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Abstract: The aim of this experiment is to investigate the effect of 18B-glycyrrhetinic acid (188-GA) on
oxidative stress induced lung injury in weaned piglets induced by D-galactose (D-gal). In total,
24 weaned piglets of similar body weight at 28 days old were randomly divided into 3 groups, with
8 replicates in each group and 1 piglet in each replicate. The experimental groups were as follows: the
control group (CK) was fed with basal diet , the model group (D-gal) was fed with basal diet
supplemented with 10 g-kg ' D-gal, and the experimental group (GA+gal) was fed with basal diet
supplemented with 10 g. kg~' D-gal and 100 mg-kg "' 18 B-GA. The pre trial period is 7 days, and
the main trial period is 28 days. The results showed that compared with the CK group, the D-gal
group showed an increase trend in malondialdehyde (MDA) content, 8-hydroxy-2-deoxyguanosine
(8-OHAG) content, and catalase (CAT) activity in the lung tissue of weaned piglets (0. 05<<P<C
0.10) , and a significant increase in superoxide dismutase (SOD) activity (P<C0.05) ; The
expression levels of Nrf2, CAT, and SOD1 genes significantly increased (P<C0.05); The levels of
inflammatory factors interleukin-8 (IL.-8) and transforming growth factor- 8 (TGF-§) increased
significantly (P<C0.05) , and the mean linear intercept (MLI) and apoptosis rate of lung tissue cells
increased significantly (P<C0.05) ; Compared with the D-gal group, the GA-+gal group showed a
significant decrease in the activities of CAT and SOD, content of MDA and 8-OHdG, as well as the
expression levels of antioxidant related genes Nrf2, CAT, and SODI in the lungs (P<C0.05). The
levels of inflammatory factors I1.-8, interleukin-18 (11.-18) , and TGF-f were also reduced significantly
(P<C0.05) , and the apoptosis rate was also reduced significantly (P<C0.05). Transcriptomic
analysis showed that oxidative stress has an impact on the cell cycle, PI3K/AKT signaling pathway,
and P53 signaling pathway in piglet lung cells. 183 -GA can alleviate lung injury by regulating
pathways such as PI3K/AKT signaling pathway and retinol metabolism. Further verification using
fluorescence quantitative PCR and Western blot techniques revealed that the expression levels of key
genes PISK, AKT, TP53, as well as proteins P53 in the oxidative stress pathway of piglets increased
significantly (P<C0.05). After adding 183-GA, the expression levels of pathway genes PI3K and
TP53 decreased significantly (P<C0.05) , while the expression levels of gene AKT and protein P53
showed a downward trend (0.05<<P<C0.1). In summary, the addition of 183-GA can alleviate D-gal
induced lipid peroxidation, DNA oxidative damage, increased inflammatory factors, and cell apoptosis
in weaned piglet lungs. The underlying mechanism might involve the alleviation of lung injury through
the modulation of the P53 signaling pathways.
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PR PR TS MER . DR, GA W] 3E A
TG A AR N 9K % A Bl R Al R A O x4
PR 3T B Bt 2l 2L R E R
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D-gal @ 57 Wi 5 47 5 480 Ak I RS D, 45 45 B it 20 T
Fe 4 A L 4R 9% 18B - H #E R (18 B -glycyrrhetinic
acid, 183-GA) X D-gal i/ T A1 4 48 A6 1 84 il 53 493 119
SR AE FH AL, Sk 183-GA 2% fiff S8 Ak I 4t 17 42
b0 A FIE N Bl S

1 #MR57RZE
1.1 e

18B-GA : 4l &£ =980 , T it iz A il 2547 FR 2 W)
P o D-gal: 4l =99 %, W db AR B4 W) B A BR
NN T
1.2 HYREEITRERRE

VEFE 28 H iy R Hy(7.50+0. 10) kg 1y 24 3k
it JE 2 o O 1 0 T AR B AL 43 34, B
SAMEE AT 1A R X I (CK
41 ) Fl PR S At AR A A A (D-gal 41 ) 1) ML Al H R
W 10g-kg ' D-gal i 50 41 (GA +gal 41 ) ] M 5L fil
H AN 100 mg-kg ' 183-GA 110 g-kg ' D-gal.
) 7 d, IE A0 ) 28 do FERE AR AR 2 I NRC
(2012) b o B i, 4] o B8 327K LK 1,
1.3 FMALAFEREE

B 45 R SR AR AT O L B Sk AT AR IR
WOy 22 Il 4180, — 1y — 80 “CHRAE R I, — 1y g A
4% 22 5 Y 8 5 W [ A PR R A R AR 5 SR AT
K5 il 2H 2R S HEAT S 22 5 (n=5) .
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AR E X 100% .

Jii JHE i K = fils ¥ & /18 93 4

®1 BEMARARRERMAS (TUREM)

Table 1 Composition and nutritional components of basic

diets (Dry matter basis) %
i H Ttem & Content
JFEHH Y, Raw material composition
E K Com 42.83
[ 4k £ Kk Puffed corn 12. 00
46 % TH146 % Soybean meal 11.00
&4k K & Extruded full-fat soybean 8. 80
K G 4 2 (4 Soybean protein concentrate 4.50
FLiEH Whey powder 10. 00
fiif Fish meal 3.10
il Soybean oil 0. 60
£ 4 Limestone 0.65
W2 A 45 Calcium monophosphate 1.20
S AL Sodium chloride 0.30
Hi %GB Glucose 3.00
98. 5% #i# # 98. 5% Lysine 0.54
98.5% 52 98. 5% Methionine 0.22
& % Threonine 0.21
{f %R Tryptophan 0.05
TR R Premix 1.00
£t Total 100. 00
B FE A Nutrient level
e/ (MIkg ') Net energy 10. 58
HLZE 11T Crude protein 18.92
5 Calcium 1.21
#i &R Lysine 1.41
&R Methionine 0.54
I @A R Threonine 0. 85
&R Tryptophan 0.25

HA M+ AR Methionine+ Cysteine 0.85

Vo TR B A 4 AR A 12 000 U, #i B K B,
4.3 mg, ¥ # % B,12 mg, 4k & B, 4.86 mg, 4k K By,
30 pg, ZMH5 15 mg, R 1.5 mg, A2 W K 0. 48 mg, A kLA
Bl 400 mg, 4k 4 % D, 3 000 1U, 4k 4= % E 16 1U, 4k 7k % K,
4.5 mg, #1 5 mg, %k 140 mg, £ 100 mg, 4% 40 mg, L 0. 15 mg,
0. 30 mge . BRHLE {15 AVES Sy 52 B 0 4 {1 40, 45 37 K °F
¥Rt

@ Each kilogram of premix contains: 12 000 U of vitamin
A, 4.3 mg of thiamine B,, 12 mg of riboflavin B,, 4.86 mg
of vitamin By, 30 pg of vitamin By,, 15 mg of calcium
pantothenate By, 1.5 mg of folate By, 0.48 mg of biotin B,
400 mg of choline chloride, 3 000 IU of vitamin D, 16 1U of
vitamin E, 4.5 mg of vitamin K;, 5 mg of copper, 140 mg of
iron, 100 mg of zinc, 40 mg of manganese, 0.15 mg of
iodine, and 0. 30 mg of selenium. ®. Except for crude protein
and calcium, which are actual measured values, nutritional

levels are calculated values
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1.4.2  Jli 4 U8 8 2 174l Jili 202U A 4% 2 B
FH i v ] 5 24~48 h, Zead K B B RS AL
IR 5 A 0 F 4% HE e X 50 & id i 45 (%
HFEMA A RA A ARE) FHAT YA, EFOGIEE W
T 200 558 T T8, 225 SRS O ik T B Al
S 25 P4 Ak ) B (ML) A1 349 fili i 5 (MAN) .
A RRAME LA .

1.4.3  HMJHTE & 5 0t XFe1. 4. 27 A
Y] F 3 B CY 3 TUNEL 40 i I 7 4% 60,35 77 & 156 B
B (R E M A RA R L) 3547 TUNEL 44,
FEDSOGIE B B BT 200 585 T 14, 2% Zhang %
M TR A TR . U SRR R A .
LA 4 HEIRAEFE bR U LS br il K H
XUHTL & 0 1, ¥ 32K 70 6 100 W 43 00 2 4R 4 A 11 4 i
I Z-8(IL-8) (I 4H il 4 % -18(1L-18) 4 Ak K + -3
(TGF-8) & &t ;s P /b5 dn 9 1 (MDA) & i &
ALY AL (SOD) iF % .8 # 4L & 1F (8-OHdG)

*2 EHESIMEFT

Table 2 Gene primer sequence

i YL 75 W A A P BB AT B w2 ) 5 2R HH b
2, Fea ) e U B A R AT A IR U (CAT) 3 MK
I (YT 53 3 A 2R B AT BRA B A ) F B AR X
(FE[E Tecan 23 vl $& {1 ) X W ' B2 #E AT I 2 o

1.4.5 qRT-PCR & mRNA ik & fdE 1
B RNA 2 BUSF & (R AR (b5 IR A
A AR AR ) SR BCA RNA L I #E47 RNA v B2 @ (0
K R R /B A A o A S skl &
(55 H B AW AR (b 50) A7 BRA Al 42 44t ) 3 5% 5
¢DNA, | TB Green Premix Ex TagTM II( 5 H &
AR (Ae 30 ) A R 2 m R AL ) 47 52 i 92O 5
PCR o §784 &4 95°C WA ¥ 3 min, IR 9 1
BBt 95 °C A8 M 5 5,60 "C i kL FE i 40 s, 40 1
o wE3IMNES. 22T kT RN
mRNA B A X E it 0 7. 76 NCBI R s A4k 5149
HH OGS PR 1 0F 3% & b 5t R i AR A A AT 5 A
B, HAR P 5 W4 2.

HE A 19751 (5'—>3") P /bp 1B Kl 5 /°C

Gene Primer sequences(5—>3") Product length Annealing temperature

Nrf2 AAGGGGTTGCGAAGGGAGT 821 60
TTGGGAATGTGGGCTACCTG

CAT CCTGCAACGTTCTGTAAGGC 72 60
GCTTCATCTGGTCACTGGCT

SOD1 GCGAGTCATGGCGACGAA 298 60
CACAGTGGCCACACCATCTT

PI3K GTGGTGAGAAGCATTGGGGA 85 60

GCTAGGATCCAAGATCTGTTACAT

AKT TCGCCCCTCAACAACTTCTC 266 60
AGGGACACCTCCATCTCCTC

TP53 TCCTCGCCAGTGCAAAAGAA 68 60

CTCGGAACATCTCGAAGCGT

1.4.6 B4y Bt — 80 “CLR A7 1Y Jili 2H 2L K
i 16 2 b5 v AR BORE B A7 BR A A I, 28 %K
P A Yoy B kU i A I B o 2 A S
SCPE R A A% 5 Ll 1 Tllumina NovaSeq 6000 % A %%
B HEAT IR o ) A T R0RE O B SRR R B
(FPKM) AT L [H 22 57 46 % (DEGs) , 3 I DESeq2
3 B B2 P LA P-value<<0. 05; [log,FoldChange| =1 1E
hy 22 S R R I R (L 35 5 4 IR) 22 S RGARE I i
PRV 2 - 65 0 22 S R IR BE I E AT GO T e & %03
P A KEGG 5 5 18 % 73 Hr

1.4.7 Western blot A il 5 5 i % 5 H 3% ik K F

18 2 AN R 2% 2% v (Beyotime A 9 4
AR FE T4 ) A ZUA Sl ik J5 4 2 3K AE 4 °CTF LA
12 000 rmin ' & .0 10 min, JF W & F 3 W, 8
BCA # H i M & i #) & (Thermo Fisher Scientific
JREA A7 BIR 2 R4 A ) o I o B 1 v B L Ao O
H, 7k (Bio-Rad Laboratories &y A FR 2 & $#2 43t ) 43
BAEE IR R B R I — 98 M (PVDF) 5 (36
SN FHRMY) E o % PVDF S GADPH P53,
PI3K.P-PI3K.AKT .P-AKT ik 7 4 CTF W 1t
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WG 5 BRAR i Ak il AR B Y 5 BRI L O
i 9 F AR AN (32 [H Bio-Rad 23 ] #2456 ) 46 I Bt 44
4545 (PUMR ¥y i Cell Signaling Techn $2 45, T 47 9t {4
f 3 B 2904 1:1.000) o i ] Image] #F 47 3 H
JoT 2% 35 7KV 1Y A2 53T .
1.5 FHitEHE

B s 43 % FH IBM SPSS Statistics 27 4 i1 %%
4 3E 47 B R 7 25 40 B i Duncan’ s ¥ £ 8 AL

F3  18B-GA XTI @b 47 ¥4 B Ak 35 24 49 &2 M
Table 3 Effect of 183-GA on lung coefficient of weaned piglets

3545 B SE B I SEM #6758, P<<0. 05 KR 25 7

3 ,0. 05<<P<<0. 10 N A F i /R AR B a3

2 &F B

2.1 18P-GA Xt I 95 1F 5% Fili A S 4X Rz i B9 %2 Ml

2.1.1  18B-GA Xf Wr #5 1+ % Jifi JIE 45 £ 19 52
Xof £5 LA H 04 Il Uk 4 Btk A7 G 1 an 3R 3 i

&R 3 25 5 (P=>0.05)

T B CK#4 D-gal 41 GA+gal 4l Pfa
Item CK group D-gal group GA+gal group P-value
W 75 A7 545 i e 4 %5/ 26 1.08+0.09 0.9840. 04 0.9440.08 0.378

Weaned piglet lung coefficient

2.1.2  18B-GA X} il 40 21 b S AL 5 b 1Y 52 i) H
FATH, 5 CK4LH F , D-gal 21 Wr % 11 5% il 28 41
MDA & # .8-OHdG & &t .CAT i kA b I & #
(0. 05=<<P<<0. 10),SOD & % FFH(P<C0.05), %
B 183-GAJG  igi4I MDA & .8-OHdG & # .SOD
Wt CAT IR D-gal 4139 8.3 FFE(P<C0. 05).

F4 18B-GA X Fii i B 31 E AL K F 9 %2 M
Table 4 The effect of 18f-GA on antioxidant levels in the lungs

2R 50, 5 CK 4 A0t , D-gal 2 W 3415 Bili
HUNrf2, CAT.SOD1 SN K ik it i #F L+ (P<
0.05) ; GA-+ gal 4 W 3 A1 5 i ik 20 23 Nrf2 .CAT
SOD1 3N £ ik B4 D-gal 4 8% F 8 (P<<0.05) .
R YT I 183-GA REE 1 D-gal F B Y S AL iE )5 &
eI /SRR T

CK4 D-gal 4 GA+galdl P1A
i H Item . .
CK group D-gal group GA—+gal group P-value
CAT/(pmol- (min-mg) ") 588. 08+ 60. 28" 747.22+63.91° 428.93440. 06" 0.010
SOD/(U-mg ") 0.1540. 01" 0.2140. 02" 0.1340.01° 0.015
MDA/ (nmol-g ") 1.45+0. 08" 1.66+0. 14 1.04+0.16" 0. 004
8-OHdG/(ng-g ") 55.3245. 98" 84.17+12.88" 34.90+7. 54 0.014

)47 8 s AH ) /NS 2 B 3R 25 5 AN .25 (P> 0. 05) , ARG “FRE R R 22 5 i 25 (P<C0. 05) . F 3R
Same lowercase letters on the shoulder of peers indicate no significant difference (P=>0.05) , while different lowercase letters

indicate significant difference (P<C0.05). The same as below

F5 18B-GAXMENHEXERRIENZ M

Table 5 Effects of 18B-GA on the expression of antioxidant related genes

i H CK4l D-gal 41 GA+gal4l Pii

Item CK group D-gal group GA—+gal group P-value

Nrf2 0.58+0.11" 2.53£0.47" 0.88+0.21" 0. 003

CAT 1.14+0.12° 1.81+0. 31" 0.6640.06" 0.006

SOD1 0.91+0.21" 1.82+0. 29" 0.96+0.19" 0. 030
2.1.3  18B-GA Xf fili 4 41 & JiE N F % = 1Y 52 i #AE HF IL-8. TGF-B & & 2 3 Jt & (P<<0.05) ,

i 2 6 Al 515 CK 41 AH L , D-gal 21 47 5 i 4 21

IL-18 & K F27 (P>0.05); 5 D-gal tH 1, I’



310 oMM OB ¥ O 57 %
hn188-GA W F FE AL T 1L-8.1L-18, TGF-B &% & (14 il JUE 8 5 AR 4 2 T
(P<C0.05)., RN 18B-GA REMS L& it D-gal 1 il
F6 18p-GAN AR KERFEEMNHM
Table 6 The effect of 18f-GA on the content of inflammatory cytokines in the lungs
i H CK 4 D-gal 4l GA+gal4 PlH
Item CK group D-gal group GA+gal group P-value
IL-8/(g-ng ") 55.5445. 50" 91.07+10. 21° 43.85+14. 16" 0.019
IL-18/(ng-g ") 23.29+2. 36 24.9441.47" 16.234+1. 76" 0.016
TGF-B/(pg-mg™") 43.37+2.22 55.80+2.77" 38.21+5. 31 0.016

2.1.4  18B-GA XJ Wt W A 4 il i) o5 HIL 20 212 52

D TA AT, CK 4 il 16 BE 55 B 1E %, il 0 45
o 5EsE . 5 CKAAH L, 18 M D-gal J5 Il 41 2L 245 4 &
AR5, R SR I Dy 5 P A M R BRI L Ml v BE Y
K TE v A5 A T B IR o W 18B-GA J5 4% fi#
T M D-gal 58O AT R B 505, R
IS YL B TR 6L PN A D B AR R A IR I il
M5 A X T

& 1B A AL, 5 CK 4L H , D-gal 41 MLI 8.3 T+

5 (P<<0.05), 5 D-gal 4l kb, GA + gal 145 F [
#(P>0.05) . MAN £ [0 JC i % 2 7 (P>>0.05)
FEWIAN N 18B-G A Xt & fift D-gal it A8 A Jils o SF- 25 9 4ef
Vi) % S 2 18 T /A e g 28 R i e EL A PR A

2.1.5 18B-GA X ifi 25 23 4t M 4 1 1) 5% i w1
2075, 5 CKEA AL, D-gal 41 40 i i 7~ 3 . 2 7+
5 (P<<0.05) ;5 D-gal 4 tb , GA -+ gal 2 21 Jfd 94
TR M B R (P<<0.05) . FIEIN 18R-GA XJ Wi
W A3 S A IO 8 s i 174 il 2 28008 1 % g A FH 35
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A. Pathological section image of lung tissue; B. Mean alveolar lining interval; C. Mean number of alveoli. The same lowercase

letters above bar charts B and C indicate no significant difference (P>0.05), while different lowercase letters indicate significant

differences (P<C0.05). The same as the figure below

El1 18p-GA Xy {F3EAmIE AR FZMm (L Hl R=50 pm)

Fig. 1 The effect of 18B-GA on the histopathology of weaned piglets’ lungs (Scale bar=50 pm)
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A. Fluorescence image: Blue represents the nucleus, red represents positive cells, Scale bar=>50 um; B. Grayscale image
B2 18B-GAXIAHALMATHZM
Fig. 2 The effect of 18B-GA on apoptosis of lung tissue cells

2.2 HOMFREMARERANFERMSH PR 1704, FTIEHEH 32014 ;%5 GA -+ gal 41 fil D-
2.2.1 i gl 4G Sk A 2% S 3Gk S R A b X gal 4L i AT 5 S 4 4y 45 S B] 3B o, LI
D-gal 41 5 CK 41 fifi 41 2% ¥ 47 %% 5% 41 43 B 245 5% 26922 ARG FE T b R R 187 A, T
Fl3A fi 7w , L0 2k ) 490 28 SRR Hop | R 824
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@
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® UP 320 . ® UP 187
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W NO 21872

A. D-gal 5 CK 4128 5 3R FEF 047 s B. GA+gal 55 D-gal 241 22 5 G5 3 [H /3 Hr
A. Analysis of differentially expressed genes between D-gal and CK groups; B. Analysis of differentially expressed genes

between GA+gal and D-gal groups
B3 BHBESREERSNT

Fig. 3 Analysis of differentially expressed genes among groups



312 R

=R
=1

=

¥ 57 &

2.2.2 WGV R H X R RBENI G E £
Br Xf D-gal 15 CK 4 fili 490 4> 25 53 Fe 38 FL A i
17 GO &5 M PAEHET , A 5% H B IGHT T 4545 1
PEAT AT AL, bl SR B 45 SR AA TR . 22523
R AEAE Y A (BP) 2 B AR AR R AR R
£ 60 300 0 R PO A 0 A 0 A a5 4 AR
43 (CO) FEEEAENMEE 7 TEEAESGY 4
JoHE LR 4345 5 4> F DI RE (M) 32 2 & S5 0 e SR A 4
B PN IR 0 T R T R A
A

D-gal VS CK

jog10(pvalue)

SSESFSSETE

A.

Xt GA-+gal 41 5 D-gal 41 ifi 20 4L 1) 269 4~ 2 5+
FAR I AT GO B4 MR PEHTY , A4 H ik
HURT T 4545 R b7 nT AL, 22 ) 5508 181, 45 2 n 1A
AB iR, 225 RILEHEAEY SR (BP) h 22 H
i N B RO R N O R e S U D VAN
290 6 T $00 6 R Y A 5 L 43 (CC) 2 5 4 7 40 it
AR 20 A [ B 4 B A DX SR 4 2 5 4 F T R
(MF) £ & 16 G B PR Z RS 5 0 e RpE

RN AR US A RE s

GA+gal VS D-gal

Jog10{pvalue)

BP
cc
MF

D-gal#l vs. CKALGOIREE LB, GA+galdlvs. D-gal 4l GO T & 4E 0 Mr
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gal group and D-gal group
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Fig. 4 GO functional enrichment analysis
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Fig. 5 KEGG signaling pathway analysis
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