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i E BH FEZRFGRNINRTE ERAER St TR AR AL . ik % CETBL/6T N RIS A B 20 (B W R 4F
Yedsh) BRI (TR 4 E40) kst iR 28 (whaE RAR, 200 mg/kg) A= 52 f6 34K & 71 40 (12.5.25 mg/kg) , #4408 R, TR B
LI, AR BB S A AR, ARG VERAH, HR1K,ES14d, YEDR—AHE L, M2 A 35 2, Al
F oo P BB RS E F o (TNF-o) H54L A K B F B (TGF-B)) K -F A BAFA L & 2 fe A7 6 (TIL-6) K -F 5 K A s K F -4 (HE)
4 &, % Masson #¢ &, YLK 2 B 20 22 9% 22 52 4G, 5F A BB Ashcroft #F 5~ /34T Bl 47 YE LR 5 A Al 20 22 F a--F iR ILILE) & &
(a-SMA) ., I #JZ 7% @ (Collagen 1) FBRERALALINME 5 98 7 B (p-ERK1/2) . TGF-B. 849 F A KT 4% ] TGF-B. A AR o5, 4F
Ye 2w L HFLL 32 SR SNl 4F e AR R | 20X B B2 B A A0 263K P Bk JE 20 (3.7.7.4.14.8 mg/L) , ¥ 7+ 48 h J5 , #a ]
e a-SMA (Collagen I .p-ERK1/2& & &iAKF, R EARNER T, 5 B4, B4 200 K45 4 TNF-a . TGF-B, .
IL-6 K35 2 F 35 (P<0.01); Mt P LK T K miZ E R ML LN FRE, LA K BKRRE G, HE F & F Masson ¢ &
3 R FFH(P<0.01); Mi2AL F a-SMA Collagen [ .p-ERK1/2 % TGF-B. % & A& 2 F LiH(P<0.01), HALA 2045,
FRF SN TR LR IEAFHY BFAE(P<0.05 3K P<0.01), FIEAFARN F 40 K3 o547 (R A dg 405h ) 3 25 5 & (P<0.05
HP<0.01), ARSI FEIE P, 55 Gurbi A M mAEREEER RIS T, 08P a-SMA Collagen I #» p-ERK1/2
EH AR BF EHEP<0.05RP<0.01), SR MILE, FFF KR E AT EE N B AR LIEF  RRF SR EA
i LR E G R ERF PR E A MM p-ERK1/2 5 G 2534 B2 FTiA(P<0.05 R P<0.01), &t 5763 488 T 845 ERK
B K IE AR KB, BRI KRR, Mt R ARSI L HEALAE A
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Study on the anti-pulmonary fibrosis effect of linarin in vivo and in vitro and its mechanism

HUANG Liting, WANG Zhugiang, WANG Yiting, FAN Weifeng, DONG Gengting, PENG Weiwen (Dept. of
Pharmacy, Zhongshan Hospital of Traditional Chinese Medicine Affiliated to Guangzhou University of
Traditional Chinese Medicine, Guangdong Zhongshan 528400, China)

ABSTRACT OBJECTIVE To investigate the anti-pulmonary fibrosis effect of linarin in vivo and in vitro, and investigate its
mechanism preliminarily. METHODS C57BL/6J mice were randomly divided into normal group (carboxymethylcellulose sodium),
model group (carboxymethylcellulose sodium) , positive control group (pirfenidone, 200 mg/kg) , linarin low-dose and high-dose
groups (12.5, 25 mg/kg), with 8 mice in each group. Except for normal group, pulmonary fibrosis model was induced in other
groups. After modeling, they were given relevant medicine intragastrically, once a day, for consecutive 14 d. The general situation
of mice was observed, and their lung indexes were measured; the levels of tumor necrosis factor-a (TNF-a) and transforming
growth factor-B: (TGF-B.) in serum and interleukin-6 (IL-6) in lung tissue were determined. Hematoxylin-eosin (HE) staining and
Masson staining were used to observe the histopathological morphology of lung. The pulmonary fibrosis was scored according to
Ashcroft score standard. The expressions of a-smooth muscle actin («-SMA) and (type I collagen, Collagen I ), phosphorylated
extracellular signal-regulated kinase (p-ERK1/2) and TGF-B: in lung tissues were detected. HFL1 cells were stimulated by TGF-
B:to form pulmonary fibrosis model in vitro, which were divided into normal group, model group and linarin low-, medium- and
high-concentration groups (3.7, 7.4, 14.8 mg/L). After being cultured for 48 h, the protein expressions of a-SMA, Collagen |

and p-ERK1/2 in HFL1 cells were detected. RESULTS /n

ABEITE Pl 5 =il oA 65 5 R L W (BT BA: vivo, compared with normal group, the lung index of model

HRIHD (No.2020B3007) group and the levels of TNF- o, TGF-B: and IL-6 were
* E—EE WA, W55 TP 2RO R 55T .
1:0760-89980219, E-mail:812416031@qq.com
4 BIEVEE AT PN A S0 . BRI - TR R I of inflammatory infiltration and cellular fibrosis lesions in the

55, HLi%:0760-89980219, E-mail: 1432340131 @qq.com alveoli, and a large number of collagen depositions. The

significantly increased (P<<0.01). There were a large number
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scores of HE staining and Masson staining were significantly increased (P<<0.01). The protein expressions of a«-SMA, Collagen
I, p-ERK1/2 and TGF-B.in lung tissue were up-regulated significantly (P<<0.01). Compared with model group, above indexes of
mice were improved significantly in linarin high-dose group (P<<0.05 or P<<0.01), and most of indexes (except for lung index)
were improved significantly in linarin low-dose group (P<<0.05 or P<<0.01). In vitro, compared with blank group, the density of
cells in the model group increased, and obvious proliferation and other changes occurred; protein expressions of a-SMA, Collagen
I and p-ERK1/2 were significantly up-regulated (P<<0.05 or P<<0.01). Compared with model group, the cell density of each
concentration group was decreased and the morphology gradually returned to normal; the expressions of above proteins in linarin
high-concentration group and the protein expression of p-ERK1/2 in linarin medium-concentration group were down-regulated
significantly (P<<0.05 or P<<0.01). CONCLUSIONS Linarin may regulate ERK and inflammatory pathways to reduce the

inflammatory response, thereby exerting anti-pulmonary fibrosis effect.

KEYWORDS linarin; pulmonary fibrosis; extracellular signal-regulated kinase pathway; inflammatory pathway

R I £E 44k (idiopathic pulmonary fibrosis, IPF)
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F B:(transforming growth factor beta 1, TGF-8:)1E & 3
BT YA 0 A PR, AT AR R SR AR T
FEEF DR, TGF-B B £ 4E AL AE H 5 H T i# Y
8 ZME 5 U8 B4l (extracellular signal-regulated kinase,
ERK ) it /% 5 U AR OC , 16 22 il £ 24 A A A0 i 2L 2H 21
rh 34 4 IR A6 ERK (p-ERK) 63k FiA™ ., I, A< b
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ECLIPSE TI2-A B3] & %' i i 5% ( H A Nikon A H] ) 5
2-16R R ey o B0 ML O R T A AR R & A PR A
] ) ; MCO-18AICUUV ! CO. 4l it 1 54 ( H 4~ PHCbi
/8 F] ) s ChemiDoc MP # fk 2% % 56 il 15 & 4t (€ [ Bio-
Rad/~#]) .
12 FEHRBSAH

AW T ) 2 20 SRR SR B (1
JIHE 250 A PR A R AL IS CYR-M0074210415,
AR 98.5%) , SRR ISR 2= (H A 2 bkt
5 Y00720, HLAS 15 me/ff) , Mkl Je B e 4 (b st B A5
Je 2L Oy A PR 7], 45 20211105, HLA% 100 mg/) ,
TGF-B. ( 3 [# Peprotech 23 7l , It 5 1020209 ) , HFL1 4
JilE PRk (DGR SR AR AR A BR A DD, SRl a-
S WUWLBH 2 1 (alpha-smooth muscle actin,a-SMA) | |
R IFEH (type 1 collagen,Collagen 1 )22 5g BEPUIAFN
BRAR L AL B IC A L T A e e 3k 1 G (IgG) —
Pt ( 2£ [ Cell Signaling 2% @ , 4t 5 43 51 & 8685T.
72026T.,7074P2) , G I T v 2 - 3- W 2 JIt S 8% ( glyceral-
dehyde-3-phosphate dehydrogenase, GAPDH) . ERK1/2 .
W2 fk ERK1/2 (p-ERK1/2) Hi 1A (35 [# Affinity 23 7 , it
S5 51 AF7021, AF0155, AF1015) , fif 5 31 58 H 1 o
(tumor necrosis factor-oo, TNF-a ) 1 TGF-, i 55 6 22
FRFI 5 (ELISA) it & (BT BB P8 AR I A B 2
A LS4k A28220233 ,A98111123) , 4/ 6
(interleukin-6, TL-6) ELISA {7 & (V175 & 35 A W Bl 4
AR A5 202203) , — 2 FE R (diaminobenzi-
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AL, 5 G1212) K A A filaifbK
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S 4 AT IE S 8 SYXK (8)2020-0109,, 37 4 1F
RAEEIRRE 20~24 °C, FHXE R 50%~T70% , B A8 B
% 12 ho T Sh¥ SE 56 AR 3538 1 v Ll vt op IS B s
TR REZE 12 A%, LI S5 AEWC-2022034
1.4 ¢BEERE

IRl BCEF 44 HFLL I [ 2005 7558 4 B
A R H] (5345 CL-0106) .
2 FHik
2.1 FHXE
2.1.1 W GERIAZS /N RS PR R 1R
Jei AR T /N R FH X[ B AL 734725 43 B E 4 A
R ST 2 5240 TT = 70 2 RN B P 0 B2
T8 H o BRIEHR A, 25 4/ BRI NE s v 5 1%
UL LG Z AR, SR 5 B L [ TR & bl i it
WA N oA BG4 7R HU/NR 50 pL 3R 2
Rl h 3 mg/kg) il £ Ml 21 2 AR ARSI 5 1E 5 2 /0N BRI LA
AR 204 TR B BER K . & 24 h s, SEAETT
% 4N RE 5 125,25 mg/kg 5546 1 (A FI R
0.5% FR FH SLET 2 Z2 AN, I AR TS B0 25 SR 15 )
BHA X HE2H /) BT ' 200 mg/keg AR JE B (550 0.5%
R W BLLF AE R AN, R i R I RS ARG ) | TR H 2
BRI ZH /N FE 1 AR 0.59% SR TP ST e Z e . BEH
RN 1R ESE 14 do SEER R /N FRIJOK S &
2.1.2 /PR MIEONEE SRR AR AR A5 A
NPT B B R R R RS A L
2.1.3 HUM  RIRGZHET, Il RS4RI R, K
KA 2 hJE , RIS BROT A IR BRI, , 475 2] 1) 4 1ft 72
4 °CZAF F##E 2 h, 485 LA 3 500 t/min 5.0 15 min, I
£ FZ I B HAATE T —80 cCukA R Al . Rl ,
SEFE/INER, A s A 4
2.1.4  BEFSECNE BRI ES A5 20 0 T il 2 2L i
i, % T A ST UG 4R 1 filis 24 (mg/g) = ili 5t
i (mg)/ARR G 2y INUA T (g) -
2.1.5 JHZUREFR A AN RS Il 408 1
BT HRR AR P E 24 h, 22K A SR P A
(R4 pm) 5 , BT IR ANE -2 (HE) %4 4,81 Mas-
son Y e, fiff FFOY 27 b folc i L % il 21 400 BRI 285 1R 4
E% . Z: M8 Asheroft PForRifE s AT Il £F 44147,
V53788 1 2 B s 28 24 Ak it o 7 2 0 43— 1E 5 il 4
S5 1 Gy —— Il fLRE B SR RE R O R 5 3 A —— iy
R Y S A R v R G TR IR 5 A A B AR 5
Gy SR BAREF Ly S/ N B 2T L LT B, il 28544 B
WEIR ;7 —— Wi S5 40 AR Y, )i WA 4R kLR
B, WEET I 5 8 S —— Ml A S BT AT AL 8 5 2

TEZD; 2023455 34 55 31

4.6 43I AR P R A AR B ]

2.1.6 IV KGAL P RAEFRARATI  HLU2.1.37 IR
LT , H R i 42 BB ELIS A 877 &0 1 W A5 A6 L35 rp
TGF-B:. TNF-a 7K -5 BUAT il 20 40, I AW 1R 3k 22 M
(PBS) il £ 2H 21513, 2 B ELIS A 857 &5 15 I -5 46 0 firdi
AR IL-6 K,

2.1.7  filiZH21h ERK M A AH DG A bk R
FAA AL A TR . &N BRI 200 v (R 3
wm) |, RIS S b S 4350 i A TGF-Bi.a-SMA |
Collagen | .p-ERKI1/2HT{AR (FiRE LU HI¥ A 1:200) , 4% 17
G UL T AR B A S SR | SR AR KGO
PEAT AT o LA B 0 J0RE TUR A BEPE 26 38, i Image-
Pro Plus 6.0 3411345 B 1 P-4 8 FE

2.2 {R5NEEE

2.2.1 4MukEIE K HFL1 4003 R0 T HFL1 400 &
Regeseh BT 37 °C 5% CO. 5354 rh i 3%, A3h 3 d ik
TR LUK IR AYS 1 A BB IR S o

2.2.2 HIMEAEWEE BT EAE K ERER
UF i HFLL 40 i1 6 FLAR T, AR FLA MO 20 1 X 10°
A H LR SR R HWBEJS R A 3 Sy s (2 SRS ZH
MSEETAC P mk B . Hoh, 28 AU o5 5k 1
RIZH A TGF-B. (10 ng/mL ) ¥ ¥ il 34 i fii 2T 4 1k 41
JLASE A SEAEATAR R B AL A A 3.7, 7.4,
14.8 mg/L AL AT (it vie BEARYE WS 30 25 Bk ) | [ml i
JIA TGF-8:(10 ng/mL)¥ & . K577 48 hJF , T3] & 2 i
BRI HEL L 40 i 2284k

2.2.3 AU rh ERK K AEAH G IR 1 Rk kI R
JH Western blot J:dEA 7kl . HFLL 20 A 4R 4320 K
2 I “2.2.2" T F o BEFR45 TG il A RIPA it
W LR AN, 550 (4 °C, 10 000 r/min, 10 min) , JefE Fi&
W, K BCA W0 35 b S A R EE , LA Loading
buffer, 96 °C 4 & i1 10 min fli & (1450, KA+
JHE T T 40 - 2R TN s T P 58 g P UKk 43 5 B 1 ALy (R R
70~120 V, B[R] 1.5 ) , {6 A0 26 1 55 7% 1) 2R A — 98
AR b (T 300 mA |, BFE] 2 ), 5% IR W5k 3 P41
2h, LAPBSTUERR 3 UK ; IMA a-SMA (Collagen I \ERK1/2,
p-ERK1/2 F1 GAPDH —47¢ (Fii B¢ F 14424 1:1 000) , 4 °C
IR S, LA PBST WRFEE 3 15 In A it (i B Le 451 Ay 1
10 000) , = I E 2 ho RHAMES ZOGUR R OEIT
¥ 18 , & ] Image-Pro Plus 6.0 2K 40 #1 & 1 24517 K &
{H , LA p-ERK1/2 5 1 5 ERK1/2 £ [ 5547 IR FE{E Y LU AE
PR p-ERK1/2 2 [ 28K, AN L H A 5
WZ 1 (GAPDH) 4571 JK BEAE Y 20 H Y H Y
FRAKF, TREE 3K,
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2.3 HFitFEFE

K SPSS 22.0 BTG 22 T . TR PRI
x5 TR, ZH BB ECR R E 5 225017, 41 18]
P F 3R LSD- K 56 . R 387K fE ¢ =0.05,
3 Z£R
3.1 FRXEER
3.1 FAET X/ — s O S it Fg E sz 5k
B A R /R B i OK & H D 78R
Gz, K BHURE B L AT O, H S RPLRE A B
TR, BRI AR PME 2=  SIEAR R L, R
ANy S R R i AR (P<<0.01) , EAEARY
2H HRAE, SEAETT R S 2R P X BR AT/ B ek
I PS5 O S G AR e I 3 T (P<<0.05) o il
B e g R R 5 I 4L g RN USSR
Fh (P<0.01) ; S A, SEAEAT 75 e AL A B o)

HELH /)N BRI A8 038 3 AR (P<<0.05) . Z5 R 1,
1 BENBHERE MEHNELER(x+s,n=8)
ik {hFiile fiif 4 (mglg)

E&4 21641039 637+0.11

fiAla] 15354074 20614147
FUAFICR R4 1691 £065° 19.18%1.16
FlimnEd 17134043 1591 £098"
Mtk 1799041 17.02£063

a: SIEFA L, P<0.01;b: SR AL, P<0.05
3.1.2  ZEAEH XA U B2 AR S I R AL
SN R S5 R0 IE 7, Il v 4540 52 38, T B G 1) 9
R HIIEIRIE LR AL 4 s 500 4 b, AR
/1N BRI 90 R G 2 4 TR Ml v 38 S RS A E R R
IiE I Gl S A 2T Ak Ak s A (DL 1 8] 2 53k Ab ) , HE 3t
{6043 Fll Masson 4 (6, PF 401 i 35 T 5 (P<<0.01) 5 545
TUZH FLHE, 45 45 25 4 /N U A0 2 5 A s AR 35 (i 25 ek

o

B. BRI

2 RIEEHWEENRATHERL
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(R il %
- : - ik

: e e gee: Al 1
» o > s oS

JI e B L ) 2 A, AR AE AR TR 0 3 AR, RO IR

B IGE  HE YL (41743 F Masson 42 (4 114344t 25 A%

(P<<0.05). #RULKT. B2 %2,

F2 HBHANRATEALRHE LB Masson L BIFED L
R(x+ts,n=8,%)

ik HE 6 Masson 4,
Fwd 1.17£030 1334021

fiAl] 567033 5331021
FUATIGR R4 4171047 4331021
FlAEnEa 3334042 366£021°
Mtk 3.83£040° 3834031°

a: FIEH A R, P<0.01;b: SHEIZH LA, P<0.05

3.1.3 SEAET X /N BRI A it 4 2 S RE PR - 7K P9
oM SRR A e AR /N UL I Y TGF-B1 TNF-a
L Jifi g1 4 IL-6 7K F- 2 i 25 T (P<<0.01) 5 SR 2H
P, & 4 25 20/ B SR FR BR /KT 1) 1 3 B AR (P<<0.05
B P<<0.01), ZRILFES,

x3 BAMNRMFEP TNF-o TGF-B, RAHALH IL-6

KEMEL R (x+s,n=8,pg/mL)

4151 ML TNF-a [ TGF-, A6
&S 21791097 §7.15+431 26624082
i 3108217 132504 543 38,08+ 199°
FUTIARA 0451176 8674558 3192+ 157
FUAERRA 19324227 72584363 30494143
(ifeaopiiee) 24194266 98.02+2.01¢ 30851147

a: SIEF AR, P<0.01;b: SAHIL R, P<<0.05;c: S
H#, P<<0.01

3.4 SRALH XTI 20 21 ERK K 4R E AH G 18 [ 2 1
RN 5 IEE 4 e, 582 /)N B 2 2L
a-SMA \ TGF-B,.Collagen | F1p-ERK1/2 5 H#Rik$4 2
= FI(P<0.01) ; SR A, #4545 25 41/ N U2 4t rh
FREMFRIARE TIE(P<0.05)., Z5HILE S 4,

D. S H P AL E. FHExT 2

41k B9 2200 (Masson 32, x100)
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®4 BANBMARPERKRREEXEREDR 32 FIMTHER

EHEBEEMNELSER (xts,n=8) 3.2.1 SEETEX HFLL 4B AR W 525 a4l
a ST Gl M g BORALHFLL ARSI, S 5 AL A
a4 0134001 0124001 0164001 0154002 o e §
j 321 B3R5 T R AR T A R SRR SRR TR 2854
g 024000 O7H00F 026H00F  020+00F
SRR 0194002 016+001" 016001 016001 SRR HOA, S AL A5 W P L AN 1) B A /N S B

FIH R 017001 0.14£001° 015001 0.13£001° HH A7 2HNH), T S BT 2 (4, B 2 e 34k
IR b b b b s . N
PRHERTERAL 0.14+0.01 013001 019001 0.17£0.02 TR HS BB SE 1615 AT B ) TGE-. 7 S HEL1 4
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B4 HJEHFLIAMPESFENERBHE(x100)
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3.2.2  SALH X HFLL 4+ a-SMA  Collagen I & p-
ERK1/2 H HRIKMSE M 525 H 2 A, 170 40 20 i
P a-SMA . Collagen [ Flp-ERK1/2 % 4 F ik B &
P& (P<<0.05 3 P<<0.01) ; 5RIRIAL LU HK , e A6 1 e Wk
AL b IR R 1 S S AR vk B 2 4 i p-ERK1/2
A IA ) B2 I (P<0.05 8 P<<0.01) ., 45300
5,55,

(-SMA ~— N W —— w12 kDa

Collagen | s  W— G S— . 220kDa

44 kDa
44 kDa
p-ERK1/2 “““ W 12 kDa

GAPDH m 37kDa

A B CHAENT  D.SHEN  E.SHEIT
{732 N 73572 R = 7 3

5 HHEMAH o-SMA, Collagen I ERKI1/2 #0 p-
ERK1/2 & B Rz HBikE

#=5 FHAMBIH a-SMA  Collagen | Fp-ERKI1/2 FHE
ARIZEKFMNELER (x+5,n=3)

ik a-SMA/GAPDH Collagen T /GAPDH p-ERK1//ERK1/2
R4 100£0.15 1.00£003 1.00£0.07
fiA 1.99£0.09 211£0.14 1612011
FACH R4 157+0.16 2154003 1.19£0.07
FUAPIREEA 157£0.16 1.94£0.17 083003
FUARRER 12520.14° 0554023 0.76£0.08°

a: 578 AL AR, P<<0.055b: 1578 A4 HeAR, P<0.01 ;¢ SR
e, P<<0.05;d: S LA, P<<0.01
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U IR AT 5% 1 2 AR JE BRAE A P 25 90k A 5 0 B
WFIE o £ 2 Ak ) 5 i 2 21 1) 9 R A v BE AT G
TGF-BAENEEF ALY — A K HRSRE P, — 2 2R}
2P 2 E", FE S, TGF-B. AE S U AT
Ak 20 A UE BCM BB B ADUAR, 18 1 4 18 LAt 46
F- (4 TNF-o  IL-6 55 ) i K EE B, 1 4 E K 1 LAY
SEFYERE A IR E— 2R AR IE AN, AT i — 2R 5
TR 7 A IR RN, e 2 5 B 7 4 AR
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BRI, SEACAT S 25 A0/ N BV o o il 50034 AN [ 7
FEGE , Ui H B G Il 4R i R
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TENT LT LA R AR T, IURET 2 240 0 23 3 3k
a-SMA Ff-4r W ECM AHCEE 1, JLHJZ Collagen 1 &1,
X2 it — 2 W ECM LR, B 23 Ak i £ 4E A 2H 217
A, a-SMA Fil Collagen 1 £ FHAE R4 ek frbn &
EE L EAE PRI AR R R 28R . TGF-Bu
Jiif £ 24 & S ML A 1) S R A 1T ERKCGE 2 TGE-B,
f N AR S B . p-ERK1/2 38 FIAEJ ERK 3 19 5 HiE
[, 7 ERKCGH g Hf 3 SRR ™, A OCHR &
B, p-ERK 1/2 £ FRIAIE N 2 b — 2075 I AT AE AL Y
AT AR AR A S v o e A G B R B 52
AL RERS 1 2 T IR 4 fbpR &R 1 o-SMA  Collagen

I B35, BRAR/ I BUI ZH 2L p-ERK1/2 8 1 35 5 T e

RIS Western blot 25 5841 7R T AH TR (1) 34

PRI, 2B HEIN S AE 1T B2k T ERK T S 21 255 it
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