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(Abstract] Objective To investigate the ameliorative effects of ginsenoside Rbl on lung injury in rats infected with
Mycobacterium abscessus, and to explore its potential mechanism via the adenosine monophosphate —activated protein kinase
(AMPK)nuclear factor erythroid 2-related factor 2 (Nrf2)ferritin heavy chain 1 (FTH1) pathway. Methods Rats were assigned into
control group (n=24) and modeling group (n=90). The modeling group underwent tracheal intubation for instillation of a 1x10° CFU
Mycobacterium abscessus suspension to establish a rat model of lung injury. Rats with successful modeling were randomly assigned
to the model, low—dose and high—dose ginsenoside Rb1 group, and high—dose ginsenoside Rb1l plus ferroptosis inducer group, with
18 rats per group. The low—dose and high—dose ginsenoside Rb1 groups were intraperitoneally injected with 25 mgkg and 50 mgkg
ginsenoside Rb1, respectively. The high—dose ginsenoside Rb1 plus ferroptosis inducer group was intraperitoneally injected with 50
mg/kg ginsenoside Rb1 and 10 mgkg ferroptosis inducer Erastin. The control and model groups received intraperitoneal injections of
an equal volume of physiological saline. All administrations were performed once daily for 28 consecutive days. The body weight of
rats in each group was measured, and the colony count of Mycobacterium abscessus in lung tissue was determined. Pathological
changes in lung tissue were examined by HE staining. Quantitative real-time polymerase chain reaction (JRT-PCR) and ELISA were
used to determine the mRNA expression levels and protein concentrations of tumor necrosis factor—a (TNF-w), interleukin—-18 (IL-
1B), interleukin—6 (IL-6), and monocyte chemoattractant protein—1 (MCP-1) in lung tissue, respectively. ELISA and colorimetric assays
were employed to measure the levels of reactive oxygen species (ROS), malondialdehyde (MDA), superoxide dismutase (SOD), and
glutathione (GSH), as well as the Fe* content in lung tissue. Western blot was performed to measure the protein expression levels of
p-AMPK, AMPK, Nrf2, and FTH1 in lung tissue. Results Compared with the control group, the model group exhibited increased
inflammatory cell infiltration in the bronchi, dilated alveolar spaces, and thinned alveolar walls. Additionally, the colony count of
Mycobacterium abscessus, mRNA expression levels, and protein concentrations of TNF-o, IL-1B3, IL-6, and MCP-1, as well as the
content of ROS, MDA, and Fe* were all elevated (P<0.05). In contrast, body weight, the levels of GSH and SOD, the p~AMPK/AMPK
protein expression ratio, and the protein expression levels of Nrf2 and FTH1 were all reduced (P<0.05). Compared with the model
group, lung tissue pathological damage was alleviated in the low—dose ginsenoside Rbl group, high—dose ginsenoside Rb1 group,
and high—dose ginsenoside Rbl plus ferroptosis inducer group, with the high—dose ginsenoside Rb1l group showing the most
pronounced improvement. Correspondingly, the colony count of Mycobacterium abscessus, mRNA expression levels and protein
concentrations of TNF—o, 1L-1B, 1L-6, and MCP-1, as well as the content of ROS, MDA, and Fe** were all reduced (P<0.05).
Conversely, body weight, GSH and SOD levels, the p~AMPK/AMPK protein expression ratio, and the protein expression levels of
Nrf2 and FTH1 all increased (P<0.05). Compared with the low—dose ginsenoside Rb1 group, the high—dose ginsenoside Rb1 group
and the high—dose ginsenoside Rbl plus ferroptosis inducer group showed decreased colony count of Mycobacterium abscessus,
mRNA expression levels, and protein concentrations of TNF-a, IL.-1B, IL-6, and MCP-1, as well as content of ROS, MDA, and Fe*
(P<0.05). Meanwhile, body weight, GSH and SOD levels, the p~AMPK/AMPK protein expression ratio, and the protein expression
levels of Nrf2 and FTH1 were all higher (P<0.05). Compared with the high-dose ginsenoside Rb1 group, the high-dose ginsenoside
Rb1 plus ferroptosis inducer group exhibited increased colony count of Mycobacterium abscessus, mRNA expression levels and
protein concentrations of TNF-a, 1L-1B, IL-6, and MCP-1, as well as content of ROS, MDA, and Fe* (P<0.05). In contrast, body
weight, GSH and SOD levels, the p~AMPK/AMPK protein expression ratio, and the protein expression levels of Nrf2 and FTH1 were
all lower (P<0.05). Conclusion Ginsenoside Rbl can alleviate inflammatory responses and oxidative stress in rats, inhibit ferroptosis,
and thus can ameliorate lung injury induced by Mycobacterium abscessus infection, which may be associated with the activation of
the AMPK/Nif2/FTH1 signaling pathway.

(Keywords) lung injury; ginsenoside Rbl; Mycobacterium abscessus; adenosine monophosphate-activated protein kinase/

nuclear factor erythroid 2-related factor 2/ferritin heavy chain 1 pathway; ferroptosis; non—tuberculous mycobacterial lung disease
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7N % (malondialdehyde, MDA ) . #48 fk¥) 17 1k il
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GOY-E5676 GOY-2492E GOY-2493E; Btz 4 it #a k.
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BR R B R B R 22 [ L i 20 )
WeHE  PEAE L 10 A5 BEA RS H2R0 T TH10 [EALS
Fihk 37 CHFE 10~14 d 5T T AR B AR
IR W B R, B PR VR IE R 1x10° CFU/MmL, fi
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ZUHF HE Jeta Fl KR Z 48U F qRT-PCR |
ELISA | L8751 Western blot 43#T,
24 FARTPREEHE

TRIT LS AT KT RZE B A2 24 Rb1 IR
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qRT-PCR JZ W& 5, 4% BT 51 B N AR P 747 4
95 CHIAEME 30 5,95 CHFFRRNL 5 5,60 °C/L
20 s, HAEI 35 UK, AR CufE, R 2722 1k DA
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£ 1 gRT-PCR5|#1F5I
Table 1 Primer sequence for qRT-PCR

HH izl KB /bp
TNF-a 1E [ : GTTCCATGGCCCAGACCCT 100
21 ; CATGCCATTGGCCAGGAGG
IL-1B 1E 1 ; ACTTGGGCTGTCCAGATGAGAG 203
J2 1] : CGAGTCACAGAGGACGGGCT
IL-6 1E [ : TGAGAAAAGAGTTGTGCAAT 67
S : TTGTTTTCTGACAGTGCAT
MCP-1 1E [ ; GATCTGTGCTGACCCCAATAAGG 123
J21] : GGTGCTGAAGTCCTTAGGGTTGA
GAPDH 1E[i ; CAAGTTCAACGGCACAGTCAAG 141

JZ 1] ;: ACGCCAGTAGACTCCACGACAT

2.7 ELISA #&AHZEZRH TNF-o IL-1B.IL-6,MCP-
1,ROS.MDAGSH,SOD &£

UG ZHAUINAE BRER K (LU BIA 1:9) JG 17510
[N R R 2519 Wi ) N L = SRS R
P HEAFRUE ST A 96 FLEGFRAR H, B~
FEAMIE 3 R AL, BRIRIB S LA 37 CHE 5%
FaEE — ] SO S RS | P REFR AR B
FFRE P 530 nm, ME AFLIVIOCEEE . 2 6ilbR
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e Je il P s A Ak 22 KOG B % . LA GAPDH SN
%, FIFH Image) 7.0 FAXT B 0 00K B (R4 T
I3
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fd ] SPSS 25.0 MHATE T, T TR}
PL“vas " RN FFE RS0 AT H O 22 558U >k
R R 7 220 Wit AT Z2 241 8] Fe g, B LA LSD—t K
BT LA AR IES /AR B , R AES:
BRR, Ph P<0.05 RmERHAGIEE X,

3 #R

3.1 ABEERIRS
R BT EE =
5%t HRZUAH L, AR 444 5Tt AR (P<0.05) , Mk
J A3 BT B BRI (P<0.05 ) ; SRR AR L, NS
BT Rb1L AR 4]\ A S AT Rbl mifl il f A

B 51 8 4 R i 4H 4R

2 B AF Rb1 & ) i+ 2K 50 T 41 M5 i 24 386 fin (P<
0.05) , e i 43 AT TR Bl it YRR AR (P<0.05) ; 5 A S
AT Rb1 AR AH L, NS A Rb1 7 i 2 A
AZ AT Rb1 5 i+ 2050 T AL i & 35 38 m (P<
0.05) , e i 43 AT TR £l it YRR AR (P<0.05) ; 5 A S
BT Rb1 SR A, NS AT Rbl &l +2k
FET LA HE B AR (P<0.05) e Fift 43 R AT B i
M(P<0.05), LK 2,

®2 BHKREREFMKMSBATEBE LR (vxs,n=6)
Table 2 Comparison of body weight and Mycobacterium

abscessus counts among rat groups (xts, n=6)

iRl KBt/ JHe R 3 A AT R K/
(logl0 CFU/mL)
ot 312.91+4.97 —
AL 256.1746.90° 7.89+0.40°
AZ A Rbl K541 269.74+3.89* 5.02+0.31%
AZ A Rb1 EilE 4 298.55+2.28" 1.560.29"
ASBAT Rb] i+ 20T 41 282.35£4.00% 2.1420.34%

1 SRR A, *P<0.05 ; SERIZE A, "P<0.05; 5 A S RbI
TRFIHEA ML, P<0.05; 5 A B A Rbl @Ml L, 'P<0.05,

32 ABEF R MEXRIMALRFRETL

50 FRAEAH LE , BRI 20 R BR S S8 ST A=
T, SR REYG)R IR I 45K | It v i AR 1 A5
HA W, NS Rbl R4 A S A Rbl =
FIFEZH AN A S AT Rb1 i i+ R0 T4 K B 4
LUK ] B, o AZ 2 RbL s E Al
M2 e B, TEDLIET 1,
33 ABEF Rbl B KRRKERKE

55 FRZHAH LE AR 2 K BRI ZH 21 TNF -«
IL-1B.IL-6 MCP~-1 ) mRNA 7K F1 & i Y38 Jin
(P<0.05); SHERIZH AR EL, A2 B Rb1 (IG5 41
AZBH Rbl @i RAMAS AT Rbl &5 E+4k
FET-4H KB4 4 h TNF-o IL-1B . IL-6 MCP-1
() mRNA 7P Fl & BIFE K (P<0.05) ; 5 A S B
Rb1 XA 4HAH L, AZ AT Rbl SRl dl fA S
A Rb1 i+ T K BR800 TNF-a |
IL-1B8 IL-6 MCP-1 [J mRNA 7K Fl & 2 5 JE A
(P<0.05) ;5 AZ A Rbl @HlEAM L, AS BT
Rb1 &l S+ T2 R U ZH 2 TNF-o IL-1B,
IL-6 MCP-1 i mRNA 7K-FA1 5 2534 /i1 (P<0.05)
L 3—4,
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ANBEAF Rb1 AR

AZBATF Rbl @R+t T4

NS EAF Rbl S A

E1 SAXRMHEALFREETNHE,FFR=50 wm,x400)
Fig.1 Pathological changes in lung tissue of each group of rats (HE, scale bar=50 pm, x400)
VB ASTRUE A X8 BRI, RT3 SOV RIS i (T AR S5 i AR e

®3 BEXRMALRF TNF-a IL-1B,IL-6 MCP-1 mRNA 7KF Pb2 (xss,n=7)
Table 3 Comparison of TNF—, IL-1B, IL-6, and MCP-1 mRNA levels in lung tissue among different groups of rats (x+s, n=7)

20 5] TNF-a IL-1B 1L-6 MCP-1
oyt 1.00£0.07 1.00+0.06 1.000.05 1.000.07
PRI ZH 2.85+0.14" 3.66+0.15" 2.52+0.12° 2.34+0.10"
ANZRBH Rbl KFIHH 2.3420.12 3.12+0.14* 2.19+0.11* 2.15+0.07"
ANZ A Rb1 &4 1.65+0.06" 1.43£0.09% 1.35£0.07% 1.52+0.08
AZ B Rbl ElE+2sE T4 1.94+0.07 2.75£0.10™ 1.72+0.09 1.89+0.08:

L SR IRAAR 1L, P<0.05  SERIZL AR 1L, "P<0.05 ; 5 A Z 21T Rb1 AR EZHAA LE , P<0.05; 5 A S84 Rbl & F i 4H AR 1, P<0.05,

F4 BAKBRMALZD TNF-o -1, IL-6 MCP-1 B EL# (245 ,n=7,pg-mL")
Table 4 Comparison of the content of TNF-a, IL-1B, IL-6, and MCP-1 in lung tissue

among different groups of rats (vxs, n=7, pg-mL™)

251 TNF-a IL-1B IL-6 MCP-1
of B 91.39+10.34 68.44+9.70 71.3249.17 74.39+8.80
R 283.24+31.96* 209.48+23.26 194.38+25 33 170.50+21.68
AZ AT Rb1 R4 232.47+23.30" 178.44+19.37% 158.20+16.32% 146.77+17.69*
AS B Rbl mliA 153.40£15.16"™ 81.08+10.72% 103.67£12.38" 90.33+11.92°
ANZ AT Rbl @A+ T 41 192.11£22.57% 150.12+16.75% 132.42+14.88 123.36+14.50
T S50 IR LE ,°P<0.05 3 SEEAIZHAR 1L, "P<0.05; 5 AZ 24T Rb1 (IR LIAHLL ,P<0.05; 5 AS AT Rb1 w5l 4l LL ,'P<0.05,

3.4 AZEFHRbI MIH KR KW HFERIET
5% RRAIAH LE , B2 20 KB GSH ,SOD F it 3
AL (P<0.05) ,ROS MDA  Fe* & w3755 (P<0.05) ;
ERERIIA L, A S B Rbl (54l A S B iF
Rbl &AM A S 247 Rbl & Al &+ 5E T4
GSH.SOD 7 7+5 (P<0.05) ,ROS MDA  Fe* & it
KRR (P<0.05) ; 5 A S 217 Rb G, A
Z 1Y Rbl SR EAMAS AT Rbl & &+t
T2 GSH ,SOD & #4755 (P<0.05) ,ROS \MDA |
Fe* & B BIREK (P<0.05) ; 5 A S B AF Rbl &7l &

AR, NS EAT Rbl &l i +4kFET-41 GSH ,SOD
Y FEAR (P<0.05) , ROS MDA  Fe> &5 144 71 25
(P<0.05), TEIL# 5,
3.5 ASEH Rbl #i& AMPK/Ntf2/FTH1 18 1§
S5t REZHAH L, SR 2H K B p—~AMPK/AMPK 4
2R ELMEAT Nef2 FTH 25 A & 38K - B REAR
(P<0.05) ; SR A L , NS BT Rb1 IR 4L
AZEAF Rbl @ RIE A S AT Rbl &0 i +2k
FET-2H K B p~AMPK/AMPK 5 [ 35 ik 7K F HEA# Al
Nrf2 [FTH1 2 H A KP4 T (P<0.05) s 5 A S
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R5 KAKBAMALZ B ROS.MDA GSH,SOD #1 Fe* & 2B (2+s,n=7)
Table 5 Comparison of the content of ROS, MDA, GSH, SOD, and Fe* in lung tissue among different groups of rats (x£s, n=7)

205 ROS/(ng-mL™")  MDA/(nmol-mg”)  GSH/(pmol-g prot”)  SOD/(U-mg prot™)  Fe*/(ug-g prot™)
Xof IR 12.23+1.02 0.860.11 4.88+0.41 30.75+2.35 182.5616.33
HEAIZH 39.87+1.95° 2.33£0.17" 1.80+0.22° 14.34+1.96° 578.97+41.04
AZRBFF Rbl &4 33.90+1.82" 2.05:0.14% 2.13+0.29* 16.72+1.82% 525.90+35.91*
AZ B Rbl @&l 21.78=1.41" 1.3520.09% 3.45+0.32°" 25.64+1.57% 343.28+37.53%
AZ B Rbl G+ 230T-4  27.20¢1.36™ 1.84£0.12% 2.77+0.34% 19.3541.43% 456.97+30.76"

T 50 HBLHT L, *P<0.05 ; SRR [, 'P<0.05 3 5 A S 14 Rb1 IRFELI I, °P<0.05; 5 A S 1845 Rb1 4L, 'P<0.05,

B R G EAIM , AS AT RbL mRlmAm Ak, S8 R 4ni i il AR R ik
ANZRBAF Rbl B+ 80T KB p-AMPK/ 5% NTM i, SixtF NTM s ia 77 &
AMPK 2 A KF AR Nef2 FTHT BEAFRIBK BRI UE R D T BT 56 5 e it 2

FEFE (P<0.05); 5 AZ A Rbl Sl FLER A B e SR A s ul S g I RDIR S | (75
o, AZRAF Rbl FESilR+BACT- R p-AMPK/ 87 RICRA B, XELLA R e 1 s, R, -
AMPK 3 R RKF HUAEA Nef2 FTHT EHRAK ey 7R A 5 L, AS AT Rb1 2N

FAIREIE(P<0.05) , FEWF 2 % 6. 2 A S SRR Y, Ha A B
8 B e FERE T2 MONALUR A FEFI . ASB e I

PAPK M 0 SRR IR B R, A S
ook T | . 7R THUREAS RIS R AR

WAL T 2R AE IR AR, IF F I TNF-o IL-18 |
IL-6 MCP-1 f9 33k, #E/8 AZ B4 Rbl nlRg i

Nrf2 R s s S e 120 kDa

TS ok g B R SRR B R R B
GAPDH | WD S A S - 7D Ui, ﬁ B NTM Hﬂiﬁﬁm — TR *’5%
Emml‘él A B?E'Fﬁ%'iﬁlit o, ’iﬁﬂif“ {%QE%E%EE’J*A/ N
Fig.2 Protein band diagrams of p—~AMPK, AMPK, Nif2, WAEHXZJJ.%E L ROS FHE %iﬁ%ﬂgﬁﬁi&’f&
and FTHI in lung tissue of each group of rats @l?’i%@lﬁt SETT R ROS FKEE T O EAR R
T a X B b BRI o AT Rb AR B d A S BT .
Rb1 4L ;e AZ AT Rb1 il i+ EkAET 41, GSH J2—Fi 22 B PUAAGR], HLC AT LLR; 11 PRst

T2 MOCHFFTHE | BEREAE A5G 2 MR il 453 15 /7N B
filiZH 21 MDA & & FH5 , GSH SOD & & L M Fe
JHe R A R AT A R T AR B RAE AN IR TR 508 KO TR, B Il s Hh A7 A B A 0] S 5 AT AR

4 +ig

®O6 FAKRBAALRP p-AMPK/AMPK FERRIAKFLLIEF Nef2 FTH1 BB RIXKF LB (ves,n=4)
Table 6 Comparison of p—~AMPK/AMPK protein expression ratios and Nrf2, FTHI protein expression levels in lung

tissue among different groups of rats (vxs, n=4)

2031 p—AMPK/AMPK Nrf2 FTH1
ot B 0.87+0.05 1.01£0.07 0.95+0.05
HEARIZH 0.28+0.02" 0.24+0.02° 0.29+0.03"
NS BH Rbl R4 0.36+0.03* 0.35+0.02* 0.41£0.03*
)\ﬁ;%fi%“r Rb1 &5kl 0.74+0.06™ 0.92:0.05" 0.88+0.06™
ASRBFF Rbl S+t T-4 0.6420.04 0.82+0.05% 0.79+0.05

FE . SRTRLIHH, P<0.05 ; SERIALHI L, "P<0.05 ; 5 A S a4 Rb1 RFIR LM, P<0.05; 5 A S B1F Rbl B E41IHH, 'P<0.05.,
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S AR ERARIED Ak e A AT R e A
A AE AR A ROS KA = AP, g ik
SiEAH AR 7R ROS 23 52 M JIg IR AR 11 5, 3R 4 Ak
BT, R R0 i B AR S N PR A AR AR
TP LA S AT R AET %o i o i 403 40 A S A
B\EE N, WRER , AS BT Rbl wild iR i
SAARHLHRIBAR 4 B (O T ER TR 5 S 10 22 PR i 5 529
MR LI, BRI K R 2021 ROS MDA | Fe* 5
TN, GSH . SOD & f AR, 3875 K Ui 4L rh
A TERBET AR LB ; NS B RbL s Al 3
B 1R eURE | F W] FLAT g 3E o R FE T AR AR
PR B

AMPK A A S A AR5 R -, B 6% 38 o ik
BR ML S N TROFN S A S I R A3 it i 47281, [
iF, AMPK RIJCIE U4 Nef2 , i 2546 R AR R )
WP R RAAT LA A It A A S R AE , I8 B
VESEAMHIMIDCE A FTHI 926529 EAWFSEIE
S, WO AMPK/Nrf2 38 [ RE 8% A7 SO il gk s T, i
A% O L i 18 S R R4 055, N2 Rbl
DIl i T 2o 20 R AR R, 5 Z AR
J& AR R , AS B A Rbl THUE , KEZHZ p-
AMPK \Nif2 FTH1 ZEHFEARPH) B SR ] oG
AMPK/Nrf2/FTHI {5538 # , MEFET 757 7 Erastin
RERETE— BB i N2 B Rb1 X fitiid £ ()
SEEVER, 2R A S 21T Rb1 Al gl i % AMPK/
Nrf2/FTH1 38 % 47 BERFE T, Ul 5 98 S S iy 4
A IV B85, AT B0 G 3 ST R R g 75 | R 19 K it
it .

25 TR, NS 81T Rbl GBI K BRAAE )
I VRIS, I AR BT T 320 7 A e e 3 R A T
SRS [ ) i 53 477 , 3X AT BB 5 AMPK/Nf2/FTHI {5
S O A G . AR SEA AR AR —E 1 R PR
W= BAPE 254, AR T 9% 38 i 8 1 e ik HAR iF
17 R Bk o J5 SEpF e R 1 B FRPE X BRZH R 7 LA
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AMPK/Nrf2/FTH1 {5538 F& 1 e i 43 RO AT 1 Sk e vh
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