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Abstract

Although Semisulcospira libertina is generally regarded as a supplement for the alleviation of alcohol hangover, lit-
tle is known about its effects on cell metabolism. Therefore, this study was conducted to analyze the constituents
of the extracts prepared using different extraction methods and to compare their biochemical properties. The amino
acid contents were found to be much higher in acidic and enzymatic hydrolysates than hot water extracts from S.
libertina. DPPH radical scavenging activities in acidic and enzymatic hydrolysates were higher than those of hot
water extracts. Three types of S. libertina hydrolysate was added to HepG2 cells damaged by acetaminophen (AAP),
after which the survival rate of HepG2 cell were measured. In addition, lactate dehydrogenase (LDH) activities in
the culture media were evaluated. The survival rates of HepG2 cells were 77.0+4.3% and 81.5£1.3% at 3 h and 5h
enzymatic hydrolysates, respectively. These cell survival rates were higher compared to those of the negative control
group (67.8+4.3%) treated only with acetaminophen. Cellular toxicities induced by treatment with AAP were also
significantly alleviated in response to treatment with the extracts of S. libertina. In addition, the activities of 2 key
enzymes that metabolize ethanol, alcohol dehydrogenase and aldehyde dehydrogenase, were upregulated by 4.7- and
2.7-fold respectively in response to treatment with a 3 h enzymatic hydrolysate of S. /ibertina. Taken together, these
results provide biochemical evidence of the method by which S. libertina exerts its biological functions, including
the alleviation of alcohol hangover and the protection of liver cells against toxic insults.

Key words: Semisulcospira libertina extract, hangover relieving effect, hepatoprotective, blood acetaldehyde concen-
tration, aldehyde dehydrogenase
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Z A sle] 7 E W EFYZFYAZS E3 % 2 A ¢l JaS Frh(Linder et al., 1991; Hwang et
23 (Grunnet & Kondrup, 1986). T$-0], w4 438 . 2010). AW F5E DAL 25% AL oA &
AF = AEAE P-450 2E1 (CYP2EDNS] S FE(Wu THU# U= 2o S5, dds T HE5H e

2 7hlA EsjETh(Lin & Li, 1998). Zolle 43S At
o Fsl= F 7] F83 T4 alcohol dehydrogenase
(ADH)$} CYP2E19] 9lth(Licber, 1997). 7rellAe] ot
€ A= alcohol dehydrogenase (ADH) pathway$} 4
A (Endoplasmic Reticulum; ER)ol| &4 3}+= microsomal

ethanol oxidizing pathway 12|32l ¥HSA|E Ul9] catalase
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2 WAU7EAY HolA S5 AA BAVEEE wE
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ofsl| oM ELH S =R FallE ¥ ol gt oxygen radicalS

Aaslel A A }arslES THETHMezey, 1980; Lieber,

1997). == A3} low-density lipoprotein (LDL)®] free radical

o] FAE wrol A FikstEo] AlE Qe quﬂoi s

AZeE 9, 84 HEAst B DNA 578 aE

2 Stk (Morel et al., 1984; Heineckem, 1987). =3+ A

E2 TR oM ELH S| = Wyt St Ao, v
A, TE 59 SHAAFS YePd th(Eriksson, 2001).
Hoe exz cdg opldE S WS A
/) 1% 977} 25| W93
&7 (Semisulcospira libertinaye 3P o|U S Xl
&3] B 4 Jd= &7 (Pleuroceridae)ll 431+= ?f—
R R E e
o] g % /el o] &Fo] gtown, Fais ’d73
sh, A ¢l ka5l o A7 ©]8-F
B QA o velol e ATRe AR 4
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OIMIEOD| - HI(AAP) R ZHM|

AAP % TN E HE=E =H 0
st &7 FEE] 542 8
A OE7] FEEY 54 S8 47 %—%%91 HE &
%7F 200, 500 2 1,000 pg/mL7} HEE wjA| o] o] A}
B3ttt Al Eo 542 AlEE A oW oL Hj e o
2ol divjst Ax AEEE S en, BE t&7]
7HrEslEolA S vEhA] egkti(Table 4). ol 2 7+
& A= 3.5 gkg body weight/dayS Folsle] 347+ A}
F3 P92 oA AP 3L 5AE HolA] 22 Jeon
et al. (2003)2] B39} U3l AAPE U A HES F3
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Eo] E4E FESTh AR 7 dRe] M S
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Table 1. Compositions of free amino acids in Semisulcospira libertina extract

(unit: mg/mL)

Acidic extraction

Enzymatic extraction

Enzymatic & acidic extraction

No Amino acids
Ih 3h 5h Ih 3h 5h Ih 3h 5h

1 O-Phospho-L-serine 0.3400+0.0004 0.4584+0.0001 0.4467+0.0004 0.1700+0.0001 0.1900+0.0001 0.1217+0.0001 0.1367+0.0001 0.0584+0.0401 0.0700+0.0066
2 Taurine - - - - - - - - 0.0034
3 O-Phosphoethanolamine - - - - - - - 0.0017+0.0001 0.0050+0.0001
4 Urea 0.0184+0.0001 0.0100+0.0001 0.0167+0.0002 0.0267+0.0001 0.0100+0.0001 0.0384+0.0001 0.0117+0.0001 0.0050+0.0001 0.0100+0.0001
5 L-Aspartic Acid 0.2934+0.0011 0.6784+0.0089 0.7717+0.0025 0.3450+0.0001 1.7934+0.0251 3.6367+0.2933 0.5434+0.0491 1.7150+0.0970 3.1000+0.8062
6 L-Threonine 0.3600+0.0003 0.6417+0.0113 0.7700+0.0013 0.0100+0.0001 0.1084+0.0501 0.1550+0.0055 0.1080+0.0180 0.1850+0.0064 0.3317+0.0197
7 L-Serine 0.2984+0.0004 0.5267+0.0299 0.6417+0.0038 0.1417+0.0032 0.0650+0.0001 0.4400+0.0046 0.1817+0.0461 0.3350+0.0980 0.5917+0.0636
8 L-Asparagine 0.43344+0.00046 0.8367+0.0001 0.8400+0.0262 0.0217+0.0001 0.1350+0.0025 0.0800+0.0060 0.0517+0.0468 0.0467+0.0001 0.0300+0.0024
9 L-Glutamic Acid 1.971740.0520 3.5967+0.0049 3.7684+0.1336 0.0734+0.0001 0.7717+£0.0011 1.130040.0899 0.8567+0.0594 1.4050+0.0849 2.3700+0.0959
10 Theanine 0.1384+0.0029 0.0517+0.0001 0.1017+0.0023 0.0167+0.0001 0.0784+0.0001 0.0484+0.0050 0.0567+0.0014 0.0984+0.0001 0.0400+0.0005
11 D,L-a-Aminoadipic acid 0.0600+0.0041 0.1067+0.0001 0.1184+0.0091 0.0317+0.0001 0.0900+0.0001 0.1234+0.0002 0.0834+0.0.38 0.1384+0.0095 0.1250+0.0262
12 Glycine 0.1184+0.0027 0.1834+0.02010 0.2250+0.0021 0.1117+0.0022 0.6317+0.0265 1.03504+0.0099 0.1750+0.0068 0.5667+0.0001 1.0617+0.0496
13 L-Alanine 0.5200+0.0121 0.8467+0.0050 1.0184+0.0011 0.0634+0.0013 0.0317+0.0001 0.0767+0.0010 0.198440.0049 0.4567+0.0956 0.8434+0.0055
14 L-a-Amino-n-butyric acid ~ 0.0234+0.0001 0.0450+0.0001 0.06000.0005 0.0084+0.0001 0.0317+0.0001 0.0767+0.0001 0.0384+0.0001 0.0634+0.0001 0.1034+0.0001
15 L-Valine 0.4067+0.0001 0.7184+0.0226 0.8550+0.0001 - 0.0484+0.0001 0.0417+0.0001 0.0550+0.0001 0.0450+0.0001 0.1034+0.0001
16 L-Cystine 0.0850+0.0001 - 0.1984+0.0040 - - - 0.1817+0.0095 0.1817+0.0001 0.1500+0.0056
17 L-Methionine 0.4350+0.0072 0.7767+0.0078 0.8817+0.0096 0.0250+0.0050 0.2050+0.0562 0.2134+0.0001 0.1634+0.0001 0.2117+0.0001 0.3450+0.0405
18 L-Isoleucine 0.2984+0.0046 0.5300+0.0088 0.6100+0.0052 0.0134+0.0001 0.0167+0.0029 0.0867+0.0001 0.0167+0.0001 0.0317+0.0001 0.0267+0.0080
19 L-Leucine 2.4967+0.0411 4.0100+£0.2107 4.2534+0.3106 0.0150+0.0001 0.4367+0.0064 0.3367+0.0001 0.4650+0.0094 0.5567+0.0001 0.8667+0.0965
20 L-Tyrosine 0.3617+0.0011 0.6584+0.0028 0.8434+0.0066 0.0267+0.0001 0.1517+0.0058 0.1367+0.0011 0.1334+0.0195 0.1767+0.0001 0.3384+0.0231
21 L-Phenylalanine 0.3800+0.0020 0.7617+0.0019 0.9717+0.0065 0.0050+0.0001 0.1334+0.0037 0.1334+0.0098 0.1067+0.0641 0.1600+0.0001 0.2767+0.0131
22 b-Alanine 0.2100+0.0042 0.3750+0.0083 0.4317+0.0001 - - 0.0067+0.0076 0.0534+0.0010 0.0667+0.0025 0.0900+0.0401
23 D,L-B-Aminoisobutyric acid 1.4550+0.0705 2.4184+0.0816 2.6217+0.0356 0.0584+0.0001 0.3467+0.0200 0.3584+0.0040 0.4567+0.0001 0.4634+0.0950 0.5934+0.0495
24 4-Amino-n-butyric acid 0.0734+0.0002 0.1434+0.0002 0.1200+0.0062 0.023440.0001 0.0634+0.0094 0.0567+0.0066 0.0150+0.0001 0.0350+0.0046 0.0550+0.0160
25 L-Histidine 0.2000+0.0590 0.3534+0.0181 0.3834+0.0861 0.0050+0.0001 0.0417+0.0011 0.0517+0.0010 0.05004+0.0026 0.0684:£0.0001 0.1284+0.0462
26 1-Methyl-L-histidine 0.0134+0.0078 0.0217+0.0.020 0.0300+0.0004 - 0.00344+0.0001 0.0200+0.0032 0.0084+0.0001 0.0167+0.0001 0.0250+0.0501
27 3-Methyl-L-histidine - 0.0100+0.0065 - - 0.0034+0.0001 - 0.0067+0.0001 0.0100+0.0051 0.0200+0.0028
28 L-Carnosine 0.4167+0.0492 0.6734+0.0602 0.7800+0.0028 0.0517+0.0001 0.0884+0.0001 0.2034+0.0095 0.1250+0.0404 0.1167+0.0408 0.1750+0.0490
29 hﬁ?ﬁ;}g?:c-hloride 0.2550+0.0898 0.2784+0.0032 0.3767+0.0026 - 0.0250+0.0050 0.1100+0.0809 0.0434+0.0032 0.0617+0.0095 0.0884-:0.0060
30 L-Lysine 0.2950+0.0195 0.5200+0.0001 0.5967+0.0048 0.0317+0.0001 0.0850£0.0150 0.2967+0.0019 0.1084+0.0068 0.2134+0.0001 0.4300+0.0048
31 Ammonium Chloride 0.0984+0.0048 0.1267+0.0084 0.1500+0.0062 0.3617+0.0658 0.4200+0.0615 0.3784+0.0094 0.2717+0.0025 0.2084:+0.0001 0.2084+0.0064
32 L-Arginine 0.6167+0.0948 1.0767+0.1500 1.1467+0.0849 0.0984+0.0059 0.2584+0.0026 0.2917+0.0782 0.1884+0.0044 0.2867+0.0001 0.5784+0.0821

Totals 12.6717+0.9941 21.4334+0.8011 24.0284+0.0268 1.7350+0.0101 6.7117+0.0620 10.201£0.0907 4.8900+0.2051 7.9850+0.8021 13.183440.5201
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Table 2. DPPH radical scavenging activity of Semisulcospira
libertina extract at various extraction conditions
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Table 4. Cytotoxicity of Semisulcospira libertina extracts on
HepG2 cell

Extraction methods  Extraction times (h)  DPPH RSA" (%)

Hot water extraction 1 0.33+0.06

1 2.76+0.45%

Acidic extraction 3 4.03+0.47°

5 5.00+1.64°

1 0.95+0.25%

Enzymatic extraction 3 1.79+0.81°

5 5.32+0.10°

E fie & acidi 1 0.79+0.17%

nzymatic & acidic 3 3174045
extraction

5 7.48+1.34¢

YRSA: radical scavenging activity.
““Different letters within a column are significantly different (p<0.05),
n=3.

Table 3. ABTS radical scavenging activity of Semisulcospira
libertina extract at various extraction conditions

ABTS RSA" (%)

Extraction methods  Extraction times (h)

Hot water extraction 1 13.40+0.72

1 10.01£0.22

Acidic extraction 3 9.85+0.50

5 10.78+0.66

1 11.50+0.34

Enzymatic extraction 3 11.53+0.65

5 11.20+0.38

. fie & acidi 1 9.82+0.47

nzymatic & acidic 3 0.49+0.37
extraction

5 9.85+0.18

YRSA: radical scavenging activity
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Fig. 1. Effects of S. libertina extracts on the cytotoxicity induced
by the treatment of HepG2 cells with acetaminophen (APP).
HepG2 cells were pretreated with S. libertina extract (1 mg/mL)
prior to the addition of AAP (10 mM). MTT (A) and LDH (B)
assays were then performed after 24 h. *p<0.05, significant with
respect to APP-alone. #p<0.05, vehicle treated control vs all groups.
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Fig. 2. Effects of S. libertina extracts on ADH and ALDH
activities from mouse hepatocyte homogenate. Enzyme activities
were measured using the methods described in the ‘Materials and
Methods’ section. Values are meantstandard deviation. *p<0.05
compared to control.
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Fig. 3. Effect of S. libertina extract obtained by enzymatic
extraction method on blood acetaldehyde levels in drunken
rats. SD rats were orally administrated enzymatic extracts from S.
libertina before 30 min alcohol treatment. And then collected
serum at each time point. VC means only 40% ethanol treated
group, T, means 500 mg/kg of S. libertina extract treated group, T,
means 1000 mg/kg of S. libertina extract treated group. Blood
samples were analyzed for acetaldehyde as described in the
‘Materials and Methods’ section. Values for blood acetaldehyde are
means + standard error (bars) for each group of 7 SD rats. Test
groups were compared with the saline-pretreated vehicle control
group (VC) by repeated-measures analysis of variance (ANOVA).
Asterisk indicates a significant difference from VC group, *p<0.05.
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