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Anti-inflammation and hangover relief effects of Schisandra chinensis
(SC) and Lycium chinense (LC) water extracts depending on drug
processing and fermentation
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Kang—Yeol Yu!, Seon—Young Kim'*

Jeonju AgroBio—Materials Institute, Jeonju, Jeonbuk, Republic of
Korea

“Department of Korean Medical Prescription, College of Korean

Medicine, Woosuk University, Jeonju, Jeonbuk, Republic of Korea

ABSTRACT

Schisandra chinensis (SC) and Lycium chinense (LC) were widely distributed in Asia and the fruit has been
used traditionally for medicinal herbs. The processing method was solid-state fermentation using Aspergillus
oryzae for 48 h after stir-frying treatment at 220 °C for 12 min. In this study, in vitro the anti-inflammatory
effect and in vivo hangover reduction were compared to unprocessed SC and LC water extract.
Anti-inflammatory effects have been evaluated in pro-inflammatory mediators which were secreted by
lipopolysaccharide (LPS)-induced RAW 264.7 macrophages. Nitric oxide (NO) was determined using Griess
reaction. Proinflammatory cytokines such as tumor necrosis factor (TNF)-a and interleukin (IL)-18 were
measured by enzyme-linked immunosorbent assays (ELISA). Alcohol dehydrogenase (ADH) and acetaldehyde
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dehydrogenase (ALDH) activities were compared to processed SC or LC and mixtures thereof (1:1). In vivo

study was compared to hangover relief in alcohol-fed mice. After administering a mixture of SC and LC (300

mg/kg) water extract (1:1), mice were fed 3 g/kg of ethanol. Serum was collected at 1, 3, and 5 h intervals to

analyze ethanol and acetaldehyde levels using a colorimetric assay kit. The processed SC and LC water

extracts compared to raw materials significantly inhibited LPS-induced NO and inflammatory cytokine production

in RAW 264.7 cells. The results of the hangover mouse model are also consistent with anti-inflammatory

effects. These results suggest that processed SC and LC extracts may be functional materials for the treatment

of inflammation and hangover.

Key words : Schisandra chinensis, Lycium chinense, inflammation, hangover relief.
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& mAEe] VAR AMEEoRA faAdatel g
e S =olal Aspergillus oryzae = WA dh U
3 oAe] ksl Gunkt dsol o] 7hels
o] gk msol ¥zl nf ek

webs] A= ewat, F7IRke] dE A
FEEY XA My FE2E Y XA & 2 A F
59 F9T 2HE AR, M 2 wE
eurl, GR35 FEEY] FERAAY %3
a4 a¥E vl Btz s

1. AoF 2 AR

Dulbecco’s—modified Eagle’s medium (DMEM),
fetal (FBS) ¥ Penicillin (100
U/ml)/Streptomycin< Gibco (Gibco, USA)AFA
T3ttt Mouse TNF—a ELISA kit®F Mouse
IL-1B ELISA kit R&D system (R&D System,
Abingdon, UK)olA4 43}tk Ethanol, Alcohol
dehydrogenase (ADH) % aldehyde dehydrogenase
(ALDH), Acetaldehyde assay kit BioVision
(BioVision Inc., CA, USA)AFIIA] &I} o)<
Aok Sigma—Aldrich (Sigma—Aldrich, MO, USA)
oA Fgakslet.

bovine serum

2. N8 A=F
BooAqto] AM8¥l QWA (Schisandra chinensis,
SC), F7V1AXH Lycium chinense, LC) Y% (Original,

Ori), ¥A 7}&(st) 2 A 3 97 7}y {9
(2nd)& d4F3EF T SAAX7|(FDU-2100, EYELA,

Japan)2 71xslo] ELFEHR 3|5sigivt. XA 7
TS YELS 220 TolA 1283 719 Ao,
5 Aspergillus oryzaeS FE38Fe] 28 TollA
48A12F aA rEeteinl. wavh SRE 23 7hEAl
T gulge B8 Hrbstel 100 CollA] 4A7HEQH
FZ3l0], 93100 mesh) F 7t EF3IATH40 C,
1,000 mmHg). HZ ARES 60 TolA 72A7H%
oF d% Ax3ITHyield: 28%). A% 2
—80 CollA RsFAA AHE33I T

XA

3. AEZag
RAW 264.7 (TIB—71; ATCC, USA) A AL F=

297

ATCC (American Type Culture Collection, USA)
ol A F-dsled ARESIAITE MIEE= 10% FBS(Fetal Bovine
Serum; Gibco, USA), 1% Penicillin (100 U/ml)/
Streptomycin (100 pg/ml)< 33 DMEM (Dulbecco’s
Modified Eagle Medium; Gibco, USA) °llA 37 T,
5% CO.27 0.2 wjeFatqict,

4. "2 HES NO &H

RAW 264.7 AZF 1x10° cell/well ] AIE(500 pg/ml)
& 1ARE B9k Mg §, LPS (1 ug/m) A 2fate]
24A17F <t 37 C, 5% CO. incubatorolA] wjj s}
Atk

M3 3N} Griess reagent (1% sulfanilamide
+ 0.1% a—naphthylamide in 2.5% phosphoric
acid)E& 1:19 v &2 =%, A3F(Ee, 108) F
microplate readerE ©]&38}o] 540 nmellA FAs}
At EFEAL sodium nitriteS AFE3Fe] A E )

%F ABNe] FiEo] gl NOo| ghe A,

o) =
AT

5. Cytokines (TNF—aq, IL—-1B) A&
RAW 264.7 AZFZ 6 well plateo] 1X10° cell/well

2 BFstal ZF AJE(500 ug/ml) & A3 T 14]
ZF FHLPS (1 pg/mDE A staiom, 24A17F wljeF
& ASols F7sle] sandwich ELISA  (Enzyme—

Linked Immunosorbent Assay) WO 2% ELISA
kit & AFEslY] SASITE TNF—a 5529 S42
anti—-mouse TNF—a antibody”} Z®¥ microplatecl
FedE 2A1ZF B REEAI - Zb well wash
buffer (300 uL/wel)Z 43] A3y 1 F
Mouse conjugated antibody (100 pL/welDE 7}
3fo] 2A17F Fot wheA|7l thg 53] AlFEla, 1112
%33l substrate solution (100 pL/well)E 7}8}]

&

AR A 3083 EA 5 stop solution . ®
W28 AAA]A  microplate readerE  ©]-&3}o]
450nmellA  FAsIch IL-13 F% FAHL
TNF—a ¢} 22 Wi o= Z435lth

st 5% 4

DPPH (2,2—Diphenyl—1—picrylhydrazyl, Sigma-—
Aldrich, MO, USA) radical &A% Alsdi
DPPH &5 1112 Zgato] 3047F Aol ¥hgA|

71 & 517 nmollA 3353 =A(Perkin Elmer, Victor2
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1402 Multilabel =43t om, ABTS
(2,2’—=Azinobis[ 3—ehylbenzothiazoline —6—sulfonic
acid] —diammonium salt) radical 2~A%2 7.4 mM
ABTS 897 2.6 mM H3F2gE(Potassium persulfate,
K?S?Og) _&oug i?sl—g],o:] 01—2\01]}\1 ok 12/\]7} u].#
Al & 734 nmol|l Al EF =7 1 + 0.10] HEE %
A3 ABTS £95 AL8319it) ABTS €9 285 uL
o 7} v AR 15 uLEs Este] 9haelA 30
B2 92 A1A 734 nmollAd SFH =S SA5STh
SOD (superoxide dismutase) €452 SOD assay
kit (Sigma—Aldrich, MO, USA)E o]&3s}o 43}
Fom, AL kite] Wl Fshlch
DPPH radical A~A%s3, ABTS radical &A% %
SOD A FL ANBEE HUleA] e gxTe &%
= 50%= AA7]=Y o3 A5 552 ICs
(The half maximal inhibitory concentration)3t2

= ek

counter) =

T

7. %ANL s 2
2 AT A C57BL/6T 5
g)+= Damul Science (Dejeon, Korea)ollA]
o,

condition) °l A4
Eo A E o

T p-2~(20 ~ 22
) 351
157 AR A4 (12 h/12 h light/dark cycle
TIAIL & Ajel AREsE o,
sEAEE (A)AFsAE AT ]@TOIE]
A3 Ao o8 FAATHEEAT AN
JAMI TACUC2018004).
Adte F 5/ o2 +F 6ngy 23l j,—,

E

23

fol

AET
7t e A% =T (CON), °LW%EH?(EtOH)
uzp, A 98 EE(1:1, SC/LC Ori), 97
2, 712 A 7bE EEL(1:1, SC/LC 1st), &
iz, IR EZA S wE U ERET(L,
SC/LC 2nd)o.& 23}tk Table 1). 18413+ A2
Agrel 22} 300 mgkgs AT aRglon,
Ayt Fo P*E} 30% Foll 5783 ghke)
BFelstaL, Fo & 1AIRE, 3AIRE SAIRE 1HA
ox Y s AHAT AN FHe
3,000 rpmell A 10&7F ¥4 & $, 12,000 rpm
oA 10w3F WAlEel ste] A%t Ethanol, Alcohol
dehydrogenase (ADH) aldehyde dehydrogenase
(ALDH), Acetaldehydet™ Assay kit (BioVision
nc., CA, USA)E o]&3lo S35t

ko3
T
ES

o flo

=1]
=
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8. A £4

Z} A4 A= Hyf(mean) = EFHX}(standard
deviation, SD) 2 YEMNAIL, 7} dloJEle] FA &
242 unpaired Student’s t—testE T3] Pgko] 0.05
HRH(P <0.05) Q1 A5 fFolAde] e Ao ddst

A},
m. A}

L 7k8 239 wE vz & #|A FE29 &

2 onAt A A FEE
M3t7] Yal DPPH, ABTS radicalz” 53}
Al g3 =439tk DPPH radlcal
WA Ay omxp 9 7R A S
NE FEEoIA ZZ 157 £ 0.20 mg/ml,
1.65 £ 0.20 mg/mle ICpfts YERINCH,
ABTS radical 2A&A4S X3 23 F7|x1e] £
A F 0y by FEECA 1.90 £ 0.29 mg/ml9)
ICso%kS YERNRIEE SOD A A4S B3 Axt
= enA g2 IR ZA F 2 vy FEECA
Z47F 1.84 + 0.14 mg/ml, 1.47 + 0.14 mg/ml9
ICs0%kS UERo] ABTS, DPPH radical A7 &4

o] Ak

>
Ol

o
=

oM 2ol Hish ol st EFE AT
(Table 2.). #A8l meh Fasbsel zfol7t 9

o kg F FakeleS QWA= DPPH radical 4
57t SOD Akl felshAl S7kskslar, 7]

Z}= ABTS, DPPH radical 271%3 SOD AFEA
5 7L ARG 7bE 3o SUkeheE Ao Eely
At

2. A3EAa Y 2 €534
IL-1B) &4 94 &3
Qouz}, A P&, EA gy

7V FEE9 RAW 264.7 A|EA LPSE Fx%

Cytokines (TNF-—a,

7ty 9 oxA 3 o

NO A4 JA5S xAL8l7] 918te] RAW 264.7 Al
xo 7t FE2ES Y F5(500 ug/m)E A s
S wESIAh 1 Ay, Aol Bis) LS A
tiztol A oF 22.80) W2 AslEAE AASIITH
LPS Aggh tizrel vls) 7he =310 wE Qv
A, TR FEES BT AL A4S fode
2 gAEe S vEllen, 53 x4 $ 9§
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Ve FEEANA 22 64.9%, 56.2%2] FelE oAl
=& sl
w3, AA Y G353 cytokines (TNF—a,

IL-1B)¢] W& ELISA (Enzyme Linked Immunosorbent
assay) o2 4% AFE Fig. 1 9 2o LPS
2] gk RAW 264.7 AEo|A 7}3 2o M 2n
Ap A FEEC] TNF—q, IL-18 #98] o4 &
5 #E3 Ay TNF-a9] 45 LPS Helg iz
o] 25.2 ng/mlZE Aol 9=
ofF 400 S7MAIFCH, ena H IR FEE
Ageis o 7t = w2t fos A4 AT
gelatglt. IL-1B¢ A9 LPS A=k tjzo]
31.9 pg/mlz AAdtol W] <F 6.3W) & o
IL-1R7F AP HAen, enat 9 7|29 7t 3
EES AP A3 TNF-ast fAbsHA 7Hez7d9
g} adhe AS ER1Esit.

dAHor 7kg 2ol w2 ewA B A 5

el

I~ =
T

cytokines<

3. oFlA 2 R 2289 A 2dd we
ADH, ALDH &4 4%

&7E9] peroxidased] 23 thA} @ uwj, =)
AFEZRD oM EYHE =] s wron wH e 4
EHE AFsly] ¢aid= ADHSF ALDH 48 =

A}e B e Aol glty. ADH @€A% =4 A3 (Fig. 2)
Luzte} IR BT 5ol ulE] XAt ¥A F
g FAO wEl ADH Aol Frlsts A= &

A= Ren, Quxiel Fr|aE 1112 e 9%,
ZA, A T 2g FE5Eo] dEo2 A s 1o
Hlg] &Ado] =A SHE ATk

ALDH @Al% 9A] ADHS} vlz7IX| 2 o1
T71A B duel vls) EA9L ¥A F ¥
o] we} ALDH &A4o] F7tshe Zlox iy
o, eujrtel F7IAE 1112 Z33 A8, ¥4,
A F g FEFE0] dEoz Xlgh o vlF
Aol =4 A
el
v} o] A
A Qe 1734 74, 23 7HE

o] Hlarsgivt.

= ]
o)
poS

L

2= o
nE =
C]
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1. 7F8 23] BE o § T4 BY FE8e
Y= FEH T2 BN SN B

4B 26 ME ovlA % A FERY S

N &%s QI8 flste] nkg-2E ol gste] ¥
T 43E, SMHELYIE vRE F4stH(Fig
3). 7FE 2 8 emak B )R £3H(1) FEE
S w2 A E3E Fol(3 g/kg) 30 Aol AT
Fol 3 & 1,3 2 5N & % 438 558 5

Fol 1A1ZE § 10%3F

AN A2l

ATt Fig. sA0l4 dme
% FFE Mlad oE A

o153} mEle] 9Xe] WakE Bal WE vpesF T
2% 5 k. Gmew Fol@ T vperE mE
#290] glo] 2o} Anen ovast 74 9
B 14, 24 4F FF EUES FI¥ T 9w
& % Folgd us) usk adsle so] Helw)
ek, 27 7HE FF EWTE Fol# To| Y &

to
=)
D)
SE
-
N
D)
o,
i
fo

g FEE(SC/LC_Ori) e 30.1%, vk 2 7]#}

FA £ FHE(SC/LC_Ist) T 29.0%, Q7= 2
TN A 5 g % FEFE(SC/LC_2nd) w2
41.9% A= FoA HIAE e d3E 4
A 5AIZ Fo % 4dmE FTEE e Ay
EtOHT& Al9jsta BE AgdtolA CONTZ M52

A sk o
T Uehe] g 23
3 oHHELH

SERES A

QAR gl 712 EH1D)
Fo(3 gkg) 30 Al
5A%F Fo 4F 2me
ol Q.

2=

2 (ADH)+ Table 39| YeRJST)
7 3o ¥ ADH ¥+ EtOHTA 72

O T
shdbt Zasiglont, A¥Ee 54174 ADH

£
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7} S7FskE Zlo® Hol HF
7171 $l8l ADH &7t #43hd
Z12jv ALDHO] 7 AIRE A7
S7HE R SHAINE o)Al ApolE
(Data not shown).
Ao R Tk 24
5 45E
om,
=

oo
}v\
Ao

T e
7

HolA|

2=
T

Z o
ha

Eomy

P

2
2

R

Q1% %HE AAs7]
= iy EA] o)
]‘—/ﬂ 2o A
A oallag S

o
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> ooy B yg

Pk O oo B
(o
fru

R}

o|\
=

=
rot
A N
IO

m&;jz

7 A
v 5ol
P53 9
oA
dejstgow 04,
gHY oM, TIAE 7
ﬂxw”lcoi.ﬂﬁﬂ

= o

Feprwo = gl

ZE,

iﬂ

ﬁ&
ofi o
N
o
2

oY
ofN

Endotoxin®] ¥€ZF<! LPS7F W4 AEZF30 RAW
264.7 Al3zel AP =™ NO 9 95 vii=de
H 7} 2719020, NO2| ¥y Z7l=z ol =

olo Me

uk

2 A5 WAHEE 0] B AT Al ETRIE 4

abete] FEF HAWHS-S of7| 3 o) oje] 2
ol s mAER AT WS oAlshE AT
s AEHT ek B Aol RAW 264.7 Al
XEFE o83t 500 pg/mle] THT FEoA Jf
T 2o e enxt 9 Fixte] @AelE a9E
Rk Az ibstdA AAPES FolHom oA s,
53] A § o 7ty FEEAAA AL A4S
AAEtL S FIslth(Fig. 1A). TNF-—q,

[e)
=
L-18 5 A¥ZA4 AlEARIS LPS wge] Fo

300

WA 24, TNF—a= F2 34 2 9= v33 3
dAxjo] glow™ IL-18L T, B AXE 24 3}s}o]
AZMEE AP LPSE F5¥ RAW 264.7
Az AFA Aol EFRRIS ERlgt A3 TNF-«a
o} IL-1BE EF dAIE, NO A4%53 vizbrbA
¥A F 9ty Mg FEECAM Fodow A
FRlstlth(Fig. 1B).

= 0L X

g?‘ =23 = o1 o

ST F °F 308 ool A
60~90%7F AR FEH, 60~901"&: Atol o]l
Egditis BafPel o] B glolA
3 BE oA 1A vl dF 4

=ik (Fig. SB) et

F 30 Y BT
7

]:!
UAE

EHEELEE]' Ax-loi N ],o:] A o
2 3EHAY £ dae A3 U%A}JVMW €
g olAELE =t dag AR 93 A
o7 gdejA o B AYS Fi dF oME
AsI=E AR 54 @ A3 das
AZFol A
EdHs= &
o,
BRI

0]—5,'_

ol Q.

=7F TrJZJ'Sli Z:‘il:»l
’“0] SC/LC_2nd oA
7h2hE] 9l eh(Fig. 30).

o] Aol S0l UAH R A L
Z(ADH)el 9]&] Ha)7} Az,
ZH-g-of -"43@4 SN ELHE =7F s,
2E(ALDH) o8l &3-gol
4 ol F7Hge =M 37t

TolM= in vitrodlA LA}
oﬂ w2 FEF=° ADH, ALDH
74E3P 1o (Fig. 2), €384 55

R [ v - A
Lol €% ADH, ALDH &4 AL 343
(Table 3). == A3} in vitro5-52] ADH, ALDH &
Foomztet )2k s e EAL ¥A o
a2 34l ugt o] Frstlom, emzek 7]
AE 1R £ 7k 20 8 FEE = A
gk ol vjs] gAdo] éF‘ﬂ et T3 in vjvo/\]
M= dFE AFH F 1ATelA g32E gx2ate
ADH#E A o] F7hsslthrt o] % fhAashglont
oz} FrAE 11R EFE M 2 E

o

i

2

=

ADH®]
HA=

gria o]

1:01'

-4 in vivord

ols
32
v HHN'

o] &

il
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&
e
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B2 3Pl FE ADH #4 o] T71sh7] Al
ate] 5A7elA Aw HERRAT.

ool Aahiz ewla 9l FIIAE A F LA 7
Z%&Q_ )\]@]_11}\ /@/\4 El oﬂzzd /\]—O]E

CE
TEE

o 2~

:61{5]' =T

pud

V. A&

oA R T4 9B, A 7}
F MR IEG 95 FEES vl
AAFH AolEANS odAlste] X
3, ADHS} ALDH #4% %Mg/\]ﬂb
2 nelFoin, EE %=LE F
S e 23 4% 4= of

tﬂ l?—7]x}..§_ 3
04?91\?}.

B oAREEe FRUPAEAY SR A4k

o] AAakds} 71E/HR&D) AR (FHAIM S 2017054A00—
1720—AB02)9] A ¢Poz o]FojxHFUt}.
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Figure legends
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Fig. 1. Inhibitory effects of processed Schisandra chinensis (SC) and Lycium chinense (LC) on nitric
oxide (NO) and inflammatory cytokines production in RAW 264.7 cell. (A) NO production was
determined in culture supernatant using Griess reagent. (B) TNF—a and (C) IL—18 production
were determined in the supernatant by ELISA. Data represent the mean = SD of at least

P <0.001 versus control (CON)

Hokok

three independent experiments. LPS, Lipopolysaccharide.
group; "**P <0.001 versus LPS group.
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Fig. 2
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Fig. 2. Comparison results for the processed SC and LC products against on Alcohol dehydrogenase
(ADH) and Aldehyde dehydrogenase (ALDH) activation.
(A) Alcohol dehydrogenase (ADH) activity. (B) Aldehyde dehydrogenase (ALDH) activity. ADH
and ALDH activity was measured using ethanol (EtOH) and acetaldehyde (CHsCHO) by the
reduced NAD level measurement. Data represent the mean £ SD of at least three
independent experiments. Data represent the mean =+ SD of at least three independent
experiments. ‘P <0.05 *P <0.001 versus CON group; **#P <0.001 versus LPS group.
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Fig. 3
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Fig. 3. Effects of processed SC and LC mixture on relieving hangover in mice administered alcohol.
(A) Representative mice image of each treatment group after 1 h of EtOH administration.
Snapshots of mouse movements were displayed on the top and bottom panels. The symbol (*)
indicate a hangover mouse. (B) EtOH levels. (C) CHsCHO levels. The mice were pretreated
with a mixture of raw or processed SC and LC extracts (1: 1) for 30 min, then fed with
alcohol (3 g / kg). Serum was collected at 1, 3, and 5 h intervals for colorimetric analysis.
Data represent the mean = SD of at least three independent experiments. ‘P <0.05, *P
<0.001 versus EtOH group.
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Table 1. The classification of group

Group Treatment administration (p.o.) EtOH administration (p.o.)

CON Vehicle -

EtOH Vehicle alcohol (3g/kg)
SC/LC_Ori Raw SC and LC extract mixtures (1:1) alcohol (3g/kg)
SC/LC_1st 1st processed SC and LC extract mixtures (1:1) alcohol (3g/kg)
SC/LC_2nd 2nd processed SC and LC extract mixtures (1:1) alcohol (3g/kg)

Table 2. ABTS radical scavenging activity, DPPH radical scavenging activity and SOD activity of
Schisandra chinensis (SC) and Lycium chinense (LC)

Sample ABTS (ICs0%, mg/ml) DPPH (ICs¢*, mg/ml) SOD (ICs¢*, mg/ml)
SC_Ori 0.69 £ 0.01 6.59 = 1.07 2.46 £ 0.34
SC_1st 1.26 £ 0.08 1.08 £ 0.02" 2.60 £ 0.03
SC_2nd 2.21 £ 0.08 1.57 £ 0.20™ 1.84 £ 0.14™
LC_Ori 2.99 £ 0.50 1.81 £ 0.12 1.73 = 0.07
LC_1st 2.22 £ 0.05 2.09 £ 0.04 1.00 £ 0.017
LC_2nd 1.90 £ 0.29™ 1.65 £ 0.20™ 1.47 £ 0.14™
PC 0.02 £ 0.00 0.47 £ 0.00 -

ICso value in the concentration (mg/ml) of sample required for 50% inhibition.

Ori, Original; 1st, 1st processed (stir—frying treatment); 2nd, 2nd processed (fermented using
Aspergillus oryzae for 48 hr)

Each value represents mean £ SD (n=3). ™P <0.001 versus each Ori group.

Table 3. Effects of processed SC and LC mixture on serum ADH activity.
ADH (mU/ml)

Sample 1h 3h 5h

CON 36.74 + 19.68 55.07 + 26.18 48.82 + 21.73

EtOH 56.54 + 18.88 128.26 + 25.49 88.57 + 19.49
SC/LC_Ori 42.23 + 15.61 55.44 + 16.00° 10151 + 34.01
SC/LC_Lst 46.34 + 20.73° 64.00 £ 18.11°" 106.87 £ 29.62
SC/LC_2nd 40.68 + 10.85 55.00 + 17.83™ 107.87 £ 20.03"

Ori, Original; 1st, 1st processed (stir—frying treatment); 2nd, 2nd processed (fermented using
Aspergillus oryzae for 48 hr)
Each value represents mean = SD (n=6). P <0.05, P <0.001 versus EtOH group.
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