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Prkaa2 Lkb1 Fl p53 /K-, #ER  CCl, Ye75 2 J&J5 BB R 4H 1fi 55 ALT, AST  TBil /K-F- 8 8 7+ 55 (P < 0.05) ;
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[ Abstract)
SirT1 signaling pathway in carbon tetrachloride ( CCl, ) -induced liver fibrosis in mice. Methods

Objective To investigate the effects of cultured mycelium Cordyceps sinensis (CMCS) on the AMPK/
Forty male SPF-grade
C57BL/6 mice were divided randomly into a normal control group, CMCS control group (3.0 g/kg) , model control group,
CMCS 1.5 g/kg group, and CMCS 3.0 g/kg group. Mice were injected intraperitoneally with 10% CCl,(2 ml/kg) to
induce liver fibrosis. Two weeks later, serum levels of alanine transaminase ( ALT) , aspartate transaminase ( AST), and
total bilirubin( TBil) were measured. Inflammation and collagen deposition in liver tissue were observed by hematoxylin and
eosin (HE) and Sirius red staining, respectively. The content of hydroxyproline in liver tissue was detected by Jamall’ s
hydrochloric acid hydrolysis method. Levels of interleukin ( IL)-6, monocyte chemoattractant protein-1 ( MCP-1),
interferon, tumor necrosis factor (TNF) , IL-10, and IL-12p70 in liver tissue were detected using a cytometric bead array
analysis system. Collagen [ and SirT1 expression in liver tissue were detected by immunohisotochemistry, and Prkaal,
Prkaa2, Lkb1, and p53 gene expression were detected by real-time fluorescent quantitative reverse transcriptase-polymerase
chain reaction. Results Serum levels of ALT, AST, and TBil were significantly increased in the model control group
compared with those in the normal control group (P < 0.05). HE and Sirius red staining showed extensive inflammatory
cell infiltration and collagen deposition in the liver, respectively. Hydroxyproline content and expression levels of 1L-6,
MCP-1, and TNF in the liver were significantly increased (P < 0.05) , while TL-10 and IL-12p70 levels were significantly
decreased (P < 0.01). Immunohistochemical staining revealed an increase in Collagen I expression and SirT1 staining
was decreased in the hepatic sinusoidal space, while collagen deposition was increased. Prkaal, Prkaa2, and Lkbl gene
expression levels were decreased and p53 was increased in liver tissue (P < 0.05). CMCS significantly reduced serum
ALT and AST levels, decreased IL-6, MCP-1, and TNF expression in liver tissue (P < 0.05) , up-regulated IL-10 and IL-
12p70 (P < 0.05), alleviated liver inflammation, collagen deposition, and hydroxyproline content, up-regulated the
expression of SirT1 in the hepatic sinusoidal space, enhanced Prkaal, Prkaa2, and Lkbl expression (P < 0.05), and
down-regulated Collagen I and p53 (P < 0.05) in the liver. Compared with CMCS 1.5 g¢/kg, CMCS 3.0 g/kg
significantly inhibited liver inflammation and collagen deposition and up-regulated AMPK/SirT1 expression (P < 0.05).
Conclusions CMCS could improve CCl,-induced liver fibrosis via up-regulation of the AMPK/SirT1 signaling pathway.

[ Keywords ] cultured mycelium Cordyceps sinensis; carbon tetrachloride; liver fibrosis; AMPK/SirT1

signaling pathway
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H . ARBFIEIUR F U S AR R (CCL,) & £F 44k
R WIEE CMCS 50 AMPK/SirT1 i B&40 T 27 4k
FERgFE AL, it — 2 0F5E CMCS HLATFEF 41k iy
YE AL P2 B
1 MHREF=E
1.1 ##
111 SEEsh¥

40 H SPF 2% C57BL/6 HETE/NRL, 6 ~ 8 JHkE,
R 24 + 1 g, WAL 4EE RSB S H AR A
RS [ SCXK (51)2021-0006] . H H#E & 510K,
TAFRIAEE . 12 h/12 h PG ER IR A 08 B 1H 22 40% ~
70% IR FEEEHITE 22 ~ 25 °C fAFR T Bl EZ K
SIS S L [ SYXK (97) 2020-0009 ], AR IR 5K
Y 28 1t v I8 24 KA S 00 Bl W A RS B 2 51 2 it
Y (PZSHUTCM2302020003 ) , -2 52 56 3 9y 1 Fi (Y
3R AT NG 3 PR
1. 1.2 FERAFHEE

N TR P R 22 (4655 . 20160801 ) , | ifg B
M 25 54T A BR 2 w415 CCL, (525 10006480) ,
W it [ 24 46 A Ak 2 500 A B2 ) 5 AR il ( %
5 :A502795) W [ LA T A TRARA ;N
RIRAILILE R W (ALT; 175 : C009-1-1) | RA& AR
BN (AST; 57%5-:C010-1-1) | EHZL K (TBil;
525 :C019-1-1) , 40 F B st e s E W T AR W53
H2H Collangen | A8 va FEHLIA (525 : ab270993) ,
W A 9L [E Abcam 2y ] 5 SirT1 (1F3) /)N B v BE T A4

125:8469) , 1 H 32 [E Cell Signaling Technology

NS

IX70 &3 EE 5B 240 ( H A Olympus 4 H] ) 5
Bio-Tek Power Wave XS [ #51% ( 35 [E Bio-Tek 2y
A]) LB K AL (SPP300) ALHEHL(EG1140) Y1
HL(CM1850) | & 7K it i (HI 1210) , 3470 T 1 [
LEICA 7 Al ; ABI VIIA RT-qPCR 1% ( 3& [# Thermo
Fisher Scientific 23 &) ; Dxflex Vit 2 40 g 43§43 ( 38
[E Beckman 2vH])
1.2 FHik
1.2.1 sh¥pird St

40 H C57BL/6 /MRS M MR 1 F e AR E
IYEBERL R 5 4L IEH XTI (n = 8) .CMCS X
M4l (n = 8) MAINFHEL (n = 8) .CMCS 1.5 g/kg
H(n = 8)F CMCS 3.0 g/kg H (n = 8), HIAIXF
HEZH CMCS 1.5 g/kg 41 .CMCS 3.0 g/kg 2R IE

A 10% CCl, i SR 0 B R 5] Rl
2 ml/kg, 2.d 1, BJRESE 3 Ik HLiESE: 2 5 IE
TR RELLAT CMCS X B4 40 [R] Bsf 1) 5 1 s 3 53 46
(LU GART:
1.2.2 /25T

Az H, /N BUE B E S 10% CCl, 3
6 h J§ CMCS X} B4 CMCS 1.5 g/kg 4. CMCS
3.0 g/kg AT CMCS HEH 250514 3.0 g/kg
1.5 ¢/kg F13.0 g/ke, BER 1 IR, A S8 4L 7 K, 4t
HEEE 2 JH TE RN B2 ARG B2 34 T A W] ]
MTHRRNZEKES ., A/ TRE —IRS
25 24 h J5 I8 S FE ST 3% I3 EL L2 T ORI, ) i
A 30 mg/kg, T HEHER BRI , WSCHE 1035 AN LR 21
TR
1.2.3 /N IE gL

MBI SR /N RARE JFE Mg E RE
oK A7 80 M Bt S HAh S A A S
1.2.4 I A ReAs

MLY% ALT AST TBil % &, ¥4 50500 & vl i 45
BAE
1.2.5  JHLLZURBRAG I

JTFZRZ 25 Fp P TP I8 2 o 1 5, 2 T A B G
K, HZEEH AW YR RE N 4 um, HE
Yoy FI R AR AL 2T Je 0 3 51 L5 T 4R S S It T AR
o,
1.2.6 JHEZIFRNHZR (Hyp ) f il

Z M Jamall® s Eh B2 7K M 12: 100 I 5 T 2 4L Hyp
B K EARE 100 mg 2T, B Tk ER R H 105 C
KA 18 by i BEAK AR TR 100 WL BT 40 °C 4t
TR ACKR ; B Hyp ARUESL 0 ~ 1.6 pg BEAARAE
2 EME T TR 25% X L H 3k % H S RN
27. 3% = AR S N B W I N, 50 C /K 1.5 h,
558 nm 07 W WS AE 5 T AR A o il 2, O e b o T £k
PNAITE AL Hyp &
1.2.7  FFHZIGAE R F A

PRBUFAZ BB A, R G & ik, R
HRE A Z 48 bR i U e R (CBA) Kl
JF2H 25 19 40 A -6 (1L-6) | 1 4 ffi 4 Z-10 ( IL-
10) G E E-1(MCP-1) . TH E -y (IFN-y) .
JifEE 3R BE K (TNF ) K 4 40 il 4 #-12p70 (1L-
12p70) Kk,
1.2.8 RT-qPCR #&:l]

K H TRIzol HE BN BUFZHZLUE RNA | 03 5% 5%
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A cDNA #A , 34 I B 4T PCR 974, ] b
444.95 °C 30 5;95 °C .5 5,60 °C 34 5,40 IMEH;
95 °C .15 5,60 °C .1 min,95 C .15 s, K413 4

ZAL, ] B-actin YE WS IEN il 2744 41
FHMEAR mRNA PAXT R B &, I HAETAY
TR i) R A BRA R, 5P LR 1,

F1 RT-qPCR 5I¥F51(5°-3")
Table 1 RT-qPCR primer sequence(5’-3")

H N2 B3

Gene name Forward

i

Reverse

Prkaal GAGTGTTCGGAGGAGGAGGTC
Prkaa?2 GATGAGGTGGTGGAGCAGAGG
Lkb1 GACACCTTCATCCACCGCATC

p53 TGAACCGCCGACCTATCCTTAC
B-actin TGACGAGGCCCAGAGCAAGA

CTGTTGTCTATGATGAGGTGGTAGG
AGCCAGTGAGAGAGCCAGAAAG
TCCAGCACCTCCTTCACCTTG
GCACAAACACGAACCTCAAAGC
ATGGG ACAGTGTGGGTGAC

1.3 SitESH

fii 1 SPSS 23. 0 B AT g8 vt 2% 3, T %
BILOEBIE £ bRUEDS (& + 5) TR RATRH Z )y 2%
OYWTHEAT , 45 4 1E 2843 A i 3% ) LSD #E47 W ¥ L
B A A IES /340 W2k A Mann-Whitney k1K
;P < 0.05 AR X,

2 FR

2.1 FHNR—AEAEYI SRR
55IE 6 BN B HE, CMCS X iR/ RS

WEFEMEZ S CCl, Y i/ RURE TR, /44 LRl B
PRI BT (P < 0.05) , SR LA 1L,
CMCS 1.5 g/kg 41 ,CMCS 3.0 g/kg ZH/NEUIF/ 14 1L
FIM AR E R B R (P < 0.05,P < 0.01), 5
CMCS 1.5 g/kg HMI L, CMCS 3.0 g/kg AT/ 1A L
/AR T B2 L (W3 2) .

F2 KUUNEU/R L /PR L S (% + 5,0 = 8)

Table 2 Comparison of liver/body ratio and spleen/body

ratio of mice in each group(x = s,n = 8)

wieiil T AR L % JiL/ AL/ %o

Groups Liver/body ratio/%  Spleen/body ratio/ %o
Nt AR Y
LA X SR A 413 £0.76 4,65+ 1.10
Normal control group
CMCS X HE 4
CMCS control group 4.72 + 0.59 4.92 + 1.74
TR IR 2 . .
Model control group 5.96 = 0.37 5.30 £ 0.50
CMCS 1.5 g/kg 41 . »
CMCS 1.5 g/kg group 5.09 = 0.64 4.15 + 0.40
CMCS 3.0 g/kg ¢
&/ ke 41 4,93 +0.72" 4.06 + 0. 54"

CMCS 3.0 g/kg group

HHIERA AL, " P < 0.05; SEA M BAMIL, P <
0.05,%P < 0.01, (FE/ER)

Note. Compared with normal control group, “ P < 0.05. Compared with
model control group, *P < 0.05, ¥P < 0.01. (The same in the
following figures and tables)

2.2 XtMFRFIhEEKFRIF NG

5 IEH X B AR L, CMCS X BE 2 1fiL 35 JHF 2 g
I TCGE T2 7 S BT IR AL MLV ALT AST | TBil
JKSEIA B ETF(P < 0.01), S54RI B8 20 41 1,
CMCS 1.5 g/kg 41, CMCS 3.0 g/kg 41, Ifil & ALT,
AST TBil ZKFH] i FR&E(P < 0.01), 5 CMCS 1.5
o/kg HAHLL, CMCS 3.0 g/kg ZHIMHE ALT JCHA B4
THeFR S I AST TBil /KB &8 FRE(P < 0.05)
(WF3),
2.3 XFAFAZ Hyp /K FrI0G

S5IEH X B4 A, CMCS XF BR 4] iF 41 21 Hyp
IKETCGE 2 7 S MR X6 BE 20 T 2H 27 Hyp 7KF-BH
TP <0.01), SHAIN AL, CMCS 1.5
g/kg 4 K% CMCS 3.0 g/kg ZHATLHZN Hyp /KPR T
F(P <0.01), 5 CMCS 1.5 g/kg ZHAH L, CMCS 3.0
o/ kg AT Z Hyp /K- FFE(P < 0.05) (WF 4),
2.4 XTRFELRRAE R FKER N

5 IEH X B AR L, CMCS X B ZH /)N B 41 21
RAER T 7K - TC B 22 S 5 AU X BRI TL-6,
MCP-1 IFN-y  TNF 7K A [] #2 B T 55, 1L-10 | 1L-
12p70 K-F-BIHI B T RE(P < 0.01) . SHEERT IR
AL, CMCS 1.5 g/kg 1 3.0 g/kg 4L AT 4 1L-6,
MCP-1 TNF /KF¥RRIFEEE TR (P < 0.01,P <
0.05) , iF£H41 IL-10 . IL-12p70 B . THE (P < 0. 01,
P <0.05), 5 CMCS 1.5 g/kg 414 L, CMCS 3.0
o/kg 44 41 1L-6 . MCP-1, TNF /KK (P <
0.01),IL-10 /K FFE (P < 0.01) (WFES5) .
2.5 XAFALRKIEMRIETRA R

1EH X B AT CMCS X REZH A 21/ N 2548 52
BN JC AR PE IR A, T R fi it Y €8 TG PH R
ik, CCl, Ye55 2 JAl i , BRI AR 2H 9% 1 40 i 32 11
B I A DX RN ] S T AR, R o 4 i 2 <
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x£3 HA/PRIMGEITFIEERMHE(x£5,n = 8)

Table 3 Comparison of serum liver functions of mice in each group( x + s,n = 8)

! WA RAS KM/ (1U/L) RINA&ARRAIEHE/ (1U/L) BHLLE/ (pmol/L)
Groups ALT/(1U/L) AST/(1U/L) TBil/ ( umol/L)
v} IR Y
TEH A R 19.57 + 1.02 23.77 + 3.78 2.55+0.42
Normal control group
Y
CMCS X 14 17.24 + 1.03 25.32 + 2.27 2.24 £ 0.20

CMCS control group
IR R 21
Model control group
CMCS 1.5 g/kg 41
CMCS 1.5 g/kg group
CMCS 3.0 ¢/kg 4
CMCS 3.0 g/kg group

112.92 + 3.60™

95.11 + 4.98%

82.10 = 13.75™

149.26 + 29.35™ 11.37 £ 0.27™

112.52 + 4.99* 8.17 + 0.34*

96.33 + 2.59%% 7.15 + 0.31%4

W HIEFEXTRAMLIL, P < 0.01;5 CMCS 1.5 g/kg HAHLL, 2P < 0.05, ( FE/EIR)
Note. Compared with normal control group, ™ P < 0.01. Compared with CMCS 1. 5 g/kg group, 2P < 0.05. (The same in the following figures and

tables)

R4 FA/DNRATHS Hyp H R (2 £5,n = 8)
Table 4 Comparison of hepatic Hyp content of mice

in each group(x + s,n = 8)

il Hyp(g/g H41Z
Groups Hyp(g/g liver tissue)
=N HR
IEFE R AL 137.71 = 10.32
Normal control group
CMCS Xt {4
CMCS control group 145.41 = 13.37
AT B 20

521.53 + 63.34™

Model control group
CMCS 1.5 g/kg 4
CMCS 1.5 g/kg group

CMCS 3.0 ¢/kg
CMCS 3.0 g/kg group

382. 14 + 54.04%

310. 87 + 24.30"%

BREEAR KIRBE, T BRI B Rk £ ) 5 R4t
HEZHAH FL , CMCS 1.5 g/kg 1 H1 CMCS 3.0 g/kg 4H
/NEUFFH 2 R E 2 T A0 SBRBE AR TR B iR
SRR L T 2 J5t BH P R s AR Rl R e >, 5
CMCS 1.5 g/kg ZAHEL, CMCS 3. 0 g/kg ZH A AE 4N

R A DORN/IN (] e B 0 AR B T Y Jie Jit BH M 3=
IR R (A1) .
2.6 3FTBF AMPK/SirT1 {5 5i# B 5200

B ALY B4 7, 5 1E # X R AR L, CMCS
XPRRAT/IN U SirT1 Rk ol F 22 55, FERIK
FRFE WP CCL, Y 2 J8Ja , BRI 20 /1N BUIT
FEMIPE SirT1 Fak kD, B IR PFRAL SirT1 33k 4
%, %4 CMCS THi)5, /NEUH SR B SirT1 K53
Z R IURUE SirT1 Rk ; 5 CMCS 1.5 g/kg
ZHA L, CMCS 3.0 g/kg ZHIFSERIBR STl F£ikiE £
(WEl 1), RT-qPCR £ #&7K, 5 1E % %F I8 2 A
I, CMCS X} B8 24 i Prkaal | Prkaa2 | Lkb1 | p53 55
mRNA £ 5o E 25, B AIX B4 Prhaal |
Prkaa2 Lkbl Fikg /b, p53 Kk £ (P < 0.01),
SRR IR AR G, CMCS 1.5 g/kg ZH A1 CMCS 3. 0
o/kg HIFL Prikaal \Prkaa2 Lkb1 33K W 3 T,
P53 FIRB I (P < 0.05), 5 CMCS 1.5 g/kg

K5 SU/DBRBFHLSRGERFRER R (x 5,0 = 8,pg/ml.)

Table 5 Comparison of hepatic inflammatory factors of mice in each group(x + s,n = 8,pg/mlL)

il
IL-6 IL-10 MCP-1 IFN-y TNF 1L-12p70
Groups
vt WY
IEHR IR 4.08 + 0. 65 19.14 + 3.28 33.39 + 4. 14 1.16 + 0.09 2.61 +0.73 3.56 + 0.43
Normal control group
B4
CMCS X ARAL 2.40 £ 0.24 13.08 + 1.36 24.94 + 3.35 1.32 £0.22 3.95 £ 0.62 2.93 £ 0.52
CMCS control group
LA Y .
BURXT AL 7.15+1.20" 8.11 £ 0.60" 1228.03 + 329.51 " 1.48 + 0.23 26.55 + 15.69*  2.20 + 0.37*
Model control group
CMCS 1.5 g/kg 4
¢/kg Al 3.32 + 0.50% 10.72 + 1.64"  129.67 + 16.84"™  1.49 £ 0.35 8.84 + 2.33* 3.87 + 1.70*

CMCS 1.5 g/kg group

CMCS 3.0 g/kg 41

#HA N
CMCS 3.0 g/kg group 1.99 = 0.25

12.67 = 1.22"4% 97,80 + 7.84™4% 1,59 + 0.42

3.79 + 1.30%2% 4.33 = 1.19%

1.5 CMCS 1.5 /kg HAHIL, 24P < 0.01, (TFEIR)

Note. Compared with CMCS 1.5 g/kg group, ““P < 0.01. (The same in the following figures)
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CMCS control group
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TR R
Collagen T

JURAT R
SirT1

o

B 1 HA/PRIFALRAE JBIFUIF  Collagen 1 AT SirT1 Fi5 KK L

Figure 1 Comparison of inflammation, collagen deposition, Collagen I and SitT1 expressions in

liver tissue of mice in each group

HAHLEL, CMCS 3.0 g/kg HAHFHZ Prkaal | Prkaa2 |
Lkb1 FIXWLBIEIM (P < 0.01) ,p53 ik W kb
(WE2),
3 itig

JHEF Ak 2 — B R 5 DL A, LA o 28 i 41
FEFTAY L B A B O RRAE A8 M . H AT IR R
BEXTIFET 44k 0 FH 25 5 28 DU BRLR 97 RO IR 9T
Bz HE A AL A SGEIT TR, cal,
YA SIS W I f s e g g i 2 — 1
CCl, TEM AT 51 % B ot i 480 Ak S 0y i 422 5 3501

ARG IR BET  IF R 51 AT G e &
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Figure 2 Comparison of Prkaal, Prkaa2, p53 and Lkbl mRNA expressions in liver tissue of mice in each group
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