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Protective effect of Mori Fructus in HaCaT human keratinocytes exposed to UVB
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ABSTRACT

Objective : Mori Fructus has been used to relieve thirst, and treat dizziness, tinnitus, and insomnia caused by poor
constitution, This study was performed to investigate the protective effect of the ethanol extract of Mori Fructus (MF)
in ultraviolet B (UVB)—induced apoptotic cell death in human keratinocyte cells.

Methods : MF was prepared by extracting 100 g of Mori Fructus in 1 L of 100% ethanol for 48 h., 3—(4,5—
dimethylthiazol—2-yl)—2, 5—diphenyltetrazolium bromide (MTT) assay was used to measure cell viability, Apoptosis
was determined by terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay, and the expression
of apoptosis—related proteins was observed by Western blot. Tyrosinase activity was measured with a colorimetric
commercial kit,

Results : MF promoted cell vitality and inhibited apoptosis of UVB—induced HaCaT cells. MF pretreatment reduced
TUNEL—positive cells and increased the expression of caspase—3 and -9, MF also displayed antioxidant effect with
high radical scavenging ability. At 2 mg/ml concentration, the 2,2'—azino—bis(3—ethylbenzothiazoline—6—sulfonic acid
(ABTS) and 2,2-diphenyl—1—picrylhydrazyl (DPPH) radical inhibition rates were 55.3 + 4.6% and 48.5 + 1,3%,
respectively. Furthermore, MF showed a concentration—dependent inhibitory effect on tyrosinase,

Conclusion : These results suggest that MF functions as a protective regulator in UVB—induced HaCaT cells by
regulating apoptosis and partially exerting antioxidant effects. In addition, the tyrosinase inhibitory effect of MF
shows the potential for MF to be used for skin pigmentation,
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1. Alek

Penicillin—streptomycin, fetal bovine serum (FBS),
Dulbecco's modified Eagle's medium/F12 (DMEM/F12)=
Gibco BRL (Grand Island, NY, USA)o|A 3ttt Poly
(ADP-ribose) polymerase (PARP), caspase—3, caspase—9,
B—actin &A= Cell Signaling Technology (Beverly, MA,
USA)o| A F38}e] A3}, Protease inhibitor cocktail,
BCA protein assay kit, chemiluminescense detection kit
L Thermo Fisher Scientific (Waltham, MA, USA)o|A
T35ttt Tyrosinase inhibitor screening kit= Bio
Vision (Milpitas, CA, USA)ol|A F£435}x ABTS, DPPH,
MTT 2 7]€} A|2FS Sigma—Aldrich (St. Louis, MO, USA)
ol Al sttt

2. HAA e 32 Az

W (Morus alba Linné)2] gufjel A& Mori Fructus)
= HaSAdAHDaegu, Korea)oll Al F+gste] 24 HES 4
Algt & &5 Az ARSI AR $HeE 100 g9
AAAE 100% olehE 1 Lol YL Ao A 48A]7F &3 &
Z3F %9 filter paper (Toyo Roshi Kaisha Ltd, Tokyo,
Japan)® Ai}stal JF5EeHT, FAUR+= ultra—low
temperature freezer (FDU—-1100; EYELA, Tokyo, Japan)
£ A& 12A17F ¢t AFqsta o, =252 AMS A7HA|
—20Cel E@atgit, AHA dgE FEEMP)Y FHF 5
€2 7.13%A .

3. A3 vj%F ¥ MTT assay

HaCaT cell-& AW ¢ktjo) A Bekdtol 10% FBS, 100
units/m¢ penicillin®] Z%%¥ DMEM/F12 vjX|& A3}
80-90%2] confluence W o] THstEE ujoksta] Ao
AESHETE MTT assay® A2 HE&S SA5H7] 98l 24
well plateo] HaCaT cell (1x10° cells/wel)S EZ=3}
MFE =30, 3, 10, 30 ug/m))2 18 A|7H5<t AA X3t
B0 UV crosslinker (BoTeck, Gunpo, Korea)S A3l
300 mJ/crr®] A|712 UVB (312 mm)ol =&AH T, 5 A7t
% AN|3ZZ phosphate—buffered saline (PBS)E A& 3l
0.5 mg/m¢ MTT gqo=z wRS(37C, 4 hAA A
formazang DMSOZ &4 570 me] IAoA SHE=E &%
St A2 AE2EL RA| 2o e HEEE T3 T
Ao o) AAbstgnt

al
3

oL rﬂ‘"
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Cell viability (%)
= 100 x (absorbance of treated sample)/
(absorbance of control)

4, Radical &7 &4 &34

Radical 27 84& DPPHSt ABTSE A}&dte] Z4a}
o}, DPPH radical solution2 0.2 mM9] F=2 F£H|3}
ket 5=(0.2572.0 mg/m0)] MF&} 5o 2 359
AAo A 30& B vhSAIZ] F 517 molA FEEE S
3}t ABTS radical solutione 7 mM ABTS2} 2,45 mM
potassium persulfate® THOR o] A4 H-E
(12-16 h)AlA Azt AP A7 3] ABTS
radical solution< HWErZ] 843te] 734 nmol|A L =7}
0.70 + 0.027} E=E Zu|stAT MF9} S0 2 B35t
A A 108 B¢ ¥SAIZl & 734 molA FFEE EF
gttt YREZZ ascorbic acidE AHES 2w DPPHQ}F
ABTS radical &7 842 thg 4]0 what A WEE=
A A3,

AN Iy
ol Rl & ¥

Inhibition %
= [(absorption of control—absorption of sample)/
(absorption of control)] x 100
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5. TUNEL assay

HaCaT cellZ 4 well chamber slide9] welld 1x 10°7]2]
TR ujgst MFE 18 A|7F % AAX| 84Tt PBSE
MZE AA3sI 300 md/are] Al7]12 UVBl| =&A171 & 5
Azt o HjFstgtt, TUNEL-positive cell& HIFAZES
formaldehyde® A3} in situ cell death detection kit,
POD (Roche, Basel, Switzerland)2 %M3}to] light
microscope (Eclipse Ti—E, Nikon, Japan)2 &3} T},

6. Western blot analysis

AAE 22N (whole cell lysates)= €7] 93l protease
inhibitor cocktail®] ZgHH radioimmunoprecipitation assay
(RIPA) buffer (1% NP—40, 1% sodium deoxycholate,
0.1% SDS, 25 mM Tris—HCl pH 7.6, 150 mM NaCl)Z
H7Fste] 4TolA 308 B9 lysisAlFth. BCA protein
assay kitZ @2 FFFet & il (30 ug/lane) 10%2]
SDS—polyacrylamide gelolA A7]9%535}49t}. Nitrocellulose
membrane® 2 Holgh Tl dof Ax}FA| W o|x}FAE vt
SA|A & TS enhanced chemiluminescense detection
kit2 WFAAE
Rad, Hercules, CA, USA)oj|A] Ttz Bic S

3 o] ChemiDoc Imaging Systems (Bio—
skt

7. Tyrosinase A3} &4 &A

Tyrosinase A3 &4 &3] Y34 MFE 498 5%
(1, 2, 5, 10 mg/ml)E FH|3}3L kojic acid (0.75 mM)E o
2EH2 AMEStY] tyrosinase A3 S AT
Tyrosinase Inhibitor Screening Kit2] guideo] W&} &4
o2 ZH|stAom 30T 608K Bk BHS ZHshect

Iy

8. A4 A%
Ag A= mean £ S.D.2 Yeiglod fo4 AL

A=9-9 SPSS ver, 23 T2 1L AR5 one way analysis
of variance (ANOVA) BAE AAE%cH AlSE AZLS
Tukey HSDE AH&-SHH92™, pghol] 0.05 w9t o FA44
oz gostithn Bystan

m 2 3

1. UVBY] =25 HaCaT NZ &4 3
MFe| B35 a3y}
HaCaT celloll MF (3-30 ug/m)S 18A|7F AR =gk
300 md/ard] Al7]2 UVBE ZRASIY AE &AL
the MIT assay 2 AlZ HE&S AT, 1 23 UVBell
o3 §9% (p € 0.01) AZE APEE AT 5 UdeH,

MFe] 5% olEd o AE B I} vehde Baelar
(Fig. 1). 30 ug/uf 5014 MFi= UVBE AH2jah A%} vl
gl 181 + 8.1%9] 43 AZAEES BT MF (30
ug/n0)®) THE AROIA A 24 eRA] 29k
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Fig. 1. Effect of MF on UVB—induced cell death in HaCaT cells
HaCaT cells were pre—treated with various concentrations (3, 10,
30 ug/ml) of MF for 18 h, exposed to UVB (300 mJ/cr?), and
cultured for an additional 5 h. Letters a—d indicate significant
differences (p ¢ 0.05).

2. UVBE $& % HaCaT cell®] NZAE AL
MF7} v x|+ &3}

UVB®| 9%t HaCaT A2 &4fo] A|ZAFEAR] 7]Q18k=
2| g1st7] Y8l TUNELT A ZxpEAL i el dof of gt
Western blot2 AA]34E T, TUNEL 42 53 UVBO
3l F=d ME Aol AlAEAR ) o7 E e
MFZ ZA 23t TUNEL %44 Az —’F—7} Faste] A=

A ot &44E R5E 4+ QS
(Fig. 2A). MZEAEAL Fofdts ThiZ
Werstern bloto| A= TUNELY} 22 237} L]-E]-‘;,‘:E}, UVB
= AEADA] 43 98-S %%3]-% caspase—3%} -99]
TEE F7HIH LY MFo| o8 ZAEth E3F UVBe|
9J3 oF7|=E PARP cleavage®™ MFo 23] A3zt (Fig.
2B). ©]2g AxE= UVBO| &d w2 ZHAA| Zo| A MF7}
N ZALEA ]| &J3E A EAFS B3 HoEt)

3. MF7} free radical &# 9] v|X|&= a3}

977} UVBY| &= o] kdpyl Ay o Fa3 Yelo]
g Aol free radicaldt 2 AsHEolTt’, MF7} 0|2t
free radicalZ &Adt=d| ¥ AIE Yelf=A ABTSS
DPPH assays &3l A5 BT 11 A3 MF= 5% &30
2 free radicalg &A= & YEHIT MF= 2 mg/ml
9] B&oA 55.3 + 4.6%2] ABTS radical A5 24
50 #M9] ascorbic acid (55.2 *+ 3.8%)9} §-ARE A=
Eliith (Fig. 3A). DPPH radical £7% A oA = MF=



64 K # A BB € 3 — Vol. 38 No. 5, 2023

=% 9ZA9l radical £2A5S EHTH 17 2 mg/m o] = 485 + 1.3%%c} (Fig. 3B).
oA MFe|| 93t radical A& &x= ZH2F 28.1 + 1.7%,

A J
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(B) | - —— ‘ Caspase-3
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Fig. 2. Effect of MF on UVB—induced apoptosis in HaCaT cells
(A) TUNEL assay was conducted to determine apoptotic cell death. Arrows indicate TUNEL—positive cells. 4 X magnification. Scale bar
represents 200 um. (B) Expression of the apoptosis marker protein was monitored by Western blot analysis, and S—actin was used as a

loading control.
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Fig. 3. Radical scavenging effect of MF
(A) ABTS radical scavenging activity and (B) DPPH radical scavenging activity in cell—free test. Ascorbic acid was used as standard

antioxidant molecule. Letters a—f indicate significant differences (p ¢ 0.05).

4. MF7} tyrosinase 4 Ao u|x]+= &3} MFE 5% 920 2 tyrosinase?d TS Adfsts a1
et (Fig. 4). AZFe2 714E HA7HS 19
tyrosinase &4 AsE FHLE sto] AhH a7tE AT
2 Z3 10 mg/mle] FZ=oA MFE 17.1 + 0.7%2] A3l
S et g2EAZ 24 kitoll ZFH kojic acide
0.75 mM (= 106 mg/ml)9] F=o]A 60.6 + 1.0%2 &4
A5 ax-g Bt

UVBe| &3t o f Maake vg Aoz ZA7F 2 B
oflzt X=of B2 A7t} A7t 285 ¥REAZ ot
Ao Tk oko] Welhdo] YAE ] frolm® o]
Ao F23% TS 3l tyrosinasel] Ao MF7} o] ®
a5 YEpEA] ABEgth o8 F=(1-10 mg/mb)olA
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Fig. 4. Tyrosinase inhibitory effect of MF
The effect of different concentrations of MF (1-10 mg/md) on

tyrosinase activity was determined in cell—free test. Letters a—d
indicate significant differences (p { 0.05).
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oA NE BT 9= 32519 1L free radical ¥ tyrosinase
Aol 24 FAstich

UVB+= HaCaT9] AMZAHAL|A 7F8 8t trigger2 7HFE
4 glen DNA fragmentation, chromatin condensation,
cytoplasm vacuolization®} Z+-2 A& &9l A|EXHA} FA}o]
WA @k’ UVBel o8 S =8 AP 4A L] Apde
T2 caspase—99 E/3stel TR0 Gl WA AlZADAL
A2} Bo] gtk BuEYt”. S43HE caspase—9:
procaspase—3& A4 o2 HAdt thE C-Twe 22 9
Elol= 2ZMS H&EStY] caspase—39 EASIE (st
caspase—39°] 93t PARP @z o] Hrto] &4 DNAQ
BE1E B/ Fo2H HFHoRE AEZAIAE 2T
2 MFE UVBY] 98] #4AE caspase-9 L
caspase—39] ¥d &S A% £A3}L PARP cleavages
Asfiste] UVBE f4d F &40 tiste] A ZAEA &
oE et olafd At MF°ﬂ 2J3t TUNEL g4 Al
2O AN E AT 4= YT

7ol Fr=3} BAofA free radicald} 22 4teHEE 0]

Z93 Yolow 2g35t}’ DPPH 2 ABTSE: 3H4ksl 23
free radical &# AL F7}5t= ¢ AFEEE dukEQl
ANZ Fast B4 A|2”le R §4 radicalE BPAT &
Abst B4o] 02 Ay 58 2AF 4 ok, MFE
radicalE& AR}H o2 A= A 4S5 Ul =T
DPPHX T} 9Fo|2 e 9] radicalS AAdH= ABTS 4]0 A
o 2 A 8% ZYth Radical 27452 % F&
Eo ¥-54 polyphenol®} flavonoid 3FHEQ 5t A+
A Yehdd? . MFo Z3E o] }FEET} radical 27
ol digt AEIAE 47 HAe AEES A7t H &
TEo

ATt FjFe MA HF2 UVBY ¥h-§3dte] &3
melanocyteo] Al melanine] E4E o] WAFTS? HWepy
AL F2 g-melanocyte stimulating hormone (e—
MSH) ©f 98 f==m datd A Eold HAF AR
microphthalmia—associated transcription factor (MITF)

oo -113.\9,

¢} tyrosinase, tyrosinase related protein—1 (TRP—1),
TRP-29} Z& #a & o ARG, 53,
tyrosinase= tyrosine2 levodopa (L—-DOPA)Z HA&3s}t=
819] melanin 4] &= AT Ho2 g,
B (Morus alba Linné)2] tfofFst B QoA tyrosinase
Al eyt RuE =, FURY U] F&E00 9Tt
tyrosinase A &I/} SelE Q) W o 2EE9 7
A& 35-E0] tyrosinase 4 2 melanin S 3|5+
o, B Aol AR oehE 2EE (MP)E 5% 9%
%l tyrosinase &4 JAEILE Bt HW2EHIE AT
kojic acide} H]m3lH tha W2 A& AL B, MF=
10 mg/me] H=oA 17.1 = 0.7%, kojic acid= 0,75 mM
(= 106 mg/mf)9] FEZolA 60.6 £ 1.0%9] A&S 7
mj 2o @ H|Z R tyrosinase A8l AZE AAsH7|= o9
th, olde AF=EHE MF= HF ZAFPARANA F &
ol At NEZAFAIZRE AZE HEsta kst &4 9
tyrosinase A3 A& W3she Bx2A A5 33tz
2§ o]9o FpFF ol AekoA TR BE AR A9 7HX]
7F FHERS T = T

v.2 &
£ AFolMe UVBYl =29 HaCaT 7”&‘&"“/\1]5&01]*1
FARENT) e 228 (MF)o] Yeil: aiE
B3 gaket gl tyrosinase B4& 2AMSHY thadt é‘% 4
TS A3

1. UVBe] o& #d4ad Az HEE
FAEHAl FZ7HE AT

o] MF A Z]o] s

2. TUNEL gAo 2 UVBo| &3t NZAPE N ZAEAL
719182 elslg o MFE UVBE =9 AZatd
AE AIE AT
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4. MF: ABTS 2 DPPH radical® 4Ast= S48 B
fom, 2 mg/ml FEANA JAELEL ZZ 55.3 *
4.6%, 48.5 + 1.3%%t}.

5. MF= 5= 9 £F 02 tyrosinase &4 A aiE =
art.

ol gt AIE-L UVBE ZALS HaCaT ZAF AN Lo A
MF7} AZAEAE JATCE2N A B3 G UepdS
HoZEoh E3 UVBY 93t ASAEFH A 9 melanin AJ4
T2 AT = Y= 7HeAE RS 2R MF7F A
A A= A5 o2 Qg B 3ol MA A FA|st=T|

28 4 Y2 AN

AR 2

o] =2 20239k AR SRS Ado=
AT Ade wob +3E AU (No. 2018R1AS5
A2025272).
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