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FARF, BR B R b, A L KR AL LT L AR RIS LR [ 38 B e K R B, K IR R
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Effects of evodiamine on inflammation and apoptosis of airway epithelial cells in asthma model rats and its
mechanism

LEI Jun', LU Lijun', LUO Lingyan', QIAO Song', TONG Yanan', ZHENG Yang', YAO Lei’[l. Dept. of
Pulmonary Diseases, Wuhan Hospital of Traditional Chinese Medicine, Wuhan 430014, China; 2. Dept. of
Emergency Medicine, Wuhan Third Hospital (Tongren Hospital of Wuhan University), Wuhan 430014, China]

ABSTRACT OBJECTIVE To explore the effects and potential mechanism of evodiamine on inflammatory response and
apoptosis of epithelial cells in asthma model rats. METHODS SD rats were separated into control group, model group, evodiamine
low-dose group (10 mg/kg) , evodiamine high-dose group (20 mg/kg) , dexamethasone group (positive control, 0.5 mg/kg) ,
epidermal growth factor (EGF) group [mitogen-activated protein kinase (MAPK) activator, 10 wg], evodiamine high-dose+EGF
group (20 mg/kg evodiamine+10 pwg EGF), with 10 rats in each group. Except for the control group, the other groups were
sensitized by 3-point injection of 10% ovalbumin (OVA) -aluminium hydroxide mixture and stimulated by inhalation of 2%OVA
nebulized liquid to establish an asthma model. The count of inflammatory cells (macrophages and lymphocytes) in bronchoalveolar
lavage fluid (BALF) was detected in each group; pathological changes of lung tissue in rats were observed; the apoptosis of
airway epithelial cells, the levels of serum inflammatory factors [tumor necrosis factor-a, interleukin-6 (IL-6) and IL-4], the
expressions of pathway-related proteins p38 MAPK, phosphorylated p38 MAPK (p-p38 MAPK) , signal transduction and
transcription activating factor 1 (STAT1)] and apoptosis-related proteins [B cell lymphoma-2 (Bcl-2) and Bcl-2 associated X
protein (Bax)] were all detected in lung tissue. RESULTS Compared with the control group, bronchial mucosal edema, thickening
of alveolar septa and extensive infiltration of inflammatory cells were observed in the lung tissue of rats in the model group; the
number of inflammatory cells, apoptosis rate of airway epithelial cells, the levels of inflammatory factors, p-38 MAPK/p-38
MAPK, and the protein expressions of Bax and STAT1 were increased significantly; the expressions of Bcl-2 protein and Bcl-2/Bax
were reduced significantly (P<<0.05). Compared with the model group, the pathological changes in lung tissues were alleviated to
varying degrees in evodiamine low-dose and high-dose groups, and dexamethasone groups, and the above indicators were

significantly reversed. However, the change trends of
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corresponding indicators in the EGF group were opposite to
the above (P<C0.05). EGF could significantly attenuate the
effect of high-dose evodiamine on inflammatory response in
asthmatic rats (P<<0.05). CONCLUSIONS Evodiamine can
relieve inflammatory reactions and inhibit the apoptosis of
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airway epithelial cells in asthmatic rats, the mechanism of which may be associated with inhibiting p38 MAPK/STAT1 signaling

pathway.

KEYWORDS evodiamine; asthma; inflammation; airway epithelial cells; apoptosis; p38 MAPK/STAT1 signaling pathway
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FRIE 5 S R AT RE , S i <l 20 T RE 24 il 127 iy 1)
AR g Z Y, 22 24 )500E Ak 8 I (mitogen-
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[A-F (epidermal growth factor, EGF ) & 4 & 1 (MAPK i
TER 5 abs01077 , 4l B >97% ) W [ 2 (g ) A=
PR AT BRA W1 5 M SR R (BHPEXT IR, 4iE45- 211024,
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U B R BB A HI38 55 LA T, B A 29%0VA 55
1B (2 mg OVA A AEFEER K , BAARFUN 1 mL) , BEK
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AR FRAAEBRER KA B Bk 259, AR BREAATR]
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ERIKCREE DN, IFHE H SR FR 0.59% 52 H B LF R AN
T 5 S 2 g el = ) +EGF 2H K UK B i 5 10 g EGF,
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0.5% ¥R W SL 27 4k 2 007 T, I e v S S AR AR A R
KRR LIR,iESE 14 d,
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Z4H (40 mg/kg) HEAT IR, >R AL FL# B k1L 4 mL, B0
JE BRI, T —80 °C R URAF, & Mo Rl B KER
PIAMEM [ 2 FFAR & b, 78 8 vp Je b fg—vy
e B S IHm A NS b T AR B 7K (2 mL)
YEAEN, 30 s & [RIAL S 048 It 6L 9 1 Y (bronchoalveolar
lavage fluid, BALF) , & 3K ; BU BALF, 550 J5 B [
W, 591 IR5), T —80 °C R ERAE, % 1. B 440K L
LA F1 R AR BT, 43 B Bl 2 20, Horp A il 4 2 2 T
49 Z B 24 6 h, T HE F1l TUNEL %2 (65256 5 /2
JiliZH 41T —80 °C N iZRAT , T Western blot £l
2.3 KR BALF 3 E 40 B &4

K FH Fi G G 03 K L BC<2.27 300 4% 4 K R
BALF ittt , R4 75 CQ 4y €8, fiT FH S A s IR 458 15 g 4 i
Ik L 4 M I R
2.4 KRMALRETINER

K HE Y e igg . B 2.27 TR 45 41 K L& 2
WA 20E e, 2K (R A E U R (R4
5um). BRI A, #ET HE Qe , i FH Wi ek
ST 2H 2P AR AL -1 I
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K TUNEL YAl . B 2.47 00 N 4541 K UK
il 2400 e, g JEORE 7 1751 6 v B 43 7 15 2547 TUNEL
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T 00 PR Y o A i 2 AR B (0) HE4 R 42 T =05 4n
M TR I T2 (% ) =TUNEL BHM: 4 (2 40 il 5/
A S8 X 100%

2.6 KRINiESH TNF-a IL-6 . IL-4 7K F4&

S ELISA SEA I o B “2.2” 35 T 4% 2H K B I I
T, e A R AR B U B A, DA AR (SR TNF-
o JL-6 . IL-4 /K-,

2.7 ARMARAHERFRATHEEELRIELN

K FH Western blot BEAG I . BL“2.27 T 452 K B
FE il 41 2035 &, BY RS, A RIPA 248 28 /i 1 mL
RWEEA, oMM E SO, N EBR, SEAEE
J& , JIAGE & loading buffer, TS, U MR [ 3E
i, 2T Tt S IR N - 2R DN T e R E L Uk 3 B i LA
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VAL (90 min) , AR W3Ry B 1 b VERRS A
18 6 AH & H (p-p38 MAPK . p38 MAPK ,STAT1) \JH T
A (Bel-2 Bax) . N2 (GAPDH) —#T (R B HL 49144
S31:1500),4 °CFWFE R VRS , AR —HT (Ffi
BELLB R 1:3000), 3 T H 4 ho DLECL BRI
JERUG e, Image Lab 5.2.1 542647 K BEAE 00T, LA
GAPDH J W ZH5 H & A R AKFE (R H &
5WNSEAMAH KEME L), H115 p-p38 MAPK 5
p38 MAPK & ik 7K °F 1y [t { ( B p-p38 MAPK/p38
MAPK) L 2 Bel-2 55 Bax 3 ik 7K F 49 o {8 ( BP Bel-2/
Bax),
2.8 FitEFHIE

% Ff| GraphPad Prism 9.0 %X {4 %} $ 95 #4748 3+ 90
Bro FREIES A HTHREEAE DL X + s 7R, Z41[A]
K PR 2R 7 2850 b, iE— 2 P HL 38R 1 SNK-¢ K62
58 K KiEa=0.05,
3 HR
3.1 KAKRBALF fREMPITE LB

B REZH LB, B 21 KRR BALF H 05 4 i %
Tk O A0 R 24 L 3 2 (P<<0.05) ., ST A, S
ZE BRI | o 77 2 2 RN b ZE R AN 4 K B BALF L3R40
JHOER S S 2 s/, L5 5 B ) e 2 b SRR AN ZH 8
/DT R B 4L (P<<0.05) ; 1fif EGF £ K B
BALF H iR 20 e i 15 2 (P<<0.05) . HRAH
el = 70 e 2 L, 5 4 0 el R 77 i +EGF 41 K f BALF
o RN R B £ (P<<0.05) . SERILE L,
F1 FEKRBALF HRIEMAE LS (x +5,n=10,

A/mL)

413 FIEAR(X 10°) A 10°)
ol 13254109 5134041
i 62324563 59.67+4.96'
REHRIHEA 37061305 8544231
REERRAEA 1942130 14114123"
WEANA 18715127 1456+ 131"
EGF4l 81814625 789245.89"
FAHH AN R ECP 4 3115284 27894245

a: XA LA, P<<0.05;b: SRETUATHLAL, P<0.05;c: 5 RZEH
BRAIGGR 4 LA, P<<0.05 5 d s 15 5 2 B il e 79 4 LU, P<<0.05,
32 HAEAXRMARRETHIEE

555 R Pl A, R0 2 K BRI 4 4 mT D S A b gt

K e it TR B J5E A IR A ARl R A
J %, H RGBS A A K R e M= . SR
L BHR , S 2 BRAR ey 701 ek 2 bt FE R AN 2 K U 2
U AR B 5 B I, SR A B R T A | T
KA ZH R BRI 2 20 3 5 B 61 47 110 ke 5 A 5 1 A A
T S4B AR B4 1T EGF 25 A BUT 2H 21 ) B3 45
B NEE . 5 SR A g e e R e A LA, R AR B
i +EGF 4 K U 2 20 s B0 40 B0 0 hn e, 25 R
L1,
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[ 4% 5% (25.13+1.63)% . (10.86+0.95)% . (11.13 +
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(ST F R 1B VA E N Rl W % v
b R, SR 2R B R ) R A TR A A ) d IR
TR ZE B AR F 2 2H (P<<0.05) 5 1 EGF 41 K Bl i
FRFE AR BT (P<<0.05) . 5 52 28 B B e 771
T2l HO#E, S 4E BHE B EGE 41K BUMLTE ks
PR 2 T (P<<0.05) . 452,
35 BAARMALPERRBATHXEAREEBER
tb%:

55X HRAH P, A2 K BRI 21 43 STAT L Bax
4 35 7K - F1 p-p38 MAPK/p38 MAPK ) & & 7} 7,
Bel-2 85 11335 7K V- Fil Bel-2/Bax 4 i 3 41K (P<<0.05) .
SRR L A, SR A BRI | v ) AR SR AR A

E »:
T )

Nty b LY N
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v W 158 S R
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xK2 H£AARMBE P TNF-o. IL-6., IL-4 7k T Lb 5
(x*s,n=10,pg/mL)

45 TNF-a L6 L4
TR 1824061 6451054 1001£153
A N05ELTY BITELTS 60521244
REHERIEA 1626£131° 17344142 4384195
FRABE R 943083 8.76£0.73" BT
WA 878074 7411062 2150£2.01%
EGF41 2311198 28834203 83464293
REHBR R ECPA 15.12£129' 1465+ 114! 40304187

a: SGXTHRALIBAL, P<<0.05;b: SRIAILL LHE, P<<0.05;c: 5 RACHE
BRI 2 L, P<<0.055d: 5 SR 4 i s 77 4 L At , P<<0.05,
) A A 1) 5 5 2 o AR ) o 2H B 4 (P<<0.05) 5 1fif EGF
2H K B 2H 21 v STAT1 , Bax 25 1 % ik 7K 3 il p-p38
MAPK/p38 MAPK ) &l 2 Ft i , Bel-2 25 [ 3R 1k K F- Al
Bel-2/Bax 2 i AL (P<<0.05) . 5 S22 g o 7] 401
Lo #5225 B e e 1) i +EGF 41 K Bt 4 21 b STATL
Bax & 1235 7K F H p-p38 MAPK/p38 MAPK ¥ i # 7}
&, Bel-2 K 11 % 3k 7K OF F1 Bel-2/Bax #) i 3 A (P<
0.05), ZHULIE3 .33,

PRITMATK " G - o— — g . ' D

STAT1 -----.. 87 kDa
Bel-2 -- ----- 26 kDa
Bax -----.. 21 kDa

1 I ik Y v AUl Vi
TR 5 T AR 5 T - SR 2R B AR e 5 IV 2 SR 2B i 77
T4 VB FEKANE ; VI EGFAL; VIl - 5228 B ¥ Ft+EGF4H .
B3 FHAKRRMALHPERRATHAXERARIEZWNE

7k
F®3 BAEAXRMALFBEEEATEARIEKFELRR
(x*+s,n=10)
-p38 MAPK/
#15) PP STATI Bel-2 Bax  Bel2Bax
P38 MAPK
R4 0451005 0612006  155£0.12 0731007  205%0.11
fi 082008 135011 0372004 1472002 027005
REERIH A 071£007  092£009  072£007 1012009 0.69£0.08
FAGRAEA 0524005 069+007 1312010 0792008 1612000
A 0494004 0712008 1271011 0772007 1.60£0.10%
EGF4l 0911008 1O2E013 0242002 169014 0152003
SEEHANSEGEA 0662007 098008  067£007 091009  0.74£007

a: SXTHRAL HLAY , P<<0.05;b: SHEAILT LA, P<<0.05;c: 5 R GEHE
BAAGGR L] LR, P<<0.05 5 d: 5 S A8 il imy ¥ 4 L%, P<<0.05,
4 itig
W Wiy — P TE 1B AR SORE TR IR RS0 , F R
A S A RORE T A R T 8 I B S
PE) R SRR . SR A Y B 9 A 5 ST N SE
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YRR RAE R TG 56, FUR & 50H bR Ana T
B IR 5« XY 0 Wity 6 A oo ) 3 At ) R PR 3R
B, B T SE 40 23 B S RO it 1 SR E TR
(4 TNF-a IL-6  IL-4 55 ) , i #6485 [N 725 T 300l -
B AR AT, TR S B T S5 F4 R TIRE 5 1
b STE R AR R Tt 2 2B R S Y A E S
B e8I BOBPEFRER . Bel-2 Fl Bax 7540 i 4 T8 45
R BAT AR, 24 Bel-2/Bax b I, 4 T 57
FUH ] ; 24 Bel-2/Bax BRI, 4 JH T2 A3 ARG ™, A
fF 5% R FH OVA T 5 SRR & 25 A A & 11 7 U ST
% M R RS AR, 45 SR 7R, 5 0 B A L A, AR 4 KRR
BALF 1 R4 4H A (W20 I8k 2 200 ) 250 L il 3 R i R
F-(TNF-a IL-6 ,IL-4) 7K F- 4R P8 1% & Bax 2 [13%35
K24 53 8 2 5 T, Bel-2 8 11 36 35 7K S Fl Bel-2/
Bax 1 i AR, R BRI 2L b ] DL S A RERE K i it
0 ) B 1 JEE RN AT A e A, ST R AN AU LA K
et SO A IR, H i 2 A R A A AL

SR 2 B R R 4 B A AR B A RS v B4y, R
RAGHESARZ — . PG , AP rT R IE 2 A S
14 i 58 & i FNET Ak , PTAE g NI 16T 254 1)
B, AR I LS R W, SR R, 2 4 B AR
(SN = IR N 0 e O i s R G 1 R
R Bax 2 14635 /K P34 B 08 /D sl FAIR, Bel-2 B 13
KK Fl Bel-2/Bax ¥4 4 3 T imy L K BN 2H 20 #4543
AT, LS 2 B ) A S AR T R A
BRARRI 20 . M FERAA Ry s RIS T 28 Wi (14 3 FH 2540 , AR
WFFEAE AR BE X R 259, 25 3R R | b SR FA IR
W7 i A BRI AR 114 1 55 00 e SR A B A > A
25 R IR 52 4 A B TR T I i 1V R AL
BT

p38 MAPK & MAPK % 4 4 5 % i 5% , p38 MAPK
5 R B R AE N TR IR RS RAE R
MY A WRREARGE , 7E S B PERG , p38 MAPK R B £
Tl 98 i DR T30 , 3% A 4 p38 MAPK W] 3403 48 4 [ 1%
IR, I SERE R , 6 Tk — 20 A8 1l AP LG 28, &
FOIEFRE R I AE AR, STATLAE RAE PR
IR EEAEH, CA MR R R L
(colony stimulating factor 1, CSF1)7E 32 T 45 B i F8 5 /<
bR A b S s, HOnE R R STAT LR
ok S 5 S M TR PR AN I AR AE S 1 & A TR AT
CSF1 1] 5 3 FAIC STATL &5 11 A B R 1L /K 5 , DT I
B RAE", MO SFURESE Kk B, il MAPK/STAT1 {5
53 A ST PR OVA 175 5 Y I /DN BRU A 4 E 210
R0, Ik P gk e . DL B ST 3R, p38 MAPK/
STAT1 55 3 #% ] BEJ& W Wi bt R VAT TR AE R A . A
WFFE 25 9 B, 5% BR 20 e, A 80 4 K R A 4H 21
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