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Abstract

Purpose: In this study, we aimed to examine the anti-skin aging effects of Korean
freeze-dried royal jelly and its main ingredient, 10-Hydroxydecanoic acid (10-HDA),
in order to promote Korean royal jelly as a health functional food ingredient for
improving skin health. Methods: The effects of Korean freeze-dried royal jelly and
10-HDA were determined by examining the proliferation and migration of human
keratinocytes (HaCaT cells) in a skin wound healing model by using EZ-cytox kit
assay. The changes in production of matrix metalloproteinase (MMP)-1 and MMP-3,
which are related to skin aging in HaCaT cells, after UV-B irradiation were analyzed
using enzyme-linked immunosorbent assay. Real-time polymerase chain reaction
was employed to analyze MMP-1 and MMP-3 gene expression. Results: Korean
freeze-dried royal jelly and 10-HDA improved the regeneration and migration of
mechanically damaged HaCaT cells. The test group treated with 100 ug/mL of
Korean freeze-dried royal jelly and 100 uM of 10-HDA yielded similar results to those
obtained for the positive control group treated with vitamin C. Furthermore, Korean
freeze-dried royal jelly and 10-HDA significantly reduced the production and gene
expression of MMP-1 and MMP-3, which are the key elements that induce skin
aging by suppressing collagen generation in UVB-irradiated HaCaT cells. Conclusion:
We examined the anti-wrinkle effects of Korean freeze-dried royal jelly and its main
ingredient, 10-HDA. The results suggested the applicability of Korean royal jelly as a
key functional health food ingredient for improving skin health.

Keywords: Royal jelly, 10-Hydroxydecanoic acid, Health functional food, Human
keratinocyte, Anti-wrinkle

thKFDA 2019a), 18} A& Ax} Zro] Q)& slAof o3t £]9]
A g Resh= Yl w3l Hjste F1 %é% FEI AFE0]
2718z 9 wAet, Agt A9 gRAXS, SEts, AL A F4E
Aezd o8 oF mEel =9 271X 7ItKFDA, 2019a). £3] #A+¢)A B (UVB,

HE3I= gkl 7% 290—320 nm)+= matrix maetalloproteinase (MMPs)2] AL
7FA 3L QohRittié & Fisher, 2002; Zhang & Duan, 2018). SE5ta, gRZZANE Y DNA A 22)9] AlSHa] AEF A

FZA o7 uHE= F1)(epidermis), 23 (dermis) 1231 H3}A] £ 9ulele Bwglo] 29 Y9lo|thMa et al., 2003; Kalbina &
HHsubcutaneous fat) 2.2 A= 0] 9lom FujE 1A= AE Strid, 2006; Ryu et al., 2019), =3}% XA 714 tjxz o
£ 23 A Z(keratinocyte) 2 0]F01A glom 1 oo Wapd 2 yehte Wshs ZEHl(collagen) A9 ¥A 723 W30l
A Z(melanocyte), FA 252 A|E(langerhan cell) U HAANZ tHFisher et al., 1997; Quan & Fisher, 2015). S<}4 &3] =
(merkel cel)E o]Fo]A Qlt}, #H-9] kedh= A I w=5het 7kt AR At SAlol GoluA =HH FeHe] A o)

A =3H(FeBhHE "}% = 9loH ol =319 A EA o] op7|=| 1 A= FHAY vt FUEIL o]T Wk mE
2 Hlad Aujshy, 235, gRAxE, gEAa 5 =+ U0 T 9 AaE 2@k gek(Varani et al., 2000). Matrix
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metalloproteinase (MMPs) &4t AEZ 27| (extracellular
matrix) FHAS HfT E3] MMP-1&
collagenase 122 4#A o, typeI & 1 collagene 712
2 3t} MMP-3% stromelysin 10]2}2% 3, 7] &42H9] type
collagens £3l|5}H zymogen?l proMMP-1& Z43A|ZIh
(Brennan et al., 2003; KFDA, 2019a; Lee & Park, 2019).
2EAF (royal jelly)= 5-159FH 2 o ddo] 7ot &
2 mof Sl FAl(hypopharyngeal gland)ollA &H]s}
BAER 51 oY Ho|2 AMEEE=T qu@ﬁ]h %l
] A Sol= FojEa, i 2o f32 Hit &
3%_]11"_ FoEt 2gAg= OHﬂ}\H_,] HAAF B2 AFA]o|,
o A=A WAE 2 glon, = E, Tl A BaeshE, o)
Bt 2715 o|Q]o] AYBHYELR o|Fo7 EEdo|t}, 2¢
A 9] F QA B2 10-hydroxydecanoic acid (10—HDA)2} major
royal jelly protein (MRJP)Z <A om LEutoAdE= 10—
HDAE 2gAz|9| #7402 dA=o] JTHKFDA, 2019b). 22}
AR A AAZGeE 2G4 AFFIA L 22 A77154
F02 9 AMEHY glom, 5 Wadst d9s, 8
o, et 9 ST AT gRES T o d asol gEA
k. E3] oot A o= 3FE, A% HE2A 9 28 59
Ao g FA GiE glon, 4k 27t o f dapdA
o Al Wf E|ZAUebA](tyrosinase) mRNA HARS AR 2K
E2Avol] 241 detd d4S AaAle AL Zsta,
T& I 715 2AEA GEVA7L B2 AeR BugH 9l
tHHan et al., 2011), W= BE oAz 2gAz] 0| gt 7
A, wRud 9 2 5 erddt G50] HuE o] §lou, ofF
TR FWolNe 2771 SAEHEE AAEY AR got 177}
7H] A 22| E-gofl AoRS WAL §lTt,

:lo rlr tle

gebA £ e W FesTtlA B 522 2I4E
o] JFgE L 10-HDA e EA5ka Arejdnt o i Ao

o WEEAro 2R HRA §Xo] B8 Fi
£ gauAe 7Hs4e B s,

Fe A% 7154

Materials and Methods

. BAAE

Aol At 2EAEE A EEE (Korea)ZHE 2019
ol 3 A 2EAYE 7Y T FEAES A A
o $Z21x 3 22429 10-HDA ¥ £4& Ultra high
performance liquid chromatography (UPLC; Waters, USA)<
AHESHATHKIm et al., 2014), 5212 2@ 9] S, Tl
4 52 BAsE 5212 284S §FETAA Y2 ¥
e AME3le] 5 mg/mLe HE7F HEE BEN 40ToA
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30 min 7t 253 2718 ARESe] 23 3 0.2 um TEHE AL
£3lo] ottt EEE 10-HAD (Nacalai tesque, Japan) SA]
A} FUS o R AA Y Tt

2. X 2g3lg|el ME M

o T

ArdAzel FAA% 29 £ B4 AFF4AY grt
AR AEAEEAIE ) met AA7tEARHE ARt BAJs)
Gk, 2EAn 22 S GA] AETH GEAEY AEEE
AldHoz BAFGTHKEDA, 2019¢). 10-HDA BEA4& AlZ2A

2HA7FAE 10-HDARA Yo whet n&AH| I 2ot T
T(HPLC; Agilent, USA)E o|g3lo] AFRA 512 10-HDA
£ F2E 07 AFLIHTHKEDA, 2019¢), HIEH] 2L ARAE
SH9] vebyl A @Y wpet AR MAE] 9 F=F 24 A5
ot 7714 3 UEEWNa), utvleMe), ZEK), Z+(Ca), ¥
ZHMn), H(Fe), +2](Cu), oFA(Zn), 1P} AEFHY URAIY

A

b3

W3t A7 54559 A7 54E AEHl AAE A4 Es|
Hol wlg} AXE Azl B8HA712 450-550T oAl 2

m{n ﬂ

i
A7 F YA Z7ste] Selolal2 clael RS S AT
gkzu} 9EEA 7] (ICAP 7400 Duo; Thermo Fisher Scientific,
USAYE ol &3t g S4skglth E212dMo) % A& (Se)
A A E e gt ARE AA st FRF 242 Agilent
ICP—MS 7700 (Santa Clara, USA)& ARSI, F4(Cl) £4L2
Al 1 g& Fshe ¢ AAE ST F Eofl Zo)a ojnsto]
S84 ZEANS Bl e S g0 HAele da)
FE ArEsaT

3. M|=HH

£ AtolA AHEH ZAEP A EZ(HaCaT cel) e A 272
Y (Korea) 0.2 F+3te] ARR3IG T HaCaT A|E= Dulbecco's
modified eagle medium (DMEM; Thermo Fisher Scientific) Bl
Aol 10% fetal bovine serum (FBS; Thermo Fisher Scientific,
USA)Q} 1% penicillin/strptomycine (penicillin 100 IU/mL,
streptomycin 100 pg/mL; Thermo Fisher Scientific)S 715t
37T, 5% CO, 2719 w7 A vfekstsict.

Xo-l

FA el 10-HDA tigt HaCal A A2 4 =
EZ—Cytox cell viahility assay kit (Dogen, Korea)S A}
—9-01-01 243514t HaCaTHIEE 96 well plateo]] &&F =7} 2%
10° cells/mL7} H=& B33t F 37T, 5% CO, incubatoroll 4] 24
h wjFstgiTt, viek E Aol 5Z271x EE42¢} 10-HDAS 2t
ZF st w2 E sk 24 h ¥ $ EZ—Cytox A2F 10 uL
£ A3t th& 4 h £ vj9F & microplate reader (BioSurplus;
Spectramax M2, USA)E o]83t 480 nmolA SF=S 243}

4. M= -E—%

%Zﬂ
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ek, AlE A Be2 tiztel izt EE2 eI,

5. MIZ 0| ¥ xi¥ S5 H7t

o2 A AHE 28 (wound healing assay)2 HaCaTHZE
6 well plateo] HZ %7} 2% 10° cells/mL7} H=2 BF3 5
37T, 5% CO, BiF71olA AlZ7t 90% o F-41gt A7t 2 w7t
A] wfekatEtHKim et al,, 2019), SE3] AlZ7F A3} =S o
B3 200 UL pipette tip (Thermo Fisher, USA)2.2 % FA|
£ o] AAE f=sith s2d% 29429} 10-HDAE 5%
W2 A 3t 5 AER A2 o5 J=E dnlF (EVOS XL
core; Thermo Fisher, USA)& o]&3dlo] s}, Tt A &
5-& EZ—Cytox cell viability assay kitS ARg-slo] 245t

6. Matrix metalloproteinase (MMP)—12} MMP-3 2512k =X

HaCaT A= 6 well plateo]] 3x10* cells/mLZ £33 th
37°C, 5% CO, wi%71o1A] 24 h vjoF & PBSZ A&3 o UVB
lamp (LF-215.LM; UVITEC Cambridge, UK)Z ©]-&3}5] 4 mW/
em? ZAFE 10 s 22A1A 40 md/em?C 2 RARIFATHRyu et
al., 2019). ¥Ad2w2l vitamin C, 5242 2449} 10~
HDAE w='¥ A2t 24 h 2t widatsith, vk & MMP-
1,39] 98-S human MMP-1 ELISA kit (Abcam, UK)2} human
MMP-3 ELISA kit (Abcam)E AFE3l T2 EZo| wha} 27
SHith MMP-1 E+= MMP-3 @47} 2% H plateo] Hjoky &
antibody cocktail& ZHZF 50 uL/well® #5:3 F 1 h F2t A2
A vkt MIAZAE] 33 & TMB solution 100 pL/wellS 37}
stof oF 274l 10 min 7HEA 35 F stop solution 100 UL/
wellE A2|5t4] 450 nmolA S4=E S48

7. Total RNA £2| U real-time PCR

Table 1. Primer sequence for the amplification of target genes

QIZH ZIEISMMIZOIM 2A SZZE 2EIE|0| TR 242 JHM St

HaCaT AM|ZE 6 well plate®] 3x10* cells/mL FEZ 24 h Hj
oot & PBSE A|&3t o UVB lampE 0|43 40 md/cm?S
2 ZARIAY, FAHRFQ vitamin C, 3AAZ 2EAZ 9} 10—
HDAZ 59 A2I3la 24 h 5t wiUstsieh. Total RNA £2
= RNeasy mini kit (Qiagen, Germany)S ©]-&38}3 HZAL)
W Bl wet ARSI WA dES e AAStAL PBSE 1
3] washing ¥ RLT buffers 7Isto] AZ5 &3fg F 70% e
=2 3713819 total RNAS FE3815{T. cDNAZMIE PrimeScript
II 1st strand cDNA synthesis kit (Takara, Japan)Z ©]&3}o] %
3513t PCR tubed] total RNA 6 ML} random hexamer 1 pL,
dNTP mixture 1 pL, RNase free water 2 ULS #7135l 65C 5
min, 4COIA 5 min ¥HSAIZT. o] F W3-l 5X buffer 4 pL,
primescript RTase 1 uL, RNase inhibitor 0.5 uL, RNase free
water 4.5 uLE &3} 30°C 10 min, 42°C 1 h, 95C 5 min 4t
3= 5019 cDNAE Fgst3ich Bl mRNA B8 B71s7] 9
3} real-time PCRE SYBR Premix Ex Taq (Takara, Japan)S
0]-83F T CFX96 touch real—time PCR detection system (Bio—
rad, USA)OA] =35}5ict, PCRE-Z-2 95TColA 10 min F3F o
H] 7}8 & denaturation 94CA 20 s, annealing= Z} specific
primer sequences®] ZH= 2= 0|4 20 s, extension 72°ColA 30
s9] 2722 403] ¥HEStReH, 727CA 10 min F<t P37t
AL A3} ZH2He] specific primer sequence= Table 13} 2+

.

8. XzEN

R BAZZ3% (R project, Australia)S ©]-83t0] ZF w79 H]
I 48 93] Duncan's multiple range testS AA|5te] A3}
Gl p<0.05%] A TAZLRE Fofgt Aoz WA

Gene Primer sequence (5’'—3’)

MMP-1 F:GATGTGGAGTGCCTGATGTG
R:TGCTTGACCCTCAGAGACCT

MIMP-3 F:CACTCACAGACCTGACTCGGTT
R:AAGCAGGATCACAGTTGGCTGG

GAPDH F:ACCACAGTCCATGCCATCAC

R:TCTAGACGGCAGGTCAGGTC

Amplification size (bp) Annealing temperature (C)

200 59.9
156 63.9
224 61.9

MMP-1, matrix metalloproteinase-1; MMP-3, matrix metalloproteinase-1; GAPDH, glyceraldehyde 3 phosphate dehydrogenase.

Table 2. Nutritional components and 10-HDA analysis of freeze-dried royal jelly

Determinations (%)

Group
Moisture Proteins Carbohydrate Lipids Ash 10-HDA
Freeze-dried royal jelly” 4.4+0.12 38.8+3.60 37.40+5.52 7.00+1.74 2.60+0.05 6.20+0.69
Food labelling standards "™ 5< 30-41 - - - 4>
“Data are means+S.D. of 10 experiments. **Ministry of Food and Drug Safety.
http://www.e-ajbc.org 415
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Results and Discussion

FEE7IIA AR )2 BT = & Aol 60% ool
H 3 el S ol 11% oVde = ¥R 9 ARolA A
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o7l 10-HDAYA 7|18H=A]S Yoty 117} 319
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Azstol Aol 31T SAAE 2Qdeo) £
10-HDA 72 Table 29} Z2tt, A|Zo] AMSSE =
Qo) Selet B3N SAAx 29 A
o 42 5 5% Oﬁ}ﬁﬁéﬂ%ﬁmﬂﬁﬂ%l
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Figure 1. Vitamins and minerals contents in Korean freeze-dried
royal jelly.

(A) Vitamins contents. (B) Mineral elements contents. Data are
reported as mean+SD.
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2]& v]elNIBL, B2 18]2 Niacine (B6)°] &<1%]%1.2 ™ niacin g+

ol m-- =3tth(Figure 1A), E3H 5 FHFoH, 53

ZEN v, 2 T 22 202 IRIEIHFigure 1B),

ER xR iWélalL =0 10-HDA, T 18] vjelylT}

T8 ARCRE 71E9 HEEARY A 9 o8| glo] EHE
B} 4= glo] thekst A1E AR &8 71/l Eobslth

718 AT

2. At SHAx 2EHA2(Qt 10-HDAL| TR ME S4 HI}
Y5 AP wF A A 5 PR2A o] AP
3 Tl A vl S23 HEe Frkar YA JAoHChoung et al.,
2013). 95 ZFAFA|EQ] HaCaT AZFE 313Ha T B3] &
Soll o3 248 WA H9 theket A2 71<l(chemokine) 7 Al E
7}"]0] ST Ao HF & BO= o]Fsto] BF A=z F
L=ttty 42 A AcHChoung et al., 2013), 10-HDAE= 2
%@EH T2 A8 2242 I, I, FEF T ohARt Eopoll A
g ants Uetlie Aoz 2iuEo| gon(Fujiwara et al.,
1990; Nagai & Inoue, 2004; Han et al., 2011) TFA|Z £4] 9
A Aol a7t Qe Ao d#A ItkLin et al., 2019), &
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Figure 2. The cell viability analysis of the 10-HDA and freeze-
dried royal jelly on the HaCaT cells.

Cell viability was measured using EZ-cytox kit assay. Cells were
treated with (A) 10-HDA and (B) Freeze-dried royal jelly for 24 hr.
Data are reported as meanzSD.

http://dx.doi.org/10.20402/ajbc.2020.0056
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Figure 3. The effect of 10-HDA and freeze-dried royal jelly on the
proliferation of HaCaT cells.

The wound healing assay determined the proliferation of HaCaT
cells. Wound was scratched at 100% confluence, and cells were
treated with the indicated concentration of 10-HDA (uM) and

freeze-dried royal jelly (ug/mL) for 48 h. Vitamin C served as a

positive control. Cell proliferation was measured using a EZ-cytox
kit assay. Data are reported as meanzSD.

Aofris A FEAR 299 g7 s} 7)5A E
A2 ekl HaCaTH2E S-85to] 10-HDASY] wjRAZ
o 4% 9l o]25-& Brietaat ik, Az 2848 9 10~
HDA®] HaCaTA 22| tht 542 Bol7] o= AY Ao =8 4
Asl7] $lste] NEZEALS B7I8HT Figure 204 ¥ viet
o] 527z 2™ 100 pg/mL oPFIXE AlEZ Z4E #
A= WO 100 pg/mL oo FEE AL -l 5
z 2EA7} FE3] 43) =X ol vix7} SRl A
3 4= 919it}, 10-HDA AT 1,000 uM ool A= AlZ S
2] Fgrout wijA7h EEEAlE A & 4 ol ol A
TFAIE v g wjRof S83] 3 2 4 Qe A Al =2
FAAZx 2842+= 100 ug/mL, 10-HDA+= 1,000 uM oJUjZ 4
Zatar o] Mg WollA mRA|ze] QA aIE AFSAt A
3247 Bdl(wound healing assay)& ©|83t9 F2474zx 284z
9} 10-HDA9] =3 A A4 9 0|55 B7lat3ict,

e rnim

I

rﬁ
fob

l‘£

Jo

3. A SHAAUX 22| 10-HDAL| T|§ MZE 54 &1t
Figure 37} Zro] 5272 2FAg+ 100 pg/mL 2 FE=ol|A
o BAE QA&o] 7P Egen), 10-HDAAE 100 uME A
G A FolA AE ARYEo] 7FE =0t Figure 49F Zo] HaCaT
Az 5274z 2949 10-HDAS 212 5HE AFPe
i = 9 AZE gEH o7 B At Hlste] Al A E A2
olgo| F7lete AR FRIFI, 24z 2F4] 100 ng/
mL9] %9} 10-HDA 100 uM =94 48 h & HaCaT A9
A7 9 olEdt WAL 4 EHZ%LEE A3} vitamin C9F 22
aIE Jepglch, whetbA] ol ke Bl 4t 58z 2
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Figure 4. Cell regeneration effect of 10-HDA and freeze-dried
royal jelly in HaCaT cells.

The wound healing assay was determined the migration of HaCaT
cells. Wound was scratched at 100 confluence and cells were
treated with the indicated concentrations of 10-HDA and freeze-
dried royal jelly for 48 h. Images were obtained at O, 24, and 48 h.
Vitamin C was positive control. FDRJ, freeze-dried royal jelly.

A2 W AE 4l
=
[¢)

HDA®] 7542 47
EVEERELD 3

10- 3} )8 3%
g gEsh Aoz BH9)

=

4, I SBEUZX
8 AN 53t
L3kok o 5o %2 MAPK (mitogen—
activated protein kinase)E S4JSIAZITHKFDA, 2019a). MAPK
oA 7Hd wol FFE W A= AP-10]th, AP-12 Jun
¥} Fos family G A=Z o]R0]z AARIZAZ c—Jund} c—Fos®]
heterodimer FE|Z 2R 3 o AAJEA o] 713} =t} Ajge] &2
7h A9 =EE=A] 9t Y= c—Foset JunD9] oFAIR £
shut, AR, ot 3 A5 Foll sk c—Jund} c—Fos T

EEH|9} 10-HDAS| MMP-1 3 MMP-3 &

2 Qg WR

A o] wrgo] 7181 =1L, c—Jund JNKS} p38e]l <J3t QlAlsto|
oJsto] SASHEITHKEDA, 2019a). AP-1-& M Z9}F 23 Hdﬁﬂﬂ

= B2 fAe] e 2¥sta 2 MMPse] HES 7Es] =

A3tcH(Scharffetter—Kochanek et al,, 2000). MMPs+= zinco]&
< Q8= endoproteaseR A Z9]7|2 Thild-S Bajgh= G0t}
AP-19] 9J3|| ¥ o] A== MMPF MMP—-12 collagenase 12
2 d2A glon, type I & T collagene 7)A 2 3t} MMP-3&
stromelysin 10]2}a% 31, 7]A29] type IV collagenS H-3f5}
™ zymogen?! proMMP—-1& &43}A]7Ith, MMP-9-2 gelatinase
B2 collagenase®] &8} £3lH A= o 2| 7R3t Pyun
et al., 2012). A&Aof o5t MMP—-17} fibillar collagen (types
I¢ Meg 2AHA FeHllE 27, dolo] MMP-3,
MMP-9% Z7bA7Ih. weba] MMP- 13} MMP-3¢] 9L o)
Fo2H i 131 oA W EAE 5 PYBE fEste o
f2lo] E 4= JthPyun et al,, 2012), & AFo|AE FRAE A
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Figure 5. The effects of 10-HDA and freeze-dried royal jelly on
MMP-1 and MMP-3 production in UVB-irradiated HaCaT cells.
The production of MMP-1 (A) and MMP-3 (B) were assayed in
the culture medium of cells stimulated with UVB (40 mJ/cm?) for
24 h in the presence of 10-HDA and freeze- dried royal jelly by
ELISA. The data represent the mean+SD of triplicate experiments.
Vitamin C was used as the positive control. Control was only
treated UV-B on the cells. "p<0.05 compared with control. FDRJ,
freeze-dried royal jelly. MMP-1, -3, matrix metalloproteinase-1, -3.

gt o|Fol| ATFAQl FAUZ9} 10-HDAE 22} HaCaT A2
thofdt el AP wle] MMP-13 MMP-3 &4 W3w
& ELISA kit o]-83to] ARGt 1 23 5271% 2844
9} 10-HDA £ A2JE& u| MMP-13} MMP-32] gr&ako] 2 %
2ltol| vlal foJatA AAEE Aoz FRIEArkFigure 5). 53]
214z 28479 F= 100 pg/mL¥% 10-HDAE §%&= 100 UM
oAl MMP-13}+ MMP-3¢] &do| 71 27 dAlEe 2oz &
A= Act,

2|9t 10-HDAL| MMP-1 U MMP-3 S
29az]9} 10-HDAE UVB RALo] 93) @dlo] &

7Fe MMP-13} MMP-3 '4@& 2 fH] fojst 502 71
2A7)1e Aoz Folslant wEhy B Aol ui HE A
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Figure 6. The effects of 10-HDA and freeze-dried royal jelly (FDRJ)
on MMP-1 and MMP-3 mRNA levels in UVB-irradiated HaCaT
cells.

The cells were pretreated with various concentrations of 10-HDA
and freeze dried royal jelly for 1 h and then irradiated with 40 mJ/
cm UVB. After 24 h further incubation, mRNA levels of MMP-1 (A)
and MMP-3 (B) were measured by quantitative real-time PCR. The
data represent the mean+SD of triplicate experiments. Vitamin C
was used as the positive control. Control was only treated UV-B on
the cells. *p<0.05 compared with control.
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HR3RE
FHEIFT BRI A BB AHIR R R R =R

FZX, BHR, @, BIRE, XFH, BEx
B RIRFRRIEYFR, 2FILETTMNE, #HE

B MRHBEATEEIRRETENS 10-HDANMRIKREFR, WRHSEBRERMANBRINEERIE
RERBERRBIR Y. ik EREZ-cytoxitFIZHMB KB ORSER P ABRIZ AR (HaCaTARE) B918%EHM
%, AMABESHERTEIRMI0-HDARER. EABEKERERMNAIEST T UV-BIRSE, HaCaT4AES
RERENSERERER (MMP)-IRIMMP-3F=£T X, KIREERNATIHMMP-1FAIMMP-3ERE R
Ko LR BEVRTEERMI0-HDAKE T MR B HaCaTARMBEMTR. FA100 ug/mLAVEERT#
FIRHN100 uMAY10-HDARMIERYMIA LA 5 FA 4 4 RCRMIRRIPH I X FRAAFTIR ISV RAB ML, 1ESY, EENFRTE
FIRM10-HDA BEFEET MMP-IMIMMP-3MF=EMBE KX, MMP-IMIMMP-3 283 #%IUVBEREIRIHaCaT
ARPHREZEOERKFSRERENXBITE. Gt EdMABRINTHEFTEEIRRATENS10-
HDARYHAKIER, F/ochE R KRR XBINREMEREBEmEM AT,

XIBE BIR, 1028XE, REem, AABRTRAER, K
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