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[ Abstract] Objective: To investigate the effects and mechanism of baicalin (BA) on
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lipopolysaccharide (LPS) -induced acute lung injury in rats. Method: Eighty healthy male SD rats were
randomly divided into the control group, model group, low-dose BA (BA-L) group, medium-dose BA (BA-M)
group, high-dose BA (BA-H) group, dexamethasone (DEX) group, SB203580 group, and BA + SB203580
group, with 10 rats in each group. The rats in the BA-L, BA-M, and BA-H groups were injected
intraperitoneally with different doses (10, 50, 100 mg-kg"') of BA solution, the ones in the DEX group with
5 mg-kg' DEX solution, the ones in the SB203580 group with 0.5 mg-kg"' SB203580 solution, the ones in the
BA + SB203580 group with 100 mg-kg' BA solution and 0.5 mg-kg"' SB203580, and those in both the control
group and model group with the same volume of normal saline, once per day, for seven successive days. One
hour after the last administration, rats in all groups except for the control group were given 5 mg-kg"' LPS via
intratracheal instillation for inducing the acute lung injury, whereas those in the control group received the same
volume of normal saline solution. Twelve hours later, the lung tissues were sampled and stained with htoxylin-
eosin (HE) for observing the pathological changes, followed by the counting of the total number of cells and
neutrophils in bronchoalveolar lavage fluid (BALF). The wet/dry weight ratio of the lung tissue and the contents
of serum superoxide dismutase (SOD) and malondialdehyde (MDA ) were measured. The activity of reactive
oxygen species (ROS) in the lung tissue was detected by immunofluorescence and the levels of interleukin-13
(IL-1B) , interleukin-18 (IL-18) , interleukin-6 (IL-6) , and tumor necrosis factor-a (TNF-«) in BALF by
enzyme-linked immunosorbent assay (ELISA). Immunohistochemistry (IHC) was conducted to determine the
relative expression of p-p38 mitogen-activated protein kinase (MAPK) and Western blotting was carried out to
detect the protein expression levels of p-p38 MAPK, thioredoxin interacting protein (TXNIP) , NOD-like
receptor protein 3 (NLRP3), and cysteinyl aspartate specific protease-1 (Caspase-1) in the lung tissue. Result:
Compared with the control group, the model group displayed inflammatory pathological changes in lung tissue,
elevated wet/dry weight ratio, total number of cells and neutrophils in BALF, and ROS and MDA levels (P<
0.01) , decreased SOD activity (P<0.01) , and up-regulated IL-1, IL-18, IL-6, TNF-«, p-p38 MAPK,
NLRP3, and Caspase-1 expression (P<0.01). Compared with the model group, BA at different doses,
SB203580, and BA + SB203580 all effectively alleviated the pathological changes in lung tissue induced by
LPS, reduce the lung wet/dry weight ratio, the total number of cells and neutrophils in BALF, and ROS and
MDA levels (P<0.05, P<0.01) , enhanced the activity of SOD (P<0.05, P<0.01) , and down-regulated the
expression of IL-18, IL-18, IL-6, TNF-«, p-p38 MAPK, NLRP3, and Caspase-1 in lung tissue (P<0.05, P<
0.01). Conclusion: BA has a protective effect against LPS-induced acute lung injury, which may be related to
its inhibition of p38MAPK/NLRP3 signaling pathway and the improvement of inflammatory response.

[Keywords] baicalin (BA) ; lipopolysaccharide (LPS) ; acute lung injury; p38 mitogen-activated
protein kinase (MAPK )/ NOD-like receptor protein 3 (NLRP3) signaling pathway
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(= RAEWE AR B, L5 C0105S) ; 0OCT 13
A ( H A% Sakura /A ], it +5 4583) ; 1 P & (ROS ) 4t
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SAFEE WA 0.5 mg-kg' BY SB203580 ¥ ¥k ; 1E & 41 Al
P TR 2 4 e A R R A E AR K, R K A 2
VR ESETd, RIRA25 1 hg R IER 4, A KR
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A IE® A ;B BALA ; C 2 F 1 10 mg-kg! 4 ; D. WK A
50 mg-kg' 41 ;E. B 100 mg- kg 41 F. M ZEKAANL (K 2 )

B 1 EZEI ALK R A E R %38 2 2208 (HE, x200)

Fig. 1 Effect of baicalin on lung pathological change in ALI rats
(HE, x200)

B Y 2 Jifi 2 21 W/D B 8 55 (P<0.01) ; SBR[
A, B A 4R M ZE K B 4 Bl 4 40 WD BE R R
(P<0.05,P<0.01), EHLJli 41 21 W/D # F % 5 & 5 4F
SR EAREE . WKL,

1 EEEHEXALIKR KR W/DBHEIE (x+s,n=6)

Table 1 Effect of baicalin on lung W/D of rats in each group

(x+s,n=6)
20 5 i /mg - kg W/D

IEH 4.9240.27
8 6.64+0.34"
WA 10 6.11£0.17%
50 5.83+0.277
100 5.26+0.14%
b 5 K A 5 5.33+0.19%

5 IE W 4 HOE U P<0.01; 5 45 B 4 H 5P P<0.05, P P<0.01
(F2~7H),

3.3 X ALL K BALF 40 By s 5 1E %
A b g, AR 2 BALF F 40 i 5 5 K rb 1 o 4 e
E RN (P<0.01) ; S AR 20 i, 4% 25 W kb B S 35
Al W] R AR BALF o 4 Jf A %5 S v v ok 20 i 2%
(P<0.05, P<0.01) , ¥ 4 40 g 32 Wl B & ok 5%
k2,
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x2 EEZHEXALIAR BALF P MRE M (f+s,7=6)
Table 2 Effect of baicalin on cell numbes in BALF of ALI rats

(x+s,n=6)

15 F) 4 pERAY R A rpepE R A A T )
/mg- kg /(x10°4>)/mL /(x10°4>)/mL

IEH 29.35+8.23 8.14+3.67
LAY 351.27+30.57" 199.60+19.07"
WA 10 282.57+24.58” 133.32+14.71%

50 210.36+9.119 80.63+7.15%

100 149.50+10.90% 50.19+6.51%

Hby K 5 159.33+£7.90% 59.82+7.80%

3.4 XF ALI K R IfL 35 7 SOD, MDA 7K 3 4 52 1
5 IEH A, B K BT MDA K F- i

FTHE, SOD I M i 3 FE AR (P<0.01) ; 5 RL A2 1L

B, BT AL A b FE K 21 3 AT BH S AR AR R B

i MDA 7K ¥, F+ & SOD 3if 4 (P<0.05, P<0.01) .

L3,

£3 HEHEXWALIARMEH SOD 1 MDA B ME (3+s5,n=6)

Table 3 Effect of baicalin on SOD and MDA in serum of ALI rats

(X+s,n=6)

15 ) it SOD MDA

/mg- kg /U-mL"! /pwmol- L™

EH 238.55+8.49 11.22+1.53
AL 128.33£10.02"  60.41+2.47"
WA 10 169.78+12.27%  48.58+3.38%
50 191.9946.09°  39.09+3.37%
100 210.42413.51Y  25.00+4.88>
Hiy FEOK A 5 206.16+7.77"  28.98+2.45%

3.5 X ALI KB4 2 ROS By sZ M 5 1EH# 4

b, BB A0 40 K BRI 28 21 b ROS 3R 3k & b 2 19
(P<0.01); 55 HERVA LU A5, B 25 11 01 b S5 R A0S 70 4k 2
HB e % B 0 R A 41 20 h ROS 1 7 & (P<0.05, P<
0.01). WK 2,34,
3.6 Xt ALI K Bl BALF 4 ¥ 40 g A 1 19 52 i
5 OE 4 b, B R 41 K B BALF & 5E R F
TNF-«, IL-6, IL-183, IL-18 4 M & W & 7} & (P<
0.01) ; FRLARYZH L5, AN [R] 7] S 1) 5 5 4, b E K
FAZH , SB203580 £H M 15 % 1 +SB203580 £ Al B I %
&2 & 4 F TNF-a, IL-6, IL-18, IL-18 ¥ & & (P<
0.05,P<0.01)., WF5.
3.7 X ALTAE A K BT 2 21 v p-p38 MAPK 2 [
FOEMR 55 R A H A, AR R A K R 2
PR 6 1K B A (P<0.01) ; SHERIA o4, B 5 4F

E F
B2 EEEHWALIKXRALH ROS KM (HIEEZL, x400)
Fig. 2 Effect of baicalin on ROS in lung tissue of ALI rats

(IF, x400)

£ 4 EZEHI ALIX R H S & ROS K918 34 28 5 38 B 19 & i
(X+s,n=6)
Table 4 Effect of baicalin on relative fluorescence intensity of

ROS in lung tissue of ALI rats (x£s,n=6)

20 51 FltE/mg-kg'  ROS BYAH X 9% 68 )i
IEH 100.00+0.00
iR 795.88+27.20"
AT 10 631.84+23.16”
50 452.62+16.15%
100 278.27+12.77%
b FE KA 5 294.28+18.15Y
SB203580 0.5 321.22+46.58%
W H+SB203580 100+0.5 250.98+14.64%

2, Hb ZE K HA 4, SB203580 ZH I ¥ % 1 +SB203580
41 p-p38 MAPK 19 BH 1 & 35 347t BUAS [ 4 32 09 1
(P<0.05,P<0.01). WLIK3,%6.

3.8 XF ALI K R 41 21 p-p38 MAPK, NLRP3,
Caspase-1 2K I RIA M2 5IE 5 4 e, BiR 41
KB 2 22 v p-p38 MAPK ,NLRP3, Caspase-1 & []
KA1 35 T (P<0.01) 5 5 BRI AL FE B, 38 5 1 4%
B 4H , M ZE K B 4, SB203580 4 Al B A A +
SB203580 41 ¥4 nJ W] & 47 il p-p38 MAPK, NLRP3,
Caspase-1 H H ) % i& (P<0.05, P<0.01) . W

K47,
. 83.
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x5 EZHNWALIARBALF P REREFHEME (I+s,1=6)
Table 5 Effect of baicalin on inflammatory factors in BALF of ALI rats (x+s,n=6) ng-L"
20 51 # 4 /mg- kg TNF-a IL-6 IL-18 IL-18
EH 100.87+12.58 64.99+9 81 20.57+1.98 31.39+2.53
R 650.52+28.76" 391.10+16.23" 85.51+4.49" 128.60+5.42"
BT 10 570.95+22.05% 330.03+11.39% 73.03+4.23% 99.65+8.88%
50 430.63+14.947 252.06+14.55% 61.05+3.21% 75.07+7.54%
100 293.41+15.20% 151.57+11.94Y 48.02+2.59% 50.09+4.19%
b FE KA 5 275.23+17.83% 180.46+11.48Y 50.13+3.16% 55.89+5.91%
SB203580 0.5 318.08+24.11% 198.22+16.86% 58.13+4.57% 60.75+5.30"
B H+SB203580 100+0.5 204.72+13.52% 129.54+13.19% 40.63+2.71% 43.90+2.819
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Fig. 3 Effect of baicalin on comparison of expression of p-p38 MAPK in ALI rats (IHC, x200)

F6 HEEHEXALIARMALR p-p38 MAPKEAHEXM RIEZBHH
M (X+s,n=6)
Table 6 Effect of baicalin on relative expression level of p-p38

MAPK in lung tissue of ALI rats (x£s,n=6)

21 51 i /mg- ke p-p38 MAPK
EH 31.09+3.16
iR 160.53+8.72"
WA 10 120.34+13.49%
50 90.92+9.27%
100 50.30+6.42%
Hiy FEOK A 5 54.56+6.88%
SB203580 0.5 48.03+8.34%
WX 17 +SB203580 100+0.5 41.59+4.44%
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B 4 HAHAKXRIALZD p-p38 MAPK,NLRP3 F1 Caspase-1 E 5
FiLm ik
Fig. 4 Electrophoresis of p-p38 MAPK, NLRP3 and Caspase-1

protein expression in lung tissue of rats in each group
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F 7 #EEHI ALI X R i 2 £ & p-p38 MAPK, NLRP3 #
Caspase-1 E AN RIEEH M (I+s,n=3)

Table 7 Effect of baicalin on relative expression level of p-p38
MAPK, NLRP3 and caspase-1 protein in lung tissue of ALI (X+s,
n=3)

41 7 p-p38 MAPK NLRP3  Caspase-1
/mg-kg' /GAPDH /GAPDH /GAPDH

IEH 0.19£0.04  0.23+0.03  0.11+0.04
LR 0.92+0.07"  0.97+0.06" 0.64+0.04"
AT 10 0.75+£0.03%  0.82+0.07> 0.54+0.03%
50 0.68+0.05%  0.70+0.03%) 0.40+0.02>

100 0.43+0.08%  0.41+0.03% 0.27+0.03>

b FE KA 5 0.50+0.05%  0.61+0.05%) 0.34+0.04>
SB203580 0.5  0.45+0.04” 0.51x0.02% 0.25+0.01%

WA FF+SB203580  100+0.5  0.27+0.04°  0.38+0.04% 0.26+0.04>

23 % B UK 8 B A F G ALT I R Yy o R R
EOT, FEAWEGE P, R AU T TE LPS # 57 ALL
Y A5 A 2 K BT 4 2o B A R R il i R A
I 70 i g 5K, Al Al o K il vt fa) B B 2 v, R A
S Pk AN AR I R/ T LG S TR I VTR
o % hE B 7 TNF-a, IL-6, IL-18, IL-18 /K 3 i 3 4
I, v PR A 3 22 A 3R B A AT Ty 5 B
T Ak B AT A0 ARG R BRI 6V R VR v 4 RE R K
ST R PR 240 IR AR /T L AR T
K i, A3 T 4 2905 B 2 AR AR IR R BRI 41 21
MDA F1 ROS 7K -, i 35 4 & SOD Tk ¥ . ik
HH #5255 17 % e 22 W55 S 1) il 3 4% E 8 45 HL A B
WP VE R o

VT AERIFSE & PR, p38 MAPK #l NLRP3 {3 5 jifi [#%
5 &R H 35 S 0 ALL Y 908 I %% Y1 AR 5650
LPS 4l #% 7= 4 B9 ROS 215 5 p38 MAPK # iR £k Al
NLRP3 i 1k, 9 3 1% /) NLRP3 X o] i — 4 6 1k
Caspase-1, fi& ¥F il 2 19 IL-18 A1 IL-18 M) 43 Wb, 5| &
SR Z A SR S NE DT I J] s S A5 A5 . T 0 A
p38 MAPK i % 1k 5% I NLRP3 {55 5 3l 4 10 il ) ¥
A R ALL/S BRUB B A E > AR BF g R,
5IEH At B2 K R 4121 p-p38 MAPK,
NLRP3 il Caspase-1 [ 8 [1 3 i5 & ¥ B 2 T+ &, i
B A B AT 4 2 A R R A Ak, AT Bl 3
fili 2 25 /) #1405, A1) p38 MAPK % 55 4 BH K7 771
SB203580, #f — L AE W] T EIRZR I, B AT
fiE i M il p38 MAPK/NLRP3 il % & 4% 51 RAEH .

AL, B 55 1 X LPS 5 3 19 ALTASE K B i 441
LU B R R, P R AL H S 0 p3s

MAPK/NLRP3 {5 5 15 LA % .
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