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Effects of vitamin E on airway remodeling in asthma rats

Jian Yujiao, Wang Rongli’

The First Department of Respiratory Medicine , Affiliated Hospital of Southwest Medical University , Luzhou 646000,
China

[Abstract] Objective: To investigate the effects of vitamin E on airway remodeling in asthma rats. Methods: Twenty - four clean
grade SD male rats were randomly divided into the control group, the asthma group and the vitamin E group, with 8 in each. The asthma
group and the vitamin E group were sensitized and challenged with ovalbumin to establish asthmatic models. The control group was
treated with the same amount of saline. From the 15th day, the vitamin E group was fed with vitamin E, 100 mg/(kg-d). The other two
groups were fed with equal amount of saline. On day 69, all rats were sacrificed in 24 hours after challenged, then the serum and lung
tissue specimen were preserved. The pathological changes of lung tissues were detected by HE staining. The thickness of airway wall
and smooth muscle was detected by computer image analysis system. The expression of hypoxia inducible factor- 1o (HIF-1at) , matrix
metalloproteinase-9 (MMP-9) and tissue inhibitor of metalloproteinase-1 (TIMP-1)in the serum was detected by ELISA. MMP-9 and
TIMP-1 in lung tissues were observed by immunohistochemistry. Results: Compared with the control group, the thickness of airway wall
and smooth muscle in the asthma group significantly increased , while the vitamin E group somehow improved in the above changes
when compared with the asthma group. Compared with the control group , the expression of HIF-1oe, MMP-9, TIMP-1 in serum and MMP
-9, TIMP-1 in lung tissues in the asthma group significantly increased. while HIF-1a:, MMP-9, TIMP-1 in serum and MMP-9, TIMP-1
in lung tissues in the vitamin E group obviously decreased when compared with the asthma group (P < 0.05). Conclusion: Vitamin E
may improve airway remodeling in asthma by inhibiting HIF-1ac, MMP-9 and TIMP-1.

[Key words |  vitamin E;asthma;hypoxia inducible factor-1a ; matrix metalloproteinase-9 ; tissue inhibitor of metalloproteinase-1
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SO W i UL RN R S TP, LA
STERAE AT PRSI A7 BRI A v R PR
FRIE, AIE S e R SR PR | 59k ™
HEE UG, (46 b R AN IRAE IR )5 |
WU ZF AE 20 3G A= SE -1 LA AL (airway smooth
muscle cell , ASMC) NERIG A= AU A Bl il A4 444 A 45
SRR RERTERM , AT A R A T 2
1) SRR I I i 11 B S AR AL 2 — , BRI
A DASE 2o 5 0 22 o 240 B R M A5 53 1 2 5 W g
K, Ferh B 5 - 1o (hypoxia inducible factor
-1ou, HIF-To) X S8 AR B HOE S BURK, & 5 6 7 4 R
#H -9 (matrix metalloproteinase-9 , MMP-9 ) FllH 4
S PRI PR o 4 Je 2 1 2 2L o] A -1 (s
sue inhibitor of metalloproteinase-1, TIMP-1) HRAE 2
Wiy 295 R A A T BRI, 442K E(vitamin E,
VE) A5 HBPTAAT, X0 I RS A RS
B8 2R G0 M BRI YA — e ST AL NS &
U VE 7] DLyl o 501 Ml 58 74 98 0E SN, AT 9 2
B R ROV, HAHIL g AT N R ST S A AR A
BT, v i ggE IR FE P F o (TNF-a) | 140 3R (IL) -
1b IL-8 I PN B A AR 231~ 1 (VCAM-1) S5 4
RAE7' . Fukushima 55 *IE S VE 7] DL £ 101 il
RhoA/Rho (& AEAAMH] ASMC 345 TR K a1
g H oAk, RIS ] ASMC A5 9 200 it AL o 1
G PRI VE ] BETERE iyl 45 0 1 98 rh A7 1
PR o AR S ] VE - Bz e A B, W6 HIF-1a
MMP-9  TIMP-1 174k, , 60 VE Xof 2 i =i 8 9 11y
S S BEBILA

1 #RFTTE

1.1 ##

ek R E(AALEE 99%) W A 3T B il 2y, A= 1
A 45 Wi XK13-217-0008; B (4 2 F (ovalbumin,
OVA) (4t 5t Solarbio BH A R A Al ) , & A AL 5
ALCOH) (AR TR p AL T3 ) o KB HIF- 1o,
MMP-9  TIMP-1 ELISA x5 & ( L1 74 55 A= W Bk 4
FHIRA A s Sabt HIF-1a . MMP-9 \ TIMP-1 £ 5 BBt
K (Bioworld A %], £ [H)
12 %
1.2.1 @ A ey H) 4k

fit FRE T T 9 SD HEPE R B 24 H, 10 JA %, IR
(248 + 27) g, W F P g R R K22 S50 sh hocs , MR
U HARIR SR . BENLR o R0t BRZH W 2 4k
FE4, A8 R, ZH R[] EIF Ik K

O 55 1,55 8 Rz 2H FI4kl: & E 20 K U 5
A4 1 mL 0.1% OVA (1 mg) 5 ALCOH) (100 mg) i
BB, X R A A A B ER KO I T O @
K15 KB, kg4 A e E E41LL 1% OVA i
B BN ST A 40 pl, B H 1K, 3528 U KR
PRI N I 2 A5 53 bR | o B A 2 A5 R B R R
R 5 K HR A A5 AR B K 5, i R ELAE
W % 1 30 min L VE 100 mg/kg (0.1 mL/kg) FEH ,
NS R FELKES .
1.2.2 B4t
5528 KM K 5, 24 h INFRE L 19% TR EL %
40 me/keg JIE I SRR , 4 DR BRL S 3 B U g [ 7, T F
il 5 U I, SR FHLCo B 2R AR BN 5 L A5 IR 44
BUEER N, L) 3 500 r/min 2540 15 min, 2325 H L9 &
TEPEWN, 57 B A -80 CokAfir . WU ) EP Z14H
B i, B TR e I 0 4% 2R W EEH 24 h N A
LE TR
1.2.3 ML HE 4 & & 28R TR IR EAAR
AIEFRA 4 wm Y) TR AR R - (HE) § (A
FE 200 55 TS . B 6 A~ 58 1 S A A R BT 1
Image Pro Plus 6.0 I 5 3<% N Jil 12 (endobronchi-
al circumference , Pbm) . 32 S & WAL (Watl) 5 S TH
B(Wat2) SFi AN SE A (Waml) LA
Z S AL (Wam?2) |, 43930 H (Wat1-Wat2)/Pbm Fl
(Wam1-Wam2)/Pbm FR/< A RE R B (mm) P UL
JEE (mm) .
124 o HIF-1a..MMP-9 Z TIMP-1 ELISA # ]
SE W44 2 .0y ABC-ELISA 346 B if v
HIF-1ac,MMP-9 J2 TIMP-1 ¥ Ji , #% B8 ELISA 3457 &
UL BHERAE , 7F 450 nm A0 I W 5% B2 {8, HIF- 1o ,MMP-
9 TIMP-1 ¥ & 5 W ' B {0 b , Pl aok 22 Tl b e
2R i 3% HIF-1a, MMP-9  TIMP-1 ¥ Ji
1.2.5 AlZA42 MMP-9 & TIMP-1 %% A4t 2 &,
AEFRAS 4 wm YT 7, s, 3% H.0, % iR &
10 min, ZE{F/KPE 3K . F T HL 2 B #4386 15 1)
0.01 mol/L M FRER ZE v+ , I A4S 10 min,
B HIJG PBS P& 2 minx2 WK, 5% BSA Hf [, = 1
20 min, JEINFRBERY—HT 50 mL, 4 °C VKFE L%, I
1E 37 °C 1H a4 & IR 45 min, PBS 19k 5 minx3 X,
30,37 °C HIEAE 20 min, PBS #%E 2 minx3 1K,
4 N7 SABC, 25 1 20 min, PBS ik, F0 2 % e
HITR AT DAB IR, iR B, HARREE YL, 0.1%%:
oAb, K IE 3R o Tk BAss T ss, BH
Yoo BARE A, BRI U R BCS DS PLET, Tmage Pro
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Plus 6.0 K I 45 AL T BEA: s Ry () G BE A, BCH)
{E(MOD).,
13 “%it¥Frix

FH SPSS17.0 B AFAT AR AL B, DAY B s hmifE 22
(x £ s) FrnE BB, . 2R J5 22531 (one-way
ANOVA) #7224 W] e, #5707 2555 FH LSD i, A
F5 A Dunnett’s T3 35, ¢ KiJa AT L, P <
0.05 hERAGI RN,

2 &% B

2.1 MALREHRE
X HEZH AT LSS R B SE R R I AU

i Y0 45 K SE B, T LA T2 ASM 4=, G (. 35 R A it
R (E1A) . WERGL AT WATE T R IRBEE T A5 I
ARAS B ARG 2E | ASM HY L | I 45 RESY R | SR
FRRET | 18] 5T 5 M 40 M IRV, i o0 445 4 7™ A 3R
(FE1B). derEZ EAIn] WDV R ANAIR I , 2R
SF- oL R I A A4 5 0 s 4 A LA T A i 9
MRS I B A R B A i (BT 1C) o
22 AEEATRIEE LI

W7 Mty 21 A5 R RS i LS B8 34 8 %o IR 4L
Y= R E UL b8 bR 2 %2 i 20 B R B (ELATS
XA, DL 22 R A G E (P < 0.05,
*1),

ALK B G4 C. i R EA
BE1 FARKEY A (HE,*x200)
Figure 1 Lung pathological observation among three groups (HE,x200)

®1 SEEENMTRIEE
Table 1 Airway wall thickness and smooth muscle thick-

ness among all groups (n=8,x £ s,mm)

&2 IMiEMMP-9, TIMP-1 % HIF-1atb %
Table 2 MMP-9, TIMP-1 and HIF -1« expression in se-

rum among three groups  (n=8,x +s,pg/mL)

2053 OB RE LY T WUEE 2151 MMP-9 TIMP-1 HIF-1a
X HRZH 67.46 = 4.52 20.91 +3.26 AR 70.13£36.73  69.50 +32.48  73.56 + 15.68
2 M 2] 112.46 + 8.31° 58.73 + 4.67° A 153.69 £36.68" 176.76 £26.45 168.64 = 14.47
HEREL 87.48 +3.55™ 40.67 +2.61* A EEL 11023 £48.36™ 111.06 £26.17* 115.31 +17.18™
F1{4 119.609 218.801 Fid 11.452 28.774 72.677
P <0.05 <0.05 P <0.05 <0.05 <0.05

5 IR L, P < 0.05; 5EERG A L, P < 0.05,

23 f2iF MMP-9 . TIMP-1 & HIF- 1ok & Ao

I It 2 1 75 MMP-9 , TIMP- 1, HIF- 1o 34 5 T %
W2 (P < 0.05) ; 4E/E & E 41 MMP-9 , TIMP-1 ., HIF-
Lo 5 W 41 i F [% (P < 0.05) , {HATy i 1 % 8
H(P<0.05,%2),
2.4 FtZA2% MMP-9 TIMP-1 84 % ik

I I 20 K U4 40 MMP-9 .\ TIMP-1 ¥4 25 T %} 1R
ZH(P < 0.05) ; 445 % E 41 MMP-9  TIMP- 1 #1232
P& NP <0.05) fHA LT BRZH 55 (P < 0.05)
DL EZESag R L(ER3,E12.3),

5 IRLM L, P < 0.05; HEERG A L, P < 0.05,

*®3 FHEFHELZ MMP-9, TIMP-1ki%
Table 3 MMP-9 and TIMP-1 expression in lung tissues

among three groups
(n=8,x +s,MOD1H)

21531 MMP-9 TIMP-1
X HRZH 0.23 +0.04 0.24 +0.03
2 M 2] 0.63 +0.03' 0.74 £ 0.04’
HEEEA 0.41 +0.04™ 0.46 +0.04™*
F{H 242.273 402.561
P{E <0.05 <0.05

XA, P <0.05; 5L, P < 0.05,



1368 - Moo

NI N

38 E5 104)
20184F 10 J

AJ

AT RRAL; B MR C 4k 2R 4L
2 B4R MMP-9 f3Ri% (REAANFLRE,%x200)

Figure 2 MMP-9 expression level among three groups (immunohistochemistry ,x200)

AR B NG C AR R B4,

3 FHALA TIMP-1Ri% (REHLANFLE,x200)

Figure 3 TIMP-1 expression level among three groups (immunohistochemistry ,x200)
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W7 i 14) ST 12 M RE 1T 5| R A3 B A R
B FEREN BRI G A T L A LK
LT ARG A 5 RS S GE AE REE R S 1B
LR A GE A F IR A RAR R B
WEMGIRYT 7V, W APERE B2 I 2R (B2 2 AR sh
) | T 2 A AE PO AN =R S R
EEPE AR, B AR A S T
ST IO RO 9 Wi B2 1) A AL L B TR 2 5 RE
RAE IELGEF R IR, VE BA YU, SO
FEVE 7EWE iy 1B 45 P 88 TP AT — 2 BRIl

HIF- Lo —FP oIS S BB e S R 7R
SASMER  HIF- 1000V HE RS2 6 R (H [ i ; ZEARSAURT
H: A i R M8, HIF - LoZE 1A s I 1) 40 B A )
L, e Bl DR e SR S B . WFAE R HIF- 1o
AT DL JH Z R R () 2258, AL HE 2 FP 2 R 40 i A
T AL R BB R A P B A K R (vas-
cular endothelial growth factor, VEGF) %5 , i & 5
W Wi 95 o HIF- 1o i) 5510 (2 2- HE 4 25 o — it
FTHIF-1 siRNA ) A] 2 35 2ok S50 P OIS I 4% 0 2

32 10 R AT e SO, A 5 Th2 A DG 18 2 14 P 5
P B HIF-1005 70E RAE KRBT, HALH A
225 1 N Tt WL 3- 98/ 28, 1 ¥ B (phosphatidylino-
sitol 3-kinase/protein kinase B, PI3K/Akt) & = 3@ f&
JAY VEGF #3517, Baek %1 &I, HIF-1a 1] i§
G TR VORI M A PR -1 IR HG 0, 38 o 4 o
g T P 1 v P A M A R 5 5 TGF-B1 38,
TGF-B1 A LLAr T ECM & 1 45 Wl ASMC ¥R &
b, 28 1 TGF-B1/Smad2 i& 1241 Tt fili 41 2 41 4 Ak A
ASM A=

MMP-9 J2 & 57 43 i il 58 e b ) iz h o i) —
i, HA B MEAL 28 P, ] ph v IR R 4 b
FLAH L | 45 A . MMP-9 23 5 43 IV
T it Je AL a1, R A2 2 98 B 2 4k
Fio BUAT KARWFFEIESE , MMP-9 5 1 B 1 A< Gl %
i S GBS R R BT, 5, MMP-9 1] |3
R e AE K R T (U TGF-B 1) B U JE DT, I
55 9 200 L 308 o P AN 4 i AP 2 5t (extracellu-
lar matrix, ECM ) A& A= 1290 , #F i 48 5 AE R PR b
IR AR o R, B A AT R A IV R D 2 2
R HPE R (A ECM, 5 SR AL 3E TNF-a
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VEGF Fl TGF-B 45 7E N 14 22 Fh 4 Jfd A , i 17 2 i
LA PN B2 40 386 A 2 2 28 kAL FD ASMC 386 A AR K
8 I FEE AR, TIMP-14E 2 MMP-9
AR R S ) L 1 RS MMP-9 45
A, AT HE] ECM A ™, A FIE R, AR PR
Wig T, MMP-9 7E11: 52 B2 338 , MMP-9/TIMP-1 £ 224
A, AT B ECM FE A AR ™ AL, [R5
ERIE MRS  ASMC B 2T 4k 41 i 14 58 511 5%
AN ESEEE,

VE & — Pl R 4o By . 8-4EF
Wy Mo By - — Ml 8 v AU, Forb A= Wy i 1
e a-E B W, VE @ BRI UL A
K BH T i 14 S 5t (ROS ) 3 38 Al I s i) 4% 4% (BH 1k
ROS MTE 1 o 4RSS , DRITTAE 20 K ok A s Ak
PRIR IRAE S 45 22 B i Hh A48 T Bl AR YT AR
Mo VETEIIK LRz, BLE A BT e B H T
WM Va7 WA — B, E MR
A A PR AR AT, Horb TGF-B1 715
21 40 i J5 B 1 B 0RT AT S 1 LA B g i 4 7R
srfbrle = RER, CUESE TCF-B1/Smad2 i 5 5
T NG S IE S R 2P, RhoA SRS TE 25 F4
A R E BT, RhoA/Rho IR AL O BOE 5
ASM Wi Va5 FA MR RS B UIA OC . Ak
Ak SR A R DL HIF-1 NF-kB 25 5% 48 A0 0 ik %)
5T 8B RAE , ik S5 S 7 XA 7
J 22 42 MMP-9 . ICAM-1.VCAM-1 . TNF-o IL-1 .
IL-8 FNIL-6 2 241 ot , NI 2 5 BERi 206 . B
A HFFERB], VE Al i i 11 4 RhoA SeBH 1k /M
4= (PDGF)-BB A 19 ASMC 58 FIiE A%, IF:
VA TGF-BABHL1E ASMC 431k R 20 At 41 35 Jo 2 14 A
G AR R, AR E O R
I Mg 2H ol A2, LT HIF- 1o 3835 7K i B FRAK , $2
VE A 30 13 52 HIF- 1o R HEVEH] . LA ISR
BH, VE "l figif i PI3K/Akt MAPK 8¢ NF-kB Z5i& 48
P HIF-103%3k , R A TE F IR = i > AR
FEILELR , GG L, dE b E 4 GERE N
JLJEEFE B b sl | ML 375 B il 2 4 MMP-9  TIMP-1 &
IR BEAIR , B VE 38 7] BBZE T IH MMP-9  TIMP- 1
) BB X B G5 A I = A B E R . AR A
P, VE R] GE AL i3 520 HIF-1 \NF-kB 5 Nrf2 25 % 48
A B R () 5% SR T B 2658, (RIS I MMP-9
VCAM-1 . TNF-a%5 RIEA TR M T IE I, X
F TIMP-1, H Ay & A iti8 VE nl Gl i $1 A e /E
FRILZRIR DI A2 M I SR TR R ZH ST A4k (B

ELURHL i AS B A

a2 VE Al G244 HIF-1oe . MMP-9 . TIMP-1
1R 22 35 ok A0 P iy ST 25 A0 E 0 H LR ML A
o R A S0 A B
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