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Comparative Study of Protective Effects of Atomization Inhalation and Intraperitoneal Injection of
Edaravone on Smoke Inhalation Lung Injury Model Rats

XIAO Changshuan', LIU Yaping’, YANG Jingzhe' (1. Dept. of Burn and Plastic Surgery, the Affiliated Hospital
of Chengde Medical University, Hebei Chengde 067000, China; 2. Dept. Two of Gynaecology, the Affiliated
Hospital of Chengde Medical University, Hebei Chengde 067000, China)

ABSTRACT OBIJECTIVE: To compare the protective effect of atomization inhalation and intraperitoneal injection of edaravone
on acute lung injury in smoke inhalation lung injury model rats. METHODS: Thirty male SD rats were divided into normal control
group (group A), injury group (group B), intraperitoneal injection group (group C), low-dose aerosol inhalation group (group
D), high-dose aerosol inhalation group (group E) according to random numble table, with 6 rats in each group. Group B-E were
placed in smoke generator containing pine sawdust to induce smoke inhalation lung injury model. In group A, the operation was the
same as above except that the pine sawdust was not placed. Thirty minutes after modeling, group C were injected intraperitoneally
with edaravone 18 mg/kg (every 70 min, 4 times in total). Group D and E inhaled edaravone 9, 1.8 mg/kg (every 60 min, lasting
for 10 min each time, 4 times in total). The rats were treated by no means in group A and group B. Six hours after last
medication, arterial blood gas analysis was performed, and the lung wet to dry ratio (W/D) and water content of lung tissue were
calculated. The levels of TNF-a, IL-6 and IL-10 in serum were detected by double antibody ELISA. The contents of MDA, MPO,
SOD and Caspase-3 in lung tissue were determined by ELISA and other methods. HE staining was used to observe the pathological
changes of lung tissue. The apoptotic rate of cells in lung tissue were determined by TUNEL assay. RESULTS: No abnormality was
found in lung tissue of group A; in group B, hemorrhage and edema were found in lung tissue, alveolar structure was difficult to
identify, and inflammatory cells and red blood cell infiltration were seen. Above symptoms of rats in group C-E were improved to
different extent. Compared with group A, PaO./FiO, and SOD content of lung tissue were decreased significantly in other groups
(P<<0.05) ; water content of lung tissue, W/D, serum contents of TNF-a, IL-6 and IL-10, the contents of MDA, MPO and
Caspase-3 in lung tissue, apoptotic rate were increased significantly (P<<0.05). Compared with group B, PaO./FiO. and serum
contents of IL-10 were increased significantly in administration groups (P<0.05) ; water content of lung tissue, W/D, serum
contents of TNF-a and IL-6, the contents of MDA, MPO and Caspase-3 in lung tissue, apoptotic rate were significantly
decreased, in dose-dependent manner (P<<0.05). CONCLUSIONS: Edaravone has a certain protective effect on smoke inhalation
lung injury model rat. It can reduce the production and release of inflammatory mediators and/or cytokines, reduce the peroxide
damage and inhibit cell apoptosis in a dose-dependent manner. The effect of atomization inhalation is more obvious than that of

intraperitoneal injection.
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DU 5 BRI J , Ah K B, R B HES i O, 326 B A it L 48
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B RGN 5 0 BB i i T2 2, BT 4 % PP TR I 1
FE 24 h, FH T BEAS 2 R0 T AR 5 e ECA Bl %
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Lioaill8
2.3 IEtRAEI
2.3.1 ISR WID Sl S S KRG BBl ik
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2.3.2 MW IL-6.IL-10  TNF-o & &AM B I bR
A, R AR e 0 ELISA 25 LABGEAR AL T 450 nm 3 K
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HE AR G e B 15 A
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P R 32 DU s 2EL 2 5 3R b 28 L VR BE S, 43R
AR T A M U AR L IR RS A |
ELISA 3: DAHRX T 460,532,550, 450 nm b K5 4% 26
K BRI 4H 21 7 MPO . MDA , SOD , Caspase-3 1% it , /4%
iz BE AR S U B 5 A

2.34 MHLUBEFMEE B E T 4% P REG T
Al A ZUE R ARIRZ WK A S D) A (5
295 um) , FFZ HE YL 6 )5 B T A05E ™ 845 2K Rl
HA AR B

2.3.5  JZHZAHM T A R TUNEL 346
IR 22 F 4. 9% FH VA W0 I A Tl I i 2 80 i AR A
oK AT SIS Y] A (R E2 5 um) 5 ##17 TUNEL 4
0, P2 G e Yo (5 )l B TR ML 7K A28 2 min )5,
FHWERR 522 th i (PBS, pH 7.4) Mk 3 U 5 AU S804 B
AT PR A v B Tt S o7 Y8 &, F 37 °C U 60 min, FH
PBS /3 ¥k . B K RBHLIE R 5 A~E S 1w i Be
PREF (<400 75 ) WEE i PR T- A0 i sk (PR T-an e g o )5
DECIGTR ) FAH L EE, TRl 4 S 15 i 2 21
20 B 3 T 2R = il 2 LU T 20 0 2 2 AN i A <
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24 SitEH*E

>R FH SPSS 20.0 # {4 6F B i A T8 10 Hr . R
B x + s 3R, IEEA 777 2255V (Hartley 1) SOEZS 43
A1i (Shapiro-Wilk ) K o £F4 IEA 531 H 7 255500
FAT5 225000 A6 IR 3 A oy AR FF IR HHES 8
TG 5 4 18] WG 5 HE 4R F SNK s, DL P<<0.05 K25 5 A
ST 9
3 #R
3.1 &4 KR 3Rk PaO./FiO,. W/D F i 48 47 & 7k &
Eb %%

HAH K ,B.C.D.E4K K3k PaO./FiO, 3 &
EREAL, wiD FIl 220 5 K F6 3 B 2 T & (P<0.05) .
5 B41H4, C.D . E4I K8k PaO/FiO. 3 2T
HD.EHBHETCY,E4 R EHT DU (P<0.05);
I Z 5 K WD ¥ i Z AL, HD E R ELTC
HLEH B EMT DA (P<0.05), FERFEI(FEKP, 1
mmHg=0.133 kPa) .

3.2 &AKXRMZED TNF-a IL-6 IL-10 82L&

5A4H#,B.C.D.E4LKRUMEH TNF-o . IL-6 .
IL-10 & 83 B 275 (P<0.05), S5 B4 ILE,C.D.E
R B P IL-10 ¥ BT, D E4LE &S
FCH,EHRER T DY (P<0.05); TNF-a.IL-6 & &
¥R ERL, AD EA BT CU4L EA B ET DA
(P<<0.05), 1L 2,

hEHERE 0 EEnEE1E

R1 BAKRNEK PaO/FiO, W/D T AR S KEEL
B (xts,n=06)
Tab 1 Comparison of aterial PaO./FiO., W/D and wa-

ter content of lung tissue in rats of each group

(x*+s,n=06)
a5 P20,/FiO;,mmHg WiD,g/g THEE &K, %
A4l 419.33£10.19 427+0.14 76.52£0.08
E 289.17+6.49" 8.76+0.15" 88.5540.02"
cH 301.5747.59* 7.02£0.14 85.6440.05
DA 31651+599 6224013 83.9240.03°
E4l 3548316627 53850117 814010357

W5 A E, "P<0.05; 5 B4l IR, "P<0.05; 5 C4ILb#L,
*P<<0.05; 5 D4 L4, "P<<0.05

Note: vs. group A, *P<<0.05; vs. group B,”P<<0.05; vs. group C,
*P<<0.05; vs. group D,”P<<0.05

X2 HBAKXRIMES TNF-a.IL-6, IL-10 & £ LL &
(xts,n=6)
Tab 2 Comparison of serum contents of TNF-a, IL-6

and IL-10 in rats of each group(x+s,n==6)

A5 TNF-a,pg/mL 1L-6, pg/mL IL-10,pg/mL
A% 107.79£5.95 139.366.03 117.96£4.50
B4l 388.74 £ 1177 369.14+623° 230284684
okl 331.58+8.56” 28425+ 708" 250.68+8.41°
DA 299.65+9.30" 21498 +4.147 27629+8.01°
E4 226.75+791" 172124375 355.51+7.827

5 AL, " P<0.05; 5 B4, 'P<0.05; 5 C 4l HL#L,
*P<<0.05; 5 D2H LA, P<<0.05

Note: vs. group A, “P<<0.05; vs. group B, P<<0.05; vs. group C,
*P<<0.05; vs. group D,“P<<0.05

3.3 HHAXREHALZH MDA MPO .SOD & EHLLE
5 A ,B.C.D.E 4K R4l 4+ MDA |

MPO # #3482 T+, SOD % i 2 3 FF Ik (P<<0.05) .

5 B4Y1H#, C.D E 441414 MDA MPO &5 544 8 2%

M, HD EA R EM T CH . EAREMTDAH(P<

0.05);SOD ¥ B &=, D B4l B & T C4l,E

HEERTDA(P<0.05), FEMLES.

*£3 HHAKAXRIAL TS MDA MPO.SOD & E LK

(xts,n=6)
Tab 3 Comparison of MDA, MPO and SOD in lung

tissue of rats in each group(x+s,n==6)

i) MDA, nmol/mg MPO,U/g SOD,U/mg

A% 2324033 13.19£0.11 360.6316.13
B4 6.24+0.06" 729240.76" 101.99+2.05*
c4 5034003 60.58£0.46™ 129.64+325
DA 4114005 459940327 149.71+3.09"
EA 3.18+0.047F 2539411370 212.054345"°

5 ALQIE, " P<0.05; 5 B4, 'P<0.05; 5 C 4l HL#%,
“P<<0.05; 5 D 45, "P<<0.05

Note: vs. group A, “P<<0.05; vs. group B, P<<0.05; vs. group C,
*P<<0.05; vs. group D,“P<<0.05
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Fig 1 Micrograph of pulmonary tissue slices of mice
in each group (HE, x400)

3.5 FZELAHAE TR0 Caspase-3 EE L

5 A A, B.C.D E4 KRG LA 1%
Caspase-3 7 1 35 i & T (P<<0.05) ; 5§ B4l b, C.
D . E 41 K Fsl i 2H £ 40 i F T 2% Fl Caspase-3 25 1 2 i
WA, D E4L B KT C4l, E4H BEMT DL (P<
0.05), LR 4,
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F4 HARELRMAE T ZEF Caspase-3 S =L
(x*s,n=6)
Tab 4 Comparison of apoptosis rate and Caspase-3

content in lung tissue of rats in each group(x *

s,n=0)
ikl IR T, % Caspase-3, jwmol/mL
A4l 0491003 5491 1.04
B4l 21.3640.74" 3584 1117
(oF:il 20024058 25474127
D4l 180740447 1953+ 115"
E4 14.96£0.5377 13.88£0.88°"

T 5 AR, "P<0.05; 5 B L, P<<0.05; 5 CALHLEL,
P<<0.05; 55 DAL LL#E,“P<<0.05

Note: vs. group A, “P<<0.05; vs. group B, P<<0.05; vs. group C,
*P<<0.05; vs. group D,”P<<0.05

4 it
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1o AR Al B AT ke = A 53R T B, 2R
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8 TSR 0 R FERRAR B AR AP R I AR i £
A5 IR ARAE SO, i3 2 240 B A TR, 8 Wi 4
LU YR T K RE RS, Hod T A R VR A
(ONOO™ ., - OH 4§ ) A fifi fifi 41 24 o i it B 2 11 & A= SRk
B AR/ A AR SR, 10 IR A 2 S 2 71 T AR R P 2% T
IO L R 48 A R A A S 2R S A 1
SORBHWT Fakad AL fR, Ak Ak hr e o B b
U, 25 5 3 1 LA s i 2 55 AR W A RT (25 ) BT L 2
BB A HENZ 25 2507 20T REOL T I PR LA 1 bk
WUNTESS o [RIE, % 2 A SOk, I8 e i R ik hir =
9 mg/kg BRI A fii 5 473 5 780 K BRUAT 5 1 el 38 1
FH . FLCRi VR FH S 00 S AR 1, DR 0b 58 288 A I s 1
SHKIRFIZE 9 mg/kg P8 A P X BE, T e 3 Ak S o
S B T 500 i 18 mg/kg 5 F AL A (9,18 mg/kg)
HEAT O, [ o Sl o A R 2o 4L Ak M B T S A G
FEAR AR AT T R B APE 45 AL

AR I BEY) A 45 R R, S0, R R 4k
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i S8 s P AT AL RE A MV T e RS, R MR I A
AR ST BT . G2 TG , A& 24K U
P 359 AN IR B2 1 el 35, i 20 27 7 it /K s e, B 40
I35 38 375 PR R A, 0 A0 M R k2L, FLAT 390 AR s
P, X FRW, GHGERLAEME RS LU, A0 AT 5
SR 2] A A bR AR AR R B 7K i B S OB, L
IR BT

W55 AT SE ST R R B0 PP A S5 T SO A%
B AN AL T Ak, 77 A2 OB OR B R AE A T S At R [
F (TNF-a., IL-18 IL-6 &%) , i sl 9 5E [, S St 41 21
Kl 3 A I 38 A9 2 5 el 2 22D FE 40 I E T
A, DTN Al K ik 5 B AR, T O AR R
Horp TNF-oj2 AL 2 7, ANURT 38 4 M s i 22
TER LA (PMN) (R4 TERE 7, 35 T £ fof 5 10 200 M sk
RGN RS0, 16 Ak A8 P9 B2 40 M, DT S 2l (JESE
TR Ja 3 R 4 B S VT s TNF-adfi i N I A I, )5 &
i — 201753 22 S 20 M43 D6 TL-6 S5 4t JE R, Jon = f
IK i R S8 S RO TL-6 2 S8 00T 4 M 1 4 X 1, 24
Al & A, SLAN A i AR IR T R R
AU AR AE AL | - R B 43 B HAth 4 B B 1 KO, =4
GRIR VAT SN, 2 SR RAE S . TNF-o, IL-6 fE
TR BT L S IR RE R | S AR AE MR TP 2 I 2
Yitig vl AT EhR AR, WO LA S VRN il 43
BT RO AT SRR RR . IL-10 J&—Fp AT F5 0 22 Fh 4 A
A0 R L DR L U E I B R . R
i 2N R S VR PR 22 S i A RO A OO A
IL-10, ] 410 i B A% 5 5 20 Jf A1 PMIN 43 306 I B il
TNF-o.,IL-1B . IL-6 \IL-2 , X 45 S i H () 4 1 414U 1
W PRI VE Y, AT 26 B KGR PLAR T DL BH (g J
T A5 K IR 98 i S 10, i 25 A3 Bt K b B SR i
B A HRIEFR , WA B0 455 K RN Jls e SRR ik iz
7, AT RAEAT SR 7 A ORI, DB It 7K IR, 4
KA R BT, AHIE 5T 8 A B0 Bk PaO./
FiO. ., W/D Jlid1 43 5 7K R AFAl A R 2 41 9 RE B 1 Jii
Lt 7K o e s Sl ot 65453 475 1 155 45, , 38 35 A6 TNF -0 IL-6
M S T 25 £ 9 RE 52 A4 7™ AR 38 e 0 R I
B IL-10 /Y & SR B R A UAST R BE S . 45 B
78, B.C.D.E 41 K5 Bk PaO./FiO, Y% A 4 il & FAAIK
WID Jitig 215 7K 2 LI i 3% 1 TNF-o IL-6 \IL-10 7% &
ks A 20 5 T CHivh B 21 IL-10 & f o 7 s iy Js Al
A RE 55 I AR 451495 e A R B D R T AL 2 R
FEANNE , HEHLIA [ B bR A8 115 8 — & B M ks A
XK s 225 T HiE , C DB 4K B 8h ik PaO./FiO. . I
W IL-10 S i 43 B4 W& T, WD I ZH 215 K%

hEHERE 0 EEnEE1E

DL 3 H IL-6 . TNF-o 75 53448 B 2 1 2RI, H 257
EKIE . XN TEMRE WA BUR 5, F AR
I i T S R 7 7 B AT SO DR AR R A R K i L ek
H A A RARRAE S AN N F K, HAE— 2 e A
2551 B R LR AT

FEIEH AR R, SOD |2 M FEHL A A 4141
FE W HAE R A 25 R AL R T TR AL | BT 58
%, S S BB R AL A R SRR T B T REE A s MDA
JE NG B AL SN ) —  HOKOP e AR s e T
A B R A U Y R R R E Y
K- s MPO AI 2 BIRZH 24 i A Hh PR 20 32 1 ) ™ B
JECT MR T ARG AR IR BLAS AT A RS U B
3 )5 i 41 21 v SOD f it , B I MDA \MPO [ 7 4t .
AR B R, 5 A4 A, B.C.D.E KL
MPO MDA & 3 i 2 FH 55, SOD 7 it 1 i 2 FEAIK , 4
NERER Bk AL R G kA £ 25 TS ,C D
E 4 K BUItiZ41 41 H MPO \MDA & 12 44 i %41, SOD &
T, BRI X PR A A ERIRR
SUPLEALBE Ty HG5m , ELXTF 4055 W ARl 495 , 55 1k %
NG R R AR B2 P A A A P BB 8, FLAEAE—
TERRRER

W %% W A PE 54 Kt e TR B 9% I A B R i
TNF-o IL-6 K [ 3, 5 0I5 2 i, 40 i {6 28
CEEIHT A B AT A 4l R R H Bl , 175 & Caspases
F IR SN, Fe 25 Ui 08 T 404 7[Rl F Caspase-3 #40 ,
M 22 132 B AN L 1, o it 46 495 a0 — A5 2
Caspase-3 fr i 2 A I T 30E AR AT 336 (4 B B, SO i
ZH LA T 2R K Ho b Caspase-3 17 Al Sz e A
PG L B AR TS L SRR, N TR £
Wi B0 It , Ak F 4 1T 38 2 T 4 Caspase-3 3
TR A R K BUIM LA T ARBRSR S R
B, 5 A 408, B.C D E 41 K Rl 41 2 4 i 3 T A
Caspase-3 & ¥ B E T m; 2209 THi)5 ,C.D.E4 K
R 20 Bk FE bR 85 A 4 8 %A%, H LR E
H>DU>CHl. XWX WA, Wik Hi 2=
A B A HTR T A, E R R A AR A

25 TR MR L2 X AR 55 WA A it A A 7R R
BT — 2 W PR T, AT 550 St A0 2 b s/ D> 5 A o
(T8) 4 R - 14 7= A ORI s 3 SR A A5 A3 4T ol 4
JPA T, B AW A B i B 2R 2 AR B .
AR RTRR , A ek 28 5t M ARl B 5 e P 46
B AL BogE A5 ) EAAAE FABILHN BRI i AR
SEA T 3 A0 I RIG YT e LA R BE e 45245 )5
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