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thE, RIFIEEA AL, FHAmE T+ ALT. AST. TNF-o & IL-6 42 44278 40 34 o B 81K,
Frensr 4 % SOD. GSH A 29 275, MDA A& REIK, Mmm &6 BAL %4, H&E
%A TUNEL %4 % &9, EPA%-25)5, W CClL %50 IRt Ik JUBA 4745, HafA—F
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Abstract: Pholiota adiposa is an edible and medicinal fungus with various pharmacological
effects. The protective effects and functional mechanism of ethanol extract from P. adiposa (EPA)
on acute liver injury induced by CCls in BALB/c mice were studied. The liver organ index of
mice was measured. The content of alanine aminotransferase (ALT), aspartate aminotransferase
(AST), tumor necrosis factor a (TNF-a), and interleukin 6 (IL-6) in serum and the content of
superoxide dismutase (SOD), reducing glutathione (GSH) and malondialdehyde (MDA) in liver
were measured by ELISA. H&E staining and TUNEL apoptosis assay were used to analyze the
liver histopathological changes, and the apoptosis of liver cells was analyzed by
immunohistochemistry analysis and Western blot. The results showed that after EPA administration,
the liver index of mice was significantly decreased, and the content of ALT, AST, TNF-a and IL-6
in serum of treated group were significantly decreased as compared with that of model control
(MC) group. The content of SOD and GSH in liver homogenate were significantly increased, and
the content of MDA was significantly decreased. As a result, the oxidative stress of liver was
improved. The results of H&E staining and TUNEL assay showed that the liver cell swelling
induced by CCly was significantly improved after EPA administration, and the apoptosis rate of
liver cells was also significantly reduced. Immunohistochemical analysis and Western blot
analysis showed that EPA could significantly inhibit the overexpression of apoptosis proteins such
as BAX, Caspase3 and Cleaved Caspase3, and reduce the level of Bcl-2 protein, showing
significant protective effect on CCls-induced apoptosis of liver cells.

Keywords: Pholiota adiposa; protective mechanism of liver injury; biochemical index;
immunohistology; Western blot

AR RN, I 2 A A 3 S AR N LAARC 15
e ER—A2E , BYUREZENER T Z—
(Su et al. 2018), HAl, &AW, A
IVAETE TAERRJIARWE N, TR . 250 LA SR
AR R 2O I B 0 ™ o, R E R R
{7i(Zhao et al. 2018; Tien et al. 2023; Ohshima
et al. 2024), APEF AT 5 R AR 4E4k | HHE
JHAEAE S D e s v S , JF B 2tk it 5
BRI 25 290 SO L A e FH AR 25 L

LEANESE X R % V) (Wang et al. 2024),

HAT, fes2R2iPan — WK, FRmimki |
PAEGIER . AR, b RIS R EXT .
DL S A e 25 B HAT B A 45 F AE FH (Duru. et al.
2019), ARG E Y TR EA R 4125 3T
:(Wasser 2011), U544 Lentinula edodes AY4HT
JEVE M (Jai et al. 2022), #e#sfLEE  Inonotus
obliquus ) [ Ifi. B 1 H (Wu et al. 2019; Chen
et al. 2022), 4%/ 4> Marasmius androsaceus
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HEEIR AR FH DL S L2 A5 TR Irpex lacteus 3T
B A A FH A5 (B R A PL R 20085 Qin X et al.
2023; QiuY etal. 2023), ZL4E477} Dictyophora
rubrovalvata %I fififii 73 946 52 /E FH (F 45 55 20235
ZRERPAT 2024), Mk, FERYIEIETIREEA
X MR O PR3 VR T ) L e SR

% JIg % <> Pholiota adiposa (Batsch) P.
Kumm., &—F 253 HE T, SR8 Tk e
Strophariaceae (EHEA5E 2014), i H A K10
WIAEZ AR IS SR B AR EEEE
BCFE T /R 2007), 283 FERTHA RS T A H
UPLC-QTOF-MS i X} 2 Jg <= £, it $2 B 41 43
(EPA)HEAT4rHT, HE M L &Y 5 PpE2E
R ZMER T R s TEBUMR e b R
EPA XHARSME S AN TR0 HepG2 40 1=
AE ) de ik O IR 52 A Ebéssr 2021), X H22 i
farded /N BRI A AR A B 6, I RE A% I 5 farJRg
/N B 7 T B R (Wang et al. 2022), ABFE 3T
HI T AESERN L, 15 W0 H 22 RE < £ T4 Uy
(EPA) T CCLiAS M 2 EF s M R EH , IF
WG AR AL, Sz b ) o U5 0 5 & R
B e S

P

1.1 #R
L1l SEIM R R

ENTEMUIE 2SR RN N 3 s
W AL ST 4 2 1 el S AR

SEES BT CBEA(EtOH) . DU AR (CCLy) A 53
Préal, W HALsT e T 5 IR R -G IR (H&E)
W A e A ) TR RIS B s A TN
(alanine aminotransferase, ALT). % & % % Jif
(aspartate aminotransferase, AST) . MR YRSE A+
o (tumor necrosis factor-a, TNF-o) ., F4HJfi/%-6
(interleukin-6, IL-6) . 8% fL )5 L F (superoxide
dismutase, SOD). ifJF M4 Bt H Ak (glutathione,
GSH). N _[#(malondialdehyde, MDA), ELISA
it MK f i) el 1A v ] 22 de SRR DR A= R FR
73w} TUNEL 4 T AR & A 27 T

Bl2#/yF]; Bax, Bel-2, B-actin, caspase3 . cleaved

caspase3. _¥illJ H Thermo Fisher /A F]
1.1.2 EE{UEHE

oAb A R ORI 2R G0 (28 A 3 D AR W L
RAFE; e s . RM2015 HHLGER A
A)); HC-2517 i B O HLCE B R AR
PAFRZF]); MiniSpin B .OHLCEATE AN F);
PL303 HLF RV (L i MR 8- R 2R A PR A
Fl); T10 ms 415138 HLAIKA); YD-1508R 4
e XY HLCHT VT 4R T 45 3 R A TR A
F]); MK3 fif#Fn{%(Thermo Fisher /A H]); CKX31-
A12PHP 5% W55 (OLYMPUS A F).
1.2 ZREE< IR EV(EPA)SI &

¥ 1 kg ZRREE:TH LR TR R,
T5%M CBEHEA TR A BRI, A TIEE 500 W,
R ELE 60 °C, LBREE 75%, Wkl 37:1,
PEHCFE] 40 min, EHE 3 K, AIHEHOR, #
EPA ¥4, 44595 EPA 328 66.42 g, 4 °Cf}
e H o
1.3 SLEEISERIER

e /NECH SPE 2% BALB/c B, 40 H, e
Pk, 4-6 JEHY, 1A 1822 g, ML TRAELEY
BHEA R A AL, PP IE4 S : SCXK (1)
2024-0001, W SLETERKFHEZRFahY)h
DHEAT , S SR RS SRR A K R TP B 2R
“F SN B Y AS L 25 B 4 B L (Attitude of the
Animal Care & Welfare Committee), sh#)325018
5. 2024755, 7E(25+2) °CHYTEE FLL 12 h 1Y
TR/ IR AR TR/, N A R TROK
FIAT 2/ N R T = A iR FE— RS, BEAL
R 4 4(n=10), =5 H X2 (normal control,
NC). #i#IZH (model control, MC)., EPA {5 &
2H (low dose group of EPA, LD-EPA, 100
mg/kg/d) . EPA /571l i 41 (high dose group of EPA,
HD-EPA, 300 mg/kg/d).

SEgs kAR EPA IKF] 41 (LD-EPA) &% EPA
f5 A i 4] (HD-EPA) 442 JECAH N7 571 & 3% 25 45 24
10 d, 25 HZHL(NC) SR (MC) 24 5 45 8 AR B
K, KRG 255, Bras HAL(NC)AM, AL (MC)
EPA % %) & 41 (LD-EPA) }2 EPA &5 7| & 41
(HD-EPA¥F CCly #HATIE s i J s Bi(CCly 5
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MMM AR 111 IRE, 1.0 mLkg/R), =
F2H /N BRR(NC)JIE s 3 25 4 s i vl . 52
ANERAH B, A5 2 /0N BRURF J0E BER S 7 44 A
iy U NS | AN T8 AT AR [ I
SUPE 00 1E S ) (1 & #%5F 2024), CCly
AL 24 h e, NIEJFEEARSE/N BB R 30 3%
P Z4H 30 me/kg, JEARBRIR BRECIM), 4
Ifil 4 °C. 4 000 xg &0 2 ¥, BUE-20 °Cf
FEE o f U/ BUFFIEEA TR &, 1 AR
LMt BT 40 o/L Z R W W H H T H&E Ji 3
Yl . TUNEL T 40Hr 5550, A i 8
S EE T80 °CIRA1F, FT ELISA BfEXA:
PESLH | A g4 ik & Western blot SZ5
1.4 HARETUKIERIEHNE

SR A AR T SR /0N B4 24 T A A
i, 2 R/ BT AR A ff A5 2]
U TR &

A5 B=OFF R /A 1)< 100%
1.5 ELISA ENEMEFRFHELA SRS
LB

B G BN , W ELISA 3/ SRS
RN A MIALT) . AR BHAST) . MIEIR
FEIHF o (TNF-a), FIA % 6 (IL-6) i, B
R RE AT A5 0%, WA i,
ELISA & 5 JIT JIE 21 20 v i 480 1k 9 157 4k il
(SOD) ., & JE 4 B H IK(GSH) M TN — 1% (MDA)
S, SEEG VAR ELISA i) &k i 1530047 .
1.6 BT4HZN H&E %2 & TUNEL AT 54

NERIFRE A B e . ik, RIS g
LTI BRI A, LU S um B N bRiESE T
Yk, IR, SRABFAR -t
HH&E)V /NI 2L 0) it ir e, &%
Chen & Chen (2017)f 7515, g s BB IK
75 e 2H 2 240 1) B AR f b 285

PIF 7w E, B 5 um JEEYIH, W
TUNEL 4 kil /s BRI ZH 2L i T 0
FWAAMT, YR A AR K 402 15 min,
FEAES 3% AL &Y B B W P A 20 min,
WEE S, MA 50 pL TUNEL i#)#% & 60 min
(37 °C), 2% Wang et al. (2014)f )74k, WMEHT

JIFE 25 21 24 i 72 AT 0 B e 60 BH P (R T ) 20 i
IrE
1.7 SREENRE

/NEUFIEEHZLT 10% HBEA TR P IETE 24 h,
BEJS BT ZHER, Wy 3%t SA AL R TROH
BRI 2H 2 v o A R R 5 1, R AT A
JEHLUE g, MR/ 1eG Sy difb
& (Bcl-2. BAX. Caspase3). hifH DAB #l
ARG HATRI G AE G, B)E, il R T
WELANML 5 . Aifise Bt . Az H . 3R
FETEH AR /IN L BH R 248 3 A50Rn G €558 B2 2F 43K
PEM IR AR R R T AL, e 3 I
T4 (Pei et al. 2014; Wang & Liu 2023),
1.8 FJHEBRREENEE

K FH AR 5T 5 03 il 1 (Western: blot) A JH
JEH LU PR BCEE A, JHEH] BCA iR &l e
A MR S R A A A . B
Ja s ileE 30%PIEBEIAH A . 1.5 mol/L Tris-Cl
(pH 8.8)Z2 i . 1.0 mol/L Tris-Cl (pH 6.8)%Z% 1
T A AR SC R I R, RS L VK o B A
. HUKEIE AR E PVDF B I, HI 5%/
JEFLE A, TBST ¥EU 3 K, MA—3T 4 °CiFH
i, TBST WA KM 9N E . &
Ja, UM WHIT 2R . Western blot £
220/ N RUFEHZH BAX . Bel-2, Caspase3 3%
KK
1.9 Stk

TEA SR, BT SCI AR 4 LI Y pr
WEL 7R, [l 1] SPSS 22.0 B #- A58 12440 o
KR E 5 224341 (one-way analysis of variance,
ANOVA)E M Duncan’s ik 47 2% 5 o &%
43 I8 GraphPad Prism 6.0.4 #6477 2%
I3 hT EE AL B

2 BER54M

2.1 EPA X} CCL BUt#5it7 )N R AT B HE 25 20

CCly RE™ EMIAHUASFAEAL LY, (/N
AEL U A 2R (B 1) 545 X BRI (NC)
ML, CCly ¥ A2 /N BUTF 48 50 i 2 7
(P<0.05); SHIRIZ (MC)Xf I, EPA EH| 4
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(LD-EPA)5 EPA =5 i 41 (HD-EPA)/N U5 %4
B FEAIR(P<0.05) (3% 1), L AT #3258, EPA
ATE A CCly X /N LAY St 0 5 204 (4 /0N U
JiE i AR S, AH G EPA {5742 4H (LD-EPA) 5
EPA &7 2H(HD-EPA), MAFIEFER0H A,
ZFHAK(P>0.05).
2.2 EPA 5t CCl BiFF A/ MR AL e rRE2 N
i FH ELISA i 3 8 0k I 5 /)N B I 3 v
ALT. AST. TNF-o } IL-6 Hy& 10, SCi4h Rk
B, 5 NC4ixttb, CCl R4 ALT, AST,
TNF-o J IL-6 W& e, 5 MC 4x)
It., LD-EPA 5 HD-EPA A VA I 4 Ff fiL i F5 b5 1%
A i FAIG . BLISA 3R /MR H 250 2% i
R SR A 5 AL i (superoxide dismutase, SOD).,
iR JE M 23 B HBK (glutathione, GSH) M 7N i

(malondialdehyde, MDA & i, 5 NC 41X,
CCl, 20 SOD K GSH 5 2 H41HH i A1
MDA & I Ft, {HJ& LD-EPA 5 HD-EPA 41+
SOD X GSH w1 5T MC 41, MDA &
flF MC 4. LA EJUFPAEfRFsFRxT e, LD-EPA
5 HD-EPA Wi ] UG I 35 1 22 7+ (& 2).
2.3 BFRRZEZEY]H H&E 3% F TUNEL 3
THERDH

IIAKE DL Y B (H&E) Y 25 %W, NC
/NI IEA M Es 2%, JTBBIES, TR,
PRk BLSE s 5 NC A EL, AR /)N BRI 20
JHL S IR S e 7 | b fik B 42 ™ . (P<0.05) , £8 EPA
Y524 )5 , LD-EPA K HD-EPA ZH /I BRI 440 Jfa i
A B A B4 (P<0.05), - H HD-EPA ZH AT
JUE £ ik 52 55 R B B (P<0.05, 18] 3A),

ccsencae
dpoewsoe
“Pesebece
~eaeee saew

1 BE/NRATAEELR
Fig. 1

lecm

Liver tissue of mice in each group. NC: Normal control; MC: Model control; LD-EPA: Low does group

of EPA treatment; HD-EPA: High dose group of EPA treatment. The same below.

&1 EPA X&E/NRIERIEHFW

Table 1 Effects of EPA on mouse organ index

2159 JF I o £ ENpigsy e %%

Groups Liver weight (g) Body weight (g) Liver index (%)
ZHY NC 1.54 +0.03 36.84 + 0.46 4.18 £0.09
HERIZH MC 1.89 £ 0.11 36.55 +0.65 5.17+0.11"
EPA {if|& LD-EPA 1.72 +0.06 37.48 +0.74 459 +0.07"
EPA &5z HD-EPA 1.68 + 0.04 37.82+£0.85 4.45 + (.04

He SIER4LE, "P<0.05; SEmI A, P<0.05

Note: "P<0.05, compared with the normal group; *P<0.05, compared with the model group.
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Fig. 2 . Effects *o*f EPA on biochemical indexes of CCls-induced liver injury in mice. Compared with normal
group, P<0.05, P<0.01; Compared with model group, "P<0.05, *P<0.01. The same below.
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Fig. 3 Histological examination of the morphological changes in liver tissues of H22-bearing mice by H&E
staining (A) (400x) and TUNEL assay (B, C) (400x).
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TUNEL #1528, HYERE AR bk
A E H 45 5L 5 P4 (Samantha et al. 2017), 2%
ZRERW], 5 NC HE, MC 4/ IR
FTRiE, AN 51% (P<0.05), LD-EPA & HD-
EPA Z/NERUFFIE A AR T3 0000k 27% % 19%
(P<0.05) (&l 3B, 3C). HIt, EPA 4iZi5, /MR
JHIEAR AR T2 T eI, IR Ve B T e 2
IR — TR BE AR
24 BFARAALUATHEXEZEBSHT

A5 Rtk — K AE BEPA X CCL S A
PRI OB VE T, N S yie i Ak ik S
Jo 4 3 BN 308 s (Western blot) X FIr A £/ B3 AE
HA AT T A 5. N SRl Ak
Brie Xt FFEZH 209 BAX . Bcel-2., Caspase3 5
HEAT 0T, SCEETREY], 5 NCAMIt,
CCl, #A4] BAX., Caspase3 # Rk /KF1

Caspase3 :ﬁ.\;

4 NRIFRARREZEAUTIER

Bl b Ft, Bel-2 &AM RIBKEBETRE
(P<0.05); £t EPA %4%4J5, BAX. Caspase3 &
F 2838 K A R ZH A LA T R R, Bel-2 &M
2R ACE EFH(P<0.05), IF B 52— W R
PE(E 4),

FR 5T A 9% B3k 3 (Western blot) X I A 41
INEUFIE A BAX . Bel-2, Caspase3 N Cleaved
Caspase3 #H FIHATSRIEEDIB AT, G IRE
B, 5 NC diMith, CCl 14l BAX. Caspase3
J Cleaved Caspase3 £ [ E[b & A F2 5 i & Tt
= (P<0.05), Bel-2 2 [ ED b 3 35 2 % AR
(P<0.05); 4 EPA #i#jJ5, BAX. Caspase3 M
Cleaved Caspase3 £ [ E[Jib 28 35 7K V- 5 70 21 A
A TR RE, Bel-2 8 FENIE ) Rk K LTt
I L I — i VR BE AR 1R (P<0.05), IZ45 R (A 5)
G g5 RAI A o

HD-EPA

&

e At

S

- = 5 ~
ES BAX w R Bcl-2 s & Caspase3
g § 50 * £ 250 2 550
2§ £ 5 2 3 *%
%3 T 53 i é- 3 i
=3 E 25 # 44 = .g 23 EEe s -§ 25 EAH
3 227 | 2 52
= 7 g @ § k]
2 e 'l e i e
j=Tan1 o » (e TR
s T FS g SEFS T S EFS
g VR 22 VR g2 VR

= — o

Fig. 4 Immunohistochemical analyses and stained area of liver tissues.
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NC MC LD-EPA  HD-EPA

Caspase3
2
£ 08¢F Hok
Q
Bel-2 9
— e e £ % osf "
S e ————— £ 047 -
v >
el —— — £5 07
Caspase3 &2 00 . :
< @] A i
B-actin = D ‘3’ 43
SRS
_ BAX - Bcl-2 Cleaved Caspase3
- 10 E_10 £ 12, i
2% - X ES L
5 03 £ 08 5*;(')'2
] = 2 * v UVor
ES 706 270 *x é Z o6}
£ 04 2% 04 25 04
2.2 02 2202 2= 02}
= = S oo
£% 00 i‘} 0.0 é 0.0
o

S

$ e

R

5 FEBREENTEKMATAEZEZ2F BAX, Bel-2. Caspase3. Cleaved Caspase3 & B HH*T FRiAKF
Fig. 5 Relative protein expression of BAX, Bcl-2, Caspase3 and Cleaved Caspase3 in liver tissues detected by

Western blot.
3 ik

CCly TESLE HAE R 2 MG A AR 24
FE T (8] YIRS BRUFF IR 2 2, kA 7™ 5 I T 40
MR VER , I ER N EREALT) . S5
B (AST)K PSR TR . FEARSLI T, 242 EPA
ST RS , 45 2520/ U IR 40 e o B A 13 B
W, HHREGE T IER K-, JFH ALT 5 AST
JKAF B FEAIR(P<0.05), 4553 5 B N AMIF 52 25
©—3(Long et al. 2022),

R R I, LR B RAE N 23 I 2t T
A5 B E IR, AT S SO 40 i A8 JE K 3K BE (Qian
et al. 2023), H, HLIETMEIRILEHAF o
(TNF-o) 7% & 1 F+ = B K i 0 W i AL A% I 7 «B,
A% A T «B 30E RETS & S IE I, fE it
FAHIN 2R 6 (IL-6)7F 2P 5 K iA=L, fin
TSN S ST 20 i i K SR SEFE B2 (Qian et al.
2023)  AFFEHT, CCL AL /N UM T Y TNF-o
o5 IL-6 Sy ENE N, 2 EPA 425 T
Ja, /NRUMIEH TNF-a & &5 1L-6 &
TREP<0.05), KKitk, EPA X 2 4 43 i 434

Y T R 5 LR LA 98 KON 2 TE ARG

LA A S A R G L E A R G IE 1
BT WAL T AP HRRAS SRR 2% B 424k
N PG BT AR e A, AR SR
2 IER U #4543 (Xu et al. 2019 ; 3 % A% 2022)
AW, CCly A /N B IE 4L 2150 3 h
MDA 3 7} (P<0.05), GSH 11 SOD i ZF#1K
(P<0.05), £ EPA 325 THil)E, /NEURIEZZLS.
Jh GSH. SOD 7K~ F+ 5, MDA 7 &%
(P<0.05). [Hi, EPA i@ ili#77 MDA, GSH
SOD ik, & kb S AL B KT B I A
AR KPR I

H&E #1 TUNEL 4% (a8 05845 2H /N BUH e ZH.
UL, %R (NC) T4 or A 2415), 21
e BEVEAR 240, CCly 1 55 2H JH-4H b ik ™
HF RN KRG . EPA ST, I
JUPE 240 e e fi A7 250 B 98, L& HD-EPA 4,
5 MC 4RI b A, A 200 it ek Bk e B P 8 2
TUNEL #1437 LD-EPA % HD-EPA #3254/
SR IIE 20 B8 723553 3R 27% 5% 19% (P<0.05),
ERRIARY S1%AH L R E RN, M Al 4 EPA

240354-8



ERRE F | ZRHBEIUSLHEES DR IRBERIPIERLE

MR

Xt CCly I8 2t I E 4 24658 00 A e I 1 i 5
YEHTS

SR AR AR P 14 A 2 2 L A L R T i AR
Z—, HEHREWNZS5H5E Bel2 KGEEA™
A% 2022), 4108 T-5 BAX/Bel-2 2 [ HufH
HAE, AR T 322 Bel-2 8 A R A BAX
AR BT RHH5% 2022), Caspase3
MR TG R, RO E T R R
PEEEAER, Caspase3 T & 4k AR B P Jiit
PET-5 T 40 I 0 T A9 45 2 (Kesavardhana et al.
2020; Obeng 2021), J&Z 5 A IR T i OCHE N
G AL S B B BN 45 R K W], EPA
WSS, BAX/Bel-2 FLIBEFEAR, RIILRLIARRE
S 5T AG 5, WA TN 5
NC #Mt, CCly iF%)m, R4 E ATk
BAX . caspase3. Cleaved Caspase3 i HAI#IA,
MFEAR Bel-2 28 FI Y RIA K, infl 20 i s 1
FREE. SR, 76 EPA @RZh)5, ik N4 fir
2%, GEW] BPA T2 CCL BT 55/ Uy HF 4
i1 R TV D= R 1 e ] B
(P<0.05).

Zr LRk, 2R 8%k £ B4 B (EPA) Xt
CCl JIrifs 31 BALB/c /MRS M 075 B 4
YER, JEREBI WA T4 BAX. Caspase3
J Cleaved Caspase3 i T8 H I

Bt

A P B 2 K s b AR S g &
FEAE 5 SR AR D R A PR ol IR 3 S BT I
FAZARBE S IADRE S S i BT 545 5

1E# STk

EWEE: LR BRI BB 1
M RERARE s X eSCHESBEG PEA
LIERAE; R SRR

GE R

VEE P, AR SEAAFAEAT AT TR AE A 25 0 5%
AN E S S
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