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ABSTRACT: AIM To investigate the effects of Maxing Kugan Decoction (MKD) on pulmonary fibrosis in a rat
model of acute lung injury (ALI) induced by oleic acid (OA). METHODS The SD rats were randomly assigned
to the blank group, the model group, the dexamethasone (DEX) group (2 mg/kg), and the low-dose, medium-
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dose, and high-dose MKD groups (3.1, 6.2 and 12.4 ¢g/kg), with 6 rats in each group. Following 7 days of
pretreatment, the ALI rat models were successfully induced by tail vein injection of OA (0.2 mL/kg) , validated
by behavioral assessment and blood gas analysis. The rat serum levels of interleukin (1L) -6, IL-1B, tumor
necrosis factor-a (TNF-a ), and type I procollagen (PCI) were quantified by ELISA. The lung tissue pathology
was evaluated by HE staining, while the severity of pulmonary fibrosis was analyzed by Masson staining. The
pulmonary protein expressions of a-SMA , Collagen I (COL-1), Fibronectin (FN1), TGF-B1, Smad2/3, and p-
Smad2/3 was analyzed by immunofluorescence and Western blot. RESULTS Compared to the blank group, the
model group exhibited significantly reduced blood oxygen saturation (Sa0, ), oxygen partial pressure (PaO,) , and
oxygenation index ( Pa0,/Fi0,) (P<0.01); elevated levels of serum IL-6, IL-1B, TNF-a, and PCII (P<
0.01) ; disordered lung tissue architecture with thickened alveolar walls, marked inflammatory cell infiltration and
alveolar fluid exudation, and substantial collagen deposition; and increased pulmonary protein expressions of a-
SMA, COL-1, FN1, TGF-B1, and p-Smad2/3 as well (P<0.01). Compared to the model group, all DEX group
and MKD groups demonstrated significantly higher Sa0,, Pa0,, and Pa0,/FiO, (P<0.01) ; reduced serum levels
of IL-6, IL-18, TNF-a, and PCII (P<0.05, P<0.01); alleviated lung tissue damage including improved
alveolar wall integrity, reduced edema, and diminished inflammatory infiltration; and downregulated pulmonary
protein expressions of a-SMA, COL-1, FN1, TGF-B1, and p-Smad2/3 (P <0.01). CONCLUSION MKD
effectively mitigates late-stage ALI-induced pulmonary fibrosis, potentially through its regulatory effect on the TGF-
B1/Smad signaling pathway to suppress inflammatory responses.

KEY WORDS: Maxing Kugan Decoction; acute lung injury; pulmonary fibrosis; oleic acid; inflammatory
reaction; TGF-B/Smad signaling pathway
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CH (14.56 mg/g) . HHEMR (2.00 mg/g) . b
HEA (1.10 mg/g) . TR 75 Bk (0.89 mg/g) . 1
JREE B (0.89 mg/g) . HHEA (0.75 mg/g) ., #
ZH (0.56 mg/g) . LA B (0.54 mg/g) | A
PEHL 52 B (0.46 mg/g) . AL W S (0.42
mg/g) . FEEBL (0.37 mg/g) MALHEm (0.31
mg/g) . HLZEOKAY (DEX) HEHW (5
H42021492) g HAErh 2l ey A FRA F
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ABRTAEA A 2| AN & BCA K
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BRI A BRA ;. HE & i Y4357 & . Masson
ek H & (S G1076-500ML. G1006-20ML )
W s FE IR A B AT R Al o-SMA |
COL-1, FN1, TGF-B1. Smad2/3, p-Smad2/3,
GAPDH #i & (4t 5 AF1032, AF7001., AF5335.
AF1027 . AF6367. AF3367. AF7021) Wy {1753
BHEDBFR DA RA A,

2 A&

2.1 i, 4 F 36 B SD KEBENL
KA, BERIZH . DEX 20 (2 mg/kg) Fl MKD
i, o, EREE (3.1, 6.2, 12.4 g/kg) . @IV
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VIR Wiss fE T i i e, SEMA 1 h, FE
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TGF-B1. Smad2/3 Fl p-Smad2/3, FRFeLLYI N 1 :
200), 4 CHFE R, PBS WYLE I Pt = EF
A 1h, HRMEH PBS WG, il DAPL & YL 4
MA%, ZEIRREOCIEE 10 min, B, THEEIOLE
W IR EEL
2.8 Western blot 4 M| Af 28 22 «-SMA . COL-1.
FN1, TGF-B1. Smad2/3 & & ks B4 ZHAiliZH
21, InAiGH RIPA @S5 BUEE M, SR BCA
e B W E, 5N A Loading Buffer, fill
AR, 2 bR MUk, BRI BIAE, AT
a-SMA . COL-1, FN1. TGF-Bl, Smad2/3 #l p-
Smad2/3 (FBEHLI A 1:1000) 4 CHEHFISK,
SRIGHIA L (1:10000) ZEMFE 2 h; RJGTH
RN, TSR R F RGNS, K Image
VA AT IR FEAE 5397 o
2.9 %itE o4 i#id Excel Ml Graphpad Prism 8
BAFATAE R THEGORILOE S8 bR ifE 25 (w2s)
FOR, ZHMARN LB HREE T 200, #17
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TEp EME 2 S W] Tukey’ s HSD dE4T 2 o4&
¥, 2 48] e ¥ R ) Student-t K556, P<0.05 FoR
ERF G EE L,

3 &R

3.1 REEZHZN ALl K R —&HFE AN Hm =5
ALK RS HORAS RA, PEIRCERR, WEshiEs; 5
G, BRI K B PhZEEE, PRIIRINE, 15
BIgRN, S AT, DEX 4 M MKD 4554

REURT MR A B s, PROIR AR, 17 0% 3l

3.2 RABLHHA ALl K R LA 354560 %w W
1R, S A4 E, B4 KR Pao,,
Sa0,. Pa0,/Fi0, {H¥[#&K (P<0.01); SR
A, DEX 1A MKD 4% 7 & 41 Kl PaO, . SaO, .
Pa0,/Fi0, {475 (P<0.01)

F1 BHABRMSRIERIEE (x+s, n=6, 1 mmHg =
0. 133 kPa)

Tab.1 Comparison of blood gas indices of rats in each
group (x+s, n=6, 1 mmHg=0. 133 kPa)
2H 5 Pa0,/mmHg Sa0,/% (Pa0,/Fi0, ) /mmHg
A 94. 60+3. 00 97.35+0. 14 450.49+14.28
BRI 50.64x1.04™ 81.89+2.05™ 241.16x4.97*
DEX 44 74.87+3. 65" 95.44+0.29% 356, 54+17. 40"

MKD {EFI 4 64.62£1.90% 89.37+1.36™  307.73+9. 06"
MKD Hi5fl a4 71.74+2. 08*%  93.34+1.83*  341.61+9.90%

MKD w5l 83.32+1. 59"  96.41+0.31%*  396.77+7. 55"

T SEAHRE, ™ P<0.01; SERIY L, *P<0.01,
3.3 BB EHZHAT ALl X K £ F TNF-a, IL-1B.

IL-6 fe PCIIAK-F 89 Frm WK 2 i, S5A4
Fo, MR R B TE TNF-o, IL-18 ., IL-6 il PC
MWK-F¥ TR (P<0.01); S5HEIAIZA L, DEX
ZH A MKD £ 51 5t 20 K B TNF-o, IL-18, IL-6
F PCIAFHIREAL (P<0.05, P<0.01),

®2 HAXARME TNF-o, IL-1B, IL-6 #1 PCHI/KFLLE: (ng/L, X5, n=6)
Tab.2 Comparison of serum TNF-a, IL-1B, IL-6 and PCII levels of rats in each group (ng/L, x+s, n=6)

20531 IL-6 IL-1B8 TNF-a PCII
HA 66.51+2.08 10. 060. 60 18. 64+0. 81 0. 64+0. 004
FERI L 92.33+1.31* 30. 02+0. 92 ** 31.55+0. 58 0.91+0.021 **
DEX 41 66. 31+2. 39* 11.93+0. 23% 21.67+1. 38" 0. 84+0. 002*

MKD %51 120 81.20+3. 03" 23.33£2. 60** 26. 43+0. 36" 0. 77+0. 004**
MKD i) i 2 72.36£2. 63* 10. 13+ 1. 08* 24. 66+2. 83* 0. 72+0. 036*
MKD = 71| 541 52.29+0. 78" 9.31x1. 75" 20. 86+0. 75* 0.70+0. 012%

. SEEYIE, * P<0.01; SERIY AL, ¥ P<0. 05, % P<0. 01,

3.4 BREBEHHA ALl K R RBREH SN H
o WE L, K3 PUR, SR AR, BRIHK
SR ZH 2L A mT DL Wt e PRI | e AR b Kk
245, M RERG IR | i 2 2K S S e B AR
Szapiel 1F73T1iE (P<0.01); SEEIZILE, DEX
2N MKD % 55 5 20 b R S o s Bk AR 1R
RN Il BESG R i 2H ZUK I R BE DA%
Szapiel 3R (P<0.01),

1 HAKXRMALR HE & (x100)
Fig.1 HE staining of lung tissue of rats in each group
(%100)

3.5 JBRAZH A A ALL KR SR R A S IR AR
W¥h WD, 4 PR, AL,
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K3 RAKXRIEALR Szapiel LI (x2s, n=6)
Tab.3 Comparison of Szapiel score of lung tissue in each

group (x+s, n=6)

25 Szapiel PE43/ 43
FHHA 0.2+0.40
AT ZH 2.6+0.49*
DEX 41 1.20. 40"

MKD IG5 it 4 1. 8+0. 40*
MKD 541 1. 420. 49*
MKD &5 =41 1.2+0. 40%

W HaAARE, ™ P<0.01; SHRIHHE,*P<0.01,

B2 KAEAKXRAHEAL Masson & (x100)
Fig.2 Masson staining of lung tissue of rats in each

group (x100)
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H R SUITLH SR - FE AR, A I A i S 7 4
HHEVIRL, Asheroft T4 T+ (P<0.01); 57
ZHLE, DEX 411 MKD 45 71 5 41 fili 41 2L 45 44 453 45
TS TR AT AEVTFR IS A 22 /%, Asheroft TEMREAR ( P<
0.01),

T4 BAKXBIALR Asheroft S LLE (x=s, n=6)
Tab.4 Comparison of Ashcroft score of lung tissue in each

group (x+s, n=6)

20531 Asheroft TF-53/ 41
ZHH 0. 6+0. 49
AL 6.6=0.49*
DEX £ 4. 60. 49"

MKD IG5 i 21 4. 8+0. 40"
MKD =34 3. 420. 49**
MKD 257 4 21 1. 80. 40*

V. 575 4LIEE, T P<0. 015 SEUMALILEL, " P<0. 01,
3.6 JRBEHHA ALL K R 41480 a-SMA ., COL-
1. FN1, TGF-B1. Smad2/3 & & % ik t4 %A

3.6.1 fEHOLYE WmE 3, £S5 R, 5%
H4 g, R ZH KRR 41 21 a-SMA | COL-1,
FN1, TGF-B #l Smad2/3 & [ % 6 £ ik & T+ &
(P<0.01); SHAVZH LS, DEX 4 H1 MKD 4 5|
44 40 a-SMA, COL-1, FN1, TGF-B i
Smad2/3 H I KRB EFEAML (P<0.05, P<
0.01),

3.6.2 Western blot £l WK 4, £ 6 i, 5
AHEA R, BERH R EMHL o-SMA| COL-1,
FN1, TGF-B1 4 M #* i K& ( p-Smad2/3) /
(Smad2/3) ETHE (P<0.01); SHEIEIA LA,
DEX £H I MKD #%5 f 20 K B 22 «-SMA | COL-
1. FN1, TGF-B1 HHFKIEFEML (P<0.01), DEX
ZHFN MKD i K R ZH 2L (p-Smad2/
3) / (Smad2/3) HAHFEME (P<0.01),

3 ZHAARMALS o-SMA, COL-1, FN1, TGF-B1, Smad2/3 EEEEHHLEE (x1 000)
Fig. 3 Immunofluorescence staining of a-SMA, COL-1, FN1, TGF-1 and Smad2/3 proteins in lung tissue of rats

in each group (%1 000)
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£5 HBAARMALR «-SMA, COL-1, FN1, TGF-B1, Smad2/3 EAFHRHIBELLE (x+5, n=6)
Tab.5 Comparison of average fluorescence intensity of a-SMA, COL-1, FN1, TGF-1 and Smad2/3 proteins in lung tissue

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

20 51 a-SMA COL-1 FN1 TGF-B1 Smad2/3
E=E 37.69+7. 49 34.64+2.25 64.47+7. 44 36.30+2. 69 23.55+1. 69
Rl 118.38+8. 82 * 59.53+3.46™ 151.31%5.57* 57.70+1. 88 ** 53.60+1. 87
DEX 41 61.70+18.23% 37.08+2. 47% 110. 017. 71% 45.05+2. 05* 37.90+3. 33%

MKD {555 1t 20 73.03£20. 23 37.38+4. 53% 133. 4626. 86* 48.91+1.73% 39.47+5. 42
MKD 5] 20 49.90+6. 69* 36.30+3. 55* 83. 68+3. 32% 44. 77+4. 12% 30.42+1.03%
MKD 7] 4 41.24+6. 54 34.81+4. 39% 72.40£11. 66 32.87+2. 54* 25.94+2. 04%

. S, P<0.01; SR i, *P<0. 05,7 P<0.01,

6 BAKXBRMAL «-SMA, COL-1, FN1, TGF-l, (p-Smad2/3) / (Smad2/3) BEARIKLLE (x+s, n=6)
Tab. 6 Comparison of protein expressions of a-SMA, COL-1, FN1, TGF-B1 and (p-Smad2/3) / (Smad2/3) in the lung

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

26 5] a-SMA/GAPDH COL-1/GAPDH FN1/GAPDH TGF-B1/GAPDH (p-Smad2/3)/(Smad2/3)
=Kl 1. 00+0. 00 1. 00+0. 00 1. 00+0. 00 1. 00+0. 00 1. 00+0. 00
R 2 1. 66=0. 03 ** 1.37+0.02 ™ 1. 68+0. 02 * 1.71+0. 05 * 2.00+0. 10 **
DEX £ 1.27+0. 03* 1. 22+0. 05" 1. 20+0. 02** 1. 24£0. 05% 1. 50+0. 12*
MKD i 5] 20 1. 44+0. 06** 1. 26+0. 02# 1. 51£0. 05* 1. 38+0. 04* 1.92+0. 08
MKD 521 1.22+0. 02" 1. 18+0. 04" 1.12+0. 01% 1.210. 03" 1. 57+0. 07"
MKD 7] 40 1. 09+0. 04** 1. 04x0. 02** 1. 05+0. 02** 0. 95+0. 13* 1. 41+0. 06"

. 5aAAE, * P<0.01; SHRAH L, " P<0. 01,

B4 SHAXRMALR o-SMA, COL-1, FN1, TGF-
B1, Smad2/3, p-Smad2/3 BEEE&HE

Fig. 4 Protein bands of a-SMA, COL-1, FN1, TGF-

B1, Smad2/3 and p-Smad2/3 in lung tissue of

rats in each group

4 itig

ALL DA PRIXE | AP 4 0 Ay FEAS A FE R BH,
DI ok 18 1 SR A0 | i S UK i LA S 45 4
NFAFH AR IR BT ALL F %
i S A SO AL U AR Y, T 2086 T ALL I
B4 1 B Hp Bl 41 20 ) £F 4k 4k, R I A 9E & R,
MKD FEBH S 7] ALL A58 rf i 300 e S 2 AR TR
PACZEHEBF 9T & B, MKD P A5 4 . HHR
WS, A AT S 085 2 T A RN 53 R R A
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TGF-B/Smad i ¥ X} fili £F 4 1k ik 3] — 2 1 B 36
FERN

OA 531 ALL A& B FiH Y ALL B8 2
—, CRER A B AR AL 5 0 PR AR B AR, AR
4 R B, BN Pa0, <60 mmHg, Sa0, <
90% . Pa0,/Fi0,<300 mmHg, 54 ALl 112 Wrbr
| R ALL BRI, T4 T DEX 5 MKD
¥ifieek # FiREFR, H MKD & #4140 T DEX
4, IL-6. IL-1B Fll TNF-o 2 25 8 i {12 8 P 4 i [
T, K AT DL e 55 SR Y B R Y
AL AR BN, BIAIH IL-6, IL-18, TNF-a,
PC I K K Szapiel . Ashcroft PE ) TF S, Masson
Yoo n] DL A IR AF AE DAY s 45T DEX 3¢ MKD
Y g B K 1L-6, IL-1B. TNF-a, PC II /K °F K&
Szapiel . Ashcroft 57, (52T 2 20 I 41 R TR,
FEEA I S AE SN RE S A R ALL J5 BT 4E 1k,
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