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In this study, we created pupal stage extracts of Apis mellifera L. drones for use in cosmetic materials.
The effect of the drone pupae extract (DPE) on HDF cells was assessed for analysis of anti-wrinkle
activity by collagen or collagenase gene expression, and the skin-lightening effect was studied by in
vitro tyrosinase inhibition and B16F10 melanoma assay; the two cells were found to be non-cellular
when the concentration of DPE was 100 ug/ml. Albutin concentration (positive control) in the whiten-
ing test was set at a capacity of 100 ug/ml and m-melanocyte stimulating hormone (a-MSH). A mela-
nin-producing induction material was set at a concentration of 100 nM, and the expression of collagen
type I and MMP1 collagenase was measured using HDF cells. MMP1 expression was seen to reduce
in a concentration-dependent manner in treatment with DPE. Inhibiting melanin generation with
B16F12 cells indicated a tendency to decrease in the DPE treatment group. Both L-Tyrosine and
L-DOPA as DPE were used in an in vitro tyrosinase induction test to demonstrate the effects of ty-
rosinase suppression on concentrations. The higher the concentration of DPE, the greater the wrinkle
reduction and whitening effect. In conclusion, it was found that DPE is an effective smoothing and
whitening material by increasing collagen generation and inhibiting collagenase expression and re-

ducing melanin production.
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2747 AEe BANZ

ﬂﬁofq 7HE& EA71E ol &5t
of EHstitt. 24 sEH 7] AE 5 goll 50% EtOH 100

12 713t & A&oA 3 ,0 rpm & £ shaking 3t} over-
night #&3tR308 F24E& NO2 A HAZ o 34g of 45
NAAAEF7IE ALt FFAZ F O T2 X8}
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In vitro tyrosinase inhibition assay

sAdzE #ENH7] #E&L dimethyl sulfoxides
FAZ 3] 5,10 2 20 mg/mle] FEE £33t Zzﬂ%}ﬁ
o}, L-tyrosine substrate & AH8& tyrosinase#] 3l #F-8-2 0.1
M sodium phosphate buffer (pH6.8) 220 ulol 2 mM L-ty-
rosine (Sigma aldrich, Lot. No BCBP3212V) 40 ul ¥ A @ &4
£ 30 plo &3 650 U/ml tyrosmase 10 plE #7tstod
37Tl A 2023 WA F &3] iceol A 53 WA 5t
S TAANTIL 490 nm°ﬂ/\1 FEEE é%f?}‘}idr L-
DOPA substrateg At8-3F tyrosinase 3 ¥H-g2 0.1 M so-
dium phosphate buffer (pH6.8) 200 plel 5 mM L-DOPA
(Sigma aldrich, Lot. No SLBP0312V) 100 ul & A @& &4
50 o] el 1,000 U/ml tyrosinase 50 pl& % 7}ste] 37
Tl A 2083 ¥H-EA 7 F A &3] jeed A 5&3F HA 3k
B A7 490 nmA A FRES SH A Tyrosi-
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nase inhibition rate= U534 22 402 A&

Tyrosinase inhibition rate (%)= 1— ((B <) x100

A:EAT HA7tE £9 B 49 /\]
C:ANE% #7l, D: 849 AN EF

M| ZHH

HDF ¥ B16F10 (mouse melanoma cell) ATCC (ATCC,
USA)E &3l 743t 2m 10 % Fetal bovine serum (Gibco,
BRL, Life technologies CO. USA)% Antibiotics (Gibco, BRL,
Life technologies CO. USA)7} £3¥ DMEM H] 2] (Gibco,
BRL, Life technologies CO. USA)°ll 3¢l & WA A ujuj o
At AEE 5% CO} FA5E 37T incubatordl A Hj
Foto] AE3HT

MESHAR

Az @ T@‘ﬂﬂ]ﬂ—ir% % dimethyl sulfoxideE
FAZ 3kl 20 mg/mle| F &3lstil, DMEM Hj A =
A7Vsked 125, 25, 50, 100, 200 ‘;4 400 pg/mlo| FEE 23}
of A3t 96-well plated] HDF Al £+ 8x10° cells/well,
BI6F10 Al & 1x10* cells/welld] 52 seedingd}al 2447t
HefstAnh AR EAE s R Aesty 4T Wt F
o CCK-8 (Dojindo, Japan) 10 ul& #7}8te] 37T incubator
ol M 1A17F F7} vl 48t 9 . Microplate reader (PerkinElmer,
Victor TMx3, USA)E ©] 834 450 nmol| A EFEE ZA4 3t
o FAATY AL AEE U 4 s AZAEES

et

Collagen | ¥ MMP1 28izt 53

A% #EHH 7 FE2E S dimethyl sulfoxideE ¥
FAZ 3t 20 mg/mle] FEZ £33, DMEM HlA &
A7ksked 4,20 3 100 pg/mle] == Ao AE3AT
Gt 22 DMEM H A 9] DMSOE 05 %9 =& 24|
ko] Ab-8}¢ITh 100 mm plates] HDF Al E£E 15x10° cells/
plate®] ¥EZ seedingd} 1 24A1t st H . v WA &
A AT PBS 1 ml/well& 7} & UVB 200 mJ/cm’*S =
ALSEITE PBSE AlA St AP Edo] = e 2FE ek
WA S Aesta 2443 wjoF Foll AELE FAS AT AZ
+ easy-BLUEIM Total RNA Extraction Kit (iNtRON Biotech-
nology, Korea)?] 7ol 2} total RNAS FZE3HTH F
29 total RNAE Spectrophotometer (UV-2450, SHIMADZU,
Japan)E ©]-&-3}%] 260 nm 5! 280 nmI A FHEES FA 5o
Attt RT-qPCRE iTagM Universal SYBR® Green
One-Step kit (BIO-RAD)E AH8-3F9] Real time PCR machine
(Chromo4, BIO-RAD, CA, US.A.)2 ©]43t9] Collagen I
Az HEFS vwsty] 9189 Forward primer 5-AGGGCC
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AAGACGAAGACATC-3'# Reverse primer 5- AGATCAC
GTCATCGCACAACA -3'E AHg3sti o, MMPT 3 2k &
g v wsty] 918+ Forward primer 5-TCTGACGTTGA
TCCCAGAGAGCAG-3'& AF&3t3l control2& Forward
primer 5'-AGAGCTACGAGCTGCCTGAC-3'# Reverse pri-
mer 5-AGCACTGTGTTGGCGTACAG-3'S A3t 10
min. at 50T, polymerase activation and DNA denaturation:
1 min. at 95T, amplification (denaturation: 15 sec. at 95T,
annealing and extension: 30 sec. at 60C, 40 cycle)®] 202
Real time PCRS 33} th. Real Time 23+ Bacting

(){koi BASY SANEF Uy A4 ddFS A
At

HatH MdE ZHAR

6 well plated] BI6F1041EE 5x10" cells/welld] FEZ
seeding®tal 24417 Wl FetAth oMSH 3 N P22 & §5
HE Agsta 4847 Foll HjAE A AL PBSE AIZE
A # 3k th. RIPA buffer% Arhetel AEee Ajmga
12,000 rpmoll A 20% & YA 23t proteing FE3+
oh. BCA kitE o] §-3te] 540 nmolw FREE S5t gy
A A5k cell pelletS 1N NaOH (10% DMSO)% 500
ul F7kste] 70Tl 20823t ¥ AA A2 o dehde &5t
Ak &9 Wede 405 nmol /‘1 %% & (PerkinElmer,
Yx3, USA)Z :7‘ o, Bty FEF(Sigma al-
dAgd ¢S

i

Victor "
drich)o.2 @2 %+ AFAL ]%o}oq 2}+7} 9]
223} I total protein FOE H AT

SHAz
AYoA Lol BE ARSS BEH ¥
o™ SPSS (SPSS Version 20.0 Inc. US.A)E AH&-3t HA

2l
AN
to
_);]_1‘
fr
=
hu)
=

A 120 -
100 4
80 4

60 A

Inhibition rate(%)

40 A

20

0
0 5 10 20

Drone Pupa Extract(DPE) (mg/ml)

341t} One-way analysis of variance (ANOVA)E 4 Al (9]
TF:0.05)8 23, FJAo] #ZHH control groupel tf g
72t AR 23 o d e &A87] HE Dunnett's t-testd]

& AR ANFAR(FAFE: EF 005). In vitro ty-
rosinase inhibition assay A 3= Al It AHo] FFE &<l
3t7] 93 Duncan’s multiple range testE 4 A3t S oH(r o]
F: ¥ 005).

Zn g ;E

In vitro tyrosinase inhibition &1}

Tyrosinases= Wetd A4 ZE2AXN T3 &8t &
aol7] ol o] B4 FHE AT 5 e AL g
o oAF] 242 &8 5 A FENHHIFEEY -
rosinase 24 A o5 Fst7] e SuihET o ty-
rosinase AN A& 0% o2 3191 5,10 E 20 mg/ml<]
FEE 24 8 FEY] F2ES Addis 1 2% 5
WY 7] 2259 i—L"ﬂ w2} L-Tyrosine substrated] o)
tyrosinase A3 &4 7+7+ 40.7, 625 L 838%F LYEMN A 1L,
L-DOPA substrated] st A& Z+2t 534, 57.7 4
619%5 Yetlilon), 4749 dite SAGH R {od
Al Z 7= % th(Fig. 1A, Fig 1B). w}aw THHHY FEE

7 FEIEH 02

in vitro tyrosinase inhibition A&
A7t A€ st 244, ‘ﬂ]E}“ F=A, 7" g
BHT (dibutylated hydroxytoluene) &-& -3 343124
7 MM ESS JEh= Ao2 gEA 9o ek 24
Aol slo] AHgFE AL Lem[15] ofo wel AF
HA o M & pheolic acid, flavonoids, carotenoid &% 22 A
AEAH} 74F HERREH 32 $FES 7UA 2 A5

AR o] &3] o] Fof A it} E AFAFHAAE ¢

60 A

= et ch

Inhibition rate(%)

™)

10 4

0 5 10 20
Drone Pupa Cxtract(DPE)(mg/ml)

Fig. 1. Inhibition rate of drone pupa extracts on (A) Tyrosin substrate inhibition and (B) L-DOPA substrate inhibition activity.
Transcriptional expression profiles of tyrosinase in response to drone pupa extract (DPE) in the HDF cells. Each point repre-
sents the mean + S.E (n=3). After 24 hr, total RNA was isolated from the cells at 0, 5, 10, 20 concentration post treatment.
tyrosinase transcripts were analyzed using RT-PCR. The bars represent the means + SD. Significant differences are indicated

with p<0.05 by Duncan’s multiple range test.
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Nk
171 F2E9 AE S4E AQs] dstd di-
methyl sulfoxideE FFAZ 3t 20 mg/ml F=& FHH
H7] #2E& 3 3t1, DMEM #A S H71ske] 125, 25,
50, 100, 200 2 400 pg/mle] 5 =2 243t} HDF cell A%
=4 o5 Ag S 51t Control HDF cell®] A EAZE o]
100% Y o} &) =72 HDF cell EE2 F¢ 105.1%=
Srl= Ax A2 FFS v AA Fdo) mehA FEw
b7l F&E°] 100 ug/ml ot A= AEE5A S YetfA
eksteh. I8y 200 ug/mloﬂ A 70.2%, 400 ug/mlol A 38.5%
] HDF cell B E&E&< e TH(Fig. 2A). =3 B16F10 cell®]
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HAA gE Ao #dstith(Fig. 2B). FEWU] FEE
100 ug/ml A 2ol M= 89.9%< AIE AEES YERo] &
235 2folE YEb A &3kTh L2 Bl6F10 cell®]
7$-o = 200 pg/mlol A 80.2%, 400 ug/mlol A 48.3%9] xﬂz
AEES Ueol 4838 7Hed s=24 FUdby] +

£& 100 pg/mlE Hil =2 At A /\}%0}9\9\‘:}.

Collagen type |, MMP1 &sigk £X

S 255 A2l e HDF celld] 93 44 E col-
lagen type I % MMP19] Z#FE RT-qPCRE 45t
L zs 7|Fo R *Pfﬂ e A, 279 col-

lagen type 19| H@FS 12 AA3 %< o UVBY A&
279 collagen type I «] Eli) %k% B 0622 Stz
T3 HlA FAHCE FoSHA Fasdte], UVB 2A 9

S collagen type 19 LdFo] Z44d A
T A 74 E collagen type [ o HHF

rlo m[o

Adasn. gz
_/'I:

100 A

»
S

Cell viability (%)
- N
o o

=
S

=)

Control Vehicle  6.25 125 25 50 100 200 400 (ug/ml)

Drone Pupa Extract(DPE)

Fig. 2. Cytotoxicity of drone pupa extracts on (A) HDF (8x10° cells/well) and (B) B16F10 (1x10" cells/well) (B) Cells (n=3). Different
concentration of DPE were treated for 24 hr in 8x10° cells/well HDF and 1x10* cells/well B16F10 cells. Control means normal
control group (media). Vehicle means vehicle group (0.5% DMSO).
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4
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=
£ 04
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~
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Drone Pupa Extract(DPE) = = ® R ™

Relative mRNA level

25
10
) l l
00

Control mo (ugfml)

UvB
ne Pupa Extract(DPE) - - +

Fig. 3. Effect of drone pupa extract (DPE) on (A) the expression of collagen type I and (B) MMPI mRNA in HDF cell. HDF cells
were treated with indicated concentration of DPF (n=3). After 24 hr, total RNA was isolated from the cells at 0, 4, 20, 100
(ug/ml) concentration post treatment. collagen type I and MMP 1 transcripts were analyzed using RT-PCR. Control: Normal
control group (vehicle), Drone Pupa Extract (DPE) 0: UVB only group, Drone Pupa Extract (DPE) 4: UVB + Drone Pupa
Extract (DPE) 4 ug/ml treated group, Drone Pupa Extract (DPE) 20: UVB + Drone Pupa Extract (DPE) 20 png/ml treated
group, Drone Pupa Extract (DPE) 100: UVB + Drone Pupa Extract (DPE) 100 pg/ml treated group. The bars represent the
means + SD. Significant differences are indicated with one asterisk at p<0.05 and with two asterisks at p<0.01 by Dunnett’s

t-test.
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2 im?ﬂlﬁ = 9]}_;(4 o= 57}3].
), 20 ¥ 40 pg/ml Aol A 5A T
p<0.01)& YER L th(Fig. 3A). 2181 Svjth=T ¢ MMP1
of FdFS 12 HAA S ¢ UVBY A tzT9
MMP19] R FE HF 2312 ot 273 vlwste] 54
Ao 7 Fo3HA F7tste, UVB A &t MMP19] &
Ae Ao dzTodA 7 i% MMP1
Ha*ﬂdrﬂﬂ FEE AYTAAM vE gEHoR
Lmqm ,20 2 40 pg/ml xmwxi 5
05 % p<001) e S th(Fig. 3B). 2

<0.
THHH 7| FE2E-E collagen A& F7F
3
I

T A%E Yl
2Ql 94 (p<0.05 %

P ai o
¥y

0¥ o o

>

Ei"d MMP19] 28 g Ao zH
g Aoz FIHT,

Melanin MM X S}

FHNY 7] 2229 melanin A4 A4 AEE Y3t
B16 F10 celle] a-MSHE A2 3to] Al Z A melanin 44 <
Z7I0 7)1, S8y = %% SR AYste] AX Y
WA HE melanin®] F& 243 A3, &ujt) 222 melanin
A4 12 dee o aMSH”P Aee el AE
W melanin A4 FL 2672 Gt z7o] vt FAHOR
49187 2715 0], a-MSHd o8] A E U melanin 44 o]

30

Melanin ratio

Control 0 4 20 100
o-MSH - + + + +

Drone Pupa Extract(DPE) - - * + +
Albutin - - - - -

130 (ng/ml)

Fig. 4. Effect of drone pupa extract (DPE) on the expression
of Melanin in B16F10 cell. B16F10 cells were treated with
indicated concentration of DPF (n=3). After 48 hr, pro-
tein was harvested from the cells at 0, 4, 20, 100 (ng/
ml) concentration of DPE and 100 (ug/ml) albutin post
treatment. Melanin concentrations were analyzed using
BCA kit. Control: Normal control group (vehicle) Drone
Pupa Extract (DPE) 0: a-MSH only group Drone Pupa
Extract (DPE) 4: a-MSH + Drone Pupa Extract (DPE)
4 pg/ml treated group Drone Pupa Extract(DPE) 20: a-
MSH + Drone Pupa Extract (DPE) 20 ug/ml treated
group Drone Pupa Extract(DPE) 100: a-MSH+ Drone
Pupa Extract (DPE) 100 pg/ml treated group. The bars
represent the means + SD. Significant differences are in-
dicated with one asterisk at p<0.05 and with two aster-
isks at p<0.01 by Dunnett's t-test.
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W AEFS, TYEAANY AAGE2AN)

B AFdAE A=A FEWUUIFEE9 invito FEANA, P18 2 B 8% H7hE ARG £
7| 3259 Wi ash AFE 9138te in vitro tyrosinase inhibition A @& At ol & $3te] 7| d = L-
Tyrosine ¥ L-DOPAE A43t8l< W] BF 5 EH O tyrosinase G4 5 BAA pHjEHE 71A 1
e s st 22 RG] e #4403 R Reads 7987] §8he HDF, Bl6F10
cell& A&t FE59 ol A vAE MESAANLE AAT F AP 7o &3 dAsAH.
1 7%4 = ]E £F 548 b}EhHZl 100 pg/mlS AT SEZ AAsT, T8 1/52 20 2 4 pg/mlE
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