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ABSTRACT: AIM To investigate the therapeutic effect of Tongbi Huaxian Formula ( TBHX) on idiopathic
pulmonary fibrosis ( IPF ) rats by modulating TGF-B1 pathway-mediated epithelial-mesenchymal transition.
METHODS Sixty rats were randomly divided into a control group, a model group, a pirfenidone group (50
mg/kg) , and low-, medium-, and high-dose TBHX groups (12.6, 25.2, and 50.4 g/kg). An IPF model was

established via a single intratracheal instillation of bleomycin (BLM) , and the rats were administered by gavage for
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4 weeks. Pathological damage in lung tissues was observed using transmission electron microscopy and light
microscopy. Serum levels of HYP, TGF-B1, and Vim were detected by ELISA. The protein expressions of Vim, E-
cad, and N-cad in lung tissues were detected by immunohistochemistry. The protein expressions of a-SMA , E-cad,
N-cad, Vim, and FN in lung tissues were detected by Western blot. The mRNA expressions of Col I, a-SMA, E-
cad, N-cad, Vim, and TGF-81 in lung tissues were detected by RT-qPCR. RESULTS Compared with the
control group, the model group exhibited aggravated pathological damage and increased collagen deposition in lung
tissues (P<0.01), elevated serum levels of HYP, TGF-B1, and Vim (P<0.01), decreased E-cad protein and
mRNA expressions in lung tissues (P<0.01), and increased protein expressions of «-SMA, N-cad, Vim, and FN
(P<0.05, P<0.01), as well as increased mRNA expressions of Col I, a-SMA, N-cad, Vim, and TGF-81 ( P<
0.05, P<0.01). Compared with the model group, the pirfenidone group and the medium-dose TBHX group
showed alleviated pathological damage and reduced collagen deposition in lung tissues (P<0.01) , decreased serum
levels of HYP, TGF-B1, and Vim (P<0.01), elevated E-cad protein and mRNA expressions in lung tissues ( P<
0.01), decreased protein expressions of a-SMA, N-cad, Vim, and FN (P <0.01), and decreased mRNA
expressions of Col I, a-SMA, N-cad, Vim, and TGF-B1 (P<0.05, P<0.01). CONCLUSION TBHX can
ameliorate IPF symptoms in rats by regulating EMT mediated by the TGF-B1 pathway.
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T A VERZT4E4L  (idiopathic pulmonary fibrosis,
IPF) & — Mg 1t B AT A IR 1 B0 ) 5T 1 il e
W RN R PR X 1S 0% g S E R
KPR E BT R, A 300 J7 B
HOY L BRI LAY 3~5 A BT, AR
FIRIT MR Z B T g R (R
YT R R T 257 A — s B R BR M . BRARIIF9EAIE
By, rhEEZyx; IPF BA WY1 &L, W] ol B
W, BRARSET- R BAT RAFIVRT S

TR IPF U0 iz < Jang, A
K2 oy il fE A [ RS BEL W T 380, e 28 | i
WS PPMRXESFREAR , SORYTI DL
E, WAL T, B LTJr (TBHX) ZRRERE
AR AL R 228007, BRAHRIERA | fk
PRAEIRTAL, IR X IPF BA Y72

IPF f) 3 B4R AE S 1 B2 (6] 52 % 4k (epithelial-
mesenchymal transition, EMT) . 4 }fd 7P 3 it ( extracellular
matrix, ECM) i BERER | U AR A 3 ek 2> A
TREIOR , BT R, R HL
ANEAHRY, {H EMT XF IPF & 2B B9 5% 0 Gl 3%
AL A K AT B1 (transforming growth factor-B1, TGF-
Bl) YEAMMAIML AL 7, HBIErT s ECM
DU, SECEMT, ek IPF &R, Bk, AOrseid
IPF KEBLAL, DL TGF-B1 38 A5 EMT ) A
A, AR TBHX X IPF R B BCEAE T, DI A
Kl RIS 7 4 BLEu S5 PR R

1w
1.1 34 60 HiEME Wistar KEL, iR (200+
20) g, Wb R4 S5 B W R A R
[ EEAIES 110011251101598347, S2u sh¥) ik
PEYFATIE S SCXK (5T) 2021-00117, 43 T 1L
2GR 2R RS SPF Zesh¥ By [ sh¥ A 7= nl
JIES SYXK () 2025-0009], % 22~26C,
SHEE 40% ~50% , 12 h/12 h RS EIE, A
hEEYoK, EMPENESE 7 d GRS, S84
PG BE 2 R A S e sh e H 22 By S ik ol (AL
%5 AWE202503033)
1.2 #HmEHy WE (5 26030302) , HAE
IR R (#E 251012) |, WA SE (4L 250808) |
JRZE (5 251014) | ZEFH (465 250724) | JRAL
(L5 250402) . LA F (Ht5 25091702) , JIE
(k55 2508023) . L5 K (b5 250724) , R ¥
(#ib%5 250402) | E 5T (Hit5 25062101)  H#HG
(L5 25051302) . H#& (4t 251201) HEA 1L
PO BRI ERE R 2y, ShRIMEREF R (bleomycin,
BLM, 100 mg, #t%5 C17533440) Wy H i % fmk
AR M AR A A AR e E S # (100 mgx
54 ki, [EZ5EF H20133376, 4it5 20240802)
A b m R e 25 e A FRA F]
1.3 XA KEFRIMEABR (hydroxyproline, HYP) |
TGF-B1., W HE M (vimentin, Vim) ELISA 5l
WA & (%5 MM-0307R2. MM-0181R2, MM-
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TIT70R2) P VT3 S S e A PR A Rl E-85%
HH (E-cadherin, E-cad) #i1& (%25 62037-1)
W H 2 H Signalway Antibody N, NS EF R A
(N-cadherin, N-cad) #ifk (1575 22018-1-ap) W
F 25 [# Proteintech /A H] ; Vim HLiK (555 CY5134)
W A iSRS A BARAT BRA R a1 WLILS)
#H H (alpha-smooth muscle actin, a-SMA ) £ 4 % %
5 [ (fibronectin, FN) . TGF-B1. 1 %Y g 5 & H
(collagen I ,Col 1 )Pk (425 14395-1-AP  15613-
1-AP 81746-2-RR .66761-1-lg) 31 [ 5T = 4= )
HFHARE R ] 75 A Z-JHL YL 3 (hematoxylin and
eosin stain, HE) . H#) (Masson trichrome staining,
Masson) —faE& (585 BP0211, BP0310) ¥
B AL E B A R FRA W] 5 SRR Ak AR 1 g 41D
HilF (5255 MB12707) W H K& R CAEYHEARA
BRAE]; Skt (dit5 2025010601) 1y A PRI

IRTEA A RHE A
1.4 MAHE F50 W54 (B4 F] Tecan 22 ) ;

neofuge 15R VR URELOHL (1 FEAE W BE 7 B 45 Ik
AT CX-31 IR B A5 ( H A Olympus AH]) ;
NanoZoomer ®S360 14 R4t ( H ARUEFAAF]) 3 ABI
QuantStudio 1 Z¢ )6 1 PCR Y (3EE Thermo Fisher
Scientific 22 7 ) ; 1200EX & §f L B il ( H A
JEOL A7) .

2 FE

2.1 Hig#ld WK, AR ERE, HAK,
BEPi . EKEA 30 g, RE FEFK 24 g, B
Fo AR RS20 g, FER15S g, NE 12 g, B
9g, HH 6 g, MAWEFMHT, MA 8 fFEKEIH
1h, WHACE, SERHEmMA 6 ffEKATE, &
IF 2 W DB R RO, Hedn A 2550000 0 1. 26,
2.52,5.04 ¢/mL. (BIK, B, @ aE), HIAE,
YRR

2.2 i, #EELH KREGENERSE T d)E
W50 H, —WAESAERTE 5 mg/kg BLM LIl %
IPF REALTY R FRURR e 6] J 200 B 0k T 2, /)
OUITHERE B, BWAEREZIETEA BLM &
W, 2855 B IR Ehe 25 it 5, ik
FAR 0 1 5 0. 9% FALAN T S, FabfT
M7 WRRIME, JREES A POk, REks
KEBEAL 7> % IR | A 2H | Atk =JE Je B 26
TBHX L, . mflEd, S HAER 528, Al
1 mL/100 g, MLARJE B4 25 F 50 me/kg 25,
TBHX fik, ., mMl&EAH 5 n4 T 12.6, 25.2,
2920

50. 4 g/kg 25U, X HELH AR A 2 45 T S PR UL B
K, BR1K, 284,

2.3 MARELEA® BHEHLSHEE, KEDSFHE
BEHEAT R, A RN, 7 3 30 B S 4T I iy
fis, BB IE, vKE AR LR, AR E T
4% Z R, AlE THRAE T, SWAER
JERAET =80 CUkARH . ASABEHLER 6 KR
rHabr, F4 4 JHTEE KL,

2.4 AR AREEYESFAEN KR HLEE
24 WG K, ARSEIR, W4 wm P15, 40
47 HE . Masson Yt {8, , BV =3 EAE AR T A o X
J# . 2K Image-Pro Plus 6.0 34X} Masson Jett.d] F
AT BT, TR 4L collagenvolume
fraction, CVF) LR LI JRTTAERE, A=h CVF=
(eI A i AR/ LB ST AR) x100%

2.5 ELISA % # al &2 75 HYP, TGF-B1. Vim /&
P KBRS # B B, 3 500 v/min B0
10 min, ZrEMGH MY, & FHRAE DT EERAET
-80 CokAaH, MR & U BRI HYP | TGF-
B1. Vim /K¥F,

2.6 HERAAAKMAFHEL Vim, E-cad, N-cad %
b &k KREMMALY) Mg SRBE ., B
EERFEIMANEMT, FEBFEF 30 min, A
Vim (1:2000), E-cad (1 :400), N-cad (1 :
1000) —¥L, 4 CHAEHR, WHFEMZH, 37 C
¥ 45 min, DAB {0, HAKEEY, WT/5H
RE R RS A, BT, TRME T WL, XA
Image-Pro Plus 6. 0 84X 45 5% B8 7 #4720 B, 1t
BRSNS = (BHPE G T B E
PP AL) x100%

2.7 Western blot % # M B 20 22 o-SMA . E-cad.
N-cad, Vim, FN & & & ik HUKRUG414, $2£H
I, SDS-PAGE &R HL K, R, A a-SMA
(1 :2000), E-cad (1 :1000), N-cad (1 :
1000), Vim (1 : 20 000), FN (1 : 2 000) .
GAPDH (1:5000) —¥i, 4 CHELRK, WHM
AZHL (1:5000), ZRGE, RAFLLE
A, Image] BAFME HIE A, NS GAPDH 4%
WRUMEEE (10D), LAP#E AN B A& A
XfFRikt, wE 3K,

2.8 RT-qPCR ZHE#MAFLELR Col I, a-SMA. E-cad.
N-cad., Vim. TGF-81 mRNA & ix  HUK M4 4L
30~50 mg, #EHRNA, R¥s%E#4T PCR ¥ 1 %
N, AR 94 C WASYE 2 min, FEAT 45 AEIR
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(94 C7EME S s, 60 CiB k/HEMH30s), 7E 65~
95 CFLLO.5 C/5 s M3 AT 15 i th 4 70 H7
SR 274 g H AL mRNA MR, 519
AL SR E MR R A R F A R, 351
1,

1 5|9F5
Tab.1 Primer sequences
HH FH1(5'—3") T/ bp

GAPDH 1E[1] ACTCTACCCACGGCAAGTTC 72
211 TGGGTTTCCCGTTGATGACC

Col T 1E[7] GACCCTAACCAAGGCTGCAA 235
JZ i) GGAAGGTCAGCTGGATAGCG

E-cad 1E[1] CAGTGTTTGCTCGGCGTTTG 297
216 ACTGTGATGACGCCATCTGT

N-cad 1E 15 TTCAAGAAGCTGGCCGACAT 70
% 1] TGTCCAAAAGCCAAGTCCGT

TGF-B1 1EI5] AGTGCTGAGGAGAAACCGTG 111
JZ 14 TTTGTGCATCGGCTGAAAGC

Vim 1E1 GCAGCCTCTATTCCTCGTCC 202
J%Z 1] TAGTTGGCGAAGCGGTCATT

a-SMA 1ETH] GCTGCTCCAGCTATGTGTGA 253

JZ 5] AGTTGGTGATGATGCCGTGT
2.9 BBV RN BUR BB B
JRZHER, % PBS PRV UE, L EIA 2 53 B |
TR A EEW T, BEE 1 mmx1 mmx3 mm
tn, HEATIEVE. 1% HPR [ . /K. Epon812
B, A, R 5] o R R
Y SRR . CRNEMYL A, EEHH T
S TS, CeD FAaidic S,
2.10 %o @it SPSS 27.0. 1 &R Ak
H, FFEESSMITTREEELL (vxs) FIR, 2
AR LR ¢ K, Z4H (R R BCR F PR R 3 0 22
IS8T, VA P<0.05 hESHAGIFE L,
3 #R
3.1 TBHX #f IPF K RMALRE L Hra HE
P, XTHRAKRBIMEZH e, K W 5
TV R R IR 5 AT A R B T DL 2 4 il 5
g VR SCRE G AR SOV N A D UK 4 i 4
A, AR ZREAMET, 20Uy sk, JEE
AUL I AR JE B TBHX 4555 5 41 K BRI A
ANFIFREE el 9 H TBHX 5 & 2R B bk,
Mt Zs A B AR, RUEANM , SCRE R A Wk
2%, WE1,

Masson YL 8 i 7n, SXFRRA b5, AL K
UM U IR A A R DR, RIRE 1, CVF
EFHE (P<0.01); SHBIRIZ A, iR e 2 A
TBHX 1, el 2H K R TR b, CVEF (BB

. WEALFRRRMENEERRE, SR LRRXENE, a
TR FORIMEY K, REAFL RN,
1 ZHHEXBAEALR HE £& (x200)
Fig.1 HE staining of lung tissue of rats from each group
(%200)

ik (P<0.01), WEI2, &2,

B2 KAEAKXRAMEAL Masson & (x200)
Fig. 2 Masson staining of lung tissue of rats from each group
(%200)

F2 FBEXRMEALR CVF EHLILER (x+s, n=6)
Tab.2 Comparison of CVF values in rat lung tissue from

each group (x+s, n=6)

2053 CVF/%
X IR 2 6. 14£2.74
IR 34.32+4. 38"
Nk JE i 21 23.58+3.44*
TBHX {5 &4 28.25+5.02
TBHX Hi7li4d 15.88+4.36 ™
TBHX =77 41 14.96+3. 63 *

T SXH IR AL, ™ P<0. 01 SHORA H#, ™ P<0. 01,
3.2 TBHX # IPF kX & f27% HYP. TGF-B1. Vim
K Frm  SXTIRGL A, AR K RS HYP
TGF-B1. Vim ZKETHE (P<0.01); SHRIZH g,
mtAE JE B 41 F1 TBHX 4% 71 & 21 K B3 HYP
TGF-B1. Vim ZKFFEL (P<0.01), W33,
3.3 TBHX #F IPF X #2822 E-cad, N-cad. Vim
FARKGHen  SXTIEA i, B R U2
41 E-cad B FBHMEFFEML (P<0.01), N-cad, Vim
HEHEMAMERTR (P<0.01) ; SEUA LHE, Ak
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3 HAKXRIME HYP, TGF-p1, Vim KFELLE (x+s, n=6)

Tab.3 Comparison of serum HYP, TGF-1 and Vim levels in rats from each group (x+s, n=6)

2051 HYP/(mol-L™") TGF-B1/(pg-mL™") Vim/(ng-L™")

Xt BRAL 386. 68+40. 11 917.361+76. 47 8.26+1.20
AL 838.24+49. 18% 1 720.28+228. 16* 16.31+1.51%
A 499. 80+75. 15 1 158. 46+85. 65 9.35+1.29™
TBHX {5 41 607. 16+28. 54 ** 1 443.88+110.82* 12. 82+3. 09 **
TBHX 54l 484.74+84. 27" 1 146. 0050. 04 ** 9.01+0. 46 ™
TBHX 2 7] 1 21 536.22+46. 01 ** 1 087.78+106.05* 11.67+1. 88"

. SXFIELH HLE, # P<0.01; SHEIRIAH L, ** P<0. 01,
JEWAZE AT TBHX ", @58 4 K U ZH 4 E-cad 25
HFHPMERT R (P<0.01), MtAEJEEIZH A1 TBHX 4551

AR UM 2H N-cad . Vim 5 F1FHPEREL (P<
0.01), WK 3, #4,

B3 &KEAKXBAEAL E-cad. N-cad, Vim EEEEBHLLEE (x200)

Fig. 3 Immunohistochemical staining of E-cad, N-cad and Vim proteins in rat lung tissue from each group ( %200)

*4 BAKXRMAEAL E-cad, N-cad, Vim EHFRILLLE (%, X5, n=6)
Tab.4 Comparison of E-cad, N-cad and Vim protein expressions in rat lung tissue from each group (%, x*s, n=6)
2051 E-cad N-cad Vim

Xof B2 2.88+0. 17 0. 08+0. 04 0.95+0. 09
FERIZ] 0. 06=0. 03" 3. 15£0. 14* 5.18+0. 10*
nHEAF Je R 4 2.75+0. 14 * 0. 34+0. 06 ** 1. 640, 12*
TBHX {55 41 0.07+0. 03 2.15+0.12* 3.67+0.09 *
TBHX il 20 1.07+0.01* 0.51+0. 04 ™ 1.62+0. 16 *
TBHX 7] 241 0.55+0. 04 ** 1. 08+0. 14 ** 2.30+0. 09 **

. XA R, ¥ P<0.01; SR HER, ** P<0.01,
3.4 TBHX &} IPF X M4 4 a-SMA | E-cad, N-
cad, Vim, FN & &G & X 09 %m SR g,
FERIZH K R 2H 2 o-SMA | N-cad, Vim, FN &4
FkTHE (P<0.05, P<0.01), E-cad &£ LMK
fR(P<0.01); SERIA L, NIk JEmIZ4 i TBHX
H 2R U 41 21 «-SMA . N-cad. FN. Vim &
AL (P<0.05, P<0.01), E-cad & H ik
THE (P<0.05, P<0.01), TBHX 7441 K Uit
H2 a-SMA | N-cad, FN FEHELFEAL (P<0.05,
2922

P<0.01), E-cad E@HEETHE (P<0.05), TBHX
EFNEH KRBT H A N-cad TFEHRSBEL (P<
0.01), WK 4, %5,

3.5 TBHX 2t IPF X RAZE22 Col I, a-SMA. E-cad.
N-cad. Vim. TGF-B1 mRNA %k 69357, HXTHRZ L
A, BRI KR ZHZE Coll, a-SMA . N-cad. Vim
TGF-B1 mRNA FikTtE (P<0.05, P<0.01), E-
cad mRNA FKIKFEML (P<0.01); SHEAIA K,
mEAE JE B 20 F TBHX 4% 57 i 20 K BT 20 21 E-cad
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B4 HAKXEMEALR o-SMA, E-cad, N-cad, Vim, FN EHEH
Fig. 4 Protein bands of a-SMA, E-cad, N-cad, Vim and FN in rat lung tissue from each group

K5 BAKXBRMALR o-SMA, E-cad, N-cad, Vim, FN EARILLLE (x5, n=6)

Tab.5 Comparison of a-SMA, E-cad, N-cad, Vim and FN protein expressions in rat lung tissue from each group (xz=s,
n=6)
2 51 a-SMA E-cad N-cad Vim FN
pogiE:| 0. 02+0. 00 0. 72+0. 06 0. 07+0. 01 0. 02+0. 00 0. 03+0. 00
T2 0. 63+0. 18* 0.11+0.01% 0. 67+0.01% 0. 50+0. 04* 0.57+0. 11%
k3R JE i 41 0. 14+0. 05 * 0. 68+0. 06 ** 0.23+0.02* 0.05+0.00 " 0. 16+0. 08 **
TBHX %520 0. 50+0. 10 0. 050. 03 0.61+0. 02" 0. 42+0. 04 0.50+0. 12
TBHX )21 0.31+0. 04 0.53+0. 07 * 0.39+0. 03 ™ 0.13+0.03 ™ 0.28+0. 09 **
TBHX i 7l &4l 0.45+0.10 " 0.21+0.04* 0.57+0. 02 0. 330. 02 0. 40+0. 06 *
. SXIEA R, Y P<0.05,% P<0.01; SR I, * P<0.05, ™ P<0.01,

mRNA FATHE (P<0.01), AR JEEHZH Fil TBHX
HhF R R HE Col T, a-SMA ., N-cad . Vim .,
TGF-B1 mRNA Fik[¥{L (P<0.05, P<0.01),
TBHX X241 KR Z Col I, N-cad. TGF-B1

mRNA kP (P<0.01), TBHX {57 2H K B
il 2} Col I . N-cad. Vim. TGF-B1 mRNA k[
& (P<0.05, P<0.01), W6,

*6 BAXRMALR Col I, a-SMA, E-cad, N-cad, Vim, TGF-B1 mRNA FiAtL% (x+s, n=6)
Tab. 6 Comparison of Col I, a-SMA , E-cad, N-cad, Vim and TGF-31 mRNA expressions in rat lung tissue from each group

(xxs, n=6)

205 Col I a-SMA E-cad N-cad Vim TGF-B81
pogiE| 1. 00+0. 00 1. 000. 00 1. 000. 00 1. 000. 00 1. 000. 00 1. 000. 00
[T RIEE| 4. 1420. 09" 4.31=0. 08" 0.51+0. 01% 4.51+0. 26" 4.16=0. 26" 6. 11x0. 86™
bl 1.59+0. 11 * 1.81+0.11* 0.63+0.03* 1.62+0.02* 1.49+0.07* 1.23+0. 01 **
TBHX {I%5) 41 2.45%1.18 ™ 4.080. 08 0.43+0.02" 3.530.22* 3.38+0. 11 5.79+0.26 "
TBHX 3l 1. 86+0. 05 ** 2.34+0.20" 0. 88+0. 03 ** 1.83+0.43 1.74+0. 06 * 1.57+0.04*
TBHX #5741 2.34£1.33™ 2.73£0. 56 0.77+0.03 ™ 2.53£0.04™ 2.48+0.19" 3.40£0.21*

W SXFIRYI IS, *P<0. 05,7 P<0.01; SR LEL, * P<0.05, ** P<0.01,

3.6 TBHX f IPF K SRR M EMGHm 5
Xof R b, BT 2 AR R TT 7R i I Bz 4 e 2% 1T
YRR, MR K 2 S5
Uife AL, LniARMik, UEBOHE, AR SR
Wy, gufa it e, ARSI R, BRI
AL, MkARJS B4R TBHX e 4K L4
MIZR TS B R S MEA B A, Ao ik
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Fig. 5 Ultrastructures of rat lung tissue from each group (%12 000)
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