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[Abstract] Objective: To observe the regulatory effect of Xiao Qinglongtang and its ingredients on lung
water transport-related proteins, and to explain the biological connotation of lung governing water movement,
based on which the regulatory mechanism of Xiao Qinglongtang will be explored. Method: According to the
composition rules of classical formula, Xiao Qinglongtang (11.22 g-kg"') , Guizhi Gancao (2.70 g-kg') ,
Shaoyao Gancao (2.70 g-kg') , Jiangxinwei (3.90 g-kg') and Banxia Muahuang (0.032 7 g-kg') were
prepared. The pathological model of syndrome of cold fluid accumulated in lung of rats was established by the
"coldness of body + drinking cold + cold bath" method, and Xiao Qinglongtang and its ingredients were
administrated to intervene with the model rats. Lung function parameters of forced vital capacity (FVC) ,
functional residual capacity (FRC), mean mid-expiratory flow (MMEF ), inspiratory time (tI), and inspiratory
time (tE) were determined by lung function analyzer. Hematoxylin and eosin (HE) staining was used to observe
the changes in pathological morphology. The expression of aquaporin (AQP) 1, AQPS5, epithelial sodium
channel o subunit(a-ENaC) and Na'-K*-ATPase in lung tissues of rats, the content of tumor necrosis factor -«
(TNF-a) , the mRNA expression of cyclic adenosine monophosphate (¢cAMP) , protein kinase A (PKA) and
cAMP-response element binding protein (CREB) , and the protein expression of cAMP, PKA, CREB, and
phosphorylated-CREB  (p-CREB) were detected by immunohistochemistry (IHC) , enzyme-linked
immunosorbent assay (ELISA) , Real-time fluorescence quantitative polymerase chain reaction (Real-time
PCR) , and Western blot, respectively. Result: Compared with normal group, functions of FVC, FRC and
MMEF in model group were significantly decreased (P<0.01), and the time of tI and tE was significantly
prolonged (P<0.05, P<0.01). The content of TNF-a in lung tissue was significantly increased (P<0.01). The
mRNA and protein expressions of cAMP, PKA and CREB in lung tissue were significantly decreased (P<0.01).
The expression of AQP5 and a-ENAC in lung tissue decreased significantly. The alveolar cavity of rats was filled
with edema fluid, surrounding tissue hyperemia, inflammatory cell infiltration, bronchial mucosa epithelial
adhesion. Compared with model group, Xiao Qinglongtang and its fangyuan group could significantly enhance
the FVC, FRC and MMEF functions of model rats (P<0.05, P<0.01), and tI and tE time were shortened (P<
0.05, P<0.01). The content of TNF-a in lung tissues of Xiao Qinglongtang group, Guizhi Gancao group and
Banxia Mahuang group was significantly decreased (P<0.01). The mRNA expressions of cAMP, PKA and
CREB in Xiao Qinglongtang group were significantly up-regulated (P<0.01), and the mRNA expressions of
cAMP and PKA in Guizhi Gancao, Jiangxinwei and Banxia Mahuang groups were significantly up-regulated ( P<
0.01). The protein expressions of cAMP, PKA and CREB in Xiao Qinglongtang group, Guizhi Gancao group,
Jiangxinwei group and Banxia Mahuang group were significantly up-regulated (P<0.01) , and the protein
expression of CREB in Shaoyao Gancao group was significantly up-regulated (P<0.05). Xiao Qinglongtang
could up-regulate the positive expression of AQP5 and a-ENAC, and Guizhi Gancao group could up-regulate the
positive expression of a-ENAC. Xiao Qinglongtang and its fangyuan can reduce the lung edema, inflammatory
cell infiltration and bronchial mucosal adhesion of model rats. Conclusion: Xiao Qinglongtang and its
ingredients can reduce lung edema and inhibit inflammation by improving the expression of lung water transport-
related proteins AQP1, AQPS, and a-ENaC through cAMP/PKA pathway, thereby restoring the lung functions
in rats with syndrome of cold fluid accumulated in lung. Na'-K'-ATPase may play an auxiliary role in the
regulation of lung water transport. This provides a certain objective basis for preliminarily elucidating the
connotation of lung governing water movement from the perspective of lung water transport-related proteins.

[Keywords] Xiao Qinglongtang; lung governing water movement; aquaporins; epithelial sodium
channel; Na'-K'-ATPase
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F1 NBERFREFATHKRMINEERRIE (x+s,n=8)
Table 1 Effect of Xiao Qinglongtang and its Fangyuan on pulmonary function in rats (x+s,n=8)
20511 Flit/g-ke! FVC/mL FRC/mL MMEF/mL-s" tl/s tE/s
EH A 15.80+0.56 3.89+0.35 90.38+1.13 0.25+0.01 0.24+0.01
R 11.45+0.34% 2.18+0.32% 53.00+9.48% 0.34+0.03" 0.39+0.03
INE A 11.22 16.13+0.55% 4.31+0.65" 85.86+3.05% 0.25+0.01% 0.24+0.01%
A w2 2.70 17.38+0.90" 3.54+0.67Y 91.24+6.15" 0.22+0.01" 0.25+0.03"
AJ 2 R4 2.70 16.47+0.73% 3.66+0.55Y 85.74+3.73% 0.26+0.01 0.28+0.02
LR 3.90 16.90+0.35% 4.11+0.28" 88.74+3.76" 0.24+0.01" 0.21+0.01%
A E R A 3.27 14.45+0.33Y 3.49+0.25Y 93.40+1.84" 0.22+0.01" 0.30+0.01

S IER A RV P<0.05,7P<0.01; 5B R4 Ho kY P<0.05,% P<0.01(% 2-% 5 /)

3, INTLE Hh W, 25 T J0 5 1 B v 5 A58 280 2 K I il 41
EAYIRI N SN IR RO A N R 5o e N1 /N W 1
MY AIN e N A TR ol 1 ST
RAg Rk MU o S R B IR IR B E
PEAT b R A0 M o i 3 gl TR BT 0 R i A

T UG A= 5 4% 25 1 UL S5 R0 A P, R A 4
SUNT 4 5K W 215 DA BT 24 a il 76 I K S 9 Dk
A b T 2R 3 R R U, B A I K S I R R
B W R SRR R R AR I R T B R O
LA 1.

E

TE:A IE#YLB. AL C /NG R IHAL ;D HEACTT AL E. ATZ I RALF. 239K 415G 2F R E 4L (B 4 16)

Bl1 MEEGHREFTXNARMARFEZHFM (HE, x400)
Fig. 1 Effect of Xiao Qinglongtang and its Fangyuan on lung pathological change in rats (HE, x400)

3.3 X REM4LZ INF-a FEEBNFR HIE
HAL R R 2K RN 414U TNF-a & 2 R 3k 1
ETHE(P<0.01)  SEORVA S, /N e FERCH
B N B AL T BUAT LA R JH TNF-a
FH(P<0.01), W2,

3.4 XF KB 2 2 rb i K B i A O 4R 1 R A I
U0 AR e SR P LR T S N S o ) = R A
Yok 18 5 BH PR A S A B 6 L S R A A
—EFRIK, LIS . AQPI 5 AQPS Ik WUk 4
S 43 AR TR I A P9 R AN ST B IR b R 4 i
1, a-ENaC 5 Na'-K'-ATPase 75 11 B Jili 0 I fz 20 it

x2 NERFREFTHKBRMEALR TNF-a FERIZHHM (3
s,n=8)
Table 2 Effect of Xiao Qinglongtang and its Fangyuan on TNF-a

expression in lung tissue of rats (x+s,n=8)

21 51 Fl /g ke TNF-a/ng- g
EH 7.25+0.34
TR 41 13.1741.37%
UNEDAVE:] 11.22 6.05+0.75"
MR R 2.70 9.94+0.81%
ATEYH 2 2.70 11.81£0.66
LR 3.90 10.07£1.19
R A 3.27 9.54+0.70"
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Tz Rk . 5 IE R AL e, B A1 R U 4 2L FRik o HIEW 41 R B K R 4121 AQP1 &
AQPS5 Fll @-ENaC & [ & ik B W d fK , SRR AL L kK, S 29 dl T 05 nT DL BRI S IE# 4l
BLNERGH) T HRES B 2% 12 = AQPS fil a-ENaC Lo, A5 A0 21 K BB 41 4 Na™-K'-ATPase 1) 7 ik 3
M BAPE 263k RER B AL BE S $2 5 «-ENaC I BHME 2 /NE R4 m LR Rk . DL 2- 5.

S
- A

AL IERALB. B C/NE R D, R AL E. AT H R F. B 0RAL G BRI AL  H. PBS IE R 41 ([ 3-1 5 [F)
B2 MNERFGREFLTINARMAR P AQPIRIFH M (LI 1L, x400)
Fig. 2 Effect of Xiao Qinglongtang and its Fangyuan on AQP1 expression in lung tissue of rats (IHC, x400)

B3 MERHREFTHRBRMEALR T AQPS RIZMHM (i k., x400)
Fig.3 Effect of Xiao Qinglongtang and its Fangyuan on AQP5 expression in lung tissue of rats (IHC, *x400)

3 g

-~

QV‘.

E4 NEEGREFTHKBMALRF o-ENaC RIFEBIFM (FA4 1L, <400)
Fig. 4 Effect of Xiao Qinglongtang and its Fangyuan on a-ENaC expression in lung tissue of rats (IHC, x400)
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B5 MNERZFZREFTHKRMALF Na'-K-ATPase FKi&k BTN (s i{L,*x400)
Fig.5 Effect of Xiao Qinglongtang and its Fangyuan on Na“-K*-ATPase expression in lung tissue of rats (THC, x400)

3.5 XF KB 4H 41 cAMP, PKA, CREB mRNA #
KR 5 OE R AL R, 1R Al R BRI 4 24
cAMP, PKA }2 CREB f) mRNA % ik i 3 i ik (P<
0.01); SEIRIL LL#, /N v HERCH R4l 2
TR ZH Ko SRR 820 Y T BAT DL 2 R cAMP
PKA i mRNA 35 (P<0.01),/NF 7l L2

% CREB #Y mRNA ik (P<0.01) ; kEke H# 4l  3
R 2 % 2k 5 R #5 40 CERB [ mRNA £ kA FTH#
A 2 H #4H PKA B mRNA kA EohH#a$ , H
ZR LG FE Lo IR AR &R $ (Pearson
correlation coefficient) 43 Hr , 1% 5% i [ 19 4% 4 F- 0] %
ik BLAT B M 56 (P<0.01) . WL 3,

R3 NEEFREATHARMAL cAMP.PKA.CREB mRNA RiEH M (x+s5,n=3)

Table 3 Effect of Xiao Qinglongtang and its Fangyuan on cAMP, PKA, and CREB mRNA expression in lung tissue of rats (x+s,n=3)

21 5 Hl /g kg cAMP PKA CREB
EH A 0.99+0.08 0.93+0.10 1.04+0.06
TR 2] 0.28+0.02 0.18+0.08% 0.33+0.09%
NG RN 11.22 0.91+0.03" 1.000.06" 1.08+0.08"
He T R4 2.70 0.43+0.02" 0.46+0.04" 0.70+0.02
AT R 2.70 0.28+0.01 0.2240.05 0.33+0.01
el 3.90 0.47+0.02" 0.60+0.06" 0.67+0.02
S-LS 3.27 0.45+0.04" 0.47+0.03" 0.67+0.10

3.6 X KR4 cAMP . PKA .p-CREB, CREB %
FZRB MR 515 % 4 H e, #5570 41 A U 4 21
' cAMP ,PKA J CREB () % H % ik I # B K (P<
0.01); SEIRIZE LI, /NE el FERCH RE4H (22
MR 20 K BRR B T T DL 2 A cAMP
PKA J CREB 1Y & 143k (P<0.01) , ~j 2 H B 41 7]
DLW R F i CREB (1985 H &3k (P<0.05) . SIEWH
P85, 5 A0 21 K B 20 21 b p-CREB Y 3R 35 F I, 4%
2y T HE AT DL R ISR IR (R A ) 22 S R gt it
FEN, Wk K,
4 itig

/NTF R A R FE AR 2 IRV T 1 4 By T L

A7 IRAT R <o H A PR DA BH AR ok B8 A R e
HE,TRHACB " LU BARK i ~7 25 H R A 5, 4
il A By 3 9 K 38 a9 LK B 3z Al K WY 22 o R A A
MEBRE KT ERBZKOEEREAS, 2
J7 F 6 WG, AR RIALH A 1 B — P IR ABESE .
AQPs 1 Dy — Fift 3 3 17 75 1 R 25 5 3d i , Kk
T2 RS 5 i i b B 40 AN B i b AN
AT L g 8 e 4 K B0 38 i, 3 n] DA R At /N T
() 15 B 4% iz, A0 % IR (CO, R NH,) 1 i 45 Ak
AU DA R R RRESE 4R B H AT R, 13
AQPs |7 Z G A5 T 4% B 4% 5 F1 LU 1 4 2 20 2
R B AR ANZE P B RAE, IR 5 AQPs 1Y T BT
e 7 .
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F4 NEEFREATHARMAL cAMP.PKA . .p-CREB.CREBE B RIZHEI (x+s,1n=3)
Table 4 Effect of Xiao Qinglongtang and its Fangyuan on cAMP, PKA, p-CREB, and CREB mRNA expression in lung tissue of rats

(X+s,n=3)
215 /g ke ¢AMP/GAPDH PKA/GAPDH p-CREB/GAPDH CREB/GAPDH

EHA 0.54+0.04 0.60+0.12 0.50+0.08 0.62+0.06

LT 2] 0.17+0.06” 0.13+0.05> 0.11+0.03 0.17+0.12%

INE R 11.22 0.50+0.03" 0.59+0.10" 0.51+0.05 0.64+0.04"

A H 4L 2.70 0.35+0.03% 0.42+0.12% 0.31+0.06 0.46+0.07"

SE R ¥ 2.70 0.19+0.04 0.30+0.07 0.22+0.03 0.29+0.06"
LA 3.90 0.31+0.06" 0.43+0.11% 0.32+0.02 0.44+0.02"

B R AL 3.27 0.32+0.06" 0.42+0.13% 0.31+0.01 0.43+0.03%

avr I ek e — oaupa A A 7 5 RO A PR B TR R

PKA SR ~~ GENSD Ghump eeses GRS @S 3537 Da
CREB Wy =vv SRy S e Sm—m8 — 38 kDa

P-CREB WP -~ iy Sy e wm— s 27 kDa

GAFDH D D G G D e & 7

A B C D E F G
E6 ARAMALcAMP.PKA.p-CREB CREBE B RiXHk
Fig. 6 Electrophoresis of cAMP, PKA, CREB, and p-CREB

protein expression in lung tissue of rats
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. 8 .
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it 36 1 R 200 M PN ) N K B 2 R T P TR AR T
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A 0 L P A0 AR 119 75 3 OF- A 2 A 15 40 R O R A PR
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e R DY il ENaC 2 Il i N Na'#% iz i 72 19
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A bR A Y T 2 18 . ENaC i E 3 4[]
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0 46 i 9 YA = B0 T SR T B L 51 R AR 2 T A R
ARA, R BB, 51 K AHCEPE L R G, 42
a-ENaC 1Y 3% 3k A A AE 18 Jin 38 1l 6 W 1K 05 B %, JF
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HE 400, A 7 Il 36 3 A T R T RE L B o i 1
HEPU 45 0 BE 1 W 5T S B, A il 45 45 A A
HULEE # T Na'-K'-ATPase 1) 3 35 F 98 , H r £y
Jili 760 Y 3R o B A ] LA 2o 44 il Na'-K'-ATPase 3 ik
0 O 15 b R 4N A A o IR R R
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AL RE KR T B AE R AR R B HL R 2 R AR
ML R R 2 5 09 45 5L, B IR0 Y B 64 AR AR
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