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Hepatoprotective effects of extracts of Taiwanofungus
camphoratus on liver with alcohol-induced injury
through regulation of Nrf2/HO-1 signaling pathway
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@5chool of Pharmacy, Fujian University of Traditional Chinese Medicine, Fuzhou, Fujian 350122, China
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Abstract: Protective effects of different doses (100, 200 and 400mg/kg) of water extract (WE),
water extract after extraction by ethanol (WEE) and ethanol extract (EE) of Taiwanofungus
camphoratu on alcohol-induced acute liver injury in ICR mice, as well as Nrf2/HO-1 antioxidant
signaling pathway were investigated. Compared with the model group, 400mg/kg dosage of both
WE and WEE could inhibit the increase of serum ALT and AST levels significantly, and 200mg/kg
of WE and WEE could obviously decrease the serum ALT and AST content, respectively. Different
doses of WE, WEE and EE could significantly reduce the content of hepatic MDA; 200 and
400mg/kg of WE and different doses of WEE could markedly increase hepatic SOD and CAT
activities. H&E staining observation indicated that WE, WEE and EE could mitigate alcoholic liver
injury to a certain degree, but a relative lower effect was observed in EE-treated groups. The
immunohistochemical staining results indicated that different dose of WE, WEE and EE could
enhance the nuclear translocation of Nrf2 and promote the expression of HO-1 to improve the
hepatic antioxidant capacity, thus presenting a significant protective effect on alcohol-induced
exhibited
drunkenness-alleviating and liver-protecting effects via regulating the Nrf2 antioxidant signaling

acute liver injury. It was suggested that Taiwanofungus camphoratus

pathway.
Key words: Taiwanofungus camphoratus, extracts, alcoholic liver injury, Nrf2/HO-1 antioxidant

signaling pathway, protective effect

TEAE M 97 (alcoholic liver disease, ALD)
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s, FERREE T HRT Y, M
ISR 25 1) B BR  FL R R 2 A (Liu et all
2019). ik, MRV FHRERIER D
LR ATV P B ALD FITRRG SRy BB &
BB SCRIIG PR N AR E -

Wt 2 B PES (ROS) FIAEAL BT 5
K ALD [ F Z B = ALH] (Hou et al. 2019).
LBEHEANE N JE B AR = A1 &1 ROS,
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DNA. JEBIAEEE B, KA, &R
AT A A 245147 (Cai et al. 2018)
I, PR ACER ST, PR N
IKFRIAST ALD [ EERIR L — . HxET
NF-E2 AT 2 (Nrf2) EHUATA T Bk
LU N R AZ Do e BT, T 2 A AR
AT, Nrf2 ATLLNANR 8 Bldn iz, 5
PUAMN R BTG, TR RRTT 1A A
MPTEA G RE R R R IE, AT R
AL NS R . Nrf2 B E S
PEAEFF RS IR A R S Ty i 78 v
FARHEERIEN (ERIES 2015).

ERE 2 Taiwanofungus camphoratus (M.
Zang & C.H. Su) Sheng H. Wu et al. X Fx Nt
WAL PR M. MR, FRIK. MR
HEWNK (BEMRMZEE 2011; Wu et al.
2012), e KAEIR E G5 AW F O A A
B FR—MEAEE (Geethangili & Tzeng
2011, P ZAE IR E G 1 R a6 7 R
HA AR Py s o FRATTH R AT 7T IIE SE i 1
J& KR E) (WEE) A1 22 0PI A 15 5 HepG2
2 S A SR U B B R R (B
WHES% 2021). Tk, ABFFM Nrf/HO-1
PUEAMAS T B BRI A AN [F] SR B R
FEF 3 ICR /N RS 5477 B A4 9 DR 4P 4
FH 5 DASTRI A A A 2 S0 OR P 3t 2 3 o A
TELE ) 7 TAE AL, A2 BT AR
PRALSLS S K o

1 M5

1.1 LR

1.1.1 X745 4 CIRE VKA | -80 CRIR VKA (5
S5 R B A B BRA 1) 5 AF-103AS T LIl vKAL
Rl 2HIKARG (LE) BRAFI];
MS105DU 3732 —R>F (it Mettler Toledo 2
F]); 35-2 HUREIE AL SRR (R
FAAABRATD; AVHL I FEE F

ML GHIEZE R H BT AR A TR A F]D;
RM235 W) L. AEY) s (FEE Leica
A#]); TECAN M200 Fbr CHfi 17 15 4E
AT AR EEA RS OHL (EE Thermo
Fisher A %)),
1.1.2 ZiM A5 82 Taiwanofungus
camphoratus HIlISL T AW AEMRHECA R A
AR, 2RO HREENZIAFEE. H
LW EAEZ T (F D, FEZAE R
BV ELFE: JKAEY) WE (water extraction,
WE). BEHefG/K$E MY (water extract after
extraction by ethanol, WEE) FIEE 4 Cethanol
extraction, EE) MM ESE (2021 177
il R B4R (CMC-Na). ik
BiE (258 A i GRA PR A R 7K R
F (HEH AR RARD; AREK
M ERAFIAERAFD); LR
(REFUEW XA ERAFD; KB
(PR RLE A R A D s WR IR
(ALD) W2 WAl RITEA R R AR
it CAST ) W 5 1771 5 R SE A P AL g (SOD)
Mk E. Am (MDA 5 7 & A
i AERE (CAT) MR & (R R itk
Y TRERFFCRT)s AR A G M (HO-1) Nrf2
B PR TE PR (3E[E Abcam /A 7]); DAB &

Bl 1 FEZF Lk

Fig. 1 Fruiting bodies of Taiwanofungus camphoratus.
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)£, UltraSensitiveTM S-P B8R & (GF
PEMRHAERAR D) HAER. 4 (i
REERFTAERAFD; HHAEHE G, BRI
W ORI R LR AR A
PR,
1.1.3 SZEFNWY: ICR /N 120 H, BEMER),
1AL (20£2)g, SPF 2%, HH LSk siins)
I BRSTAEA mI AL, SLIRAYVFATE S
SCXK (') 2017-0005, & ¥& iF 4w 5 -
2015000547530-1, T B2 K 5hH)sL
56 vhty SPF BN s N T 9% .
1.2 EBMFMGERSH RS EAHLE

ICR /MR 120 A, 3 pl 12 44 (10 R /4D,
SrAIRIERH . BRI PHMEZ4H . WE.
WEE 1 EE K. . mfELA . /NREIE R
IR 1 FJE, K EE MUK REIZRIFET 0.4%
CMC-Na, WE Fl WEE & TAEH K, B
Y. IEW AR LG T AT E K, B
P ZE T /K KB R (200mg/kg), S4h2hH %
TAFSEIY, 2 AEFIEH (100mg/kg)-
H 71 2H (200mg//kg) « =il 2H (400mg/kg),
FREGZ) 1 IR, 1EB25745 10d, 5 10 R&4G%
1h J5, #EBY T 50% L1 (14ml/kg), 256K
2K 18h J5, MEHREREM, 5OEUME. BT
M, FRE, VIEATAHZULE BT 4%2 R H
i fE e, HARHSATREFES, &,
1.3 MMEABFLRLEE IR E

BUNR MG, T B 3 A4k 55 8 A0l &
ALT. AST &8, BUFAHLSUER, A Eh/KE
Voo HEATRREE, Nk B E K A0 B
10% K AT 5] 3%, 4°CE Ly (5 000r/min)
10min, B E3E R, 3200 S U0 B AT HRAE,
M 5E 42 MDA & &A1 SOD. CAT i /7.
1.4 FFAELYIR K& H&E F &

PIUFAHZA B, W T T 4% 2 K H
R 48h. MK AIESEHEE. YA AR
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KREAFLD (H&E) Jetof5, 72 RMEE T
AT IR (200%)
1.5 REANEERN Nrf2 25 LIF HO-1
=ik

HOAL AT () A 25 R, DDA dpm 138
Fr, s 2K, AL AIRE T 10umol/L
MIMRIR SR 22 rPH, TEm#A 15min, &
SR ETEINAE, pPBS Pk 3 Ik,
R 5min. B2 PBS VR, BFSKUIA w0 1 #id
AAEEIHWE W, =R T E 20min, PBS
ek 3%, FRK Smin. BRZ: PBS Wi, TRINE
M5 %R N E A 25min. FREME, g
BB G PR (HO-1. Nrf2 Fiodk 2y 51 LA
1:100 HILLBIFERE), 4 CHEE TR . B, K
2 =R G PBS PRk 3 K, BHK 5min, [R%
PBS ¥, WM& EAMZ LI EP R,
ZE IR R E 20min, PBS B 3 ¥4, FHK 5min.
r2: PBS ¥, NG EEEE RPUEY R-T A
B, iR T E 20min, PBS JEk 3 1K,
FFIK 5min. B2 PBS W, 3 IN3E & 8 e T il
) DAB A E i W )5, SERME I N, 2
TKMYE. TFARERELL, WK, &EH, Fik
RS, A TS (200x) ., FHPERIE
ST A DA 5T B A% P HS IR B U ROR
bR, BRI A BENLER 6 NRLEF, XA
Y PN 40 B AZ Nirf2 BH 4 302K 117 240 i R A 4 i
AT, P Nef2 A BT R IA R
Fa, FF Motic Med B = 24 K14 0 Hr &
GeNf HO-1 PHHERIAK FAL A 73 ' 5 AR 3
1T
1.6 HBIEZITS S

SEIG S5 R Dixts FKon, KA SPSS22.0 4t
THERAE R SLIRE R AT Bt A SR A A
2728 (one-way ANOVA) #6556 13547 4 8]
FLHL, P<0.05 R ZERWE, P<0.01 KR

SR ETEP

[5
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2 ERG040
2.1 XIJE ALT F1 AST S 2520
ALT. AST MlImPR bR 32 1 s

ARG A e bR, 24 40 A 52 245 I
A BRI I Ve R A e, I ALT & &
YRR — 2 B, AST IG5

(FRES 2017). 5 A4, BEAHEHAT
ALT F1 AST SR EF R (P<0.05) (K 1),

SRR LA, 400mg/kg K] WE FIT WEE &
200mg/kg MK KHEIZR (FHMEZGZ) REE %

xR 1 FEZTERIMIXIME ALT, AST 2 E2/F
M) (xts, n=10)

Table 1 Effects on the serum ALT and AST content in
ICR mice of different extracts of Taiwanofungus

camphoratus

205 BWHEEN NEEAN
Groups ALT (U/L) AST (U/L)
THAH 40.13#3.55 107.07+18.71
Blank group

FARIZH 47.27+¢2.83"  165.2745.35"
Model group

FH 4 25 41 37.33+4.03°  118.93+10.29°
Positive drug group

K2 100 51.15+18.46  140.70+27.44
WE (mg/ke) 200 41.35+1.06  124.25+30.33

133.23+9.69°
173.75+41.29

400 44.10+1.09"
FeEde K 3RELY) 100 49.30+18.6

WEE (mg/kg) 200 53.10£8.06  129.33+22.28"

400 38.60+7.38°  114.05+15.54
B L) 100 45.00£3.18  136.58+13.64
EE (mg/kg) 200 40.28+7.72  148.90+62.05

400 54.67£29.05 175.47+60.50

T SEAMEE, *P<0.05, *p<0.01; SHIRIL HE,
*P<0.05, **P<0.01; 7KIEY) (WED, BEHEJE /K FEHLY (WEE)D,
FEsey (EE) . R

Note: "P<0.05, ™Pp<0.01, versus blank group; P<0.05,
**P<0.01, versus model group; WE: Water extract; WEE:
Water extract after extraction by ethanol; EE: Ethanol

extract. The same below.

i MyE ALT A AST K[ F+ =, 200mg/kg
[¥) WE FT WEE 73731l &l 2 PRI I3 ALT AT AST
T, EERZAHTHEAZ (P>0.05),
2.2 XIAFHE SOD. MDA 0 CAT 7K FRY=2

525 (2 EL e, B 40 TR ) SOD A CAT
KT % PR, MDA & ENREE T

(P<0.01) (5% 2), SR LLE, 200mg/kg

[FK KRBT R (BHTEZE) REMR L 2 1R = AT
SOD Al CAT /K°F, F&#{% MDA &= . WE [+,
m7EH, WEE &7 EHRFNLR SOD Fl CAT
iR E B BT (P<0.05 8% P<0.01),
ANFFE EE 4254 HER SOD Al CAT & 77
MT R EER (P>0.05). ANEFIEK WE.
WEE F1 EE 4525403518 5 3 BN 2 35 PRI e
PR T EUIE MDA & &R (P<0.05 BY
P<0.01).
2.3 X ATBERRIE S i T HI S M

FFEHZ0) HRE Getads LI 2, 1EH A
NR D) | Bon IE 5 FFEE M, o deifg
Bk RAF, PRATSEHEERIAN A%, FF40 e L g
Erlbikco oy, MDY 2 BUIREES . S51EW
L, BB TGS, gk E
(O FFA R, H IR AR . 28 At I
JH 2R HEZ 22 LA/ - 5 BRASORY) 55 5 3 22
g, SR LREE, BHIEZG2H%5 T 200mg/ke
K RE] R BB A AR, A R GE D
S5 RIRAR S P28 5L WE. WEE A EE X
WA S E — 2 s EA, H
HEE AbFRAH )RR A X B 2
2.4 IFATHE Nrf2 1 HO-1 FRIXAIFZ M

JH2H 23 Nrf2 Zeak G 20 A Gy ke I 25
DL 3 A1 3, Nrf2 [IRHMER A EAR T 50
Fio 7S HAH FEAERHK, AT WL Nrf2 PHE R
B Gyt ge, A4 R) DL RE S 0 41 i A%
Nrf2 PHPEFRIL (P<0.05); SHRAH L,
200mg/kg 7K K H] 2R BH 1 24 41 1) 40 i #%
Nrf2 BHHRIA AR W E I (P<0.01); AN[H]

EFIR 2437



BREE F /HEZREUAENT2/HO- LB EE I AT R IB R RIFVER

Research paper

%2 $EZAEIREUIXTFFAE SOD. MDA F1 CAT K EHIE N (xts, n=10)

Table 2 Effects on the SOD, MDA and CAT levels in mouse liver of different extracts of Taiwanofungus

camphoratus

ZH 5 ALY AL T N AL A

Groups SOD (U/mg) MDA (nmol/mg) CAT (U/mg)

THEHA 187.55+14.86 7.95+0.84 181.62+29.82

Blank group

A 147.64+7.10™ 13.08+1.12" 125.68+19.51"

Model group

FH 14 245 40 171.20+7.98" 9.2141.96 194.51+36.70"

Positive drug group

KD 100 141.66+4.88 10.56+2.08" 144.98+18.21

WE (mg/kg) 200 156.87+9.88" 8.87+1.76 147.51+18.62"
400 157.5449.30" 10.05+1.63" 146.98+14.57"

2 J5 K $EEL) 100 163.83+10.89" 9.18+2.40 151.25422.05"

WEE (mg/kg) 200 175.49+10.15" 8.3142.96 166.11+23.76"
400 176.86+9.92" 9.25+2.51" 182.08+7.56

24 100 146.46+9.72 9.90+2.53" 130.64+15.08

EE (mg/kg) 200 146.39+9.70 10.05+3.40° 124.42414.73
400 136.78+14.56 10.05+3.77" 120.19+12.89

75 FY WE WEE A1 EE #5425 245 41 I 4 M A% Nirf2
FH VR IA R AR R AR 6 35 Ty (P<0.01);
5 WE 1 WEE #HEL, EE 4HMIRZ 1) Nrf2 BHE
FIBFART D PR TE RS 75 T AL R
REWUE Nrf2 JER AL, WE. WEE K& EE
F e I AT LAk — PR Nrf2 22556, T
Forr DL EE IS PEAR XTS5 o

JHFAZ HO-1 Kk e A gt s K W,
Kl 4 F1ZK 4, HO-1 WIFHMERIERERT ., =
HAF HO-1 D ERIE., 5AAE, A
4 HO-1 MFRIABZEIE I (P<0.05); S
ML, BB PN HO-1 Fik B B2
b (P<0.01). K EHIKE 5 3 (1) A AL N RE 2
FIEEANER HO-1 Rk, WE. WEE K EE
&40 2 A B et — R PR 4534 5 I A
ZUHO-1 A RIRE, Hrh EE FiETHEAEXT AL

2438 EMEIR

559, 1R E Nrf2 G AL RIS
F—%. &7~ WE. WEE & EE %45 2541156
it Nrf2 #5400, 5% HO-1 FIRIE, 25
JHRE AR A RE I RE 7, AT GV RS 1 45
Pk 2R E
3 Wtk
SEZAEERAEERAHAR, 5F
=iE. ZHE. BoRER. BRHRTAEY. 2%
iy, BREF. 2Rk, W2k, (SEERL, H
A RGP BEEAEHENII (Wu et al.
2019; Ren et al. 2020). LW Z5RF W 7 £ W
AR 2 22 BT SEAAROW AN [ B AR D ER A 2 )
RS R A R RS ER, W
JEIE TR BRFT 18 (Han et al. 2006)+ £ (Ker
et al. 2014) FIPUEALAK (Lin et al. 2006) %%,
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2 HEE BT IEFRIEFTUFER (200x)  A: FEM GEBAK); B: HAIA (GEiH/K+14mL/kg
50% /K W) C: FHMEZGZH (200mg/kg /K K i & +14mL/kg 50% /K Z ) D-F: WE L. F1. mH&E
21 (100. 200 Y 400mg/kg WE+14mL/kg 50% 7K Z.1% ); G-1: WEE {i%. 1 &7 & 41 (100 200 2 400mg/kg
WEE+14mL/kg 50%TC/K ZFE); J-L: EEf&. . m7AIE4 (100, 200 5% 400mg/kg EE+14mL/kg 50%JC7K
LEE) . FE

Fig. 2 The pathological changes of mouse liver observed by H&E staining (200x). A: Blank group (distilled
water); B: Model group (distilled water+14mL/kg 50% alcohol); C: Positive drug group (200mg/kg
bifendate+14mL/kg 50% alcohol); D-F: WE low, medium and high dose group (100, 200 and 400mg/kg
WE+14mL/kg 50% alcohol); G-I: WEE low, medium and high dose group (100, 200 and 400mg/kg
WEE+14mL/kg 50% alcohol); J-L: EE low, medium and high dose group (100, 200 and 400mg/kg EE+14mL/kg
50% alcohol). The same below.
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& 3 R EREMEATIE Nrf2 FRIA1ER (200x)

Fig. 3 The expression of Nrf2 in mouse liver observed by immunohistochemical staining (200x).

Ak, A2 42 51F (Daiet al. 2003). FEHEEIXT HepG2 41 P i M A A #5491 1
TSk (Huang et al. 20100 AR ARA  5EM, 85 B KILAREZ Th i) 2 BEFIBE 2 f5 7K
Y (EHZ 2014). HL/KEY) (Hoetal. R EA W ERKEIMETER (MW EZ%
2008). AR Antrodin A (Yi et al.  2021). B, AWFFEHE— IR R4 2 AR FH
2020) SRR DR EF U BA RIFr $RHU 646 WE. WEE AT EE XIS M S AT
MEER . BTHATE S KRG LR T AR 2R S R R ERY R F B8 7 A E FIAL D .
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& 4 &AL REMEE HO-1 RIEER (200%)

Fig. 4 The expression of HO-1 in mouse liver observed by immunohistochemical staining (200x).

NrF2 S 1 1 A B8 I (1) B Bt S [

T RSN TR S AL BB 7 3
152 5 41 Hu P A A SO NI A B 55
S EZER AL P R EEENEN . B
AFRE T 5K EAHES T (Keapl) 45
B A8 VR A T AR T FR RS o 7E E A R I
(ROS B HLAFD 2644~ Keapl LI

AR EA AR B, Nrf2 RS
Keapl fEABREX G 5 He 8 AL N, Nrf2 L 1) bzIP
SERIRE 5/ Maf 28 A 45 & T T — AR IR )
FEAL N e - DNA JERH R8I 5 2 45
Fr s FESFBOE R T IFH HO-1 EPT AL A
(R, 1G04 B A RO 5 FL A0 5
VIR R4 (Saito 2013). HO-1 #A A2 41

EER 2441
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7 3 Nrf2 FTAPRZABRME RIE R
Table 3 Positive expression ratio in hepatocyte
nucleus of Nrf2

2 BH R 1% %

Groups Positive expression ratio (%)
%5 140 Blank group 15.29+2.17

HORI2H 23.29+1.80"

Model group

BH 24 41 87.3643.50

Positive drug group

KR 100 71.48+2.23"

WE (mg/ke) 200 74.85:3.32"

400 79.98+4.45

FEHEEKAEHY) 100
WEE (mg/kg) 200

56.52+2.33
69.91+5.87"
400 77.93+4.48"

s 524 100
EE (mg/kg) 200

38.18+3.88"
38.215.47"

400 48.60+7.76

= 4 RRENEBRSITITAE HO-1 RiLHER
Table 4 The expression of HO-1 in mouse liver by
immunohistochemical image analysis

5 FHERA A

Groups

Positive integral values

%= 41 Blank group 1538.32+337.71

A2 Model group 4 807.68+474.03"
FH1E 2541 Positive drug group 10 199.33+1329.53

KIEY) 100
WE (mg/kg) 200

10 486.30+1 773.63"
13 544.60+2 397.79"
400  15731.31%2 905.26

Wi Ja K Se 100
WEE (mg/kg) 200

10 944.46+704.58"
12 050.35+1 984.63 "
400  13596.04+3 423.06

L7ty 100  7812.45+672.11

EE (mg/ke) 200  7817.44+808.60"

400  10973.47+502.93"

2042 EHIEIR

i A RO FE H — AN B OB FE AR
HO-1 HHAEIM AT R PR =4) co. JH4L
FORIEk B 1 3L (R 4H R 1 AL B B ) Y PR AR
PR, 225 2 Mgt SR 1 .
ZRAEKE T AR R PrEE )
SR B HO-1 RIE (ZFIESE 2021),
WK 755 1A A ST DUV AL R4 Nrf2,
W Nrf2 7K K Nrf2 835K HO-1 [ R ik
et CEIAIESE 2015), HOREZ HEE
FOH, BOE Nrf2/HO-1 AL E S EEs, "l LL
B FEE PR N B RE ), XSS S
[RS8 D BT 453493 ()96 97 B 25 X (Shu et
al. 2019).

K T4 R IR 5 S WE I WEE F
i & 2 AR LG AT AT AST &8, =&
YH2H SOD. CAT HIg T, FRCHFIE MDA 15
i, WsmHA BRI TR, BT
WS ST . b yetass 1E
B 4452 WE. WEE 11 EE AN A2 B3 7] LA
fE8k Nrf2 FIRZHELL, 155 HO-1 ERARIA,
MM EE BRI EAL R BT . EE BARBEAE
B Nrf2 #5547, $Em HO-1 KIE, FRRATFAE
MDA &, R — & RENE, (H2H
XT59F WE fil WEE. AR 45 RIEn 2
ANFESE U5 AT E I S Nrf2/HO-1 HL4A Ak
5 I RO R R E R, B
PRI Al A it — 2B AL
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