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3-[4, 5-dimethyl thiazol-2-y1]-2, 5-diphenyl tetrazolium bromide (MIT) assay& 4l
A3t ME BEES FIIsHelri(13).

6. Tyrosined] E AR Atzlol T3t x4 2L

0.1mg/ml ] tyrosine, 70units/ml¢] mushroom tyrosinase®} A|®E F-HE
50mM Q1AF 43U (pH 6.8) 1.5m1F 37°ColiA 1023 RESAIFIAL 475mmoll A FHEE
33t th(14).

7. Dopa®] ZbE Al¥lo] iyt oA 2-&

500uM2] 3, 4-dihydroxyphenylalanine(Dopa)t ol&] Hx&] A8 & ¥F% 50mM
Q1AL 242l (pH 6.8) 2.0mlE 37°CollA 48x]ZF FoF Hx|3t F 47onmolld FHEE
&3 stg th(15).

8. AZel Wehd Aol tigt oja =g

Murine melanoma cell& 10% fetal calf serum& ¥-7-3} EMEM wx|oflA] u}ots}]
A Aldo] Abgstadth o) wixl 30018 BWRY T flaske]l HEE 5x10°
cells/flask7} E|A A A|8F B/ F 5% C0;, 37°Coljr] 2U 7 wjetsiolct. wj
o ¥ trypsing Azt LA st MEE £33t AR F3 FEE K
etoZ Hrsla A& #g3iArh

3. Ax o 2

By Atae 3AAA AE oiab 2E(16), 4F oixb 2 (17), A ABF
(19), 2}94"* (20) ol o3l MEUAAM &Aoo FY= mieta A

>
mln n&

E olEol 23t dojuis =] elr]t wbgel fal mtel] A :=EF] slrh
53] Aﬂ_‘-‘_&l AP F7tol ulel o] Ee K3 st AUH R FHAHF ZF 3}
TA ABRE U £ e ez A Uch21.22,23). AANHOE Y A
aof 23 AW Ze] el g AAAA & F e P EHE 3 B
A A%l chgshe FAY =72 Ropx|a glon ol AFAY dFsol A
HyE 5 gleHe, 3).
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Ee #BdHo] o3 a3} L& st EHES Bl ojA, DPPH =] o)z
o] o]-8H 4 Ath(4,11,24). o] eir|jLL H|IE]o] hydrazined] HElE WA ¥
Azl 516nmof A 8] FHE AR olF FFY 4 vtk &Y 505 =& oetE
252 ascorbic acid?} a-tocopherolof B3] T4 2 FEolid =] glv]z&
AASE Ro® LElddcHTable 1), 3| zio|gd &7 2ol A Lield 50% of
EhE F&2E0 i gul 2¥H3 YA AZntEIE X3 Mgt 1 &
H MEC T compound-AS Fgsleict

Compound-A(mp 120-121°C)= 4 &4 A 13 33¥ o]  CHeOs(ERI
114.0317)1  Zeg F3xder sy MAHEZAM o]lEF FHlstdrl
(m/z,114.0311, M'). IRAME™>|A 0-H, C-H, C=0, C=C717} &AL ALY 4
olgdtHvmax cm': 3190, 2953, 1698, 1639) 'H -NMR ASEo| 4 3% ME r}E
13ty HAH ¥ F4LEY EAME Y + AASH(S,ppm: 2.11(3H,s),
4.51(2H,s), 8.31(1H,s)) F4 A Mol 8.3lppme] ¥ A7} AaiHo] FHAFA
th PC-MR A2MEZAM 5FF BrAo] E7t A AI(S, ppm: 13.12, 72.58,
134,56, 173.03, 195.48), ©ol& &t} 4245 719 coupling UHOE RHo}
13.12ppm3} 72.58ppmol] 3t Bra= ZtZ} methyl, methylene”]®] el Ex|g
& 4 4 dddch oY 7] B Al IABIH o] IHFELS
4-hydroxy-5-methyl-3[2H]-furanone(HMF) 2.2 ZA X oltHFigure 1).

o] 33EL W T ABAAME =EA UAEM(25) FFHe ol
o] Maillardith-gol oM E A== RoE d8A = EUEAM(26), UEE ¥
B2 A3t AlEE o2 FHoltt. o] ¥3tZ2] DPPHetr]Zo] thdt 4AA 2&
(100uM&] DPPHY] 50%S U A]F|+=t] HR3t %% SCx=3.0ug/ml)& d-tocopherol,
ascorbic acid®} -FA}&}FcHTable 1).

HMFE Bz 7t Z2212] nicrosomeR#ol A Fe(ll)/ascorbateAE |5 A7 x]&A
221318 2 AAIB cHFigure 2). A4 Zx|3tollA] Fe(ll)/ascorbateA= cyclic
Fenton typeR}-§& AUo7|HAM ZHE A AtxE HAAAFI(27) olEo] o8] 43}
Bh8-& of7|sle o' Holx|3 oltt uwieid IMFE B4 AtAE AAHOEA X
A 2patzt wbgg AA3hs ZAo® Algdrl. EE A A Iab3te] A WG #o
St peroxy BIUIZE A fol oM 34te 28-S RS +5 drh

o] B & ¥ 200ppmo]3te] E=ofA] uwijorH human fibroblasts A|3Ze] =}e]Ad
(UVAS} UVB)oll 2J3F XAE & &0 2 ol rHFigure 3). 1 o] 7|AE
13]7] flsi e A7t o JEElojof pAR|E drt Apejilol 23 P A Hbg
ol A BAEEE ¥ AF4A(28), 1|3 ol2 FE Ry ZF Ze| eio|HE 42A %
= 3ty 2ol O FH JjHog FAHST gk &yt o] EAY AR F4 2
£ dF HA3HE o8 Holzch

g, dehd gy 2B vl T AU tyrosined A Eudt= d¥
o] Atzt 3 ub-golrth. o] oM tyrosinaset F2I G FtH, o] F A9
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ztg o g A5l Z7tAQ] Dopa quinoned E¢1A 3}o] Dopa chrome& AX wzld
MAE A3 FHEA Yl wetA o] tyrosinase E4AE AIIAL 1 FUAE
2] Atz WiEE AAEo =N Hepd BEE AAAE + A& AOE Hopr|a g
t}l. AAZ kojic acid, arbutinE ] E2&L tyrosinase *3} &z} 3Ats} 2Hgof
o3l Hetd P& Z4aAUTial B3 v} Qlrh(29).

HMF7} "ehd BAof njxs d3S HESZ] 15t WA tyrosinase Aol
2]%t tyrosine?] AtZloll ohdt GBS ZFARE A} AMF(50% JA 5%, F 1Ce0=70u
g/ml )= kojic acid(ICso=151g/ml ) B Ch= 28}t arbutin(1Cs=600ug/ml ) R.cl= nj
< 293 A4 LS VepdE o = AdrHFigure 4). ¥t ollzgl o] EALS
Dopa®] z}5 AM3}E ZEstA At ovi(Figure 5, ICs=60ug/ml) ©]+= kojic
acid(ICs=170ug/ml ) B.r} nf-¢ g Flolrh. ¥hA arbutind o] AtF AtEE 23
3 tha FA3E ZAoE Ueidted ottt dd2 tlE A7xIE0 i E
= d} 2Th(30).

HMFi= ¥J%F murine melanoma A|XolA kojic acid HErle ™A Z&31A Ae}
de] BEE JAst=s AoE WHEAUrHFigure 6). Tyrosinaseol &J3t Hahd 3
goll thdt 3ol Alo}A kojic acidErt 1 A 2}go] AJriog oFgt HMF7T Al
X oM 238 o 23 Hepd G A &S Havkes AR Hehd
B8E& ‘—’121]@ = Ae E ThE AP AEE AABHE 2R AlgHci(9). & o

FAHE2 WMF7E 2| giold AA 5] Fojual, iAol iyt ME BE 2§
& i"qz° Zheiste o] E-E MEZ} Zhisjolsls AN A AEH2E ZFAHS
224 223 LS Hole ZoE FFst AUrk3l). & M EoM e Hepd 34
ol 2t T At¥A AEg A g3t fl¥ o] Folal, HMFE o] HdH &
Edq2E Z7ANRoEN dehd B4 HedS ZAAFI= LR e otk
oAsts & A7 AIbe B AL e o] AR sEolA dehd BEE
Qiz{]@_} A& Ho Foch

T AT &Y FEES Y Ze] el oyt ZEy LA G

ol al:r_. 0 RE AR F shbt HFYS € 4 Alglth E o] Bho] Aeldel o
U AT G BASA Wl R £ ABeAS) Mo AR E A A
& @ 4 Yot ¥ ATAES BF o] HYB $8F AV ATES ALY A
Holc},

ABSTRACT

An antioxidative compound was isolated from pine needles. This compound was
identified as 4-hydroxy-5-methyl-3[2H]-furanone on the basis of spectroscopic
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evidences., It scavenged 1,1-diphenyl-2-picrylhydrazyl free radicals more
efficiently than maltol and tocopherol did. It exhibited an inhibitory effect
on the lipid peroxidation of rat liver microsome induced by Fe(Il)/ascorbate,
and the protective effect against UV cytotoxicity in cultured human
fibroblasts. In addition, HMF appeared to prevent the cellular melanogenesis
in the cultured murine melanoma cells, more effectively than kojic acid, a
well known inhibitor of melanogenesis, while the former was not so effective
as the latter for the inhibition of the tyrosinase, Considering that cellular
melanogenesis is a metabolic process triggered by oxidative stress, it was
tentatively deduced that the antioxidative property of HMF may afford the
effect against cellular pigmentation by alleviating the causative stress., This
study provided a novel inhibitor of melanogenesis, that might be useful for

the cosmetic applications.
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Table 1. Scavenging effect against DPPH free radicals'

materials SCso{ Ug/ml)
ascorbic acid 5,3
a-tocopherol 9.5
pine needle extract? 16
compound-A 3.0

1)The ethanolic solution of 100uM of DPPH free radicals with
the addition of test materials was kept at 37°C for 30min, and
then the absorbance was measured at 516nm. SCsq denotes the
concentration of the material which is required to scavenge
50% of 100uM DPPH radicals. 2)The 50% aqueous ethanol extract
of dried pine needles.

0 . OH
(195.48) (134.56)
T2.59) (173.03)
CHg
0 (13.12)

Figure 1. Structure of compound-A isolated from pine needles.
The chemical shifts of NMR carbon signals are shown in
parentheses,
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Figure 2. Inhibitory effect of HMF on the lipid peroxidation
of rat liver microsome induced by Fe(ll)/ascorbate. The
reaction mixture(2.0ml) containing lmg protein/ml microsome,
10uM FeS0O4, 0.1mM ascorbate and 50mM Tris-Cl(pH 7.4) in the
absence and presence of HMF at various concentrations was
incubated for 24 hours at 37°C. Then the lipid peroxidation
was measured as the level of MDA by thiobarbituric acid
method,
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Figure 3. Protecive effect of HMF against the UV cytotoxicity
in human fibroblasts. The cells washed and dispersed in PBS
containing each test compound, was kept for 30min and exposed
to the UV radiation for 38min(fluence, UVA 7J/cmz, UVB
1.8J/cm2)_ Then the cells were further cultured in EMEM medium
for 24 hours to evaluate the viability by the MTT method
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Figure 4. Effect against the tyrosinase-catalyzed oxidation of
tyrosine. The reaction mixture containing 0.lmg/ml tyrosine,
70units/ml tyrosinase and 50mM potassium. phosphate buffer(pH
6.8) was incubated at 37°C for 10 min and the absorbance was
measured at 475nm,
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Figure 9. Antioxidative activity against the  Dopa

autoxidation. The reaction mixture(2.0ml) containing 500uM
Dopa and 50mM potassium phosphate(pH 6.8) in the presence of
each compound at various concentrations was incubated for 48
hours at 37°C, and then the absorbance at 475nm was measured,
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Figure 6. Effect of HMF and kojic acid on the melanogenesis in
the cultured murine melanoma cells. The cells were cultured in
an EMEM medium for 48 hours in the absence and prescence of
each compound, and harvested after trypsinization. The
numerics are treated concentration{ug/ml).
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