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Abstract

This study was conducted to evaluate the hangover relieving effect of algae and plant complex extract. The complex
extract showed 1,1-diphenyl-2-picrylhydrazyl radical scavenging effect in a concentration-dependent manner and high
antioxidant capacity (59.48%) when administered at 120 pg/mL. In addition, alcohol dehydrogenase (ADH) and alde-
hyde dehydrogenase (ALDH) activities were increased according to the concentration of the complex extract. A loco-
motor activity test with an alcohol-complex extract mouse group showed improved motor activities over that of the
alcohol-water group at 120 min post-administration. Blood was harvested from each mouse at 120 min post-admin-
istration then concentrations of alcohol and aldehyde were measured. The alcohol-extract treated group showed sig-
nificantly lower (p<0.0001) alcohol (33.48 £ 0.59 pg/mL) and aldehyde (1.54 + 0.13 pg/mL) concentrations than the
alcohol-water treated group. These results suggest that the hangover relieving effects of complex extract results in
increased motor activity of mice, which reduces the alcohol and aldehyde concentration in the blood.
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of 9J3) acetic acid® AFstE|o] UAZ ARE-E AL A
o2 Aggo] A= (Ko et al., 2006), F= 42
ojvf & Fall MiEHAY 558 Fal Sk FH
2 HjE"(Lieber, 1995). oler2-2] 7 A FH= 74 o
Atell 2Rl FFE wF o= 7F AE E4E
= ol dehE AHA o] HART = Abstag oA A
H acetaldehyde$} NADHo| <3t Aoz dHA At
(Lieber et al., 1986; Paek, 1993; Kim, 1999; Lieber, 2004).
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E AAsFE & DH®] 445
7l=Alel g A 7} -5 4 EH 1E}(An et al., 1999;
Lee et al, 1999; Hwang, 2006; Yoo et al., 2009). X|Z7}
A A, Sy, RIEHS, HA 2 WA FA
ol g A5 Fatke, 14‘854 Fe&=d7 FeAE
FZ%°] ADH®} ALDH®] &/l nx= &4 A<
ksl Abgoll mRl= Gl ek A7 Eds] g E
ATHSong et al., 2005; Park et al., 2006; Noh et al., 2009;
Sohn et al., 2010; Kim et al,, 2016). e1xF= FA 3 37
NN BEenE S tE A Aelgde] A&
Aoz Z557] WRe] s2f o shiel Pele] 35
3]—}\]—§]. 5]—01— KLIUQ%P, 1:1]_9_3);_—0— Bk E_,,]_ FACR 1:}01:
3 7154 E0] WP 2R o) gl B AT PF
¥ 3 th(Jimenez-Escring & Goni, 1999; Lee et al., 1999;
Cho & Choi, 2010; Kim et al., 2012). ¥ AFoAM= &3
dlao] 2H7F de 5 E JHEstr] f1s) %@—’I‘—%%Ol
ADH % ALDH ®4 &4 vX& 9%
in vitroo| A BASHAAL, o] S T w2 Fof
S o Uehte 2549 visks AEelal 54 S
APHEQL acetaldehydeS 4 &3t 43 43 F veht
£ HHe 20 UF E5S FEeLA s

A8l e %304

lo,

[e3

E'J}Hh e, v, 5
RN N IPSE Ve z;hH lzz}) AxE dEe] 2
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Korea)oll Al Y3, B FEo AHSE= 4815
= AFdaxga &85 d A LA E (Jeju, Korea)
oA YAt NS UAL 24l S8 S8 B-

nicotinamide adenine dinucleotide (B-NAD"), &= <]
alcohol dehydrogenase (ADH)<9} aldehyde dehydrogenase
(ALDH)= Sigma-Aldrich (St. Louis, MO, USA)A}2] A&
S, 29 B4 S0l AT Aok 17 o] AlES
ARSI AxE sl2Fek A= 27t 100g°ﬂ el
2,000 mLE 7t} = FZ7)00A A7 FE381e]
FENE sl olE AU FFHAX ](Rotary evaporator
N-3010, Eyela, Tokyo, Japan)Z &3 ¥ 5724 71x7]
(FD8508, IIShin Lab Co. Ltd. Yangju, Korea)S ©]-&3}]
oH}_-rer—’ﬂ.% E3+5+ZE(Algae-Plant complex extract; APCE)

S A| 23} 3L, phosphate buffered saline (PBS) (Sigma-
Aldrlch, St. Louis, MO, USA)E ©]&3}4] 100 mg/mLZ
2 F 4Co A s A&

Ia%% al A|.I.|_7<7-|

FEEL AS 1057H E 24 balb/c mouseE HL
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dlEn}o] Q (Seongnam, Korea)Z F-E —_rL 0}04 257
ATy A FEAEHEE: 22+2°C, 1 50-55%,
HF71: 1207 oA HZAIR F %‘Oﬂ /\}%‘S}Eiﬁ‘r.

A7 5 £ AlsE AHEA AASIES 8t
o e =4 AFddy sEddae o9
(ACUCC; Animal Care and Use Committee of Jeju National
University)2] 3 (Approval No. 2017-0006)°l] wz} <=3
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garsl g3te] A& |1,1-diphenyl-2-picrylhydrazyl
(DPPH) (Sigma-Aldrich, St. Louis, MO, USA) 2}tz &
A2/dE Blois *Hel wet S48 thBlois, 1958). 3,
olghZo] 314121 0.2mM DPPHEY 950 uLoll F25&

0

DMSO°] o] F5%(0, 2, 10, 40, 80, &3 120 pg/mL)E
2 348 AlE 50 uLE 7hst & A4 3047} incuba-
tion & 517 nmolA SF =S =435It P4k A

oo} 2ol AAFSISTE.
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ADH/ALDH &M =3

In viroo| 4] ADH®] &8 742 ethanol quantification
assay kit (Megazyme, Wicklow, Ireland)E A}-& 3}
Megazyme protocolol] 2] #3te] ZA3IATh &, FHSF
1 mL, buffer plus sodium azide (0.02% w/v) 0.1 mL,
NAD' €9 0.1 mL2} 20% ethanol 10 pLS E3sle] A&
2, 4, 8, 283 16 puL/mLEZ 7}3F & ALoA 2
HEEEE ol 340 nmell A 71 3 EADE A
©]% ADH 10 uL (1 assay unit)Z 7}ate] 2204
HES-3F o] 340 nmollA4] NADH A4 wfizol 57t
FE(A)E SHET g3e Falaske] g4
FE(A2-ADE 7IWre® dixato] gk A
24 (%)2 YeEM AT} In virool A1 ALDHS] &4
2 acetaldehyde quantification assay kit (Megazyme)=
sk Megazyme protocol®ll 2] Aste] A5kt =,
S 1mL, buffer plus sodium azide (0.02%, w/v) 0.1
mL, NAD &9 0.1 mL3} 5575 =91 20% acetaldehyde
10 uLE &3] 471A AEE 1, 2, 4, 8, 283 16 uL/
mLEZ 71st & A 20A 287} incubationd F-o 340
mmo|A 7182 FFEZADNE 435U ©]F ALDH 25
pL (1 assay unitys 7Fgh & A20|A 587 vhg-gt
340 nmell 4] NADHAYY W&ol S7He $3%=(A2)E
3ttt ALDHO| €42 Wstd §345(A2-ADE 7]
= izl gt Azl 24 (%) 22 Jehl At
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&S acetaldehyde /alcohol Hzf

dZ acetaldehyde 8 2 vH-2F 370 (22 10v}])
o2 UFRlth. Ethanol REFFEES] A+F
et al. (2017)9] WS Farste] AUk 57 <+
ethanolS 2mL/kg §FC0 2 A5 st 3080 A
Eo(4 mL/kg)sto] 1205

O -
o] A#gt Fof| rhe-2ES XA HiE WM A S
AEe 3 dF aldehydes == FHF3FA T HE 4
¢ S 308 774082 AFF(4mLke)dta B Ao

& oA WA T 600xg=
1587 AR 93-S wEstar -70°Ce] Baste] &
% acetaldehyde F%= =79 AFE-3}3t). Acetaldehyde2]
A %2 acetaldehyde quantification assay kit (Megazyme,
Wicklow, Ireland)E AH&3Fe] Megazyme protocolell €] A

sto] kol 71& 3k wke} 3ol SA4 3190

Acetaldehyde 5= (c)
=(VxMW)/(exdxv)x AA‘”‘Cem,de],lyde [¢/L]

V: final volume [mL]

MW: molecular weight of acetaldehyde (g/mol)

e: Extinction coefficient of NADH at 340 nm
=6300(1 x mol x cm™)

d: Light path (cm)

v: Sample volume (mL)

w2,

¢=(1.275 x 44.05) / (6300 x 1.0 x 0.05) x AA . uygenyce [&/L]
=0.1782 x AAacetaldehyde [g/L]

&2 alcohol®] FEE= ALDH w4l ADHE A}-&31]
o] o7 &3

Locomotor activity test

A5 gl HFOS=Z locomotor activity cage set (Ugo
Basile, Italy)E AH&-sto] wh9-290] &5AS AFsiAith

25 67 (T 107E)e 2 YFo] S/ 2
ethanolS 2mL/kg £ 2 75 sl 3080 At
o & e EFFEES 4759 (@ mlkg) 3T O
Z79 ¢ E 4mLkgS 308 70402 AFFos
2 A3l AT

Z} 9] ul$-2E locomotor activity cage (54 cm x 50 cm
x 37 cm)ol] Bl E5AdS FESAT vhe2e] S5
activity cage LHOHH up-227F A oA dFHd|o]E o]
A AAMZ H]FE photobeam®] el HIEFE 10 &
7t gkste] 7208 Fot st

F

A 73-4"‘ SPSS Statistics (ver. 17.0; SPSS Inc.,
Chicago, 1L, USA)E AM&-3ld FAIAE o, &

Ashe HaEsh EEAHmeantSE)E Lehhleh, 28w

Zke] mlals ddn) H‘% HE4 (ANOVAH ol 2Jste] 2]
gk zpo) 7} vebd 5ol thell A= Dunnett®] THEH| 24
& Tl A o}‘}it‘r.

27 ol TI&

ghtst gt £
Aol &=L thAl= ADH, microsomal ethanol oxida-
tion system (MEOS) % catalase 5ol 23l ZH=m &
Absh Alz=dlel] GRS mX= AT S A4 SthKo
et al,, 2006; Das & Vasudevan, 2007; Shin et al., 2008).
AHrett 22 AESH B4 9 Q1w Z dHA
Ao, ol =shet AR Al Fo] shtE A ol
A 4 AkaEe A B thWiseman, 1996). <1 Ul
o] At d-S A4, @A 53 wkg-ste] DNA ®ol,
ok, =3}, A 2 dF 55 4o e =2
2 olgg AFguEe AAL e A= gt
A7t E6] YL Q) ok(Leelarungrayub, 2006). H <A
E9] superoxide anion radical, hydroxyl radical, DPPH
aAskE TEE AWl 2Agqtae] &g Aks)
A stz HIo|th 53], 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical &~AH-2 34kst 29 A
2k FodsE ol &she FqAtst SAPORE A dtshA| 9
Mt 27 @48 Wrtsket gubd o ARgET
(Blois, 1958). B&FZE9] free radical 2AEAY TS
=243 A3, 2, 10, 40, 80, 120 ug/mL M9 A Hatstet
3 %E 4 #©2 DPPH 2t 27]50] 7l
(Fig. 1). st a3(%)= 53] 120 pg/mLe] F=oA]
o 59.48%2] free radical 27582 JeR) o] 8}"]@} il
ol d&S s AhFig. 1). s/t A=l &
Z=o] e A e o 7lsE dte
sIFHEEA tsl, dEddel 59 Aol A=
oz d#A QTHKim et al, 2004; Choi et al, 2005;
Byun et al., 2007). O]‘_ F=d 23 Hs=4 e
g nd| el &3] GPAARE A A F= L e A

o= AzkE,
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O

rlo

mﬂ

WorR Mo

ADH/ALDH & &8

ANE F8 L3220 hiES 43 27golM &
Hol 7ho R o]lFd T tAHRE S AXH & g
ARl 43 HA= %3 = =
Z & 4 Ath(Peters, 1982). 7+ A A LFL
WA ADH 4] 93-S F= 22059 %

lo
:ﬁ’



e Ik

120

100

8

DPPH Radical Scavenging Capacity
(% of control)
3

ek
s
%k
Fkk
I |
2 10 40 80 120

Concentration (ng/mL)

Fig. 1. DPPH radical scavenging capacity followed by different concentrations of complex extract. Values are the means+SE of radical
scavenging activities (n=8). Asterisk indicates a significant difference from alcohol-water group, ***p<0.0001.
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Fig. 2. Alcohol dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH) activity followed by different concentrations of complex
extract. Values are the means + SE of relative activity of enzyme (n=5).

AUTE Aol S0 F3ZE9 it X9 ADH &
2o 93| acetaldehyde 2 214:3] #-38|€ th ALDH &
a0l o) AbshEs) == S AR

=7 F AAHR e 3 S
=] xL_Q_oﬂ ,4-5} VAl o]ui 7].;<1— u].a;:}
ALDH 4 848 & 1 £3l Al7]=H
of gt} HIFEES UILE P EA(ADH) B Y|
T W &4 (ALDH)S] &40l vl = &a3E 4RI 43,

ADH #74¢] 7% thzws 4hEd 100%=2 Jehd
FZE° ADH &4J°] 8uL9t 16 uL FEA 7Jr7Jr
LPEMM E}i S7kete A%
= dEHA st
(Flg. 2). ALDH %‘(*é«l FEEY T
o]EH 07 ALDH 24 Ol o S7kske &S veERL
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F2E0 o5e] F/19 Phe2l BEAS GAD
= o

2518 2 aldehyde?] Fxol 7191

o

Beam Hit Number/10 min

&ZE aldehyde 2! alcohol Mk

3 alcoholo] #3E uwl A= acetaldehyde= &
Hel FH U1 dFE hAF mEA KPR o}
A EE B8 49| acetaldehyders =2 HalA Ze #
sfsitEE AgE o] Wyt o4, FE 5o 3TN
S 23, A H4L2 A AfEuzEs AT
S B AL ZEYAE faete] RF S E4AT71A
F Y (Mansouri et al, 2001; Yang et al., 2004; Choi et
al,, 2006). PFH-28 371 (' 1072 Uire] 7t
ol o ghE 2 mL/kg BWS 7 FoIskal 3080 At &
& e E4FEE@ mlke)S A+ Folste] 12080] 7
He T e 2ES JAAA 9 fE = &
acetaldehyde ¥ €3& FE& A3 A3}, Nz
$ ¥F alcohol TE= A VERA] kokont, o
= FAg 2o g izl Hste] A
alcohol &=(158.73£22.94 pg/mL)S YERN
EIEZE Fo]74(33.48+0.59 ng/mLe] 7%

Fod gk ol Hlate] o)A A 3

<0.0001) 5 alcohol &= YEM A THFig. 5)
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A% acetaldehyde 5= B A3, v 45 &
aldehyde == Ao UYep A &gokov, 438 Fo
S FoJ3t 79 A4S izl Hlsle] A3 &
% aldehyde % %(5.02£0.35 pg/mL)S YJERN A TH(Fig. 5).
W, 451g Fo] 3 EFEE Fog 9 A5 ¢
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el o ofX

& FoJ & B FAS ol Blste] fod Al aE
(p<0.0001) % aldehyde 5=2 YERNATHFig. 5). wHetA]
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Fig. 3. Locomotor activity of mice administered with Complex extract. Traveled (ambulatory) distances were measured using a
locomotor activity cage with 43 cm square and 30 cm height walls. Mice were divided into six groups (10 mice each) and four groups were
administered with complex extract at 30 min after ethanol (2 mL/kg) treatment. Two control groups were administered with only water and
only alcohol at 30 min after pre-administration of water. Tests were performed immediately after each administration. Values are means of

number of beams hit during 10 min in each group.
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Fig. 4. Alcohol concentrations in the blood of mice administered with complex extract samples. Mice were divided into six groups (10
mice each) and four groups were administered with complex extract at 30 min after ethanol (2 mL/kg) treatment. Two control groups were
administered with only water and only alcohol. Both alcohol and aldehyde concentrations were measured at 120 min after each
administration. Values are the means + SE of aldehyde concentrations. Asterisk indicates a significant difference from alcohol-water group,
**%p<0.0001.

Aldehyde Concentration (pg/mL)

0
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Fig. 5. Aldehyde concentrations in the blood of mice administered with complex extract samples. Mice were divided into six groups
(10 mice each) and four groups were administered with complex extract at 30 min after ethanol (2 mL/kg) treatment. Two control groups
were administered with only water and only alcohol. Both alcohol and aldehyde concentrations were measured at 120 min after each
administration. Values are the means + SE of aldehyde concentrations. Asterisk indicates a significant difference from alcohol-water group,
***p<0.0001.

E3FEE 5ol 1.54+0.13 pg/mLe] ¥ acetaldehyde 2o 3 acetaldehyde =+ vl9-29] S5 A7H4
SEE YERAT meEtd EgFEE 9t S7Hd o7 S nAe= Ao Holt AEHow HR
upg-29] FFEXE 7AH S acetaldehyde FE0 7191 EES ¢IAEE FoAS nieie] dF 4xg ¥
g Ao R FAHET o] Ao FEFFZE o) acetaldehyde®] FE5 72X Zo82H S5 Z7HA]7)
Al Eolzl ALDH 4=+ 3 acetaldehyde F=5 ¥ & Zo2 AT FF 43S FoJdh npg-29] 7hd
A fFAE F o2 7=, FoF 90 o]Fe #2E A ADH % ALDHO| 4% WslE Z7dste] AA el
ul9-29] E3F acetaldehyde®] &%=+ locomotor activity A BIFEES] g5 Us Aot 2 esid, ojgs &
testoll A #2HE mpe-2o] S AAAo] e A= F A Tl IS vA = AFZ=E ol Ag A
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s 254 el Wsts dEst €% aldehyde %25
st &322 HH 5 dehde 59 FE29] =36
& Beg eI 5SS free radical 227184
s9S 349 43, % 9£¥ 22 DPPH gz &A
S0l FUFekR e, 53], 120 pg/mLe] oA H3H5E
B-& 59.48%9] free radical 2AE4 S UEhfo] Fits
5ol ASS gelsksith. ADH % ALDH &4~ €4
4

o]

st A3, BEYFEE T 9EHS=Z ADH
H & SR Y, el e WHske
2= A &t} Locomotor activity tests AA|3F A3},
20 BFAHe BIFEE-ES TS #9] A Fo

Z 12087HK] 2] B5Ao] dIE-E Fojtol] HEke] #A

2ot o o Bt

13te] freld AA 7HAE (p<0.0001)
&3 alcohol F=(33.48+0.59 pg/mL)$} aldehyde & =(1.54
£0.13 pg/mL)yE YERR AT oFe] AaelA EFFEE0]
ADHS} ALDH®] 2745 Frold o2 S7MA7IA= %S
v, 5EFEE ot S mhese] dede d
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