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Abstract We studied the effects of Akebia quinata fruit extract (AQ) on acute alcohol-induced hepatotoxicity in mice.
AQ (30-1,000 mg/kg body weight (BW) per day) was orally administered to the study group, once daily for 1 week. On
the last day of AQ treatment, ethanol (6 mg/kg BW) was orally administered to induce acute liver injury. The AQ-treated
group showed significantly lower levels of alanine aminotransferase and aspartate aminotransferase, compared to the only
ethanol-treated group (ETG). The glutathione level in the AQ-treated group elevated up to 20.6%, compared to that
observed in the ETG. The mRNA expression of glutathione synthetic enzymes was also higher in the AQ-treated group,
compared to the ETG. The AQ-treated group also exhibited lower levels of expression of NADPH oxidase 4 and tumor
necrosis factor alpha mRNA. Thus, these results show that AQ treatment can be a potential method to reduce oxidative
stress and inflammation in ethanol-treated mouse liver and also that AQ can be a useful therapeutic agent for acute

alcohol-induced hepatotoxicity.
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Table 1. Treatment of Akebia quinata fruit extract and ethanol
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camera (MoticamPro, Motic, Hong Kong, China)®} 33t&u]7]
(AE31, Motic, Hong Kong, China)S ©]-&3to] TA|E imageS
293192 image ¥4 system (image-Pro Plus, Media Cybemetics,
MD, USA)S o|-&ste] thxwe] AT B4 71Fo= A+
o] A HAS AHFoE E4 st

Alanine aminotransferase2} aspartate aminotransferase
gy =3

7t ¢4 A EZ AM-E= alanine aminotransferase (ALT)®} aspartate
aminotransferase (AST)2] A& ALTS} AST kit (AMI01-L, Asan
Pharm. Co. LTD., Hwaseong, Korea)S A&-3}o] B EFOo T A
24813

Glutathione 5= &X

GSH®] 32 GSH reductase (G3664, Sigma-Aldrich, MO,
USA) & o|83&ty 4sle RE GSHS st A8 U =
GSHE S78sIth6, 17). 94 k2% 100 mgel 1mLe] 24
TE 7K & 4 9 94 2oty 35e e 04mLe ©
ol F=g 459 2H(18), YA 0.4 mL2 0.6M perchloric
acid (7601-90-3, Junsei Chemical Co. Ltd., Tokyo, Japan)Z T
A& AAT F GSH w40l AREEIIth. GSHY| §Hake AA &=
£ GSH ¥F9(G4251, Sigma-Aldrich) 0.1 mLS 2.5 mL2] ¥-3-
£4(0.15mM NADPH (N6505, Sigma-Aldrich), 0.1 mM 5,5-
dithio-bis-(2-nitrobenzoic acid) (D8130, Sigma-Aldrich), 50 mM
NaPO, (7558-79-4, Junsei Chemical Co. Ltd., Tokyo, Japan),
1.5mM EDTA (E5124, Sigma-Aldrich)?} 0.1 mL<2] GSH reduc-
tase (10 unitymL)2t SAlel £ 3 §F 412mmollA 1827+ 5%
w9 W32 =3sle] el B GSH #AFAH e 2HE GSHY
TEE 7HxA] ©9E med umoleZ YEMI AT

Glutathione synthesizing enzymes, tumor necrosis fac-
tor-alpha, NADPH oxidase 42| mRNA levels

7+ Ao A total RNA H2]= Trizol £ (Trizol, Life Technol-
ogies Inc., NY, USA)S ©]&3}Hom mRNAS od FF2
quantitative real-time PCR ®'HOZ ZH 3}t cDNAE first
strand cDNA synthesis kit (K1621, Thermo Scientific, MA,
USA)Z 443+ a Maxima SYBR Green qPCR Master Mixes
(K0222, Thermo Scientific)E AF&-3F PCR (Rotor-Gene-Q,
Qiagen, Hilde, German)S 2A]35}9th PCRS 93t primer= T}
=3 2ol ARE-E A

Glutamate-cysteine ligase modifier subunit (NM_008129, GCLM):
5-TCCTGCTGTGTGATGCCACCAG-3', 5-GCTTCCTGGAAACT-
TGCCTCAG-3"; glutamate-cysteine ligase catalytic subunit (NM_

Control EtOH AQ AQEl AQE2 AQE3 AQE4
Treatment (=5) (=5) (=5) (n=5) (=5) (=5) (=5)

Extract of Akebia quinata concentration” - - 30 30 100 400 1000

EtOH Concentration” - 6.00 - 6.00 6.00 6.00 6.00

"Dose (mg/kg body weight)
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Table 2. Effects of Akebia quinata fruit extract on body weight, liver weight and ratio of liver weight to body weight in experimental

groups
Control EtOH AQEI AQE2 AQE3 AQE4
Treatment (n=5) (0=5) (0=5) (n=5) (n=5) (n=5) (n=5)
Body weight (2) 21594123°  22.006127°  21.06:0.88°  2008:042°  22.020090°  2339:1.02° 216141110
Liver weight (g) 0.83£0.08  1.00:0.08%  0.8240.02° 0914003  095:0.04®  1.0040.06®  0.9240.08"
L.W/B.W.) 3834030° 457027 392013 4365008  431£026®  426:012°  426£024°

Results are presented as meantstandard deviation.
YRatio of liver weight to body weight

**Within rows, means with different superscripts are significantly different (p<0.01).
Abbreviations: EtOH, 6 mg of EtOH/kg B.W; AQ, 30 mg of AQ fruits extract’/kg B.W; AQEI, 30 mg of AQ fruits extract’kg B.W with EtOH;
AQE2, 100 mg of AQ fruits extract/kg B.W with EtOH; AQE3, 400 mg of AQ fruits extract’/kg B.W with EtOH; AQE4, 1,000 mg of AQ fruits

extract’/kg B.W with EtOH.

010295, GCLC): 5-ACACCTGGATGATGCCAACGAG-3', 5-CC
TCCATTGGTCGGAACTCTAC-3'; GSH synthase (NM_0008180,
GSS):  5-GAAGAACTGGCAAAGCAGGC-3, 5-TGGGTACTG-
GTGAGGGGAAA-3"; tumor necrosis factor-alpha(NM 001278601,
TNF-a):  5-GGTGCCTATGTCTCAGCCTCTT-3,, 5-GCCATAGA
ACTGATGAGAGGGAG-3"; NADPH oxidase 4 (NM_015760,
NOX4): 5-CGGGATTTGCTACTGCCTCCAT-3', 5-GITGACTCCT-
CAAATGGGCTTCC-3'. PCR AH=5H zhzte] frizte] iz
Q1 AFEAE Boactindl] ek 2ARSIALA} Sk= f-31Ake] PCR A
d=e] AU HEE ALtsATH19).
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Fig. 1. Histologic changes in Akebia quinata (AQ) fruit extract & EtOH treated mouse livers. (A-G) (X 200) show H&E staining of mouse
livers and are representative micrographs that were randomly selected in each groups. (A) Control, (B) EtOH only (6 mg/kg B.W), (C) AQ fruit
extract only (30 mg/kg B.W) treatment, (D) AQ fruit (30 mg/kg B.W) and EtOH (6 mg/kg B.W) treatment, (E) AQ fruit (100 mg/kg B.W) and
EtOH (6 mg/kg B.W) treatment, (F) AQ fruit (400 mg/kg B.W) and EtOH (6 mg/kg B.W) treatment, (G) AQ fruit (1,000 mg/kg B.W) and
EtOH (6 mg/kg B.W) treatment. The blue arrow indicates a fat drop.

Table 3. Effects of Akebia quinata fruit extract on lipid deposition of mouse livers in experimental groups

Treatment Control EtOH AQ AQEI AQE2 AQE3 AQE4

(n=5) (n=5) (n=5) (n=5) (n=5) (n=5) (n=5)
Relative lipid droparea %~ 100£0.21%"*  953+78%* 110+5%  987+188%"  724+111%°  434+55%°  132+30%°

Results are presented as meantstandard deviation.

*4Within rows, means with different superscripts are significantly different (p<0.001).

Abbreviations: EtOH, 6 mg of EtOH/kg B.W; AQ, 30 mg of AQ fruits extract’/kg B.W; AQEI, 30 mg of AQ fruits extract’kg B.W with EtOH;
AQE2, 100 mg of AQ fruits extract’/kg B.W with EtOH; AQE3, 400 mg of AQ fruits extract’kg B.W with EtOH; AQE4, 1,000 mg of AQ fruits
extract’/kg B.W with EtOH.

Table 4. Effects of Akebia quinata fruits extract on alanine aminotransferase and aspartate aminotransferase level in experimental
groups

Control EtOH AQ AQE1 AQE2 AQE3 AQE4
Treatment (n=5) (n=5) (=5) (=5) (n=5) (n=5) (n=5)
ALT (IU/L) 24.3243.91% 37.42+12.48° 22.62+3.36" 32474543 2924+5.15% 31.61+5.24% 30.14+3.75

AST (IU/L) 2435+3.52° 38.24£16.08° 24.25+2.62° 32.74£7.53% 30.83£10.43®  30.86+6.40° 31.88+7.09%

Results are presented as meantstandard deviation.

*dWithin rows, means with different superscripts are significantly different (p<0.01).

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; EtOH, 6 mg of EtOH/kg B.W; AQ, 30 mg of AQ fruits extract’/kg B.W;
AQEIL, 30 mg of AQ fruits extract’kg B.W with EtOH; AQE2, 100 mg of AQ fruits extract’kg B.W with EtOH; AQE3, 400 mg of AQ fruits
extract’/kg B.W with EtOH; AQE4, 1,000 mg of AQ fruits extract’kg B.W with EtOH.
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Fig. 2. Effects of Akebia quinata (AQ) fruit extract and EtOH on relative mRNA expression level of glutathione synthetic enzymes and
glutathione (GSH) concentration in mouse livers. (A), relative mRNA expression of glutamate-cysteine ligase modifier subunit (GCML);
(B), relative mRNA expression of glutamate-cysteine ligase catalytic subunit (GCLC); (C), relative mRNA expression of gluthathione synthase
(GSS); (D), GSH level in mouse livers. Abbreviations: EtOH, 6 mg of EtOH/kg B.W; AQ, 30 mg of AQ fruits extract’kg B.W; AQE1, 30 mg of
AQ fruits extract/kg B.W with EtOH; AQE2, 100 mg of AQ fruits extract/kg B.W with EtOH; AQE3, 40 0 mg of AQ fruits extract’kg B.W with
EtOH; AQEA4, 1,000 mg of AQ fruits extract’/kg B.W with EtOH. **Means with different superscripts are significantly different (p<0.05).
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Fig. 3. Effects of Akebia quinata (AQ) fruit extract and EtOH on
relative mRNA expression level of NADPH oxidase 4 (NOX4)
and tumor necrosis factor-alpha (TNF-a) in mouse livers.
Abbreviations: EtOH, 6 mg of EtOH/kg B.W; AQ, 30 mg of AQ
fruits extract’kg B.W; AQEIL, 30 mg of AQ fruits extract’kg B.W
with EtOH; AQE2, 100 mg of AQ fruits extract/kg B.W with EtOH;
AQE3, 400 mg of AQ fruits extract’kg B.W with EtOH; AQE4,
1,000 mg of AQ fruits extract’kg B.W with EtOH. **Means with
different superscripts are significantly different (p<0.05).

NADPH oxidase 4 mRNA &8 =§
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