s,n=10)

21 5 il /g kg VIP/ng-L" VIP mRNA
1EH 4L 39.49+5.80 1.001+0.045
R 20 67.01+7.92% 1.536+0.100%
il i 45 3 I 90 k4 5 83.62+6.07°¢ 1.826+0.114%%
Jili B 45 3 Hh ) 4 7.5 108.93+4.94*% 2.662+0.108"¢
Jili B 45 3 v %) ik 4 10 135.30+5.40*% 3.239+0.205%%
b FE K 21 0.005 160.01£11.65" 3.868+0.227"

VIP 2 1k W] i FF %5 (P<0.05) , cAMP . p-PKA/PKA %
12535 B 5 IR (P<0.05, P<0.01) ; 5 R A0 40 1 45,
fili B & 3R 4% 45 Hb S OK A A1 KRG 41 2L VIP,
cAMP . p-PKA/PKA # 1 3£ 15 B & Tt 5 (P<0.05, P<
0.01) , fiti I & 16 & 41 K B il 41 21 VIP. cAMP,

p-PKA/PKA 4 11 K3k Th i 72 B2 5 45 2550 i
WA 5 5 M FEOR AN 2 LE A, i B A 3R IR
B 2 21 VIP .cAMP . p-PKA/PKA & 1 % ik
fli(P<0.01),h mHIEHES LHRITFE X,
#3 .43,

R3 MAEEETALIXARMALR VIP.cAMP ., p-PKA . PKAE B RIEZM (x£s,n=10)
Table 3 Effect of combined therapy of lung and intestine on VIP,cAMP,p-PKA,PKA levels in lung tissue of ALI rats (x+s,n=10)

S
E‘:L?

<

20 51 Fl /g kg VIP/B-actin cAMP/B-actin p-PKA/PKA
EH A 0.184+0.072 0.705+0.130 0.768+0.076
F5 TR 2 0.389+0.014" 0.378+0.059" 0.372+0.066%
Jiti 1 G 16 AR R £ 4 5 0.433+0.028>% 0.480+0.068°% 0.440+0.050%
i 13 G ¥ v R e 7.5 0.568+0.090> 0.560+0.090> 0.507+0.062%
il B 5 3 v ) 4L 10 0.632+0.118" 0.597+0.083> 0.614+0.077%
by FEOK A 4L 0.005 0.718+0.132% 0.644+0.094> 0.697+0.041%

19 kDa

19 kDa

42 kDa

40 kDa

40 kDa

A B C D E F
B3 SHAKXRMEAL VIP.cAMP.p-PKA PKA E B Rk ik
Fig. 3  Electrophoresis of VIP, cAMP, p-PKA, PKA proteins

expression in lung tissue of each group rats

3.5 XFALTRFRUKRM4L2! AQP1  AQPS & H £ ik
B 5O R AL A IR 2 R R 41 41 AQP1 .
AQP5 H [ ik B F FEAN(P<0.01) ; S AL L AL,
Jili i 5 36 45 415 Hb E K RS R B 41 21 41 AQP1 .
AQPS & M £ ik i T7H & (P<0.05, P<0.01) , fili 5 &5
B KR4 2 AQP1  AQPS & 1 R A T = L i
55 45 25 500 ik 20 AR M 5 5 M ZEOR S A L AR il
1 45 36 AR 55 41K BRI 4140 AQP T AQPS K 1 %34
BRI (P<0.01), i M 4 25 5 Gt

Lo W4k 4,

AQP-1 29 kDa

AQP-5 34 kDa

[-actin 42 kDa

A B C D E F
4 BAAXRMMAL AQPI.AQPSE R RIXHEK
Fig. 4 Electrophoresis of AQP1, AQPS5 proteins expression in

lung tissue of each group rats

4 itit

RN 51 &5 18] BT K o2 ALT Y E 20
FRIRTT, T A2 i K R ALTIR YT b Y B 2R
SRS, VIP R R M2 TT N R AN | b R A0 RN
2 21 7 A ) G T A0 ML T 0 0 s — P A 9 T M A
ik, HAMAEN SRS REHTTFEZH/MI)
g 7 ALTIR YT BIE5E b, VIP R {H R 0 4l fili 21
BURAE , 140 RE 20 Il K il 8 T Ay 2 W5 A 0936 97 4
ML= AR R S R A 5T A SR E S, FE ALT R i
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x4 FEEBENALIXRMASR AQPI.AQPS EARIAFM
(x+s5,n=10)

Table 4 Effect of combined therapy of lung and intestine on
AQP1,AQP5 levels in lung tissue of ALI rats (x+s,n=10)

2151 FlHk/g-kg'  AQPI1/B-actin  AQP5/B-actin
IEH 4 0.774£0.076  0.607+0.044
i S| 0.411£0.010%  0.308+0.060°’

il B 5 3 I 7] dak 4 5 0.497+0.066>°  0.354+0.066°"¢

Jiii g G5 38 T R e 2 7.5 0.567+0.080%  0.431+0.039%
Jii g G5 36 v 79 ek 2 10 0.617+0.092%  0.481+0.024%
i E R AN 2] 0.005 0.675+0.082%  0.563+0.029"

R ef, il 20 20 VIP K- 23 N et T il i 6 16 1k g
HE— 4R I 412 VIP K- 43 VIP 12 4l
WLz A T i8S Tk (R ) Re AR 2 i 4
ZUVIP [ 3351 Il A 1R 75 2 75 B8 12 0 i 18 4y 0k
() VIP Bk A il 21 43, 17 VIP & & B, 78 ALL K Sk
B, R BRI VIP 23 B ovE - , il & i ik se i —
ATt LG VIPIKSE o BREEZH AR it 6 168 IR T X
ARG W W RS AE 9E R 2 B I iR e R SR
2 /N BN TS VIP K SF, HAE F A F 5 4G il
G 2 A AR YR S I 2 SR R LA W 3 B TS R vA T
i 38 1 ) A o 28 A0 VTP R 430, T S I R A
VIP /K- 38 2 IV 0 B 2F Al 20 20, % 5 DA B v il
WIVE o VIP (% Tt &5 5 il K b 2 8] A 3 78 R ) Bk
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