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(HZ) B 5% B AR 438 1 78 M 4 (reactive oxygen species, ROS)/i 8 7 & & 48 & 1k Jl & & (thioredoxin—interacting
protein, TXNIP)/Nod % % #& & & 3(Nod like receptor protein 3, NLRP3)# 8% i % ## (lipopolysaccharide, LPS)¥% § & 1 fif 17
1% (acute lung injury, ALD)BJ1E A BRALH, Fik Hete SD K R % 2 B4 A JIRE AR 4 (400 mekg) 4, = F i N-
24 (trimethylamine N-oxide, TMAO, 110 mg/ke) 4l R # &2 47 (400 mgkg)+ TMAO(110 mgkg) 4, EE %% 10 d 5 X A K
HEE 5T LPS(5 mgkg) B 7 =L LPS %% ALI A, 5 6 h, Al il 21 405 3 5%, 35 48 fff iV 28 7 (bronchoalveolar lavage
fluid, BALF) % 3% 4 41 i 4> 2, i 3E & BALF & & % i/ & (interleukin, TL)-18 IL-18 . B8 3F 2 & F—a (tumor necrosis factor—a,
TNF-a)4 &, i 21 22 F 7 —# (malondialdehyde, MDA) , %48 1t 77 (total antioxidant capacity, T-AOC)&& ROS 7& /7 & TXNIP,
NLRP3 Bk kKT G550 A A At P8 41 A B K I 41 4 70 R 40 3 3 i o 18] 3 R 697 32 2k % BALF P Mok 2 i i 2 2 L %
R b 40 i #) B, ot E % BALF W 1L-1B8 IL-18 TNF-o &8, fil 41 42 H MDA 4 & ROS % # % TXNIP NLRP3 th &k A FH 5
T IE % XA (P<0.05); i 4 8 4 T-AOC 4B K T IE# 4 FE 41 (P<0.05), RE AR A K R4 L RER T ERARE N BAKE,
BALF ¥4 28 otk B 40 e % B8 M b 2 L BN B0 B, o R BALF & 1L-1B 11-18 TNF-a 2 &, i 41 2 F MDA & & ROS 3% /7 %
TXNIP NLRP3 #5 3£ AP 3 16 TAZ A 34 B 41 (P<0.05); it 4 48 T-AOC 4 & & T A M B 4(P<0.05), FR#E AR 4+TMAO 41 K
R 20 2R Bk R SO E AR 4 E  BALF P MR 4 A o B 20 L B BR MR 4 B9 B0 E ¥ X BALF ¥ 11-1B IL-18 TNF-a
48 B4 F MDA 48 ROS % 4 & TXNIP NLRP3 #5 3k A T8 T AR AR 41 (P<0.05) s i 4 48 ¥ T-AOC & B8 T B A2
WHL(PO05), G5 B3 KB T A LPS ¥ § ALL FF 30 %1 & e KR An Ak B3k R BE , 2L 7T 8k B9 4 F AL 5 447 %] ROS/TXNIP/
NLRP3 # ¥4 % .
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Effects and mechanism of ephedra aqueous extract on alleviating

lipopolysaccharide-induced acute lung injury

YUAN Meng, DONG Huiwen, LIU Jiali, FENG Xuehui, HAN Baohua, HAN Shuchi*, ZHANG Zhibin, LU Jing
Department of Emergency, The First Hospital of Hebei North University, Zhangjiakou, Hebei 075000, China

(Abstract] Objective To investigate the effects and mechanism of ephedra aqueous extract on alleviating lipopolysaccharide
(LPS-induced acute lung injury (ALl by the reactive oxygen species (ROS) / thioredoxin-interacting protein ('XNIP) / Nod like receptor
protein 3 (NLRP3) pathways. Methods Male SD rats were randomized into normal control, model, ephedra aqueous extract 400 mgkg),
trimethylamine N-oxide (TMAO, 110 mgkg), and ephedra aqueous extract (400 mgkg) + TMAO (110 mgkg) groups. After 10 d of
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gavage, LPS-induced ALI model was established by intraperitoneal injection of LPS (5 mgkg). Six hours after modeling, pathological
changes in lung tissue, classification of inflammatory cells in bronchoalveolar lavage fluid (BALF), the content of interleukin (IL)}-13,
IL-18, tumor necrosis factor—a (INF-) in serum and BALF, and the content of malondialdehyde (MDA), total antioxidant capacity
(T-AOC), ROS activity, and the expression levels of TXNIP and NLRP3 in lung tissue were determined. Results The model control
group rats showed pathological changes including infiltration of inflammatory cells in lung tissue, thickening of alveolar septa, and
the number of neutrophils, lymphocytes, and eosinophils in BALF, the content of IL-1B, I[L-18, TNF-a in serum and BALF, and the
content of MDA, ROS activity, and the expression levels of TXNIP and NLRP3 in lung tissue were higher than those in the normal
control group (P<0.05), while the T-AOC content in lung tissue was lower than that in the normal control group (P<0.05). The
pathological changes in the lung tissue of ephedra aqueous extract group were significantly improved compared with the model
control group. The number of neutrophils, lymphocytes, eosinophils in BALF, the content of IL-1B, IL-18, TNF-a in serum and
BALF, and the content of MDA, ROS activity, and the expression levels of TXNIP and NLRP3 in lung tissue were lower than those
in the model control group (P<005), while the T-AOC content in lung tissue was higher than that in the model control group (P<0.05).
The pathological changes in the lung tissue of the ephedra aqueous extract + TMAO group were more severe than those in the
ephedra aqueous extract group, the number of neutrophils, lymphocytes, eosinophils in BALF, the content of IL-13, IL-18, TNF-o
in serum and BALF, and the content of MDA, ROS activity, and the expression levels of TXNIP and NLRP3 in lung tissue were
higher than those in the ephedra aqueous extract group (P<0.05), while the T-AOC content in lung tissue was lower than that in the
ephedra aqueous extract group (P<0.05). Conclusion Ephedra aqueous extract can alleviate LPS-induced ALI and inhibit inflammatory
and oxidative stress responses, and its possible mechanism is related to the inhibition of the ROS/TXNIP/NLRP3 pathways.
(Keywords] acute lung injury; ephedra aqueous extract; reactive oxygen species; thioredoxin interacting protein; Nod like

receptor protein 3
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1.2 A&t

LPS (#t5:82857-67-8) W 4 35 [# Sigma 2\ 7l ;
SR B K $ 0 H 1% 5 245 591 Rl 45 s ROS/NLRP3 3305
=iz N-E4kW (trimethylamine N—-oxide, TMAO)
(F45:1184-78-7) M H 3 E MCE W] 42
(interleukin, TL)-1B . IL-18 JRIASE A F—a (tumor
necrosis factor—a, TNF—av) % I G 28 I B 4G 0 3K
& (5 . SP12250) 14 H s IFE3E A W FHE A R
4\ 7] s TH ZB¥ (malondialdehyde, MDA) . B4t 484k 1
(total antioxidant capacity, T-AOC) M ROS Killi7
& (L5458 SP30131 ,SP15821 ,SP13358) 11 [ i
EFSEAEDPHABRA ] RANE L (hematoxylin—
eosin, HE) ik & (H5 . G1120) 1 A LT R 3E
FRHEA PR/ F  TXNIP NLRP3 45 St —H (315
ab263899) & B-actin 5 M —Pi (5 . ab8226) 14
H & [ Abcam A,
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1.3 FHik

13.1 ZiWord a2 MR 2 S it i
W5 R E N BRZH BCARLA R BK S A
TMAO 4 JFREKIEY+TMAO 40,4540 8 2, F4Hy
TESRIATHEATHE B 4524, Tk an R - IR X B2 B
BIHZF 1 ml/100 g AEBERKHES AR H 11K, iE
210 d; KBRS BESCER[S-6], K 400 mg/kg
FEEKARMIET 1 ml/100 g AR FREL K e 4 H
1K, 7552 10 d; TMAO 412 BESCRR[4], 1 100 mg/kg
TMAO % T 1 ml/100 g A= #E K E & H 1k,
HEEE 10 d; RE KR +TMAO 416 400 mg/kg bR
HKEY A 100 mg/kg TMAO IFT 1 ml/100 g 4=
PRERAKPIES B H 1 W ESE 10 do RIRG 2R
24 h, BRIEHE XS BRALAb , A4 20 34 2 B OSCHR 7] 33
17 LPS 55 ALL &L, Jr ik an B JEIETS 0.5 mL
LPS ¥ & 5 mg/kg, S il LPS 155 ALI B8,
T8 5% B2 R U s e e 45 2 AR K

1.3.2 PRAHUM M O/AFE @RS 6 h, RAIWLIE
SEBER B, T Wik AL B B MAE I 8 mL,3 000xg 250>
5 min, MBS M IEAE-80 CHEAE . BIITF R BUKD 3K Kz
IR EE NI, 53 BT A LA M SRS, A 3
T B2 £ 22 vh i, L5 380 il 0 A e I i [ Y A
HEEAE 3K, A IF 3 W 22w , 250xg B0
10 min, 53 B 15 VE A fili 197 P96 W (bronchoalveolar
lavage fluid, BALF), it A-80 °CH&f7, BUAMifitizH
2 KB VI, — I3 TE 4% 22 58 W I v [
& HEASEY) A, 5 — 3 TR WA R YRR A
-80 CHitfT,

1.3.3  JiZHZURI R R U ZH 2L A )
F, F B HE G (038000 £ i U I B kAT g e &5
R TE BT R M2 20 B AR

1.3.4  4IfA SR BUIEFEAF1 BALF
FEAR i PRI G728 W BRI 50 R A T4 A
IL-1B . IL-18 TNF-o f &,

JREK IR

1.3.5  FEALW AR PR I ROS 16 1R B A
BRI ZIZ) 30 mg, IMAAEFRERIK 200 pL, BFEE
o B AU S RAE 4 CLA 12 000xg 250> 10 min,
BT e B0 B ) B BH A THRAE  AIIMDA |
T-AOC W& & ROS WY& 11,

1.3.6 FEHAFBMRM  BORE R RG22y
30 mg, AIA 200 WL 2LAEW , ) K A 28 T
R B K5 A 30 g & RIREASINA SR N AR Bt
JHEBERE TP EAT Western blot 5286, FEL UK BS A 7] 43
TR E G R B NIRRT 4 R, F 5% Mg
Ay R B AR IR ZF 4E 2RI 1 h, HT TXNIP —471 (1
600 FiF%) NLRP3 —$i(1:400 FiBe) TXNIP —Pi (1:
250 FiBE) . B-actin —PL(1:5 000 Fikt)4 CHEE
FREFHE R, K H |, R S A — b (1:
2 000 i BE) I E R RAF4E R ML 1 h, )5 7E
B R R G (LR EEA R N B B8 4
TR PRI EEAE, L B-actin NS 1T
TXNIP NLRP3 ()25 ik KF-,

1.3.7  Geits#ab¥ RHAI SPSS 23.0 Ffhi#t A4t
SEACHR SIS BRI TR ORE, DL s "R, 24
(] LG AR FH B0 PR 3R 7 22 43 A R T LU B8R LSD -t
%,P<0.05 WZESAG R,

2 &R
2.1 WEKEMRE TMAO Xt LPS S ALl KR AH

HARIE TR

B X BRZH R S U AR W (5RO , R

DL S S AE AR IR 1) 5 R ZH R TMAO 21K B4 Y
SRS 2L 2R P A AR L HR ) i I o 494 5 £ B Bl
A 5 JRR B 7K B 2H K BT 2E R S A R T D |
it e ] 8 JRE A5 5 JRR B K AR )+ TMAO 28 K BUi 28
SN JRAE IR I i e v B 52 1 o B A 5 JRR
sOUKARMAIE, TR 1,

FREKIEPI+TMAO 41

TMAO 4

1 BAKXBRMHALRE HE £ (x400)
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22 MEKEPRE TMAO 3t LPSFSH ALl KR 41,T-A0C 19 & &AL T 1E % X R 4L (P<0.05) ; ik ¥

BALF H % iE 4 B 43 2K 1) 54 Ml

BEARUZH KB BALF PR 2 i bk 0 4 i | P i
PR 20 A A K5 380 v T IE X B A (P<0.05) 5 R R
IREEYIL R B BALF P PRI bk L e mg R
7 200 B A 50 MR AR AL 4H (P<0.05) ; TMAO 41K
SR BALFrF MR 20 A bk 200 i | 98 T 1 A 200 114 5
P TR (B 22 R ICge R L (P>0.05) 5§k
FKARYI+TMAO 20 K FL BALF ki 4 it ik © 41
JH | TR ML 20 R B Y v TR UK AR M AR T
TMAOZ (P<0.05), HILEk 1,

F 1 {HEKR BALF HsSiE AR 5> 2HT ELE (x109L)
215 n TTPERIANNE WA R RN

IEH X R 8 1.44:0.16  2.28+0.22  0.27+0.03

B 8 5.5240.49% 7.58+0.69%  3.48+0.42%

JREK S 20 8 2.63+0.24* 3.94x0.34%  1.24+0.15

TMAO #1 8 5.69:0.54 7.83:0.74  3.71+0.49

FRFKAEI+TMAO 41 8 4.20+0.32%  5.62+0.49%  2.52+0.29%

e S IEE X R4 LA, #P<0.05; SR L7, *P<0.05 5 5 R %
TR L, $P<0.05; 5 TMAO 4H 1%, °P<0.05,

23 BREKIEWHR TMAO XF LPS S ALl X R I
B BALF AR5 fiE 40 AR E F B9 22 M

AN 21 K BRI T &% BALF o IL-18 1L 18,
TNF-a 155 it LG 5 7 1E 5 % BREH (P<0.05) 5 JfR
TR EEIZH K RImIE & BALFH IL-18 . IL-18 TNF—«
F) 5 R TR (P<0.05) ; TMAO 2H K BRUIML I &
BALFHIL-1B IL-18 TNF—o 4 & f 1w T4 |
{25 R TG 272 X (P>0.05) ; BB KR Y +TMAO
ZH K B &% BALF H IL-1B8 IL-18 TNF—a B &5
W TR E KA LT TMAO 4 (P<0.05),
TR 2,
2.4 FREIKIEHRE TMAO Xt LPS S ALI X R AH
4B 2 R AL R Kk S B B

PR 2H K BRIl 20 21 rp MDA 19 & 12 5 T X% B

IR R B2 S MDA 1 5 B EIE TR A4 |
T-AOC Y i THUUL (P<0.05) ; TMAO 2H K BR
JifiZH 2 b MDA Y s TR T-AOC 1) 7 &
TR 22 7 G245 L (P>0.05) ; R EE K
PEYI+TMAO 4K U412 MDA /9 7 & &5 TR
FOKSEYIAL LT TMAO 41, T-AOC f# A% TRk
IR T TMAO 4H(P<0.05), TEILE 3,
2.5 BREKEWR TMAO Xt LPS 55 ALI X R Al
4A 28 F ROS/TXNIP/NLRP3 18 2% &Y 8% i

BRI K U 41 48P ROS 1% J7 & TXNIP NL-
RP3 (3235 /K25 8 T 1E 5 % B840 (P<0.05) ; bk 5
IKIEPHK RAGZH 419 ROS 1 /1 B TXNIP NLRP3
[ 2R 7K AR T AL 2 (P<0.05) ; TMAO 2H K R
fili 1 21 ROS Y36 F1 J TXNIP NLRP3 [ ik /K
Fm TR (B 22 R TG FE L (P>0.05) 5 ik
BRI +TMAO 41K BRI 4L ROS Y ¥ 1 M
TXNIP NLRP3 [ 3RA7KF TR EUK S 4 AT
TMAO #41(P<0.05), TEULIE 2 il 4,

3 itig

ALL J2 I PR DL P 2 4t f T, R A RO
VR R R 5 R ) S MR IR 30 R0 Ay it ] A1 4
IAE , 7™ 5L TT 4 e 228 B I RE RS EE 2 00T,
MG FLERZERLE T, 200 2 R M A U 5 e
1) P it 2 2 3B 405, JLRRAIE Ry S A 4H A A il 9
KR RAEA T BE R, I ROS Kt
PR AR OSSR X ALL B AR
J 0 RV R I A 0L 96 T B AR IR YT, K
BN FRRAE T R LA I 2 5L,

PR 8 S22 JRR B AL B RR B PPRR B A TBURR B 1Y
TR BT 2R HOK S BAT I RAE RO 5 A
F S T S 2 S A T T 25 M T

K2 RAKBMER BALF hREMBEFLEMLILE

I35/ (ng/mL) BALF/(pg/mL)
21 51 n
IL-1B IL-18 TNF-a IL-1B IL-18 TNF-a
IEH X R 8 13.57+1.25 5.85+0.46 11.93+1.34 20.21+1.85 8.59+0.78 34.58+2.95

EEARIZH 8 73.57+6.58% 41.36+3.85% 82.93+7.75* 117.66+12.52% 86.52+7.62* 209.18+17.68*

FRE KR 8 30.12+3.23" 11.32+1.44" 34.42+4.12° 45.31+4.23" 27.22+2.42¢ 71.42+6.79*

TMAO 41 8 78.6226.77 44.09+4.71 86.57+8.12 124.03£13.26 90.14+8.23 217.68+20.32
BRI ZKIEY+TMAO 2H 8 61.3226.27% 29.32+3.24% 63.85+6.23% 89.39+8.38% 71.3227.64% 152.32+13.47%

L HIEH X IR FLAE , #P<0.05 ; SHERIZ AR, 'P<0.05 ; S5 IR EUK SR 4L Ui, $P<0.05; 5 TMAO 41 He A%, 5P<0.05,
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25 n MDA/(nmol/mg)  T-AOC/(U/mg)
IEH X R 8 1.08+0.11 9.91+0.82
A2 8 6.24+0.62% 3.26+0.31%
IR KR4 8 2.76+0.24" 7.82+0.68"
TMAO £H 8 6.5120.76 3.1120.36
FREKIEM+TMAO 41 8 4.95+0.44% 4.15+0.38%

1 SIEH R IR LA, #P<0.05; SRR LA, *P<0.05; 5 R %
TKARMILH L, $P<0.05; 5 TMAO 4H IR, 5P<0.05,

TXNIP e G ———— G s 4 kDa

factn e G GE IS emm—, 2 D

IERAIRA B4 gk TMAOAL pRei/KiR
e YH+TMAO4L

NLRP3 s @D ses @D s 118 kDa

Bactin qu—— e (S G emmm 2 kD

EEMIEA o fRa FEEEK  TMAOZL  JiR#i/kig
A Y+TMAOZA

2 RAKXRMZAL S TXNIP.NLRP3 HEBRIE

T4 BHEKXREHAL G ROS 7&K TXNIP . NLRP3

FIKKFHI LB
2H 5] n  ROS/(U/mg)  TXNIP NLRP3
NS oot 8 1.08+0.10  0.31x0.03  0.45+0.04
BLAIZ 8 8.77+0.79%  0.92+0.08* 1.06x0.11*
JREK A 8 2.94:026" 0.40+0.03"  0.32+0.03"
TMAO 4 8 9.01£0.94  0.95:0.10  1.12+0.12
FREKIED+TMAO 4 8 6.67+0.62%  0.73+0.06%  0.58+0.05%

T 5 IR H R RRZE LR AT, #P<0.05; SR L3R, P<0.05 5 S5 FR ¥
TKIRMILH HEIR, $P<0.05 3 5 TMAO 4 FeAs , $P<0.05,

K 500 sh WA B IR 9T, B B R8s O 4P VE AT, OF:
IR AR SN FI AR R W0, LPS 755 ALL J2
5T ALL & H R s s a8 AR5 AE LPS 155
AL R BUH UL RR B 7K S2 P42 AL IR YT R8CR
S5 ER R TESS LPS JE AL R BT At 4 4
PN S RE 2 AR TR0 it 9 ) o 1 T2 ) o B A L A
ALUFFAE | 26 B A R 1) 5 28R K AR Y T FU | il
ZH 2R B I R B R K B % LPS
P55 ALLBA —@ R 1,

JREK A& 0 B WE O VR IR PR P P E T S
I A A S AR AR L SN A G, ALL & AR K
Jr aah R v AR SN T AR AIE S PR 20 A bk
A B R VIR 2N M S5 AT A L i N R I 2 2
b S8 iE 40 M I 40 (IL-18 \IL—18 \ TNF—ov ) B 4%
hn, BRI, R 5 A 20 MR K S RE 40 A R i

REAS S ALL SRR Hh S 2 j (AR B3 S Ak
TS IO B ARAIE 2 ROS AR U £ | 5 A Bt 0
IEAE U™ ) MDA | [7] B I 6 2 At S Ak 9 01 5 1 ke
T-AOCFEAIL, K ill ROA J& MDA | T-AOC Rgf% f i
ALL R LR R BEN 7 ARBFSE o LPS i
T ALL KR BALF H48E 40 A4k | 3 A BALF
T RE AR T B I ZH 4R ROS & MDA &
IR0, 1M T-AOC 75 5 FEAK, 776 S0E I S A Ak
JO7 S8 N A B ALL HRAE . SRR KR T iU
SRIE M M | A0 20 L A F- 2 ROS MDA % &
FEAR, T-AOC &ithghn, 3R R BRI T LPS 5
SEALL BT R JRAE SN AN 3y ELAT 4]
YER,

ZIF5E 2EW , ROS/TXNIP/NRLP3 TEffi % ALI,
J¥ B3 i S R T 5 9 S AT I RS 1 R 4
UIAIOCI) ROS AMUEA FALTE 1, RE BN
AN, S B S AR 7, b AT A HE TXINIP
(5234, TXNIP fEBLHE NLRP3 S48/ MAIE 51 T it
Z5 TP AT PR A4 RIS, 1 17T A S AE S 1Y)
GUERR PTG o ASHRGErh B 20 R R 2 21
TXNIP NLRP3 (FIA 38N ; R K T 105
fili 2 £ Fh TXNIP NLRP3 [ ik Y REFEAL . TMAO
& ROS BE ], AW Sl FH TMAO T-HilJs #647
LPS iS5 ALl i %, SR s, TMAO 445 T0i4g
PR B 3E  FER BRI KRR P ROS/TXNIP/
NLRP3 i #% C AL T 583 B0 A ] TMAO FfA48
Sxiff— LR IZGE I X — 2R S E N e
SiE JiT5 & A B R F 9 485 SR A2 T 5 AN 42 32 IR
IKEEY T HR K B A , 2R B /K249 5 TMAO B
B T I BR A Al  49 B 8 o R 9 R ny B A K
N7 380 B IO A, R A R B PR B K B T T
LPS 55 ALL A9 4E J 5 # il ROS/TXNIP/NLRP3 i
PEA G,

25 TR R EOK BRI REER LPS 155 ALL 417
il i 359 2 i s g A A1 Rz 9, FE ML AT RE S 4
ROS/TXNIP/NLRP3 i #§A 5C , BREKIZY) 09 A= 1%
VEFR Z2FE B 2% , 2 15 140 38 o At 4330 1% 42k
52 ALL VR RTS8 | 0 5 Stk — D IR A
{5530 BEAE R B /K SR e ALL H AfERT, A B T
AT A FIZ Y BT AN S L]
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