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Abstract

The objective of this study was to investigate the genotoxicological safety and biological functions of
octadeca-9,12-dienyl-3,4,5-trihydroxybenzoate (GA-LA) in cream-based emulsion for future application as
a functional cosmetic material as well as food. GA-LA was synthesized chemically from gallic acid and linoleic
acid. The Ames test showed that GA-LA did not have mutagenical toxicity. The control cream-based emulsion
containing GA-LA was prepared by commercial method and tested for 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical scavenging activity. Ferric reducing antioxidant power (FRAP) and inhibition effect against tyrosinase
of the emulsions were tested for the evaluation of antioxidative and skin-whitening activities. The results
showed that DPPH radical scavenging activity in the cream-based emulsion containing GA-LA was higher
(52.65%) than that of the control (4.30%). The FRAP value of the sample was 12.85%, however, no activity
was found in control. The inhibition effect of tyrosinase showed also a higher value (26.29%) when compared
to the control. The results indicate that GA-LA, which showed superior antioxidative and skin-whitening
activities in cream-based emulsion, is a useful functional material applicable in cosmetic products as well

as food.
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Gallic acide H&=4 3824 ¥4t (antioxidation), &
4 = (antiinflammatory), &% ¢ o] (antimutagenic), &<
2] A (antiallergic) 59 58S zta Jom(7) g 4kst
2 gty HAstE oo} A E WA et e s EAR
HFE A sHdEel H7FE 7] A ESFRATHE). sHA R gal-
lic acidE ©=20=2 A1-839S uf DNA &4 ofste] &
Ashe AtstE 28 22 g5 ndd Alxsde A9
g U BaEI YTH9).

Linoleic acide= ZFA|W2ke] shu =z g4 18709} 271 9]
o] F 43S zt 9o interleukin(IL)-69} -182] £H|=
BaAA F9F5 a3E Yed $ A910).

mEtA] 2 Ao A= 247 OE 7S 7H gallic acid
2} linoleic acid2%H A HAZ octadeca*9 ,12—-dienyl-
3,4,5-trihydroxybenzoate(GA-LA)¢] 74 =438ta oA
qe sk, ksl FE gR wRans 99 ty-
rosinase &4 9A 58S 29 Wolx FIES o] 831
gQlste] AFAGET ofvEl 71T sAFEAH A
o]& 7ts S AESATH

>

|2f

B Ao A}E-H gallic acid, linoleic acid ethyl ester,
diisobutyl-aluminum hydride (DIBAL-H), tetrahydrofur—
an(THF), mushroom tyrosinase, a,a’-diphenyl-B-picryl-
hydrazyl(DPPH), 4-nitroquinoline-1-oxide(4-NQO), 2-
aminoanthracene(2-AA) % dimethylsulfoxide(DMSO)&
Sigma AHSt. Louis, MO, USA)el A T+9138F4 3L, 2,4,6-tri-
pyridyl-2-triazine(TPTZ), tryptic soy agar % total plate
count agare= DifcorH(Difco, Laboratories, Sparks, MD,
USA)° A, eosin methylene blue agar & oxoid nutrient
broth No 2& Oxo0idAHOxoid, Basingstoke, UK)ol| A <]
A oh. 18] 3L cofactore WakoAH Lot No. 999902, Tokyo,
Japan), S-9& Oriental yeastAHLtd., Lot No. 0042101,

Tokyo, Japan)oll M z+2b -iste] ARE-shaith.

=

GA-LAS #A2 Jo D) e wa} xsdst ).
st o] =41 = WA linoleic acid methyl ester25-E] octa-
deca 9,12-diene-olS EAd3lar 1 Fof GA-LAE A=
A2 39 FA4E 528 NMR spectroscopy$t FT-IR
(Tensor 37, Bruker, Germany)ell ¢ls] &2lslgon &2
o Qe €L I MFE UERL &2 BH%ATH

"H NMR(300 MHz, CDCl3)60.91(t, J=6.8Hz,3H,H18),1.31
(m,16H,H3-7 H15-17), 1.72(m,2H,H2),2.06(m,4H,H8 H14),
2.79(dd, J=5.9,5.9H7,2H,H11),4.26(t, J=6.4Hz,2H,-OCH),5.3
7(m,4H),7.28(s,1H,aromatic),7.30(s,1H,aromatic);IR
(CHCl3)3356,3008,2928,2855,1686,1613,1465,1395,1242,1184

cm L

ok

FHEHEA of

GA-LA®] FA5Ae4 ¢34 Maron?t Ames(12)¢]
oz AASAT AP AMEE 7 F<1 Salmonella
Typhimurium TA 983 TA 100-& Molecular Toxicology
Inc.(Boone, NC, USA)o| A F+435l] &L Feldl & 3=
3letA A ¢bA A A B} (KRICT, Daejeon, Korea)ol| A Al th
i 20 e EFLUT) o]E FFE= Al SA w5
o] f-AxE 891& 93} histidine &4, UVell th3k vzt
S (uvrB 24 9]), deep rough(rfa) 54 2L R-factorel] ¢
3} ampicillin == tetracycline WA 59 A4S gl
3+ % nutrient broth No. 2(Oxoid)ell HE3te] 37°Coll A 200
pmo.2 2F 10417 F & v ¥ (Vision Scientific Co., Inchon,
Korea)dte] t4=7](2x 10 cells/mL)ell o] 238 ) 23 o]
ALt T AL A Al 485 $18) Sprague-Dawley 2
EoA #23 S-9 £&83 Al cofactorE ©]&3}] S-9
mixE ZA3tA ALESATh 4 dEES S E AFESE
doH, A 2 dAEAAA H8 Al 2-AAE 04 pg/
plate =2, tHAFZAA] V]38 A 4-NQO 3 SAE 47
05 pg/plate 32 A&t 2442 A5 = 3709 agar
plateZHE A2 colony 9] B3 TFAAZ e
I EAEARe] Jg5Ut v EF WA ST
o] 2u] o] 4Rl ASE FAHL= AT

MEMSIA olXMAM T}
Z]

38 Ho|A REI=Q| M=

a9 wolx {F3EL 7] AL AFH A W
Table 13} Zo] A Z3FA SA} 8 BEZE
A FA 7L AL BEL T0°CAA S F 233
SallE T3Ad 849 BHE TPl ALY B
FA} 84 BA T HUke F 308 5t wvkste
FIEZ s 45°C7A YZAA AT WhE o
GA-LAE 1% 7t £33 & A5 44€
3 100 mL ZEt2E £7)0 &4 APe AAEAL.

p
h=

SRR
=
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=
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Table 1. Composition of cosmetic emulsion containing octa-
deca-9,12-dienyl-3,4,5-trihydroxybenzoate (GA-LA)

Content (%)

Separation Mixing agent Control” GA-LA?
Whitening GA-LA - 1.00
agent Solvent 3.00 3.00
. Viscosity controller 0.75 0.75
Thickener g 1 ent 3000 30.00
Water soluble Moisturizgr 7.02 7.02
ents Sequestering agent 0.02 0.02
agents Solvent 4001 39.01
Emulsifier 0.50 0.50
Emulsification stabilizer 1.00 1.00
Lipid soluble  Assistance stabilizer 0.50 0.50
agents Gelling agent 1.20 1.20
Flexible agent 15.20 15.20
Antioxidative agent 0.10 0.10
.. Preservative 0.60 0.60
Additives Variegated flavor 0.10 0.10

{”GA*LA was not added.
YGA-LA was added at a 1% concentration level.

ghtet gt
AR F A5 AAFIS5E Blois(13)2] HHS % +73
sto S48t 29 Hlol: e ATES o] &3t

A3ty on ME /\]‘E 1 mLo] 0.2 mM a,a’-diphenyl-3
—picryl-hydrazyl(DPPH) 1 mL& @i myksle] 302 &<t
Ao ¥-g-A17l & B33 A (UV 1600 PC, Shimadzu,
Tokyo, Japan)E ©]-&3}] 517 nmoll A FFEE =H3A
o AAF A5 AL O A4S o &stATh

AR TY FRE
FAAT FBE

AAF A% (%)= (- =) %100
Ferric reducing antioxidant power (FRAP) &X:
FRAP 3£ Benzie$} Strain(14)9] WHol we} 4319
t}. FRAP A& 40 mM HCl €99 10 mM 24,6-tripyr-
idyl-s-triazine(TPTZ) €% 25 mLS 713 % 20 mM
FeCl3 25 mL¥ pH 3.69] 0.3 M acetate &+58 25 mLS
A7Fste] A Zs{ T A7 30 ulell FRAP A eF 900 uL=}
=822 90 uLe HA71Ed B33 T 37°Col A 0% E<t
HgA1Z]l o] EEY] FRHEE EFFTAE ol &3ty
595 nmell A 7838ttt
Tyrosinase 84 AT GA-LAZ} &#3F =9 nlo]
2 fetEe] HF vy 35 DA golrR Y] 9ty
tyrosinase €A 58S Jimenez S (153} Yokochi 5(16)<]
s £83te SA AT A8 S 10 mM L-34-
dihydroxyphenyl-alanine(L-DOPA)& ¢ 712dd 3} 1/15
M sodium phosphate €% &9 (pH 6.8) % mushroom ty-
rosinase(100 unit/mL)E EF3te] NS 25°Coll A 156%
B REEAIZ] & o] Hhg-E Ao A AAdE dopachromes
EFFEAE o] 83t 517 nmollA ZH3sIAch

oluted - Zefet - =4

o

Tyrosinase A JA (%) ={(FA 8T THF=—
Ao FFT)/FAET FFEIx100

=782

[ |

o] A8 9] datax SAS software version 7(17)S AF&-&
o one-way EAHEAS A3 A Duncan®] A S
AR&ste] Hgkike] ApolE WSt Datas 2 A@ S
3R =3ste] 379 A9 datad] HIEHeE YERRIL
o, HH EFUAE FASAL F94%1 Abole 5% &

ol A ekt

-

N

Znt of

SAE=AMSIM OFF A
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GA-LA® 54384 dHPSs st 98t
Salmonella Typhimurium TA 983 TA 100042 &AW
o] AYFE ZASIYHTable 2, 3). A|RE ©] &3k o4
3 ZAxtol whe} 5000 pg/plates Hil FEE dho] A8
o Zt AgelA SAdETY B s £
(12)¢] M $] oA, Fddlx sIFE 3] EARe] J
g7t AA38] Frhet] & Aol HetA AstAH &
Table 2. Revertant colonies in S. Typhimurium TA 98 re-

version assay with octadeca-9,12-dienyl-3,4,5-trihydrox—
ybenzoate (GA-LA)

No. of revertant colonies

Samples Co(nce/n;;:;:lgon (His+) per plate
1neg/p TA 98 (-S9)  TA 93 (+S9)
5,000 115+6.36 26.0+1.41
2,500 12.0+5.66 21.5+2.12
GA-LA 1.250 185+9.19 255+0.71
625 23.0+7.07 245+354
DMSO 20.3+8.08 40.0+3.00
4-NQO 05 634+79.22
2-AA 0.4 1663+ 166.14

Abbreviations: DMSO, dimethyl sulfoxide; 4-NQO, 4-nitro—
quinoline-1-oxide; 2-AA, 2-aminoanthracens.

Table 3. Revertant colonies in S. Typhimurium TA 100 re-
version assay with octadeca-9,12-dienyl-3,4,5-trihydrox—
ybenzoate (GA-LA)

No. of revertant colonies

Samples Co(nce/nﬁatigon (His+) per plate
HE/D TA 100 (-S9) TA 100 (+S9)
5,000 219.0+5.66 294.0+11.31
B 2,500 247.0£15.56 266.0£5.66
GA-LA 1,250 246.0£33.94 339.0£9.90
625 285.5+24.75 297.0£15.56
DMSO 302.0+£15.62 277.3+£6.11
SA 05 757.3+45.49
2-AA 0.4 1251.0+85.25

Abbreviations: DMSO, dimethyl sulfoxide; SA, sodium azide
2-AA, 2-aminoanthracens.
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Table 4. Biological functions of octadeca-9,12-dienyl-3,4,5-trihydroxybenzoate (GA-LA)

Evaluation Concentration (%) Control GA-LAY
1,1-Diphenyl-2-hydrazyl (DPPH) radical scavenging activity (%) 0.1 430+6.621° 52.65+1.663"
Ferric reducing antioxidant potential (FRAP) assay (mM/g) 1 -2k 12.85+0.336"
Tyrosinase inhibition activity (%) 25 =P 26.29£5.310

})GA*LAI Cream-based emulsion containing GA-LA.
Z)Activity was not detected.

“PMeans with the same letter in each row are not significantly different (p<0.05).

sdstatt. Ar2de A B399k Al71A 2
oA GA-LA®] 23t z
<

% E2AQ) 27} & 74 wolA ghgd YuHow
AW YY) AT SHUET BAWe] Y59 2u)
olgolwN Fx o EH el He

EAH)AA S Hre A3 gallic acid9} linoleic acid7}
2 503 GA-LA¥E gallic acid®} tocopherol E.th
A=A82 b AS Holw o= gallic acid} li-
noleic acld®] &gl 98t *F5E I/ BASATAL Jang
S18)e] Bt o]d AFHEZ S W GA-LAE
A kst 7leAAFE ol SFF 22
2 o] go] 7t Aoz AZH.

=Y Hlo]l2 §3 59 gallic acid$} linoleic acidE 43+
octadeca—9,12—-dienyl-3,4,5-trihydroxybenzoate(GA-LA)
o] gikst 8-S ZA317] 9138t DPPH radicaldl ot
AAF A5 FRAPE o] &3 ghd= S S 9th 29
Hol2 &3& GA-LAZ 01% 55 & A4S 2%
526%<] Az FS Bl v AT (control)9] 4.3%¢°l Hl
3o = gatsl B4 B o (Table 4), =3 FRAP
valuedl M= GA-LAE A7 wlo] 2o 1% A2|std S B
HIA 2ol vla] 2 FAgS AT 4 AATHTable 4).
Jo 5(11)& GA-LAS A3 oI5 0] 0.24 mMe] FZ oA
95.7%°l ©o]2% o] gallic acidy} ascorbic acid®} Hl &
o frAtetha s 28 0.024 mMe] FECA
GA-LA7} gallic acidoll HI3| A o2 @A Uepgon,
Jang 5(18)°l 9J3hd GA-LA7} gallic acidell Bl&}o] A4t
3} o] YA et linoleic acid®} tocopherolol] B3} A= Ak
sHdol Era Bustqinh R ests 7|22 07 4t
o3 TATT B 5 low Hyt BEHo gitsl T
RAE A4S AAZE F ATH19). GA-LAE B3 cy-
clooxygenase A3 €45 UEhlo] FEF SHNE =5
o] ¥tk Bu(11)¢} &), o] Ao & Hol GA-LAE 3%
F2kgdl oA FE&3A 2d F U ALE A7 En
ol¢} g FZ Jang 5(20)2 AA|H Aol E FT vl

2=0] 1%69] GA-LA, gallic acid, linoleic acid 2 gallic acid¢}

linoleic acidE @d] T (EIA)S BEZ H7F w3
Ae W 73 F GA-LA H7FS 2 (A A o] H]
o) o] AlFo] AW 0] FofFo HlE| frojHo=z 3
stgon, S4XYy LDL S 2 E9 gHF2

o] FolTtel Bl AT EFolA FoHe=E 7
I BastHeh B3 755 A9 nh-29 7 234
3t 2rol o ASA o] M FolN BT A
£3] GA-LA H7H€ BEFAMAES Z7E 9
ZaAZ Ao 2 YEEth o2 Q18 GA-LAE A

9 AEE AEHE Jg TFsAol 2
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Tyrosinase &ta AXM|==

5 WA o] shde] 21o] tyrosinase®] A& &3-S vl
T F88, v SAAEFNAT AEL v FEA T
of o] Wo] ALEHI e AF WY F 3ot (2D).
TyrosinaseZ} 2 EFA dehd AP T2 §4=
ZHg-gear A A A tyrosinase®] &4 A7 Wehd A
2YAE dAS=Y FE35A 2Y Aoz AFFHAYY
(22). GA-LA9] tyrosinase 84 A8 S dolrr] H3t
of =g o]~ F3HE GA-LAS 25% s52 A3
A3 2629%9] tyrosinase B JATHES HS whA
GA-LAE A 3stA &2 vlA g T (contro)o A= oJH &
= HolA gkth(Table 4). 28 Hlo]2 f3}Eo] ofd
GA-LA @502 & 1.2 mM9| F=olA oF 90.9%<] A1
< Hygom o]l gallic acidyt ascorbic acid®] &4 Xt
FoHoz =JtH(1l). E3F Jang 5(18)8] Hite| wp=w
GA-LA9] tyrosinase &4 A58 -< gallic acid, linoleic
acid ¥ tocopherol® th E9tth o|d AxE F3s] & uf
GA-LA g7dol 293 tyrosinase &4 Aol a3t
Ue A2 Atndt I ol FIES o] &g # o
TAT wEl GA-LAE AEAA0AN 7%
F AE Wk oz} g T F V)54 SFE
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Gallic acid¢} linoleic acid9] 34 &< octadeca—9,12-di-
enyl-3,4,5-trihydroxybenzoate(GA-LA) ] 3}ZZ Ak d)
9] o]§ 7t s FolrR Y] fste] FAEAdsE AHA
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EE U] Wy} BAH tyrosinase B4 A FHo] 9
gl

Atk Wb GA-LAE 2 E2gmut ofuje) 3}
FZ Ao A F83 754 EFdE »Y

% 91 Roleha
A 7ke o)k,

o

FRA

“:.
o

P 3
&
]l

o

o1r

olo.
=]

Ei&‘iﬂ_

HH
o

N

s B

Aol 2

o] =EL 20079 % AX(HIr)=
shA e XS
000-10753-0).

2o AP g =
ol 3 A7 4 th(No. RO1-2007-

o

=
[

1. Kim EK, Lee HB. 2007. Functional cosmetics-Skin
whitening. News and Information for Chem Eng 25: 138-
143.

2. Branen AL. 1975. Toxicological and biochemistry of buty—
lated hydroxyanisole and butylated hydroxytoluene. JAOCS
52: 59-63.

3. Haumann BF. 1990. Antioxidants: Firms seeking products
they can label as 'natural’. Inform. p 1, 1002.

4. An B]J, Lee JT, Lee CE, Kim JH, Son JH, Kwak JH, Lee
JY, Paek TS, Bae HJ, Jang M], Jo CH. 2005. A study on
physiological activity of coptidis rhizoma and application
for cosmetic ingredients. Korean J Herbol 20: 83-92.

5. Lee NY. 2007. Development of gallic acid-conjugated lino—
leic acid ester as novel functional materials and its bio—
logical activity. PhD Dissertation. Chonbuk National
University, Korea.

6. Urabe K, Aroca P, Tsukamoto K, Mascagna D, Paulumbo
A, Prota G, Hearing V]. 1994. The inherent cytotoxicity of
melanin precursors. Biochem Biophys Acta 1221: 272-278.

7. Negi AS, Darokar MP, Chattopadhyay SK, Garg A,
Bhattacharya AK, Srivastava V, Khanuja PS. 2005.
Synthesis of a growth promoter from gallic acid. Bioorg
Medic Chem Let 15: 1243-1247.

8. Nakagawa Y, Moldeus P, Moore G. 1997. Propyl gallate in—
duced DNA fragmentation in isolated rat hepatocytes. Arch
Toxicol 72: 33-37.

9. Yoshino M, Haneda M, Naruse M, Htay HH, Iwata S,

ohg -

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

=t

o

Tsubouchi R, Murakami K. 2002. Prooxidant action of gallic
acid compound: copper-dependent strand breaks and the
formation of 8-hydroxy-2'-deoxyguanosine in DNA.
Toxicol Vitro 16: 705-709.
Zhao G, Etherton TD, Martin KR, Vanden Heuvel JP, Gillies
PJ, West SG, Kris-Etherton P. 2005. Anti-inflammatory ef-
fects of polyunsaturated fatty acids in THP-1 cell. Biochem
Biophys Res Comm 336: 909-917.
Jo C, Jeong IY, Lee NY, Kim KS, Byun MW. 2006.
Synthesis of a novel compound from gallic acid and linoleic
acid and its biological functions. Food Sci Biotechnol 15:
317-320.
Maron DM, Ames BN. 1983. Revised methods for Salmo-—
nella mutagenicity test. Mutat Res 113: 173-215.
Blois MS. 1958 Antioxidant determination by the use of a
stable free radical. Nature 181: 1190-1200.
Benzie IFF, Strain JJ. 1996. The ferric reducing ability of
plasma as a measure of antioxidant power: The FRAP
assay. Anal Biochem 239: 70-76.
Jimenez M, Chazarra S, Escribano J, Cabanes ], Garcia-
Carmona F. 2001. Competitive inhibition of mushroom ty—
rosinase by 4-substituted benzaldehydes. J Agric Food
Chem 49: 4060-4063.
Yokochi N, Morita T, Yagi T. 2003. Inhibition of depheno—
lase activity of tyrosinase by vitamin B6. J Agric Food
Chem 51: 2733-2736.
SAS Institute, Inc. 1989. SAS User’s Guide. SAS Institute
Inc., Cary, NC, USA.
Jang A, Lee NY, Lee BD, Kim TH, Son JH, An B]J, Jo C.
2008. Biological functions of a synthetic compound, octa—
deca-9,12-dienyl-3,4,5-hydroxybenzoate, from gallic acid—
linoleic acid ester. Food Chem doi:10.1016/j.foodchem.2008.
05.074.
Wang KH, Lin RD, Hsu FL, Huang YH, Chang HC, Huang
CY, Lee MH. 2006. Cosmetic applications of selected tradi-
tional Chinese herbal medicines. J Ethnopharmacol 106:
353-359.
Jang A, Srinivasan P, Lee NY, Song HP, Lee JW, Lee M,
Jo C. 2008. Comparison of hypolipidemic activity of syn-
thetic gallic acid-linoleic acid ester with mixture of gallic
acid and linoleic acid, gallic acid, and linoleic acid on high
fat diet induced obesity in C57BL/6 Cr Slc mice. Chemico-
Biol Interact doi:10.1016/j.cbi.2008.05.018.
Cabanes ], Chazarra S, Garcia-Carmona F. 1994. Kojic acid,
a cosmetic skin whitening agent, is a slow-binding in—
hibitor of catecholase activity of tyrosinase. J Pharm
Pharmacol 46: 982-985.
Masamoto Y, Ando H, Murata Y, Shimoishi Y, Tada M,
Takahata K. 2003. Mushroom tyrosinase inhibitory activity
of esculetin isolated from seeds of Euphorbia lathyris L.
Biosci Biotechnol Biochem 67: 631-634.

(20083 3¢

189 A4 2008 6€¢ 39 A=)



