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ABSTRACT

Schizandra chinensis seeds contain various physiologically active compounds, and their antioxidant, anti-inflammatory, and
antibacterial properties have been previously reported. However, studies on their effects on melanogenesis and skin elasticity
are still limited. Therefore, this study aimed to investigate the effects of Schizandra chinensis seed extracts on skin-related
functions, focusing on melanogenesis and elasticity at both the cellular and gene expression levels. Water and 70% ethanol
were used as extraction solvents to prepare water extracts (WES) and ethanol extracts (EES) of Schizandra chinensis seeds.
These extracts were tested at concentrations of 10, 50, 100, and 200 ng/mL. To assess melanin production, B16F10 cells were
stimulated with 3-isobutyl-1-methylxanthine(IBMX), followed by treatment with WES and EES. The results showed that both
extracts effectively inhibited melanin synthesis at the cellular level. To investigate the underlying mechanism, reverse
transcription-polymerase chain reaction(RT-PCR) analysis was performed. The expression levels of tyrosinase-related
protein(TRP)-1 and 2, the key genes involved in melanin synthesis, were significantly downregulated, indicating inhibition of
melanogenesis. Furthermore, treatment with WES and EES significantly upregulated the mRNA expression of fibronectin and
collagen type I alpha 2 chain(Colla2), genes associated with skin elasticity effect. These findings suggest that Schizandra
chinensis seed extracts have potential as natural functional ingredients for skin health as they exhibit both anti-melanogenic
and elasticity-enhancing properties. Thus, they may be useful in the development of skin-beneficial functional foods or

cosmetics.
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quinone &% A3} A]7]31, DOPA quinone> A3} HAHES-©
= DOPA chromeS #A tyrosinase related protein(TRP)-12}
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AW Schizandra chinensis Baillon)= Hd2}e] J24]
oAk o] Al e, A2 me Hle] ¥ RYgoR
1 cmo|H, &l H& 52 4249 A7} 12
(Kim MS 5 2017). 27|12 Do A8t e,
2ute] 5712 vk JEhe, oFe]2lg- mgt
dHA kg Y AEoR o] 8H I UTHLee
WY & 2006). 2n|x}e] Ae]d &= g4ksi(Chae HI 5
2005), 7+ E%(Heo JH 5 2006) & &-$2(Kang MG 5
2014) 5o A7} HauEo] Qlu} 3k uxKSchizandra
chinensis)= oA de] &850 2Foy &3 22
7VgEo R Aikelo] githHsu HY 5 1986). SR 2KSchiza-
ndra chinensis)°l = 1.50%2] &, gd 2 A 84 So| ghf
o] 9lom, citral, 3-chamigrene, B-camigrenol 2! sesquicarene
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 emzte] dujEn} Tt thge] 7154 Aol ]
o] AttaL Haxo] glom, omx} Fxte| gHikstel gt
A A7 Baso] dthJung GT & 2000; Choi EY &
2019). 2PA} FAboll = AR7F 33%, AgAS] frE AT
o2 &#F schizandrin®] 0.12%, deoxyschizandrin, pseudo-
Y-schizandrin, essenoil 2 schizandrol®] & 1.60% &3+
O 1 F8 AES cital2 E31¥ ®} QItkShon HI %
1989). ol&i gt em|x}o] AL At duj o) Fxlol 3
frElo] lovt emxl FAE &85t 9 A7 #ek A
= Pu|g Aol

wehd B AFo s 2uzl FAE FAG2) 70% of gk
<2 A7 FEsto] Ao} §AA FEellA dehd A A
g e}t 95 g nx= JIE Frkeisith o veph &
n| 2 TR FEEC| I A4 AR dFE F= A4

e FE aEAe &8 7Hsde ESelHh

1. A" M2

Dimethyl sulfoxide(DMSO0)<} isopropanol-2 Junsei Chemical
Co., Ltd.(Tokyo, Japan)ellA] Fuli3te] AR8-8F93 21, potassium
phosphate dibasic anhydrous$} potassium phosphate monobasic
< Dacjung(Seoul, Korea)ollx] Tuljate] A& Al-83131tt,
3-Isobutyl-1-methylxanthine(IBMX), thiazolyl blue tetrazolium
bromide(MTT) 2 chloroform-= Sigma-Aldrich(St. Louis, MO,
USA)o|A Fufslit}. Dulbecco’s Modified Eagle’s Medium
(DMEM), fetal bovine serum(FBS), trypsin-ethylenediamine-
acid(trypsin-EDTA) 2!
WELGENE Inc.(Daegu, Korea)ell A F-ufalgic). & Ao A}
4% BI6F10 Al X= 3=A 2523 (Korea Cell Line Bank
No. 80008, Korea)ol| 4] #F1EE0 ™, human skin fibroblasts
(HSFs)+= American type culture collection(PCS-201-012, USA)
oA EFLSt.

tetraacetic penicillinstreptomycin<

o|xt BX FE= M=

B Ao M= Qv A Schizandra chinensis) TAE 4
= 27} 500 g= 108]2] FAT H 70%2] deE= F
< Jgstdth =L 3P H 5 um pp(polyproylene)
Egx] ZHE ol&s dHHS st 1+ AF
Z7](LP 20; Ilshinbiobase, Dongducheon, Korea)E A}
FANZS ] F= A FA tiE F2Ax & 7
22 UEile] 35 +82 ANsg ovlA 24
A4 F=8(water extract of Schizandra chinensis seeds;
WES)] & &8 7.32%(W/w-dry weight), 70% ol er-=2

<
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FZ8(70% Ethanol extract of Schizandra chinensis seeds;
EES)2 6.65%(w/w-dry weight)Z YEFE S ™ (Table 1), —2
0Ce Hasty Ao ALg-staith

3. MIZHHet

B16F10 A3} HSFs= Al 8] <k dishell 10%(v/v)e] FBS
2} 1%(vv)9] penicillin-streptomycin®] 3 DMEM= *
glste] 37T 5%(viv) CO, BlF7](Incubator 311, Thermo
Fisher Scientific, MA, USA)ol|A] v sle] 23 o] AL-8-51%]
om, o]Ed] 3 ¥ FBS-DMEM< wAls] 9]t}

4. WES2} EES Xz|of| 2|t Mz MEZE EHI}

WES®} EES A 2]ol| €3+ B16F10 Al2£2} HSFsollA19] A
&5 Hr] f8l MTT assays AAISFATE WESS}
EESE X3¢t FBS-DMEM< 24 hr 5<%t #2]gt $ FBS-
DMEM< ¢+d3] A A3l MTT-medias 200 pg/mL 7}
S 1 hr 9 A5 MTT-medias A AL 2+ wellell
DMSOE o] A& A EZ oA AAAdE formazans =
W o& 96-well plateel] EF3F] 570 nme| FH==
microplate reader(VersaMax, Molecular Devices, Sunnyvale,
CA, USA)E 53l &43to] Al AZEE(% of control)Z 7
2kl

5. B16F10 A|ZZofA{o] Wt MEM X 24

WES®} EES9] A 2]7} BIGF10 Al E Fofl A wepd A
A Al a7 A=A Rl Qe depd A
TEotal A dehde st 0.5 mM IBMXE 12
sled Webhd MAS =38kl WESSF EESE 10, 50, 100 2
200 pg/mLe] FEZ 120 hr E<F &7 A28 AlZ W
©] WES®} EES |g]of| o|gt dlepd &4 Az =& &)
AE F3 AT DMEM A|A ¥ PBS(phosphate
buffered saling) = A2} trypsin-EDTA 200 pLE AH8-3}
o] M| ZZE microcentrifuge tube®]] -2 T3 5 min 5 Y4
Ealsto] Aol Al pellet2 IN NaOH2}F 10%(v/v) DMSO
= Ag3ke] 100CAA 10 min T+ oWl Foll 405 nmell

Table 1. The extraction yields of Schizandra chinensis
seeds extracts

Extraction yield

Name Extraction solvent (%, wiw-dry weight)
WES Distilled water 7.32+0.06
EES 70% ethanol 6.65+0.03

WES: Water extract of Schizandra chinensis seeds,
EES: 70% ethanol extract of Schizandra chinensis seeds.

Aad oA oF BAEREAERS

X &3 =E microplate reader(VersaMax, Molecular Devices,
Sunnyvale, CA, USA)E &3l Sttt detds f=3t

A & AL (—control, WP -E F=3 A& (+)control =
W3l o, (H)control®] FHEE UIZTOE dho] W}
d 3% of control)< AlAFE}S T

6. Reverse Transcription-Polymerase Chain Reaction
(RT-PCR)2 =3t ol 2! &= 23 mRNA 2 =&
=4

WES®} EES®] #2]7} wjul & QIxke] mRNA I <
< EoI3l7] €3l BI6F10 Aol 10, 50, 100 2 200 pg/mL
x| WES 9 EES¢} 37 0.5 mMe] IBMXE 120 hr &<}
Agste] Wehd $45 23 o AXE etk 3%
e B3-S dxle] mRNA HE 58 RIS ¢3)
HSFsoll WES®} EESE 712} 10, 50, 100 2 200 pg/mL %=
24 hr Bt Mgt v A X E et 22 AelE Alx
Z TRIzol*& ©] 83l total RNAS FZ3}1t}. TRIzol® 3=
259l chloroform 100 ILE Y11 &3F8F & 12,000xgol|A] 15
min E¢F YA EEs EdE g5t I53 A
ol 250 uL2] isopropanol< ¥ &3 T 10 min <t
Lof| A HH--AIZ] TS 12,000xgol A 10 min E<F RNA pellet
= Felstch o] % )8 RNA pellet 9]¢l zte] dl= Al
kS A A A3 75%(viv) e 40 1ILS ¥ T 7,500xg
ol 5 min B<F *E)5FItE AolH RNAE RNase-free water
o =i ¥ BioDrop (BioDrop nano-spectrophotometer,
Cambridge, UK)< ©]-838}>] % &3}aL Cycle Script RT PreMix
2 ©]83}] thermal cycler(Bio-Rad, CA, USA)E cDNAES &
‘dste] RT-PCRe AAeisith & Ado] AREH  primer
sequences= Table 2| LYERNSIT]

7
22 49 dolEle 33 WMES Fa ol FolHon, Bt
EoAAE stk B4 *E]l= Statistical Package for
Social Science(Ver. 18, SPSS Inc., Chicago, IL, USA)E ©]-8-3}
of 28l on, Zt 73kl thgt #21"d 2kl Duncan’s test
HPH(p<0.05) B Student’s r-test(p<0.05, “p<0.01 L]l

Tp<0.001) el whet 2k pREe] frolAd Aol & HSHSih
Zdn o 0¥

1. WES2} EES X{2|of| 2|5t B16F10 M|Zol|A{2 M=
MES

B16F16 A ZoA] WESSH EESS] Aol 23t =5d A
X AEEE ] ¢Jal MTT assays A A5k Fig. 1]
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Table 2. Primer sequences for RT-PCR analysis

LMK Schizandra chinensis) S FE&2] Wehd 4 Aal 2 3 F @ nX= JIF

129

Gene name Species Primer sequence (5—3')
TTGTTTGAACACAATGGCTGCGA (sense)
Tyrosinase Mus musculus
AGCAATAACAGCTCCCACCAG (antisense)
GTACTGGTGAGCAGCTCTGT (sense)
TRP-1" Mus musculus
AGTCTGCAATCACAGCCACA (antisense)
TGATCACCACGCAACACTGG (sense)
TRP-2? Mus musculus
GGGTTGTTTCTCTTCAGCCACT (antisense)
CTGATGGACGATGCCCTCTC (sense)
MITF? Mus musculus
CCCCTTGCTCAGAAAGCTCA (antisense)
AGGGAAATCGTGCGTGACAT (sense)
B-Actin Mus musculus
AGCTCAGTAACAGTCCGCCT (antisense)
GGCTTGAACCAACCTACGGA (sense)
Fibronectin Homo sapiens

CATGAAGCACTCAATTGGGCA (antisense)

Col1a2” Homo sapiens

ACTGGCGAAACCTGTATCCG (sense)

ACCGATGTCCAAAGGTGCAA (antisense)

B-Actin Homo sapiens

GCAGGAGTATGACGAGTCCG (sense)

AGGGACTTCCTGTAACAATGC (antisense)

D TRP-1: Tyrosinase related protein 1.

? TRP-2: Tyrosinase related protein 2.

3 MITF: Microphthalmia-associated transcription factor.
9 Colla2: Collagenla2.
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Fig. 1. The cytotoxic effects of WES and EES treatment for 24 hr in B16F10 cells. BI6F10 cells were treated with 10,
50, 100, 200, and 400 pg/mL of WES and EES extracts for 24 hr. The cell viability was quantified using MTT assay at
570 nm of absorbance. Corresponding letters indicate significant differences by t-test.

WES: Water extract of Schizandra chinensis seeds, EES: 70% ethanol extract of Schizandra chinensis seeds, NS: Not significant.
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Yel itk WESSH EESE 10, 50, 100, 200 2 400 pg/mL2)]
T2 AYss W A EES 27 87.84%, 82.55%,
88.82%, 86 68% 2 84.32%%} 93.28%, 91.12%, 91.08%,
97.18% 2 93.56%%= UEISITH WESS EESE RE Fko|
Al ol AQl Aol gllon ol% A3e 200 pg/ml F&
7HA] AHE-8ESAT

2. B16F10 HIEOHA‘I WES®e} EES AMz|of| 2|t Ha}

ol gk A<l X5 Wepd S oAl
7]Hko & &tH(Shin HI 5 2022).

WESS} EES9] 12]7} BI6F10 Al Eo A ek
FFE mA=A ERlsh] ff8 Fepd Fe AAlsk
Fig. 291 JepiIth @ehd QS f=st7] 98l 05
mM IBMXE 120 hr &<+ A 2]ata 22 AF E<tF WES<}
EESZ 77} 10, 50, 100 2 200 pg/mLe] HX=2 A28kt
0.5 mM IBMXZ Hepd W3PS 53 (+)controlol|A] T
o] wapdo] X =lom WESe EESE 2H2t 10, 50,
100 2 200 pg/mLe] == A& A] (+)controlZ} H] w5}
uw] WES 2] A] @ehd &2 38.17%, 24.45%, 22.26% 2
18.35%= UElem, EES #g] A Hahd 22 39.00%,
31.16%, 32.50% 2 30.04%Z UYERSTHFig. 2A). 3
B16F10 Al 49 "eapdo] &5 onA 2 B4 A5t
A= ul o] HEF Aol AR A7E JERICKFig. 2B,
20). Aahd B3-S F538 (H)control THH] WESS} EESS
A3 el e e EFor dahd 7o dald A
S FFE £ ATk Li H 5(2020) 318tz o g2 F53519
He AN (Nigella sativa) FAF2) Thymocid®7} B16F10 A3
FollA] Wepd S =33 23} Thymocid®E 2.50, 5,
10 2 20 pg/mLe] F=Z A3 < w) Thymocid®S *2]
SlA] e control¥} HlwaElPd HWapd  AYAdo]  57.50%,
56.10%, 52.90% 2 38.40%= Hahd Z2o] JA|st= Ao
2 UERtE Shin HI 5(2022)& A%2e] FAl9l Axl§o]
BI6F10 4|3 oA depd i 343 239 dx=

FEES 020%9F 050% el 23 AxE FEFE0]
BI6F10 Al ol &3el thn] 21%$} 24% HaA7]E
AFE YeR o= enat T4 FEET v weEtS W
enA F2F FEE A o8l Hehd IS A 7
WSS RIS 5 ATk webA o] Ad= ew|xt T2

Al

FobAlo kiR

FEE0| ““E‘r” A3 Asl matel A A=A Tk

At =ZoflA WESSt EES Xz2|of| 2[5t datd

=
dHebd A BHE G442 tyrosinase, TRP-1, TRP-2
2! microphthalmia-associated transcription factor(MITF)7} 1t}
TRP-13} TRP-2E 5,6-dihydroxyindole-2-carboxylic acid(DHICA)
£ 724 0 2 YER= indole-5,6-quinone-2-carboxylic acid &
dﬁl/\]ﬁ 4&7@ oz u“a}ﬂ o sl-H o]_ 3, tyrosmase~ ul]g].\d
A ehe G242 A tyrosine hydroxylase$} DOPA oxidase2]
/38 Yehie, #Aebd AlEZ oA tyrosinase, TRP-1 2
TRP-2 59| Fd} Tdlo] Srishd Wepd /o] S7lstA
Hh(Lee SH 1996).

WES9} EESS] #2]7} BI6F10 Al EolA ojudt B2E
5ol Bebd YFAS AAH=A s gia) Bepd 4
3Ll #oJs}= tyrosinase, TRP-1, TRP-2 & MITFS] #-3
A W S RT-PCRE B3l 4151 Fig. 3o YR
t}. WESS} EES2] #2]7} BI6F10 A ZolA] Waphd A3
o] Fdt= FAAQ tyrosinaset MITFS] -2 wHe <=
F& (Heontrol HwglE W 2ol §llevt TRP-134
TRP-29] 32t B FF& dadte Fde HebithFig
3A). WES®} EESO] A 2fol| ofalf fHx} a o] 7Had
TRP-12} TRP-2E W= F&F 249l o]u]x] J(Imagel
software, Ver. 1.54k, National Institutes of Health, MD, USA)
g % FHHFeE wl TRP-19] mRNA @& $50]
(+)control@} 10, 50, 100 2 200 pg/mLe] TE=EZ WESS
101.05% 87.32%, 104.94% 2 61.18%°] 1, EES= 84.94%,
64.07%, 52.15% % 61.66%% Fd FFo] feldow 7ha
st A& UElUtKFig. 3B), Y9 oy} TRP-29] mRNA
1] —’,‘——?—0] (Hcontrolol] Y3 WESS 89.32% 66.73%,
94.45% 3! 88.89%= UEF O™, EESE 87.92%, 77.70%,
45.40% 2 20.55%% WHE o] foldor TAstE Ao
2 eI tiFig. 3C). Jang TW & Park JH(2017)-2 v] AU

g% F4 F3Eol wehd A4l RE 9FL s
7] ¢l Aehd Aol Foddl= tyrosinase, TRP-1, TRP-2
9 MITFO] 34 28 F32 dRlstl o nliduy 1
e T FEEE 25 50 2 100 pgmLe] FEE A28
< W tyrosinase2] AR} ¥E F£EL 95.42%, 76.01% L
64.35%= e o™ TRP-12] 542} ¥d =32 148.68%,
142.34% 3 111.25%, TRP-2°] &d FFE 193.10%,
151.74% B 151.05%, MITFS] 2k @& 52 70.53%,
32.92% 2 2737%% YT Huslt) ek oAy

F s T2 FEEE A EBHA] &2 control} B w3}

m' mlo
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L‘Lr « _] B
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il

WES concentration (pg/mL, 120 hr treatment)

-

(-)Control (+)Control

S

10 50 10 200

Q| AK(Schizandra chinensis) A FZ&E2] dehd A A

EES concentration (ug/mL, 120 hr treatment)

B)

10 50 100 200

'WES concentration (pg/mL, 120 hr treatment)

(-)Control (+)Control “'
10 50 100 200

EES concentration (pg/mL, 120 hr treatment)

©

Fig. 2. Inhibitory effects of WES and EES treatment on
B16F10 melanogenesis. BI6F10 cells were treated by 0.5
mM IBMX to initiate in the presence or absence of 10,
50, 100, and 200 pg/mL of WES and EES for 120 hr.
Intracellular melanin contents were quantified at 405 nm
(A). WES and EES against melanin accumulation of
IBMX-treated B16F10 cells were observed by optical
microscope (B). The intracellular melanin levels were
obtained using image scanner (C). Corresponding letters
indicate significant differences by r-test (" p<0.001).
WES: Water extract of Schizandra chinensis seeds,

EES: 70% ethanol extract of Schizandra chinensis seeds.
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Fig. 3. Effects of WES and EES treatment on the
expression levels of mRNA-related with B16F10 melano-
genesis. The mRNA expressions of melanogenic-related
genes such as tyrosinase, TRP-1, TRP-2 and MITF were
examined by RT-PCR analysis. [B-Actin was used as a
control in RT-PCR analysis. The mRNA expressions were
quantified using Image J program. Each value of the graph
corresponds to the percent concentrations divided by the
amount of B-actin which is the control. Statistical analysis
was performed at *p

Hdk

<0.001 versus control(—), ~ p<0.001
versus control(+) by #-test.

(—)Control: Not IBMX treated-cells, (+)Control: IBMX treated-
cells, IBMX: Isobutyl methylxanthine, WES: Water extract of
Schizandra chinensis seeds, EES: 70% ethanol extract of
Schizandra chinensis seeds, TRP-1: Tyrosinase related protein
1, TRP-2: Tyrosinase related protein 2, MITF: Microphthalmia-
associated transcription factor.
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< o folFow fHA HE FEE A £
Choi EY & Jang YA(2021)& &3UF- 2 FZ550] At
d AJAdol] Te]dl= tyrosinase, TRP-1, TRP-2, MITF2] &3
ZF 9 =F0] 10, 20 2 40 pg/mLelld F% oEH o7 7H
aston, HuEEel 40 ngmle] FEANA 2T F
A FE2ES A2 &2 controlol H|3] tyrosinase, TRP-1,
TRP-2 @ MITFE= 212} 37%, 21%, 21% 2 11%= 22
HE FEe AT e enal T FEES
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HSFs: Human skin fibroblasts, WES: Water extract of Schizandra chinensis seeds, EES: 70% ethanol extract of Schizandra chinensis

seeds, NS: Not significant.
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Fig. 5. Effects of WES and EES treatment on the
mRNA expression levels of fibril-related genes in HSFs.
The mRNA expressions of fibril-related genes such as
fibronectin, Colla2 and PB-actin were examined by
RT-PCR analysis. B-Actin was used as a control in RT-
PCR analysis. The mRNA expressions were quantified
using Image J program. Each value of the graph corres-
ponds to the percent concentrations divided by the
amount of [-actin which is the control. Statistical analysis
was performed "p<0.05, ~p<0.01 and "*p<0.001 versus
control by #-test.

WES: Water extract of Schizandra chinensis seeds,
EES: 70% ethanol extract of Schizandra chinensis seeds,
Colla2: Collagenla2.
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