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[Abstract] Objective: To study the effect of Buyang Huanwutang on Kelch-like Ech-related protein 1
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(Keapl)/nuclear factor E,-related factor 2 (Nrf2)/heme oxygenase-1 (HO-1) antioxidant signaling pathway in
rats with idiopathic pulmonary fibrosis (IPF) and explore the mechanism of this prescription in the treatment of
IPF. Method: Forty SPF-grade male SD rats were assigned into a sham operation group, a model group, a
Buyang Huanwutang group, and a nintedanib group according to random number table method, with 10 rats in
each group. IPF rat model was established by intratracheal infusion of bleomycin (0.005 g-kg"') in other groups
group.
Huanwutang (14.84 g-kg'), intragastric administration of nitedanib suspension (0.1 g-kg'), sham operation

except the sham operation Buyang Huanwutang group was administrated with Buyang
group and model group were given equal volume of normal saline, for 28 days. After lung function test, serum
and lung tissue samples were collected. Hematoxylin-eosin (HE) staining and Masson trichrome staining were
employed to observe the pathological changes of the lung tissue. The content of hydroxyproline (HYP) in lung
tissue was detected. The levels of malondialdehyde (MDA) in serum and lung tissue, and the activities of
superoxide dismutase (SOD) , glutathione peroxidase (GSH-Px) and catalase (CAT) were determined. The
mRNA and protein levels of Keapl, Nrf2, and HO-1 was determined by Real-time fluorescent quantitative
polymerase chain reaction, immunohistochemical staining, and Western blot. Result: Compared with the sham
operation group, the modeling increased the resistance and elasticity and decreased the compliance of respiratory
system (P<0.01), elevated the lung index, pathological score, and HYP content in lung tissue (P<0.01), and
enriched MDA in serum and lung tissue, while it decreased the activities of SOD, GSH-Px, and CAT (P<0.01).
Furthermore, the modeling down-regulated the mRNA and protein levels of Keapl and up-regulated those of
Nrf2 and HO-1 in lung tissue (P<0.01). Compared with the model group, Buyang Huanwutang decreased the
resistance and elasticity and increased the compliance of respiratory system (P<0.01), lowered the lung index,
pathological score, and HYP content in lung tissue (P<0.01), and reduced MDA in serum and lung tissue,
while it increased the activities of SOD, GSH-Px, and CAT (P<0.01). Additionally, Buyang Huanwutang down-
regulated the expression of Keapl and up-regulated that of Nrf2 and HO-1 in lung tissue (P<0.05, P<0.01).
Conclusion: Buyang Huanwutang can activate Keapl1/Nrf2/HO-1 signaling pathway to enhance the antioxidant
capacity and slow down the pathological process of IPF in rats.
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92 6 7 B PCR (Real-time PCR){X ( 3£ [F Bio-Rad 2&
) ; Odyssey Clx I XU 21 4M 6 IR R 4 (£ H
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Table 1 Szapiel score system
» £3 3WE3
il #6048 ZH LR 2 AT Table3 Primer sequence
0% Jili 2 40 1E H
" 314 P8 (5-31) K /bp
14 A5 B Al A% (), il 6 ) B 2 A4 e R i A B L 3% R -
167 B <20% fiti i Keapl i ATCTAGGGCATCCTGCTCCC 82
200 P (H) 3 BT 20%-~50% BT T ACAGAAGTTGGGTCATTGGET
15 I (M) B L 50% Nrf2 I GCCAAGCAGGAGGAGTTCTT 131
T GGGCAGTCGTATTTGACCCA
F2  Asheroft i 5 R4 HO-1 I3 CGAGGAAAATCCCAGATCAGCAC 103
Table 2 Ashcrofi
able sheroft score system Tl CATAAATTCCCACTGCCACGGTC
i T 4 P T LU A AT GAPDH  [Jf AGGAAATGATGACCTCCTGAACT 79
0% ML £ IE T TGTTTTTGTAAGTATCTTGGTGCCT
12% AT S ORI 00 BE A AT A Ak
3% G 7 S ROV R e 5 2 2k Ak, {E 6 I A 4 2.4.7 HE 0 B B (Western blot) K il fili 2 21
A BA Keapl Nrf2 \HO-1 1 #ik  HUi 4141 100 mg,
59 ] W 2T A Ak A A7 IS 25 27 235 W e O R 2T 4k S5ty

L /NEE TR I
T 1 i L U A A B K T AT Ak
84 HEAS TP A L BT 4 L A

WST-1 70 & SOD I ¥k , kb 474 & GSH-Px i 1 ,
BHR B2 72 CAT 3% 1 -
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J& LB I, LA Image-Pro Plus %144 I 72 R 43 %
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2.4.6 Real-time PCR il & K K fili 41 21 Keapl .
Nrf2 \HO-1 mRNA %ik  FREUZ A7 4141 30 mg,
WA IREE N BFEE 5 2 1.5 mL 5504, il A RNA 2
fi# ¥ 0.5 mL,4 °C .12 000 r-min" &> 5 min( 5.0
7 em, T IA]) W B AT HR 135 W . DNA il i 1k
J& A TCRE FR 7K 60 pL, B0 HEHUE RNA L AR 4
30t S R0 B U W 4D HE AT 30 5% Sk 5 L cDNA, I LU
cDNA Sy, 47 R A 6k 20y o N AR AF
95 °C il 28 4 10 min, 95 °C 7% 4 15 s, 60 °CiE k&
1 min, 44 A o K A 222935 1T 15 31 mRNA #
Pk R, EHEGAPDHAIE NS RH . 519 E
TAEYTE(EE) RGEARLSAE G K. 51975

. 12 .

A RIPA 2L W, 35 % J5 ) 9K o 4 °C .12 000 r*min’!
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5000),4 °CHWH, K. 4k DL BUR o & 1k 9 il
(HRP)#xic th E 4t s //h Bl 1gG(1:5 000) , ECL & 5
WA S5 WA ZE AN O R R G A . DA Image-
Pro Plus 6.0 #1405 4515 K BEAR , 1155 B 1Y 85 A AH
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57 225516 Duunett's T3 ¥, 55 9% 95 81 % FH 7% FAG:
5, P<0.05 KR EREAGIT¥E L.
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G .Crs /K i FFEAK(P<0.01) ; S54RI 20 e %5, W5
25 20 K B Rrs . Ers . H ., Rn /K 3F g 3 P& % (P<0.01) ,
G.Crs K F¥ T, 25 BA B E S iH% 8 L (P<
0.01)., WFEa4FFES,
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R4 #FEIE E 7 X IPF X BRAT I B Rrs Ers. Crs B9 & Il (¥=+s,
n=10)
Table 4 Effect of Buyang Huanwutang on Rrs, Ers and Crs of

lung function in IPF rats (x+s,n=10)

13 bR Rrs Ers Crs
- /g-kg"' /emH,0-s*mL" /emH,0-mL" /mL-cmH,0"
BFAR4 0.09+0.01 1.92+0.20 0.39+0.02
A2 0.23+0.02% 7.85+0.64”  0.07+0.01%
WEET 1484 0.13+0.00" 4.57+0.11Y  0.17+0.02"
kil
Jeikjefid 0.1 0.14+0.02" 4.69+0.60”  0.16+0.01"

5T R4 RV P<0.05, 2 P<0.01; 5 8 8 4 [ B P<
0.05,YP<0.01(£ 5-F 11 )

0.01) ; 54 B2 L4, b BH ik 1097 41 F e 1k Je A 20

o ----
C D

R5 APRERFI IPFXRMINEE R .G HMFM (+5,n=10)
Table 5 Effect of Buyang Huanwutang on lung function Rn, G
and H in IPF rats (x+s5,n=10)

13 bl Rn G H

- /g kg" /emH,0+s*mL" /emH,0-mL" /emH,0-mL"
BRFARH 0.02+0.00 0.88+0.05 1.98+0.12
H IR 241 0.21+0.02% 0.49+0.01>  7.01+0.09”

FAHA A 14.84  0.12+40.017 0.74+0.04"  4.15+0.37"

ik
JeikJefidl 0.1 0.14+0.01" 0.75+0.06"  3.93+0.51"
KSR e S e R a2 il 9l ) o 258 A Y 2

A8 %5, Szapiel ¥ 43 Al Ashcroft ¥F 43 & 2 B Ik (P<
0.01). WK 1.%6,

E:ARTF AL BRI C. %Hﬁﬁ L LA 4 D. }ELE?E?E(EIZ?‘HJ@H—J)

B1 #FEZEREFI IPFARMALHFERSFLE (x400)
Fig. 1

6 #NBAE FE A XS IPF X B Al 40 28 Szapiel J¥ 43> #0 Ashcroft I 4> 5
fig (x+s,n=10)

Table 6 Effect of Buyang Huanwutang on Szapiel score and
Ashcroft score of lung tissue in IPF rats (x+s,n=10) s
21 51 FlH/g-kg'  Szapiel ’E4r  Ashcroft P4y
R FARH 0.60+0.52 0.80+0.42
PRI 2.70+0.48% 6.80+0.63%
A BHIE 1 21 14.84 1.80+0.42% 4.10+0.74"
Jeik et 0.1 1.70+0.48* 4.20+0.63"

3.3 XTIPF KRR B L HYP S EEm SEF
AR YL R, 45570 4 il 15 40 % HY P % & I 35 3 & (P<
0.01) ; HHIARIA L4, #h BH & FL 17 41 F e a8 Je A 4
fifi 5 % &% HYP & & W % R RFE(P<0.01)., W3R 7.

3.4 X IPF K R i #2620 MDA & & ) SOD .
GSH-Px .CATIHEMEM 2 S F R4 b, fiil
2 IfiL 3 AT 41 40 MDA & i TF R (P<0.01) , SOD .,
GSH-Px . CAT i P P& AL (P<0.01) ; 5545 R 21 o4z, #b
PH 34 37 41 A1 JE 35 JE A 41 1 3 G 21 21 MDA % &

Effect of Buyang Huanwutang on pathological morphology of IPF rats (x400)

R7 FMAERHMIPFARMIEHK HYP S EHM (3+s5,1=10)
Table 7 Effect of Buyang Huanwutang on lung index and HYP

content in IPF rats (x+s,n=10)

21 51 Fl/g kg MitE%Umg-g'  HYP/ug-g!
R F A 4.10+0.38 1.86+0.34
R 21 9.84+0.74% 6.87+0.27%
LN ER s iRl 14.84 6.87+0.77" 4.87+0.47"
Je ik Je il 0.1 6.49+0.89" 4.64+0.21"

W% ik (P<0.01) , SOD . GSH-Px . CAT i ¥ 7} & (P<
0.01), WFK8M*EKI,
3.5 X} IPF K BRI 41 40 Keapl \Nrf2 .\ HO-1 5 34 (9
e SRR R BT 4 il 41 21 Keapl R ik
2 R R (P<0.01),Nrf2 \HO-1 ik B 2 7+ & (P<
0.01) ; 5 BRI L 45, b FH AR 1397 41 e ik Je A 4
Jifi 20 21 Keap1 3 35 W] i B 1% (P<0.05) , Nrf2 \HO-1
Fik B EFE(P<0.01), ILEI 2.3 10,
3.6 X} IPF K [ il 41 21 Keapl \Nrf2 ,HO-1 mRNA
KEFRIRNEZW 58T ARH L B R 2 fiti 20
13 -
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£8 #MEEEFI IPF AR IME MDA & 2% SOD.GSH-Px.CAT iFHHF M (X+s5,1=10)
Table 8 Effect of Buyang Huanwutang on MDA content and activities of SOD, GSH-Px and CAT in serum of IPF rats (x+s,n=10)

205 /g ke MDA/pmol-L"' SOD/U-mL" GSH-Px/U CAT/U-mL"'
B F A4l 6.81+0.68 182.77+3.79 337.56%9.30 2.09+0.17
R 4] 9.60+0.89% 140.25+1.56% 260.67+5.54% 1.35+0.12%
FNFHIE T A 14.84 8.59+0.48" 148.07+2.14" 293.93+11.62% 1.81+0.07"
Jeik el 0.1 8.68+0.38" 149.56+2.68" 292.39+7.70" 1.82+0.10"

#9 ANRIEEFHI IPF X RATE L MDA & 271 SOD .GSH-Px. CAT E MMM (x+s5,n=10)
Table 9 Effect of Buyang Huanwutang on MDA content and activities of SOD, GSH-Px and CAT in lung of IPF rats (x+s,n=10)

215 il /g kg MDA/wmol- g SOD/U-mg’ GSH-Px/U-g" CAT/U*mg"
BT AR 4 1.24+0.07 40.29+1.40 107.3242.14 5.70£0.18
R4 1.98+0.11% 26.72+0.82% 69.30+3.79% 3.22+0.12%
IR A A 14.84 1.67+0.08" 34.47+1.37Y 87.82+2.10% 4.58+0.10"
Jeik e il 0.1 1.62+0.07" 34.79+1.179 87.81+3.47 4.52+0.10"

Keapl

Nrf2

HO-1

B2 #PEERFX IPF K RAE SR Keapl Nrf2 HO-1 2R AR U ZRBHFI (L4, <400)
Fig.2 Effect of Buyang Huanwutang on immunohistochemical staining of Keap1, Nrf2 and HO-1 in lung tissues of IPF rats (IHC, x400)

F 10 #PRIE A7 X IPF X Bl 4 4 Keapl Nrf2 \HO-1 R IX K
Mg (x+s,n=10)

Table 10 Effect of Buyang Huanwutang on Keapl, Nrf2 and
HO-1 in IPF rats (x+s5,n=10)

R

250 P Keapl Nrf2 HO-1
g kg
BRFARA 0.3440.02 0.16+0.01 0.29+0.02
AL 0.26+£0.02  0.39+0.04>  0.43+0.01”
WHEFHA 1484 0.2440.02°  0.54+£0.04Y  0.46+0.03
Je ik Je i 4 0.1 0.24+0.02%  0.52+0.03"  0.46+0.02"

20 Keapl mRNA M K [ 3 15 i # & I (P<0.01) ,

Nrf2 . HO-1 mRNA J 4 [ K35 B & F+ i (P<0.01) 5

SRR LR, #h FH A 037 41 R0 )2 3k Je A 2 il 2 21

Keapl mRNA J # [11 3% 35 B W B& Ik (P<0.05) ,Nrf2
+ 14 -

HO-1 mRNA K # 1 % ik i & F+ & (P<0.01) . UL
F11. K3,
4 Tt

Hh R 2 0 IPF S AR, — 40 JFC I PR AR5 AE )3 )i < it
PR TR A 0 TIE Y W o (4 R s - R 42 4% S S
I K UE ) 2k - BTk A ARH I R IR, (R ] i
BB - MG EE ] ) 25 Wi 2 Bl <2 AN R
5 CRE B BK 36 ) 2 Jili 8 2 bl 8 FE 1R | B #4
R It AR G R HCEIE SRR S P R,
Al 955 22 A 22 il 2RI P A Bk TR,
il <52 30 AN il B O A L AT R B T AR, 45 A
I IR 8 2 Lk R DB E 5 o FE IR IR %R
P20 SRR IS T S IPF TR B B SIE R AR AE . 1T
W 58 8.7~ , IPF K BUAF 76 1 BN 2l , 853k 10 s AR
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R #RIE R FHT IPF X RATE L 1 Keapl \Nrf2 \HO-1 mRNA R E A REH I (r+s,n=10)
Table 11 Effect of Buyang Huanwutang on mRNA and protein expression of Keapl, Nrf2 and HO-1 in IPF rats (x+s,n=10)

20 5 /g kg Keapl mRNA  Nrf2mRNA  HO-1 mRNA Keapl/GAPDH Nrf2/GAPDH HO-1/GAPDH
BF A4l 1.52+0.18 0.77+0.08 0.50+0.13 0.60+0.02 0.42+0.02 0.30+0.02
A0 2 1.06£0.15% 1.07£0.12% 0.82+0.10” 0.53+0.02> 0.56+0.03> 0.41+0.03%
A 9 21 14.84 0.90+£0.11% 1.36£0.10" 1.28+0.15" 0.48+0.02% 0.68+0.02" 0.56+0.02"
JeikJe fi 4l 0.1 0.89+0.10" 1.3320.11% 1.230.13% 0.47+0.03> 0.68+0.03" 0.55+0.03"
RAE F I, F AL 2T A 4 M AL B 28 5 BU £F
Keapl MG wwe s s 70 kDa Ak PR, 38 A B R DL 2 GE AR - R Ak Ok i
AT M B 6 TPF A B 3R 42
N T . 1 15 47 25 40 DA 9 % 5 9 NeE2
P00 e IR A 35 T AR 40 4R 2 1/ A 40 By A
PRAroh e 4 AR, 02 3 AR R B A A A 58 Ui i
HO-1 | s s smmms s 33 ], R o Keapl/ARE {5 5 id % J2 AL 1A N 2 19 B A
Ak 77 AEBL T, B A O B A0 A A 32 AR Ak B 40 1 AR
FH200 . Keapl S E3 72 2 i (19 24 506 4, 1E 1%
GAPDH NS SN NND GNNS 37D

A B C D
B3 KEMEAL Keapl Nrf2 . HO-1 EHFRIEH Kk

Fig. 3  Electrophoresis of Keapl, Nrf2 and HO-1 proteins

expression in rat lung tissue

P 5% 5 24 A A, L 60 TR Ui I I s b |4 il b B O
15, 2 B IPF K RUEAT SR A S0 A AIE 420, 22 S
1 MLY% 4 2 IPF /Y 2897 ik .

AR T 3 T CBEAR RS ) , R 44 B2 Y
fERT R, 8 CH IR RAT ITE BT L0
Je . J7 v E AR B RO R 28 b g R, R
E DU AL A, (A RESR L) g BB I RE A AR 7,
CNANIE 2 2 T B LU RS LS I, R R
- Mg 22 2, BRIV G e AR /5 28) BT 2 bt 7
NIE IRAT BT VZLAE , B U3 R 39 i ek % 1 A e, T
DItk KTl b, 54 8RR & , 1 ol
G R R I [ i B 2T e <3 K B of = e
PRAUE 3 2715, b BH i 103 ) 2035 TPF 83 Il R AE IR
R 0K A 42 8 (R A AF BT 5 V- Rk
G TR i 28 5 T AT A 80 % fife TP S8 WP % IR X | ok 5
i £y BE 2% T A s 1 S A M 9 98 O YA 5% S
PR KF 2 BL B TR A58 4 BHIE 100 30 i) 1PF
B £ 1 i PR A

S AL -0 F AL R A 2 IPF Y S S ER Y . Jif
M1 Ja A A 2k BRG] AR B A A
IO, A A e BE O H AR TR W T BR BE D, £ SR AL ST
(TR N 8 27 N A e 1 RS B S B NP e R 72

T 5 R Nef2 AT R AR AR I AR 1
it 5 4B AE A AL - B0 B AL 2R IR S I, Keap 1Y
2 bt 2 R AR L WA M, U A 5, T B N2 B
AN MR, 5/ Maf 85 B R I Rk, JF S
ARE 454, % S Fif HO-1.GSH-Px . CAT %5 Hi 4 1k
fifg (1 223k

AW 5T 38 i #b B A T3 T 5 IPF KRR, i 5 R
tH i K BT 2H 21 Keapl 235 B {IK , {H Nrf2 \HO-1 %
ik Th &, IF 45 & MDA & i [ X 1 SOD . GSH-Px .,
CAT T VE T w5 i #a 5, UE W &b B34 37 7T 42 32F 248 A
i Nrf2 2% 5% 7% 1F T 5 5 HO-1 1Y 3k, T A &L
TR 3k B ARR B A A K F B % TPF R B
A7 o 5 B K BRI 2 BE 0 DA B RE
JURR B 98 /b RS2 1 3% 05 v] 3 i JE 3l B AR 0N 2
5 IPF (19 BRHE R . A BRABUTE £ I UL 25 % PKD1/
NF-«B/MnSOD A 5 9 41t Ak AL il 0F 5% Be b 1%
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