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Protective effects of total alkaloids from lotus leaf on acetaminophen-induced
acute liver injury in mice:roles of activating hepatic AMPK/Nrf2 signaling

SHU Guang-wen, QIU Yun-han, LI Wei,FU Qian,SHEN Ye-jun, DENG Xu-kun "

National Demonstration Center for Experimental Ethnopharmacology Education ,School of Pharmaceutical

Sciences , South-Central. University for Nationalities , Wuhan 430074 , China

Abstract ; This study aimed to understand, the protective effects of total alkaloids from lotus leaves ( TAL) on acute liver inju-
ry induced by acetaminophén (‘APAP) in mice and the potential mechanisms. Mice were randomly divided into 4 groups, i.
e. ,the normal group,the model group,the TAL low-dosage group (30 mg/kg) and the TAL high-dosage group (100 mg/
kg). Animals received TAL through gavage for 7 consecutive days. Then, except the normal group, other groups received
APAP (300 mg/kg) by intrapetitoneal injection to provoke acute liver injury. Serum and livers of mice were collected 12 h
later and subjected to further experiments. Our results showed that as compared to the model group, TAL significantly de-
creased activities of ALT and AST in the serum and contents of TNF-a,IL-18,IL-6 and MDA in the liver. In addition, TAL
dose-dependently elevated hepatic levels of SOD, CAT, GSH-Px and GSH. Moreover, APAP-induced liver histopathological
changes were dramatically alleviated by TAL. Mechanistically, TAL considerably boosted AMPK phosphorylation , induced nu-
clear translocation of Nif2 and promoted expression of HO-1 and GCLC. In conclusion, this study revealed that TAL has the
capacity of ameliorating APAP-induced acute liver injury,and the underlying mechanisms are related with the activation of he-
patic AMPK/Nif2 cascade.

Key words : total alkaloids from lotus leaves;liver injury ; antioxidant ; Nrf2 pathway
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FH cDNA 55 —&5 4 iR &6 RNA UG Sl eD-
NA. DL GAPDH 3 [H 4 N 2, %)t a2 & PCR X
HO-1 il GCLC Wy4% K P T Ak ir. 5197
SN (5"2 3"), /MR HO-1 (1E 1] ) : AGG TAC
ACA TCC AAG CCG AGA; /N HO-1 (2 Ji]) : CAG
TGA GGC CCA TAC CAG AAG. /) E GCLC (IF
i) :CTA CCA CGC AGT CAA GGA CC;/IE, GCLC
(JZ 1)) : CCT CCA TTC AGT AAC AAC TGG AC, /]\
f GAPDH (L ] ) : AGG TCG GTG TGA ACG GAT
TTG; /M GAPDH( &[] ) : CTT CCC ATT CTC GGC
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PCR W 45 )5, L GAPDH ( glyceraldehyde-3-
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N2 AL BRI Bk Ak
1.3 ZitZEoHh
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B SPSS X SEBHUE HEAT GE T e 4 P < 0.05
W, A 25 A G
2 FREDR
2.1 TAL Xf APAP RT3 {57 B AE 45 &% I 75
ALT AST 7K F #5410

S IEH AR L B ZH N B SR e O, AP

LR E EJH(P <0.01) o 457 A[E5H & A TAL
J& B EFR B8 2 FE RGP < 0.05 5 P < 0.01),
RERYZE /N BRI o ALT Bl AST 7KF-BA & & F 1IE %
(P <0,01), PAL ) EHHE M REAR T 45 4
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$ 1 TALXHNRUBFRESEECR M5 ALT AST AFHBM (0 = 10,5 25 )
Table 1  Effects of TAL on mouse liver index and setum levels of ALT and AST (n = 10, x 5 )
éi’t’:i) ?E'Jf’;ﬁ‘;e L“?f%i';de" ALT (U/L) AST (U/L)
1E % Normal - 4.58 £0.52 64.2 +11.3 29.7 +£10.2
7Y Model - 6.59/+0. 86" 366.7 £25.7% 218.6 +40.3%
TAL i3 & TAL-L 30 5.84+0.63" 238.8 +24.8" 105.9 £23.7**
TAL & 54 TAL-H 100 4.96 £0.43* 111.9+16.9** 42.1+£8.9" "

T HIER4IE, P < 0.01; GHEgiti, * P < 0.05,** P < 0.01,
Note : Compared with normal group,* P < 0.01 ; Compared with model group, * P < 0.05,* * P < 0.01.

2.2 TAL Xt APAP RR#5 {5 /NR BT H LR IE T LY
=)

NP s S 1R AU LG AT A /N BUAY U
A DL 2 S B AR AL, £ 45 2 UAR L HE S AN B
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Normal

1 TAL 3H/NREFELR
Effects of TAL on the morphology of mouse liver tissues (400 x )

Fig. 1
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2.3 TAL %} APAP FF {5 /NRAFHLA SR MDA 5§ J5 /NAUIFHZUH MDA S 2% FRE(P < 0.01),
GSH & 2RI HIEH AL, B /N R 2 GSH & i W 3%
IR RPN, BRI AN BRUIF 20 MDA &4 FE(R(P < 0.01), TAL fik. &7 41 GSH & &
BIERHAWRIE (P < 0.01), £ TAL 463 AREFIE(P < 0.01),
®2 TALMBFAZHE MDA 5 GSH EHIEM (n = 10, x 5 )
Table 2 Effects of TAL on hepatic contents of MDA and GSH (n = 10, xts)

20 531 i Dose MDA GSH
Group (mg/kg) (nmol/mg protein ) (pM/g tissue)
1E# Normal - 0.45 £0.04 6.1%+0.4
7 Model - 1.16 0. 12% 4.3=+0.5"
TAL {5 2 TAL-L 30 0.85+0.08" 5.120.6""
TAL &7 TAL-H 100 0.49+0.06" * 5.5+0.7**

T SEFALE, P < 0.01; SHRBALE, " P < 0.01,
Note ; Compared with normal group,”P < 0.01 ;Compared with model group, * * P < 0.01.

2.4 TAL Xt APAP BFHR {5 /R BFZH LR SOD,CAT BEAVZAR LG, TAL F) (OB s 3 5 1 /) U 2H 28
1 GSH-Px i& F1 95400 H1 SOD | CAT Al GSH-Px AF 4t S AL B A9 15 J1 (P <
2t APAP 035 /N RUFHZ BT L SOD, 0. 058 P+< 0.01),
CAT Al GSH-Px Hy{hi Sy W ZFEAR(P < 0.01) . 5
£ 3 TAL XFBFAL G SOD,CAT #1,.GSH-Px iFERI 2 MmM(n = 10, x =5 )
Table 3 Effects of TAL on hepatic activities ‘of SOD,CAT and GSH-Px (n = 10, xts )

2 ) 5 Dose SOD CAT GSH-Px
Group (mg/kg) (U/mg protein) (U/mg protein) (U/mg protein)
iE% Normal - 404.2 £34.9 24.8 +2.5 804.2 +78.5
i Model - 318.4 +32.6" 9.2 +3.8% 649.7 £55. 7%
TAL {5 TAL-L 30 363.3+35.9* 14.5+2.5* 745.6 +61.7"
TAL =5 i TAL-H 100 397.6 +33.1"* 22.2+2.1%* 792.7 £77.9 " *

T HIERALLE, P < 0.01; SEHELILE, P < 0.05," P < 0.01,
Note ; Compared with normal group,#P..< 0.01 ; Compared with model group, * P < 0.05,** P < 0.01.

2.5 TAL X} APAP BFFR{GANERAFA LA fp TNF-o IL-  BUZ/NEUFZ ST, 33 = 4H M R 109 7 3 o 3
18 70 IL-6 & IR0 EFH(P < 0.01), TAL Fi) i AR 4 b T i T/ B
TNF-o | IL-18 FANL-6 R BA G 5GE T 7ERL PR TNF-o | IL-18 H1 IL-6 () & (P < 0.01),

F4 TAL WHAFALAH TNF-o IL-18 F1 1L-6 SEMEM(n = 10, x +5)
Table 4  Effects of TAL on hepatic levels of TNF-a,IL-18 and IL-6 (n = 10, xEs )

415 F4 Dose TNF-o -1 1.6
Group (mg/kg) (pg/mg tissue) (pg/mg tissue) (pg/mg tissue)
1E# Normal - 43.8+3.7 10.5£1.1 91.6+11.1
7 Model - 210. 6 £20. 2 39.5 3.2 417.9 +38.5"
TAL fIf57 i TAL-L 30 115.9£9.2"* 29.4+2.3%" 264.7 +£19.5"
TAL & % TAL-H 100 57.6+8.9%" 11.6+1.2"* 120.6 +16.7**

T HIERALLE, P < 0.01; SHB4LE, " " P < 0.01,
Note : Compared with normal group,™P < 0.01 ;Compared with model group, * * P < 0.01.

2.6 TAL 3t/NREFAEA AMPK/Nif2 12 B 7500 PE— LA T Nef2 8 R RN R
WK 2A Fros, SIEE /NS L BEVNEIFIE PR & & (P < 0.01) . AMPK 2 Nif2
AR Nef2 3 i R B Ay 4. TAL W AE RN T2 —. W& 2B fizR, APAP Xt/
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Fig.2 TAL activated the AMPK/Nrf2 cascade in the liver of mice
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Fig. 3 TALelevated theexpression of Nrf2-responsive genes in the liver of mice
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