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Effects of rare ginsenoside on idiopathic pulmonary fibrosis
YAO Lei'?, QU Linlin'?, FAN Daidi"*
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Abstract To investigate whether rare ginsenosides could alleviate idiopathic pulmonary fibrosis (IPF), C57BL/6
mice were randomly divided into control group, bleomycin (BLM)-induced IPF group, rare ginsenoside Rkl
group, rare ginsenoside Rk3 group, rare ginsenoside Rh4 group and rare ginsenoside Rg5 group. All mice except
those in the control group were given bleomycin injection. The IPF model was established by BLM for 28 days.
The treatment group was given ginsenoside intragastrically at the same time. After the experiment, the lung
tissues of mice were collected and the pathological changes of the mice lungs were observed. The content of
hydroxyproline (HYP) in mouse lung tissue was measured. The expression of IPF-related genes in mouse lung
tissues was detected. In in vitro experiments, Medical Research Council cell strain-5 (MRC-5) was used to induce
IPF cell model using transforming growth factor-B1 (10 ng/mL). The effects of four saponins on the expression of
IPF-related genes were analyzed by MTT assay, HYP content determination and RT-qPCR. All four rare
ginsenosides could effectively alleviate the pathological process such as alveolar structure destruction caused by
IPF, reduce the content of HYP, and down-regulate the expression of IPF-related genes, indicating that rare
ginsenosides can effectively alleviate IPF.

Key words pulmonary fibrosis; rare ginsenoside; MRC-5 cell; transforming growth factor f1; bleomycin
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B, FEIE RN 5 52 2] TAR KA BR . Ptk ,
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RARA 258 . BHRAYFRGE HERERA A R
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TEo WFEIESE, NS SR H REAE IR 44 TGF-B1/Smad
{7 1 % I MMIP 3 428 5035 T R 5 K175 3 ) TPF A8
AL H M AZS BB T AR & -1,
MMP-2 . MMP-9 ,Smad2 , Smad3 L\ % TGF-B1, |1
Smad7 A FRIKEE IPFY 1Ak, A S B Rl A LA
i 3 A0 ] TGF-B1/Smad i 12 25 fift M 55175 5 (19 <l
LF AL NS AT Re3 0l DL o 06 HIF-1a )
2 A0 e 2 it LPF S 350174 fili 2y g o 1R

PRIt , A BT 53 01 388 44 PN A1 TPF AR 5 aek
K 2 il 202 (hydroxyproline , HYP) 7 & M £ 4 fk,
FHOCHE IR R IA IR T A NS AT X IPF (520 .

1 # #

L1 K Al

4 A 1 >k % % (bleomycin, BLM, it 5 .
H20055883 , i) W fill 25 47 BR 2% W1 ) s HY P 7] & (52
5 :BC0255, ALt Z R R FD s e K
F (transforming growth factor, TGF- B1, 3£ [

Pepro Tech A F] ) ; Trizol \ 55 — %l ) % 5% 1050 & (36
[E Thermo Fisher 22 7] ) ; G477 5% P B (BT hr T 458 11
LA BRAFD) ; qPCR I & (Bt Roche A H] ) ;
i 5 N2 5 H Rkl Rk3 . Rh4 . Rg5 (4L ¥ >98%, il
i HPLC SHRifE S 47X b)) v AL R A R 24
Bt
1.2 M %8

TS100 31 % 56 1 i 455 ( H A< Nikon 28 ] ) 5
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PS100 88 7 J 1 VEAIL C7 B E R 45 2 | ) 5 XS2 fiff
P (35 [ BioTek 2 F] ) ; TEC2800 A7 # A HE AL (I
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MRC-5 ZH i/ MEM ¥ 5 5L rh 1 73, — S bk
REFRAE S N 37 °C.5% CO,F195% 1R , 15 2 KAl
TR ALAR AT R 122,

i AR K- B1(TGF-B1, 10 ng/mL) kb3
MRC-5 41 fifd 24 b, 1755 57 8 & PRl £T di AL
2.2 MTT kAl 2a f 3

15 200 Jf WS 46 i e D ot 200 e o ok AT R
PR MR BT 1 x 103200, 05 4 4 4
VR T 11 200 B B R A A B T 96 FLAR A A s
A 37 CREFRM IR 24 W VKA NS 21 i
TR ATV M i B, A 96 FLAR Hp 4k 2 35 57
24 h, KBREFFR, B 19 AL A MTT ¥ 150
pL AR AT 2 ~4h, BFEHRE, 25
MTT %W, Bifi e 1] AL A — F LR (DMSO) 7
150 L, {5 ARSI 5 490 nm A9 3 KR (W
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2.3 IPF/ N RAER g 3 5 R 4 4a A 52

100 H SPF & i 1 C57BL/6 /N R BEHL 34,
H 10 Ko A5 x4 BLM 41(35 1U/g) K5+
Rk1 (60 mg/kg) +BLM 41 | {5 7 i Rk1(120 mg/kg)
+BLM 21 i % Rk3 (60 mg/kg) +BLM 41 . 5 71 &
Rk3 (120 mg/kg) +BLM 41 . fiX ] i Rh4 (60 mg/kg)
+BLM 41 . & 75 Rh4 (120 mg/kg) +BLM 41 %5 &
Rg5 (60 mg/kg) +BLM 4 . /= 7l it Rg5 (120 mgrkg)
+BLM 4 o B X RE A A 4 /I BRI 7 4 BLM
(35 1U/g) 28 d LA #4 2 IPF A7 121 it HE 21 R ][]
SR A R K R T T o BB AR S 2 RIGYT
HiE i EH XA THRA NS BT, W IRARM
FERIZE 73 5 E B AR B K . HEEB 42528 dJn
AR BE/INER, IBO/N BRI 2H 21, 26 DA R 5 B
2 -80 CHACIR VKA - A7 25 H
2.4 RMFALIRIL T

V5 20 0 S 56 /)N BRUP) il JE 2H 22 i ) JE N 2
PR S P E AT 1 5 L 48 b (AN TRk 5 1) 2 Tt Ak
L, BRI NE K 5 o AL R K S R BR T
HeJe A T H R AL BRAL LY (i HOR B S R
W O 2090 335 B 1 4 2002 T4 50 TR AL 1 4 i
o BRI TR AL B BE S A B A b T
HRARI 35 BT RV T 1 o

Xt U0 R 20 28— H 2RV TR A T I it A B
JI5E 55 235 SRS HE K b ke, i R 9 AOHS e 83K
FIDEAT Y b R eI R 10 min, 25 YL (4
J& , FRUCOR RS K S#EAT vh sk, ok S5 R A7 B K Ak
o KA BR S O 20 G (o o0 U0 R iR AT g
o, e BT R S ming FRRIBEK, B, 3 . ik
A E KU AT T, o KT 58 4 0 BT ol g
e TSR .
2.5 HYPAEalz

XTSI HSEAR  FRIFEA 0.2 ¢ T 3% 55
B BULS 8 B R DB AL, In AR EUOR 2 mL;
X T AIMIAEAS T EUS R 5 % 10°4>, T A$2
BOB 1 mLo B 54 A Wk K b T AL = T
LR B AT, Y& 51 F NaOH (10 mol/L) ¥ 45 pH &
6 ~ 8, [H FHZRIB/KE R E 4 mL. FJa A B DAL
(4 °C .12 000 r/min) , &5 :L> 20 min, B 75 BAFI
R HECIBE BH 5 43 500 5 e s o i 5 R L R AR A
T 490 nm By WIS BE

2.6 B R K ZEEPCR(RT-qPCR)

X T A0 AR A 1) A BE S B9 MRC-5 20 i 45 L
JIA Trizol 7 1 mL, 7E VK L2447 5 ~ 10 min, BJ5
W BT EP AT X T A UREAR  BU/IN FUI S 2
2150 mg TP IMABFEEER 3 ~ 5900, ] h
JIA Trizol %W 1 mL B AR EEML o BE IS A
25 CRIBIHFEATIKIE 5 ~ 10 min, [1 8 Fim A&
15200 L, IBATJE FRK 25 ‘C/KIA 10 min, KB 5T
ABOHL(4 °C 12 000 r/min) B0 15 min, WE FZ
WA 350 L 25819 EP A, A S I EE 500 L,
TRATJG 25 “C/KI 10 min, B A B OAL (4 °C
12 000 r/min) &> 15 min, 752 FIE W, A AT
FH G JC B 7K BE B 1 75% 2B IR SR 25 CKIR
5 min, FAELHL(4 °C.7 000 r/min) B.0> 5 min, 3¢
2% LW, AT 5 TG A JE il KV A B
3 5 SRR ) B 1 HHOR  RNA S #5 55 Sk ¢ DNA
{8 F ¢DNA 347 RT-qPCR 3256 , Fr 15 2 A9 Cq H
24T A 3% F GAPDH /E N N2, H AR L H 5]
YIRS LG Y790 an % 1 ik .

2.7 Gt F S

fdi 1] GraphPad Prism 9. 0 1 IBM SPSS Statis-
tics 21. O HEATERIR AL B . T A7 S0l ST B A2 31K
SR D x £ sHIEX R, P <0.05 Bl 4,
REABEE A5 FE .

3 ERESH

3.1 HHARLIF@MIRER KT F ik

i e TR U s YR AR L Ik A BT 4 B A
ANZRATX MRC-5 YA AL #5125 R UL 1. i A
1A, 25 NS 4T Rkl Rk3 \Rhd Fll Rg5 ¥ i /N T
0.5 wmol/L i}, MRC-5 2 g 119 7% J1 K F 90%, [H 1t
Jo SLAH M S0 N2 B IR BE S 0.5 umol/L.,
3.2 % BLM i 3 #9 IPF /)~ 50 20 22 9% 22 3 AL 09
EAG)

/NG ZH ) e g5 S an i 2 i, xof Bl
JIN BRI il e 20 21 S RS 5 A T I B S M v B
FH BRI R A M2 B, 25460 T AT, M v BE A 1 R
B TR il 6 B PN JC B S8 0, e A B I Y R
20 6 T 5 M R S5 4 il P 45 44 20 29 K il A AR 1Y
JoPA 5 5 5 0 R AR L, BLM /)N B ] Joi 4
ZEE AR I A R RE B G G RIS il i
SERANTE A R0 IR 5 rT D 4 ) L 96 £ 4
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Table 1 RT-qPCR primer sequences

Protein

Forward primer(5’—3")

Reverse primer(5'—3")

a-SMA (human)
a-SMA (mouse)
COL1A1 (human)
COLI1A1 (mouse)
Fibronectin (human)

Fibronectin (mouse)

CTATGAGGGCTATGCCTTGCC
GTCCCAGACATCAGGGAGTAA
GAGGGCCAAGACGAAGACATC
GCTCCTCTTAGGGGCCACT
CGGTGGCTGTCAGTCAAAG
ATGTGGACCCCTCCTGATAGT

GCTCAGCAGTAGTAACGAAGGA
TCGGATACTTCAGCGTCAGGA
CAGATCACGTCATCGCACAAC
CCACGTCTCACCATTGGGG
AAACCTCGGCTTCCTCCATAA
GCCCAGTGATTTCAGCAAAGG

IL-6 (human)
1L-6 (mouse)
TNF-a (mouse)

ACTCACCTCTTCAGAACGAATTG
TAGTCCTTCCTACCCCAATTTCC
CCCTCACACTCAGATCATCTTCT

CCATCTTTGGAAGGTTCAGGTTG
TTGGTCCTTAGCCACTCCTTC

TNF-a (human)
plasminogen (mouse)
plasminogen (human)
Factor X (mouse)
Factor X (human)
GAPDH (human)
GAPDH (

mouse)

CCTCTCTCTAATCAGCCCTCTG
TGCAGTGGAGAAAAGTATGAGGG
TGTATCTCTCAGAGTGCAAGACT
GAGGGACACCTACGACTATGAT
TGAGAGGGGCGACAACAAC
GGAGCGAGATCCCTCCAAAAT
AGGTCGGTGTGAACGGATTTG

GCTACGACGTGGGCTACAG
GAGGACCTGGGAGTAGATGAG
AGGGATGTATCCATGAGCATGT
CTGCGGATCGTTGTCTGGA
GCCCAGTCTTTCTGAGGCA
TCAGAATGGTTCCACCACAGA
GGCTGTTGTCATACTTCTCATGG
TGTAGACCATGTAGTTGAGGTCA

kAR SR R AR T . S 4
THANS BTG, AT LUZ I IPF /)N B BE g
AT I ek, U L2 A0 e i s 2, T Wk 240 5 R 2
J S b . e Rhd BORCR el 3% .

== (.25 umol/L
100 = &==3 0.5 pmol/L

90 = | ymol/L
80 == 2 umol/L
§ 70 — =4 umol/L
£ 60 o
£ 504
2 40 4
S 30
20+
10
0_

Rkl RK3 Rhd RgS

Figure 1 Effects of concentrations of rare ginsenosides (Rk1, Rk3,
Rh4, Rg5) on the viability of MRC-5 cells (x + s,n = 3)

3.3 XML F HYP & E 0%

/N U ZL HY P 5 i 45 R a0 3 s, BLM
205 %5 B AR LE , BLM % S 1 /8 BRI 21 21 b i1
HYP & B RS AT ASEHE HYP S 2R
FREAK, Hoh Rhd FRAK IPF AR ih i HY P 5 Y
BESLEETE
3.4 ATIPF 4 dfeAn K A R A A 69 h

{65 TGF-B1 55 MRC-5 44 2 41 iy IPF A5 Y
MRC-5 2 Jifd /1 IPF AHOCSE [ ik i &l 4. fH Al 4
LA, TGF-B1 41 5 X BE 41 AH LL , TGF-B1 1% T 1Y
MRC-5 4iiffii ' COLIA AP 4E1E 3R 5 o-SMA B
mRNA %35 & B 390 ; Rk1, Rk3, Rh4, Rg5 415
TGF-B1 A AH L , 4 Fh A\ Z 521 0] LLBEAIL MRC-5

HEREE S a-SMA ) mRNA

e WL e
E v:“-‘v-’v o d
. W R o

Figure 2 Lung sections of mice at day 28 after bleomycin (BLM) induction (HE staining)
A: Control group;B:Model(BLM);C:Rk1(60 mg/kg)+BLM;D:Rk1(120 mg/kg)+BLM;E:Rk3(60 mg/kg)+BLM;F:Rk3(120 mg/kg)+BLM;G:Rh4(60 mg/kg)
+BLM;H:Rh4(120 mg/kg)+BLM;1:Rg5(60 mg/kg)+BLM;J:Rg5(120 mg/kg)+BLM
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600

400+

200+

Hydroxyproline content/(pg/g)

Control ~ BLM Rk1 Rk3 Rh4 Rg5

Figure 3  Effects of different concentrations of rare ginsenosides
(Rk1, Rk3, Rh4, Rg5) on HYP content in lung tissue of IPF mice after
BLM modeling (¥ + s,n = 3)

P < 0. 001 vs control group; P < 0.01, ""P < 0. 001 vs BLM group

20
=
.% | Control
g 5 &= TGF-Bl
] E= Rkl
§ 10 4 mmm Rk3
& EER Rh4
o B Rg5
Z
= 57
3
o

Fibronectin

CollAl

Figure 4 Effect of rare ginsenosides (Rk1, Rk3, Rh4, Rg5) on the
expression level of fibrosis-related genes in IPF of MRC-5 after TGF-
1 modeling (¥ + s,n = 3)

#p < 0.001 s control group; P < 0.01, "P < 0.001 »s TGF-B1
group

o8 R s 7 555 BLM AR 2 /)N BRU TP ALY /N Ul
HAUP IPF A G HE R Rk an &l 5.t &5 a0,
BLM 20 5 %} FRZH A FE , BLM i35 S 18 TPF /)N BRUI 35 40
ZUrh COLIAL A 4% HE S a-SMA 1Y mRNA £

154
i
Control

= BLM
E= Rkl
[ Rk3
1 Rh4
Rg5

[}
|

Relative mRNA expression

Fibronectin

CollAl

Figure 5 Effect of rare ginsenosides (Rk1, Rk3, Rh4, Rg5) on IPF-
related mRNA expression in lung tissue of mice after BLM modeling
(x £s,n=3)

#p < 0.001 s control group; ‘P < 0.05, P < 0.01, ™P < 0.001 vs
BLM group

IR I ; Rk1, Rk3, Rh4, Rg5 415 BLM 4 AH L,
IMANZ BTG B ERILT COL1AL 2P 4k 48
5 a-SMA ) mRNA ik . o Rha 20920
A RE.
3.5 XFTIPF K gz A48 % Ak B A K 49 %0k

16 F TGF-B1 755 MRC-5 #4 2 21 g IPF A5 7Y
MRC-5 21 g Hr IPF 1Y 58 i AH G PR A il 6.
A 6 A, TGF-B1 41 5 X REZHAA L , TGF-B 115
) MRC-5 4 Jitg 7 1L-6 F1 TNF-o ) mRNA 2% 34 12 B
Y0 s Rk1, Rk3, Rh4, Rg5 415 TGF-B1 41 A L,
4 Ff N 2 5 1 24 A] DLRE AR MRC-5 2 g v 1L-6 F11
TNF-o [ mRNA 3 3A & ; Horh Rha 20 B ROR 5y

ke
.
25—
g mmm Control
'z TGF-B1
£ &= Rkl
5 B RK3
= [ Rh4
% EE Rg5
(5]
z
=
5]
[

Figure 6 Effect of rare ginsenosides (Rk1, Rk3, Rh4, Rg5) on expres-
sion levels of inflammatory genes in IPF in MRC-5 modeled by TGF-B1
(x +5,n=3)

#P < 0.001 vs control group; P < 0.01, “"P < 0.001 vs TGF-B1
group

el R M T 55 BLM AR /)N BRUTPF AR /)N B
HAH IPF (9 S AE A OCHE I Rk = an &l 7. fH A7
AT, BLM 45 X R4 A B, BLM 75 5 19 IPF /N B
JIFi 38 25 21 T-6 1 TNF-o Y mRNA 2535 5 54
Rk1, Rk3, Rh4, Rg5 415 BLM 40 AH I, I A A S 12
I B RRAR T IL-6 F1 TNF-o [ mRNA 35 H
3.6 xFIPF % fn 2R FR AR X A& B RA 69 %0

14 TGF-B1 55 MRC-5 A4 2 41 iy IPF A5 %Y
MRC-5 2l jfd v TPF 14 5 1L 25 36 A DG 356 R 3% 38 a2
&8, MKl 8 Al HI, TGF-B1 2 5 xF IRZH#H Lt , TGF-
B1175 T MRC-5 41 g H Factor X F1 plasminogen {9
mRNA ik i B & 38 i1 ; Rk 1, Rk3, Rhd, RgS 41 5
TGF-B1 1A L , 4 Fl A2 BAT I AT LA AR MRC-5
I Factor X Fll plasminogen A mRNA #2351 ; H:
o Rha 4 R ol B3

el R M 55 BLML AR /)N BRUTPF AR /)N B
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l BLM
Rk1
Rk3
Rh4
1 Rg5

Relative mRNA expression

IL-6 TNF-a

Figure 7  Effect of rare ginsenosides (Rk1, Rk3, Rh4, Rg5) on expres-
sion levels of inflammatory genes in IPF in MRC-5 modeled by BLM
(¥ +s,n=23)

##pP < 0. 001 s control group; P < 0. 01,”"P < 0. 001 vs BLM group

107 ? =3 Control
E 1 TGF-B1
2 87 =3 Rkl
§ E=3 Rk3
:.:) 6 =3 Rh4
Z >
Z B Rg5
£ 47
(o]
2
2 2
=4

[}
I

Factor X

Plasminogen

Figure 8 Effect of rare ginsenosides (Rk1, Rk3, Rh4, Rg5) on coagu-
lation cascade mRNA expression in lung tissue of mice after TGF-1
modeling (x + s,n = 3)

##p < 0.001 s control group; P < 0.01,” P < 0.001 vs TGF-B1
group

A Z1 TPF A BE I SOPAH SR P F ki N1 9.
9 AT, BLM 215 % IEALAR LE , BLM 55 /Y IPF
/N BRI BB 4 21 Factor X #l1 plasminogen [ mRNA
FE IR ; Rk1, Rk3, Rh4, Rg5 41 5 BLM 41 #H
b, AN Z AT 5 3 AR T Factor X Fll plas-

minogen [y mRNA ik .
15 4 mmm Control
BLM
] | Rk
7 i Rk3
2 10 == R4
] mom Rg5
<
:
2 54
£
&
0 -

Factor X

Plasminogen

Figure 9 Effect of rare ginsenosides (Rk1, Rk3, Rh4, Rg5) on coagu-

lation cascade mRNA expression in lung tissue of mice after BLM mod-

eling (x £ s,n = 3)

#p < 0. 001 vs control group, P < 0.01,”"P < 0. 001 vs BLM group

4 HitEHiR

A FE 1) TPF FE 700 R FH I s 4 4 BLM (35 TU/
)28 d®V, # A SE S L A HE Y 0] 1, BLM i
S TP /) U508 2H 2 10 il o0 e 15 RS £ 4 200 ik
120, DA R ik B 40 Bk P 2 45 L 3X 5 TP A 2R
HERR AR — S, F I IPF SR ST )Ty, SR i A
Wi NS BAT G, IPF 51 A il o6 245 #4 1 IR 5 2
PSR T % .

HYP 1F 2 2 S5 25 4k i b s YK i 7= 9, HY P
() i T LA 4 B I T AR O RGO M D A 1
2k BEDTRRUZ 2R A 1) 2R E . R HYP
FE R TR LR, 29 7 i DR A R A i 1Y
13% , FI A4 Ak 2732 (Can Be €232 R0 v 850 € 3
)0 %E L4 HYP A9 8 B 2 ik £F 4 Ak ™
TRV R H R ) 5 1k 2% 07 T AE 2017 AE 58
B B o} Wp 2 0 7 Ay il 21 4k AR I R B AN 119 B2 22 bR
WER, AT S o I % B, TGF-B1 411 MRC-5
A5 BLM ZH 9/ U H A rp HY P 5 i Wl 5 1
I MARA NS B R HYP & &8 8RR,

ST B, 5 ML 9K (coagulation cascade ) $8 Y
JEAE SZ 01 B 1045 A 7 A £ 4 25 P 0k i B 1k 2k 1t
FER FE A N, NS B e L
VA R M0 2B S I, DN T 7 A B i i, Y4 o R
Tit ol 1095 v ) £ A B R e A S AR A Y,
FEUE B, B i 2 5 IPF 25 Il 4l 4 b i 27 2 2
HULF S R &I, 78 IPF BB Ml 4 20 & S 4 M
P 856 111 2% 3K RN 2 375 il 1Y JL AR 7 )L (Factor X, plas-
minogen) P ITE . BESE R, IPF B35 19 fi 0 08
PRI IR B it P30, 58 ECM TR /e [
25 P T RS 7 AR5 5 T A A b LR &
e, AT INE] T IPF, AR 5T & B TGF-B1 17
F MRC-5 41 5 BLM i 510/ BRI EB 4 21 v £
AL A G EE (LK (4 COLIAT  a-SMA FIIZF 4 142
L) RAEAHCIED (U0 - 1L-6 Al TNF-o0 ) FHEE I
PR A S FE R (40 : Factor X Fl plasminogen ) [ 2 3K
AW R, MARAE NS B G, F4EE
M .COLIAI, a-SMA . IL-6 . TNF-a . Factor X I
plasminogen [ 55 K 335 e 44 W b %

i LTk, i A N2 24 (Rk1,Rk3, Rh4,
Rg5) Y] LLUTE 3 FRAR HYP & 5, TR 27 4 e 515
F1.COL1A1,a-SMA .IL-6 .\ TNF-a ., Factor X fil plas-
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minogen [ 3 [l ik & fi IPF., Hoh  #ia A S 2
H Rh4 BIBCR o % . AWTOATRA NS B
YR 1P SRRSO T ISR 30 40T s
P 1 5 SR 4 5 1) ARG 33 o
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