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Abstract The purpose of this study was to investigate the effects of Jeju lava seawater treatment
on the phytochemical composition and biological activities of Schisandra chinensis extract (SE).
High-performance liquid chromatography (HPLC) analysis showed that the Schisandra chinensis
lava seawater extract (SLE) revealed elevated levels of schisandrol A and schisandrol B compared
to SE. In antioxidant assays, SLE exhibited significantly stronger radical scavenging activity. SLE
showed enhanced anti-inflammatory properties by more effectively inhibiting nitric oxide production
and SLS-induced responses in RAW 264.7 and HaCaT cells, respectively. Furthermore, SLE
markedly increased hyaluronic acid production, which was not observed with SE. These results
indicate that treatment with Jeju lava seawater enhances the bioactive compound content and
functional efficacy of Schisandra chinensis extract, suggesting its potential as a high-value natural
ingredient for functional applications.
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A AR ofA D i = A9, mIAHA], A Qo] A&H 0w
LEFo] oi A fAl6l ol#E2 A1 A (Krutmann 5, 2017). o]2{3t &7 A= ¥
W EAJAM A Z(reactive oxygen species, ROS)Q| AL GEdto] A|E &A% doym &3} ¢
WA 5 39 AA BA9] At 2 #etcH(Gonzaga, 2009; Rawlings?} Harding, 2004). 1 A%}
T 7= UgsH BHESHAY 7H R, B9 59 g k30| S, A7AoEE vF 3}
% 954 978l §0) Sobickundlans 5. 2009, $YU 2 A ) st
82 AUl A4S oA AE A A AF wi7iA ] Lt BH[E SXIRTHPillai 5, 2005).
1% U3 5 oIS FYE AR £ T A o2 S, Ol 43 A 23

7% AstE YERdtHGhasemian 5, 2016). QAAZE AL AASIL GS5A4 AO|EZRIS
H|sto] H Z24sk= H dAHR A4S gtrk(Park 5,
(LPS) A}=o] 9Jaf S5 thalM Rz AFSFE A(nitric oxide, NO)} ZTEA
BAste] G5 whg-S REgtth(Huang 5, 2024; Kim 5, 2007). ©]2{g+ &
oz Fojsttt. A AKX &R (natural moisturizing factors, NMF)2| fa=
ASHAA 7O +& FA 58e FoA7]L, ARHo R Y V)5 A
2016). E3| X B 9R}Q] 5| ZE 2K hyaluronic acid, HA)2 A|Z]7]2

XA AEH A & tofsk 84
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ECM)9] 8 74 AEoZ Axu FHo| Bixsle] SRS
ARt Wi L35 Fgshots IS £YSth(Kang 5,
2024). mHEpA] DR Y G0 G5 28 07 PG R
o] A 9AE Zgop, o H5a WY 2 582 4

3 57 Z]ﬂiﬂ =t

Zﬂ ?:]l'OH 1_‘!"1:! =
& o7E A5t oH—,—i, ‘rl‘ﬂE—Tq' ‘?O] "H = AA"
=2 2 ¢8A dt(Miyamura 5, 2004). 2, U]-l‘-ﬂ
&, A, ofd 5 5 vvEY JFERE ZAkL 9l
o, AF 9 3AF AN 7154 dEE FETL o
(Ding 5, 2019; Kang 5, 2023). 49 ujy|& AR L =
F Hgo] Hojshe A Hle S7HIA B V5= 3t
Stal(Lee 5, 2016), 5] Askdayt dshutaysat o &

719 HF A 350 7|05k A2 HIE It (Denda
= 1999).

QuR}ISchisandraceae)O]| <54= Q| X Schisandra chinensis
Baillon):= 994 J2AEE H2 = oAl 7HA] Bto]
ol g A th(Kopustinskiene™} Bernatoniene, 2021). Q.
o)A ohAlolol4 TRt AT} AW ok F SR 7
H3(Wang 5, 2014), A4 (Hu 5, 2014), SA5HLee 5, 2014),
FU(Zhou 5, 2016) 59| oF2] Atz Z LA Qlrt 2rRe
ok g%2 2 dibenzocyclooctadiene 22 71 th49] g
I AE-E9] 7]915}1H, schizandrin (schizndrol A), schizandrol
B (gomisin A) 5°] ot she-E o] 911, 0]]9] flavonoidsS]
quercetin, rutin¥} triterpenoid SF3HE2] lactoneso] Q1=
E]—(ij %, 2024). o]ﬂﬁ]— AE}H_O 3 ac}: =27 %6} gtg =
tokst 22 7|4 AL A zO]E‘r(Park 5, 2021).

wehd B ATl A% SYoeE ol8elel oulx ouf &

58 AZ3SE F, 21 HEE 5 schisandrol A9} schisandrol
Bo| A& B3tE gl & ”4 Azo] gy Hsks Tt
32 sk

2. Mg ¥ 2y

2.1. 203t oEls === PO/A ELlolf+ F== AE
Lo ofghE &= 9 2uld S8 FE= Axel A
£ ouz} guj= HE Ao A Y (Tojongherb, Jecheon
Koreayslo] Aglgich, AZE Qo4 Aol 24 5 Azl
70% ofghE2 ¥l 60°ColA 20413t B9t 7R & &, AR
&S(EYELA, Tokyo, Japan)sto] fojdl #5E2 202t &
SEE AR 2o sl FEE0 AME 89T
el Aol AN o A T3t HA 9| Wi
919 FEE 50002 Bko] ALGielch. HAlH Qv @)
S dE vl 20819 J=E 50022 B AFEAsrE ¥
P R PSR R DEE P ERL

lﬂﬂll

132

Sttt B8 AAR F 60°CAH SAZE B L FE F
10% NaHCO; §4& 72 Hl@2 F71%t & 4% 5% & 1.2

oA wyksto] 551t o]F FEEE2 o]¥A|(Whatman
No. 2; Cytiva, Marlborough, MA, USA)E o]|-8-5}0] of}st
T &4 7xsto] 20°Co] Bsto] £ A9 AR ARSI
At

22 HPLC /7] B4
Qu|z} ofehE F2EET §UGE 0|83t QR FEE)
& H3kE gelshr] flsl dE Q‘ixﬂ AzntE I8 EA
HhHS /\]-—9-0}0113} HFZE ML schisandrol A2} schisandrol
=7 (Sigma-Aldrich, St. Louis, MO, USA) 0.1 g& &
&l %’ﬁ sto] HetE | mLE o]-&5to] 52l &, PTFE syringe
er (0.45 um; Merck Millipore, Burlington, MA, USA)& o]
Tt 5 BE8I0E Stk AY 810 AL, LnlA ot
2383 0o BUNT FEHES 2 01 o8 ALV
ol o]& HEE 10 mLE 0|85t =<1 & PTFE syringe
0.45 um ZE| & ojFfsto] Azt A XGRS 245 9
3f| Photodiode array (PDA)7} &% HPLC system (Shimadzu,
Kyoto, Japan)2 ©]-83s}g o, AHL shim-pack GIS CI8
(4.6 mm*250 mm, 5 um; Shimadzu, Kyoto, Japan)& AR&-5}
Att. o] B4 |l oA EY E Y (Acetonitrile, ThermoFisher,
Waltham, MA, USA)T} 0.1% Eg|ZFQ 20| EAK(trifluoroacetic
acid, ThermoFisher, Waltham, MA, USA)°] 335 245
(water)E ARSI OH HE &= AHE H ©7] € EH o
o % ARSI 4 ATE 00 A ol 48 3
sigion B4 AJRE 10 WL Foc 2 52
mL/min, £E= 40°CHO ™ UV 251 nmoj|A] &4 01-93\1:]—

2.3. DPPH BfCjzt £

1,1-Diphenyl-2-picrylhydrazyl (DPPH, Thermo Scientific,
Waltham, MA, USA)Z Blois?] ®'H-& HEsto =451t
180 uM DPPHE 3]4]slo] 2A3t Aok} AR5 TR 34
slo] 232t wello] WT T T 1587 vk WS T
517 nmo]|A4] microplate reader (BMG LABTECH, Allmendgrun,
Ortenberg, Germany)E o|-&s5}] T3 E=E A9t 44
T 34 AR 899 WY RV FEE AAaER
asich

‘— xx-l
S

l:t:i

2.4 ME HZF

O1A| A A 2 (human keratinocyte)?] HaCaT A9} of
AA|ELQl RAW 264.7 A|3E= ATCC (Manassas, VA, USA)9]
A Hopdtol Aol AM8SFI.C™ 100 U/mL  penicillin/
streptomycin (Thermo Scientific, Waltham, MA, USA)Z} 10%
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fetal bovine serum (Thermo Scientific, Waltham, MA, USA)
£ Shf-5= Dulbecco’s Modified Eagle’s Medium (DMEM)
(Thermo Scientific, Waltham, MA, USA)uljx]of] 211 37°C,
S0 olatslerag Eke: W] WolH Herstsich

25 HE Y=2 55

AP gAY} AN HgE AlE FEE&L 3-[4.5-
dimethylthiazol-2-y1]-2,5-diphenyltetrazolium bromide (MTT,
Sigma Chemical Co., St. Louis, MO, USA) 32 531 A=
=48 51'015]-‘3:‘1’4- ZA7¥9] MZE 96 well plated] 1x10*
cells/well & E510] 24A)7F B9t v & QujR} &5 9
2l 229 A TUE 2% W3 A WA WY

T 2.5 mg/mL MTT A2 ZZ+9] wello]] A715E & 3417
2 9875k o1 MIT Alohg AAsHT DMSO 815
%7]-3]-04 10827 ¥1-3-A171 3 540 nmO]|A4] microplate reader

S g3l SUEE 24d AZUZRE R

2.6. SLS XF 2fsf =&

ZAFAHE 1x10° cells'mL] ST 96-well plate]
seeding 7 wello] Byl 2|2 A5t PBSE. AlHa he
FBSZ 38517 95> DMEM HjX|S AF&3to] H|ZE 7]obA}
g2 BHE ol SLS 30 pgmLo} B U S| oula)
olete #2837} Quja B9l 22EL Azisto] 2447t
SIYSSIEL OI MTT A0S olgsiol 23] ol 142
AN|Z2EE 540 nmoJA] microplate readers ARSI SFLEE
=% OM gelsteitt.

2.7. NO 88 Xsf &Y 58

NO A4 Al &AL AN EE 0|85t Green 5(1982)
o] HH-S M gPsto] P35It 6-well plateo] A|EZZS 3x10°
cells/well® BZ35F & 18A17F 37°C, 5% CO, H|F7|of|A] Hl
okt & A=AQ1 10 pg/mLe] LPS 5= A7 3 247t H
NaE R 7RI thad A2 vig A} Griess reagent
(Sigma Chemical Co., St. Louis, MO, USA)E 1:12 34|
# 540nmol|lA SFEE Z4L 59 NO AA5S T
ok NO 5742 F47Rest A7kt Hluste] WEg&= At
st

2.8. Hyaluronic acid (HA) 44&5F 5%
HaCaT A|ZZ 1.5x10* cells/well® 96-well plate©] seeding
T 2417 &9t wioFstAlTt. g wElal PBSE A3t
S FBSE 9514 &2 DMEM H|A S 7\]"9"5]‘01 NZE 7]
of AJelz RS olFSIck 24A17) o T AR Tl e
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A sto] 8jF & HA Elisa kit (R&D system, Minneapolis,
MN, USA)E o] &3to] AzAPlA A5t ez ddS 4
Yot o]F, HAYS =757 Y3l microplate reader®
FH= 450 nmol] Zste] LEhglt. 25 HAS) e @
W9 g HAY GO Wastel SRR Selsdr.

9. &4 &4

HE A5 Ayl 33] o)A} HHE AA|SH glo|EE BA519
o, 7 §R| BILEZHAS E/I5T. 2] 94
HELS 95 IBM SPSS Statistics (23, IBM Corp., Armonk,
NY, USA)S A}8-5}9] paired-samples t-test (p<0.05)5 AA|
sto] fojdS AASHAH

3.1. E&lof+E 0/&at 20/ v’§§ Lf &2 Hsf
Sl Ao e uA offtE 55 F8 ARA
H.0] schisandrol A, schisandrol B st&F H3lS A O}Oj\:}

oulA 2282 gEA ARy B o1 B

s, EeldlEols AE E v Ak 5,

2019). E3] @ujRto 55 3 AJE % schisandrol AT}

schisandrol B2] /J£o0] 7}% o] =] Aoty GHA L

o] 3 ATOHE 0|59 T WSS VAT 2l ol

& FZE9] schisandrol A2} schisandrol B9} stk aQIstH

A}, oF 44,721.67+413.69 ppm-l—]- 19,485.334222.87 ppm 3k

olioL B HAZNE Bo) £ 90l Sk 23

20| RS OF 137,776.00£54.51 ppmi} 53,450.33+43.50

ppm & OF 3°j o4} S7I5F{tH(Fig. 1, Table 1). AP A

w2, o]#ot g1t AJE9l schisandrol A2} schisandrol B

AT S7he A EA9 ST AREY, ASHADAL T

d AAE Bl T AAE fEste 2os B uErhJeong

S, 2024; Szopa &, 2017; KopustinskieneZ} Bernatoniene,

2021). 9ol AFEUSS BAolHA ofFtslo] Z, nf

I, A, ofd & et puEE F5oHA ok

Slov], At S|t s ESET UES, A, B 59 @

Fol EHAL d2A Ath(Lee T, 2016). £3] d 422 At

dole) SRR BaIel 57180 A G WSk

ofg o= Atk(Prousek 5, 2007). HUlE-2 D5 o] EAdof
£89 Fu dokts L okl Aol 43 0% rdos

£9) 34w B 27U LI Denda 3,

1999). T3t mjd|Zo] %Hg NIHSTE E-Eoto] EntES

lycopene = E 7H84d 1P E TS S7HIZ] Aot B

dho} 34 o] 84slleE ARESlo] procyanidind} prodelphinidin

AR e ZUAA 3 AN 2ARAY RS

FIE
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Fig. 1. HPLC chromatograms showing the change of schisandrol A and B contents in Schisandra chinensis extract and Schisandra
chinensis extract using Jeju lava seawater. (A), standard; (B), Schisandra chinensis extract; (C) Schisandra chinensis extract using Jeju

lava seawater.

Table 1. Contents of schisandrol A and B in Schisandra
chinensis extract (SE) and Schisandra chinensis extract (SLE)
using Jeju lava seawater

Compounds Contents

SE SLE

Schisandrol A (ppm)  44,721.67+413.69"  137,776.00£54.5"

Schisandrol B (ppm)  19,485.33+222.87 53,450.33+43.50"

DAIl values are mean+SD (n=3).
IIndicate a significant difference at p<0.05 compared to the SE group.

AAGE AT 5, BulFE ARl ofgt £43 ol WhE HE ¥
3lo] W5t ALE0] A&A R HE T QIthPark 5, 2021;
Woo 5, 2006). 21} 02 2954 A X E|= schisandrol A
o BY AP E= 5 280 384U IF2 v,

olei 82 vl 247 ABEe B4 Be ANz o
4k

3.2. DPPH EfLjZt £ 24

L0z} o FEET 2vA SUYs FE=
4] Wsks gelst At DPPH A7 47 865

r 1o
OO_?l',
2
ol

Y]
2
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Sttt oul4 oS 2223} ol S 255 BT
5% GEHOR 2frig AT —7}0}%0@(% 2 &
5] BYHFE ol 87 FEENA ¥ w2 47 Ao UER
th 200 pg/mL FEOA QoA gooe 2EES gt &
E2o] Hlof oF 38.1% ¥ &7 &S HYlrh APAT9
e g ould 3EEY JE} £4S B A
FusA|AYl B8 5ol AN, 53 Fea
ZZA00A o —’u‘— o] 7P &2 At @S et
A0z WiEckang 5, 1996). E3}, AAe] 2AL 7
W, 2w 9 8o 4] et geld ovl 258 B
A Al ofekg FEEA 1Y 35HE(schisandrol A,
gomisin A, gomisin N)9| §=F3} DPPH ZttjZd &7 AT
V4 A e iung S, 2025). ol 2ulAe] $3E A
84 250 Rl U S5 WHT AWAS Ueh
W MAe] 270 wet ket g4 wsto] S83% T2
Gohe 02 AR B d7olHE §Uss AR
o 5 Al ARAGRY STV EHE A 84 STt 9
S ud Aow wE

l‘N

L o o

?ET*

3.3 HME =85 T/

|zt ofgkE &= v} §Ysfae

FEEIAE 5
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Fig. 2. Electron-donating radical scavenging activity of in
Schisandra chinensis extract and Schisandra chinensis extract
using Jeju lava seawater. All values are meantSD (n=3). "p<0.05
vs. the SE group. SE, Schisandra chinensis extract; SLE,
Schisandra chinensis lava seawater extract.

de Lob] s AEB AL} M ZL] BE] HA

dolr FEES FEEE Aot FRIsItH(Madeshd}
Balasubramanian, 1998). ZZA AN Zo| A Qu|z} ofetg &
S5 QA Gtela FEES 2.5-100 pgmlLe] FEE A
glsto] gRlgt A, 10 pg/mL °J5te] FLolA ZH7H9] Alm
7} 95% olde] Al &2 UEETH AN RN HES
5-200 pg/mLe| =& A2|sto] gRIgt A, 20 pg/mL |5}
9] FEAA HE AETF 95% oY AlE BEEZ RISk
CHFig. 3). o]F9] AL/ HlwAF2 ST HY HolA &

A)

120
OSE mSLE
100 + =

E rh =
80 -
60 -

40

Cell viability (%)

*

20 I *

oL i
0 5 10 20 50 100 200
Concentration (pg/mL)

B

Y= A

34. NO ¥4 x4 24

LPS =20 olsf E/she tiaA o)A A== A5 ol
7] QIAOl nitric oxide (NO)2] ¥3IE 8Qlst7] 913), Qu)zt
ogbE FE2EN oHZ &6l FEES sREE A &
NO A4 A &35 &A4sct. 1 23 % LPS 2=
o3l ¥ NO RS Adllshe Aoz It £3] &
ozt 8Olelr EEL 7|E FEEEY RoYoE St &
g2 HERA 2 FH 20 pg/mL s=oAM= oF 66% H= A
3 a3} slE|9lon FA RO E ARESE indomethacin
(2.5 pgmL)y2 F 79% HL Aol THEITHFig. 4).
LPSE A2AT 22 f Alo|E7Ql UdE fieoto] i)
NO A34< fistH, A4E NO= HAAE (2 435 vi7h
A= Z-goto] 5 whSo| Fofdirty H 1= Itk Dilshara
. 2013). E3F, QujR} 2 225 4] NO, PGE,} TNF-u
59 AF uirl ARk HEE AATFo =N FA A7t e
Ye Aos defglon gad 319E4Ql schisandrol A9 g
Zo] Z7}3k2 Q0I5 A0 & B9 th(Han 5, 2021). Z
=, ou|2t golellr FEE2 7|E FEEHT NO A &4
o] Z7tetA. o ol B & wslo] 7]Qlet Ao AR
et

3.5. SLS XF 2tef &1f

Sodium lauryl sulfate (SLSy= TR A 75 &7
ASZ ks A<l A=/ AHL/dA o]t Leoty-Okombi
5, 2021). o]&gt A=A EXRRE fHE Hog F= A=
A} HAEE2 S IR = = A2 &85 9

B)
120
o OSE WSLE
00 | = 3 H o
§ *
< 80t N
E 60 b
]
-
= 40 |
o]
20
o L
0 25 5 10 20 0 100

Concentration (ng/mL)

Fig. 3. Cell viability of extracts from Schisandra chinensis extract and Schisandra chinensis extract using Jeju lava seawater. (A), RAW
264.7 cells (1x10* cells/well) were treated with SE and SLE at various concentrations (5-200 pg/mL); (B), HaCaT cells cells (1x10*
cells/well) were treated with SE and SLE in a dose-dependent manner (2.5-100 pg/mL). Cell viability were measured by ELISA at 540
nm. "p<0.05 vs. the SE group. SE, Schisandra chinensis extract; SLE, Schisandra chinensis lava seawater extract; ELISA, enzyme-linked

immunosorbent assay.
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Nitric oxide levels (%)
s
>

Control LPS Indo 5 10 20 5 10 20
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Fig. 4. Inhibitory effect of Schisandra chinensis extract and
Schisandra chinensis extract using Jeju lava seawater on NO
production in LPS-stimulated RAW 264.7 cells. RAW 264.7
cells (2x10° cells/well) were treated with SE and SLE at
concentrations of 5, 10, and 20 pg/mL, in the presence or
absence of LPS (10 pg/mL). Indomethacin (2.5 pg/mL) was used
as a positive control. The amount of NO production was
determined by collecting the supernatant, reacting it with the
Griess reagent. All values are meantSD (n=3). "p<0.05 vs. the
SE group. SE, Schisandra chinensis extract; SLE, Schisandra
chinensis lava seawater extract; LPS, lipopolysaccharide; Indo,
indomethacin.

thKim 5, 2004). o]o] Z-AFAA|E] SLS AH=S S &
Qu oetE FEEN Q1R Al FEE A= At
AIE RIstleh 2 23} SLS A=5of ojsf a4 AlE A

120
100 - —=
80

60 -

Cell viability (%)

40

20

Control SLS 2.5 5 10 2.5 5 10
SE (ng/mL) SLE (pg/mL)

Fig. 5. Cytotoxicity effect of Schisandra chinensis extract and
Schisandra chinensis extract using Jeju lava seawater in
SLS-stimulated HaCaT cells. HaCaT cells (1.5%10* cells/well)
were treated with SE and SLE extracts (2.5, 5 and 10 pg/mL)
in the presence of SLS (30 pg/mL). Cell viability were measured
by ELISA at 540 nm. All values are meantSD (n=3). "p<0.05
vs. the SE group. SE, Schisandra chinensis extract; SLE,
Schisandra chinensis lava seawater extract; ELISA, enzyme-
linked immunosorbent assay; SLS, sodium lauryl sulfate.
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o] Qulx 2&EL WSl et eioto, Qulat &
H" FEEO] A AEEL A 10 pg/mL FEOA oF
16% S71E Al J2&e S5 }%}(Flg 5). SLS A= 9]
3 feg E Q59 4% wAAe) 8BS
LHksttH(Kobiela 5, 2013). o]& Qg WY w39 o g
2o A4 FA7} ol A1 M 1ot} ZAHch(Pillai
T, 2005). ol°] we}, gAFeR AN QulR} FEEL
1% ofehE &g wlof A5 A8t Fiso] g0 o
U A8 2 NO oA ado] 7]g Ao gekEch

O\_

3.6. HA H445F Higf

oulR} ogkg 3283 Qujx Bl 2250 BaY
H 01z}Q] HA AAlof| u|A|= WS Hrlsiich 1 A3} Qn|
A ofghZ -Zrﬁoﬂfﬂl‘ HA A4 a7t =R @ekont
BYUTASE 0l BT 22 BOINE SE7 Z71UHE HA 44
2| Z7kek A2 IR ATHFig. 6). 53] He) 10 pgml 5
T4 F 60% HA 4 5718 E<IstATt. Retinoic acidi
Wehel AS e 4959 HA T B4 4E 37
£ 53t HA $Ao Hofsl= Ao 7 HilTo] FAURFLOZE
&915}th(Han} Ha, 2019; Szymanski &, 2020). Ag§H+-
oA sl S e FTEF vvHo] &
URHE THVIE S48 5l Sues) S48 o
T2 A5 oF A He awpt EuEIt(Jo 5, 2021).
webd 7|2 Qulat #olA B4o] tehixl gskd HA

A a3t sl AAE osf foAstHAl STt

‘ﬂﬂﬂ“

Control 2.5 5 10

HA production (%)
- —- N N~ w w -
=3 n =3 h =3 th =3
> =) > =] =] > =]

n
=

<

SE (ng/mL) SLE (pg/mL)

Fig. 6. Effects of Schisandra chinensis extract and Schisandra
chinensis extract using Jeju lava seawater on HA production in
HaCaT cells. HaCaT cells (1.5x10* cells/well) were treated with
SE and SLE extracts (2.5, 5 and 10 pg/mL) and retinoic acid
(RA), positive control. HA production was measured by ELISA.
All values are mean=SD (n=3). "p<0.05 vs. the SE group. SE,
Schisandra chinensis extract; SLE, Schisandra chinensis lava
seawater extract; ELISA, enzyme-linked immunosorbent assay;
RA, retinoic acid; HA, hyaluronic acid.
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