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Z5: A]le] R Q3| Agrie] gl wet 8ol ek #Alol FFslaL vk o]’ FAE FES 3
FE QAdME s S 2he sPEES sl s AT 2 5 FRE AFEC] 5713 % ﬂhﬂ
WA Fefg Qlef #H7] AREHR AL sk dA o] sPgE v e FE ‘% 1 flﬂ WHos ERE
(tmpholone) HEAE 8ol AREslaL oyt 52 BlE3 vt ARoR Qg =4 = Qs 2 ARSo] ZJID;V#
oltt. olHF EAIKE At flsf 2 AelMe ARAF 784 7]E*J(LMWSC)°H 2549l steraic acid
(SA)E 7FAl EDCE o]8-351] LMWSC-g-SA(LMSA)E @4d3lL, ol EZZE2E LMSAd 94|(LMSAT)sH
A oFE WES FET F Je SEE REAZS EET LMSAY B3y EAe ‘H NMR, DLS,
fluorophotometer ¥ TEM-S 53l 4131332, LMSATZ5-H __E£§4 G5 E 9 UE AT UV-vis spectro-
photometerE ©]-8-3to] 15} oH, LMSAS] AE54 o= MTT assays ooH H7}skaich. o] 23 A= =
3 Alx" LMSATZ} 3P3F BE H7HIE ARS3E Al i-‘-‘éﬂ s Sz e We ¢ 224
< Attt

Abstract: As the life’s level has been improved due to the development of industry, attention to the beauty has been
increased. Due to this trend, many cosmetic industries developed and launched multi-functional cosmetics, but many of
them are disposed due to the expiration date, deterioration and corruption of the products. Currently, tropolone pre-
servative has been used as a method to prevent the degeneration or corruption of cosmetics, but its utilization is limited
due to high cost and toxicity caused by overuse. To solve these problems, LMWSC-g-SA (LMSA) in this study was syn-
thesized by using hydrophobic stearic acid (SA) modified in low molecular weight water-soluble chitosan (LMWSC) with
coupling agent EDC, and cosmetic preservative with the sustainable drug release was developed through encapsulation
of tropolone in LMSA. Physicochemical properties of LMSA were analyzed by 'H NMR, DLS, fluorophotometer and
TEM. In addition, encapsulation efficiency and release behavior of tropolone were confirmed by UV-vis spectropho-
tometer. Moreover, cytotoxicity of LMSA was evaluated by MTT assay. Through these results, we suggest that LMSAT
is very superb substance because this can induce the maximum effect of tropolone when was used to cosmetic preservative.

Keywords: cosmetic preservative, low molecular weight water-soluble chitosan, tropolone, sustainable drug release,

nanopatrticle.
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g% Aol Zohd AEw =l A4S, SR, SE
o SEol ZAH0] AL YA 7 F FRE AFEo]

FE/T 9 AE) WAT Fo Qs #7] AR T
& Agelth. ol HHES 2 JI7 FA HANE A

Je=
TE RSP AReE 8l felit e rEe] 4R
o] o

T o, o|& s s}2Rg 9 a7 dojut Ao
HAZ R E fdstr] witoltt. dA) ol g s WA
Fe 292 9] 93 WEo s ERZZ 2 (tropholone) B
AE Bo] ARgstal oy =& vlE3 A ARgo = 1%t
= R Qa1 ARg-o] AlgkH ot}

EZZE(tropholone)y 794} AE|A W= sigtE < 3
U2 xellM 23 A2 4= glot} B-thujaplicin, purpurogallin,
colchicine, goupiolone 52 FARIZHE MAS T3l IS
T om, dut, dgol, utelE X, A Tl B3t
e AR Ui Qo] AETHOEE Wol 3-8§E oA
3 e Bt E2EEL sPE HUtEe= dliE
A HEAZA vjAE] ogt Al HE 2 F9 58 A
ske AR Wol ARSEHAA|AL Tt SR, EREELS =
S HE AT AR R 1% 58 A o lo] L A
& o] A@Holmg BEAZA 2 7)5e] A7} 3
S 25 A o]y g #AIRE sidak] S8l & A
TAAME ERZEES 7|EF ey} el gAste] 22
FoRL e 7I7F Bt HET F e A e B
EAE et AA EREES] S-S siAs A} S

71 &% (chitosan)y> AFAA|] EA 8= AREREH 71"l
< 9 oprlgslete] Azt A thdFEH D-glucosamine
7} N-acetyl D-glucosamine -+ T A2 /g = o] Urh.'>P
7| EARS 3ok, a+t, S ZEHE Aot & o 54845 %
Jom, vre =4, AAAGAE F Aald ol g-rate]
9 FA7F AGA R 98) Rofol|lA] Fo] S-&-E|ox] 3L
I= otk og Folol] FIEARS 28371 flEiA] 7]
T B2 AFAES 7I1EARS Eol Ui §el=E A
71322} kgt f71ARS salslste] ARSRl o, o] f714k
o2 Qs teFet LS Y T Uve EAES 2
AUtk ol & FAHEES Wdsh] Sl & Aelr= f71Ar
S AHESA] R Eol 88l & &= salt-removal 71HS
o]gste] o] AtellA] JhEE AAF 84 71 EAHlow
molecular weight water-soluble chitosan, LMWSC)S A3}
ATED LMWSCE %2 =7, BAIA 9, AZad 2 =<l
gk gal =7t frste] shdsEel §-8o) 7hssithe oldlS
EASIA I =

B Apods 2 LMWSCol| 254 48 3lshx o
2 JNFsted ElA core-shell FE|Q] A7kl 7Fss o
EYAE Az, olo] EREES Wil "Aste] o
717F Rt oS EY e AR SPEE HEA|EA
AR 7Vs/dE Hrkstaat gt

18 Kl
I R

;O

ZEH, A444 A4%, 202083

Al =]

Alof & ME. & AFolM ARSE ARAE 784 7R
2tlow molecular weight water-soluble chitosan, LMWSC,
Mw: 10 kDa)2 &37] E2ko] Z(KITTOLIFE Co., Korea)ol| 4]
Tl sle] Abg-ER o, AgA] AW stearic acid(SA)E
Yakyri Pure Chemicals Co. Ltd(Kyoto, Japan)ollAl -+ 3}
of ARSI, REA E2EE(tropolone, TP) & 1-ethyl-3-
[3-dimethylaminopropyl]carbodiimide hydrochloride(EDC)-
Sigma-Aldrich(St. Louis, MO, USA)YIA Y437 T A E=
ZJoll A}2-E human embryonic kidney cells(HEK293) Al¥+=
American type culture collection(ATCC, Korea)oll 4] <1k
ko™, fetal bovin serum(FBS)-2 Gibco(BRL, MD, USA)
2 Dulbecco’s modified Eagles medium(DMEM)-2 Roswell
park memorial instituteol| ] Z}z} tuj3te] Al szul kel ALg-
sttt Al EZ =4 A3l AHE-¥ ethylenediamintetraacetic
acid(EDTA) % 3-3-[4,5-dimethylthiazol-2-yl]-2,5-diphenylte-
trazolium bromide(MTT)+= Sigma-Aldrich(St. Louis, MO,
USA)IA Fdate] ARGttt 718F Al 9 8= 4+
AlokS Flate] A AL ARSI

LMWSC-g-Stearic Acid(LMSA)K| &M, EZZ2 n=x)
o] Mg &S fFEdh] % FAAE 7HAlE o8-8t
of olgje} o] ATt AEARE 84 7IEAHLMWSC)
100 mg2 100 mM MES bufferol] 2 mLol| $+13] &ajA17]
¥ DMSO 18mLE 371 & 1087+ Pgs}slitt. DMSO
of 43 &8 stearic acid(SA) & EDC 7}2A| =
Y 3087 wHksle] carboxyl group(-COOH)S &4 3}st
Foll LMWSC =845 3] Wol FiL g2l 417t
et REgEATh W22 SASE LMWSC < thH] mole
ratio 15%, 20%= 212} REg-6I3ith. Wk S ol mukg=
= AAsH] sl oMl ES ol8ated XA B 33 AlHsI S
™, molecular weight cutoffMWCO) 3500 cellulose membrane
= ol&sle] 29 Rt TSI o] ¥ T4 1AXE F8l F
T =4 LMSAES o] £ 7ol AR&-aisitt.

LMSAS| TZ=EM. LMSAS] 4 fri= A7) 3984
2]("H NMR, 400 MHz, Bruker, Germany)S ©]&3}o] -4
39 . SA= DMSO, LMWSC ¥ LMSA= D,0/DMSO
(1/4, v/v) cosolventoll Z}Z} &3]3l 1~10 ppm H 9] ol A
chemical shifts g<lsted 4313t

EZE=R0| HX|E LMSALMSAT) M= & =X S8 &
. ERZZEo] &X]E LMSA(LMSAT):= evaporation 7]
o-g-sled Azsllom, 1 AAEe thaat 2tk LMSA

SFS 15mLel &31A17] 9 tetrahydrofuran(THF)
LS LMSA F-&elfol] H7lste] 1027 wrkiitt, E2E
2 LMSA % tiH] 5% FAHE&= THF 500 pLell 83l g
o LMSA ~8<lol] H3] & se] 117 wrksiict. o

< o te O

b

o



P BEAR S8sl7] 913 ERZEe] GAE JEA WAl Ak B 54 537

& Aol A evaporators ©|-8-3t THFE #| A3}
3500 cellulose membrane®. 2 &% F9F F4
Zalo] HEEA LMSATS 4ttt
LMSATZHE EZZE] oA 82 Ao #3374 (UV-
Vis spectrometer, UV-1601, Shimadzu, Japan)E ©|-8-5}¢] 7|
Abetion, 1 A3 WS ot 2tk LMSATE 2 mgs
0.1% Trifluoroacetic acid(TFA) 200 uLell $+43] g3) 3+ &
DMSO 1.8 mLE #7}ske] 24417k &<t shakingdt3itt. ]
S-N& yltra filtration membraneE ©]-&-5le] EZEZE 58
AE Aon, o5 AL HEAE T A 3
1 320 nmollM FBEE ERlste] B 285 4 (1), )l
ol&l ALkttt
Drug content(DC)% =
Total weight of the tropolone from LMSAT
Weight of the feeding LMSA and tropolone x100 (M

O

b
K

MWCO
¥4 7

Encapsulation efficiency(EE)% =
Total weight of the tropolone from LMSAT N
Weight of the feeding tropolone

100 ©)

LMSA % LMSAT LI=X M= & §4 24, LMSA
2 LMSAT Y=Y A= MWCO 3500 cellulose membrane
S o] &3 FAH oJ5f Azt om, AxH LMSA =
LMSAT W=k A7, GASF & (critical aggregation
concentration, CAC) ¥ Fe|gH4] o]m|z] 54 2412 ofzjeb
o] et
LMSAE SA°l oI5t &4 5443 LMWSCel| €]3k 314
g 58S 20l o] 8ol A7t gl 2%k core-shell
U= FAsH Aot b Yol 7hese HA F=
CACE t}&9] HhH o g 231t} PyreneS oFAEo]
6x10° Me| HEF &Nl & SF/HTE Hrlsl HSe=
7} 1.2x10°Me] E=E g}, o] g8 40°ColA 2217t &
QF 3 sfellA] opAlES A AT T pyrene 83} ThFgl
FE Yxgate] £93.0x10°%~2 mgmL)S E3Hs}e]
pyrene®] HE FE7} 6.0x10"Meo| HESF 313t o] &
< 60 °CollA 3A17F Bt A wnk & FEE AFS
3434 A (RF-5301PC, Shimadzu, Japan)S ©|-&&}e] 1}
350~460 nm HLloNA WG E43S AAAT ol
E4 0 LRl A=e] BlU/ELE o83t CACE 2
At

LMSA % LMSAT®] 92271 52384k dynamic light
scattering, DLS) ] & o] &34 =43}, DLSE ELS-
8000 electro phoretic LS spectrophotometer(Otsuka Electronics
Co., Japanyg AH&-3ITh F233AEX & o]&ste] Y=o
A7) @ BEXE S35 om, ojnf AlzEox] LMSA %
LMSATE 717} 2 mg/mLe] 2] 8002 Azt

A

LMSA % LMSAT®] @ejsha] 42 Fadard v A
(transmission electron microscope, TEM, Hitachi, H-7500)=
ol-&sto] et o] FR1st3itt. LMSA 3 LMSAT Z12¢
1 mgg ehE 1 mLol| #4121 Fof| copper carbon gridel
SeEaL ARollM ekds] HxsISlt). o1 3% uranyl acetate
o] 15&7F FAIg 5 2447k 5 %8l TEME &3 ©|
n|AE #EEA

LMSATS| & & &ol. LMSATZHE EREEe| v
Z AFe AL E3FA(UV-Vis spectrometer, UV-1601,
Shimadzu, Japan)E ©]-&3to] &<18}Ath. LMSAT 4 mgs
1 mL¢] pH5.5 & 7.4 PBS bufferoll 2}zt &3j3le] MWCO
1000 cellulose membrane®] ¥ F 37°CollA] 140 ppm O =
WREISITE. A7l wE(0.5~12677) WS & ZF2F 2 mL
£ Fstd Aol BEAE B3l 320 nmellM s 54
stod 2 WETS WiEEE ALteIih

M=Z SM o{5 &l AxF LMSAY =4 5= 3o
317] $lall HEK293 A4 Al oA MTT assayS 33510
t}. HEK293 A3Z= FBS 10%7} 3H+¥ DMEM HiA] AFe)

]

A CO, =7} 5% %7} 37°C incubatorol| 4] vl <
3IATH Al E seedingS 96 well plateol] 5x10° cell/well &%
2 3}, 315 <t incubatorollA] BiSFEI o, wljokE A=
o 1, 0.5, 0.25, 0.13, 0.063, 0.03] mg/mL F =2 A xH
LMSA &85 717+ H7tste] 2d & MTTE 23kt &
202 MTTE #7113k F DMSO 200 uL=E &3k 560
nm®} 670 nm F=E SA I AE AEES ALt
A ZAZEL A (3), @)el sl AA=EAT

(OD value = (OD 560 nm — OD 670 nm) 3)

o3

OD sample — OD blank y
OD control — OD blank

Cell viability(%) = 100 (4

m o

oo (&

LMSA2| gHd I =X BN BN, PIE R
& WA et7] Sl A= = E=2 2} et
AREO 2 Q1% BAS 8T F e EARS 2 ]
ool 2 ARE 2 - AlgE olth & AFelA = ol
gt EREZE0 S /s8] A8l core-shell FERS] A7}
Z9 A= JiEsle] core Wl EREES ©X|FRO
2N AL oz 1 giE FUFAI7I AL ST Core-
shell FEH] W=QAE Alxslr] fl8) 31448 54 2te
LMWSCel 254 291 SAS 7klA|] EDCE ©]83t &
ZJ3IA3Tt. SAQ] carboxyl group(-COOH)S 7[A] EDCE ©]
|3j] EdsA7]aL, o] LMWSCS] amine group(-NH,)ll
T=Yste] HEZH o2 LMWSC-g-SA(LMSA)S A8kl th
(Figure 1).
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Figure 1. Synthesis scheme of LMSA using coupling agent EDC.
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Figure 2. '"H NMR spectra of LMSA: (A) SA; (B) LMWSC; (C) LMSA 15%; (D) LMSA 20%.

Figure 2= LMSA®] 94 #75 &Rls] f8 =] &
™ A ('H NMR, 400 MHz, Bruker, Germany)Z ©|-&3}<]
T4 A4S A% Aol SA= 0.8~0.9 ppmellA] -CH;
o] 4 ¥a 2 12522 ppmelA] -CH,2| 4 FFELS 7}
7+ gelgk 4= glom, LMWSCE ¥ 4 $X]¢] 4 )
& 4.7 ppm, 2 B4 91X]9] 4 ¥ == 2.6 ppm, 3H~6
H ex 9x)9] S ¥IE 32~3.8 ppm, 223 7| EAF T
Z o] 71919] ofdle 279l olgt 54 FAE 1.9 ppmell
A ZH2E gR1E AT HE A EZ Q] LMSAA]
LMWSCe| 57 3219} SAS| 54 v|=7t B AEgoR

ZEH, A444 A4%, 202083

A QAo FAENS FRlskT

LMSA ¥ LMSAT Lt dXte] §4 £24. LMSA ¥
LMSAT WA= T2 ofs)] A== 0o, thekst &+
A o g 1 BEAS ZARIATE LMSA WYeizks 15
3¢l LMWSCell 274l SA7F Ag=lo] e SR T
X5 YERdLh o= & AdollA A7F 9ol ©]gk core-
shell FeQ] AAE FAslA Hrh 2 AFolM= o]2fgt SA
At ¥)gol Wt LMSA 15%, 20% 2H2t & £72] o=
AANE Tt dAAY Has=EE ERIs] 28 3%
LFAE S8l wAEAT 2 A3 LMWSCell SA9] Agt
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Table 1. Characteristic Analysis of LMSA and LMSAT
Nanoparticle

Particle size CAC

Sample (am) (mg/mL) DC* EE’
LMSA 15% 204+41.08 0.0893 - -
LMSA 20% 178+9.69 0.0657 - -
LMSAT 15% 246+8.41 - 3.83% 68.8%
LMSAT 20% 36949.75 - 4.48% 89.6%

“DC: Drug content. "EE: Encapsulation efficiency.

H] &0 15%<Y 7% E 0.0893 mg/mL, 20%Y 7%l &
0.0657 mg/mLe] CAC 32 UERA O™, o]= SA°] A H]
&0 20%2] Aol O A2 FE2 CACHS AT 4 3
ItHTable 1, Figure 3). &£3F LMSA 2 LMSATS] A4
Al L Fejet 2715 ER1s17] 918l TEM3} DLSS 3¢t

A3} LMSA 2 LMSAT 2% 78] W= 2} (Figure 4(B))
9} unimodalgr YARZEE SRIT F UNS™, LMSA 15%
o] 739~ 204+41.08 nm, LMSA 20%2] 73-$- 178+9.69 nm &
SA7} 20% A= AS Aol 4R A2 AE
golgd 4= A TK(Table 1, Figure 4(A)). ©1213F CACS}H ¢
AA727] AIE HodF= of= LMSA 20%2] 75l SA7}
o Bo] Ag=o] o] core Wil Zgt A 2802 <l
a A2 ot S7187] Wil ASR AlsEL B3 E
2EZFo] g@X¥ LMSA(LMSAT)?] 7-¢-oll LMSART}H YA}
77t Ao R F7ke Ae 1% 4 =t (Table 1,
Figure 4(A)) ol EZZE 2HE0o] LMSA2] core ol 2
o} g1l w2t LMSA Y- cored] AaA BxrF 1443
7] Wl AS=Z AR HE o2 st LMSA W=y Ake] thek
3 B4 EHS 56 ERZE G AR &8 e By
oflz}l o Yoz} oJefst o] ofF HMEAE 3-8 7T
< RISt

Imgml
05 mgmL
——— 01 mgmL
e T
(A) 50 - {a} 025 meml :m::t
— e ] mEmL
—_——— ﬂufmgnil Em“‘ﬂi
40 4 = e Alhmpe nmmm:;ni.
000001 mg el
- 0000001 mgmL
= £
2 =
| )
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(B) :0-
= LMSAlS% 0893 mg/mlL
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1.8 - jﬂ.ﬂﬁ{"? g 'ml.
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w [ ] - = \k’
1.6 ¥ L)
o 14
=
-
b & 2
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0.6 T T
7 -6 5 3 -2 1 0

Log Cone. (mg/mL)

Figure 3. (A) Pyrene emission ([Py] = 6.0x107 M) spectra in aqueous solutions (excitation wavelength 339 nm) of (a) LMSA 15%; (b) LMSA
20%. (B) Intensity ratio(/,/I;) from pyrene emission spectra as a function of LMSA concentration in distilled water (DW).
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Figure 4. (A) Particle size distribution; (B) morphological image of LMSA and LMSAT. (a) LMSA 15%; (b) LMSA 20%; (c) LMSAT 15%;

(d) LMSAT 20%.

LMSATESE EREEQ| X8 ¥ WE
S BE VIR AR EREE] 1 7154
tistalr] 918 LMSA U= At core o] EREZES
Aol ofsl "X etATh &5 SAS] A7 vl mEt E
ZEE 9X G 8L Table 19] QoI 2 A3 1 mgd &
A &892 DCE 3.83%(LMSAT 15%)2} 4.48%(LMSAT 20%)
2 7tz yegton, & ERZE P9X 889 EEE 68.8%
(LMSAT 15%), 89.6%(LMSAT 20%)% =2 9Aa82 3
ettt ol A7E Kol olffe &7 SAZH Y B
o] A3 LMSAT 20%2] 7% core 5ol 73t 254 =}
07 Q% & A5 Ut A EREE FES
O Wo] gX]3 Aoz AlgHr), Ed LMSATZHE EZ
ZE89] k= WE AFE pH Wstol wep 21 A3 pH
7491 79 LMSAT 15%= ©F 130A17F &9t EREZE 5 7
2 WFEo] 25.2%, LMSAT 20%= 13.8%°] W&#S 77}
BolHoh pH 5.59] 7% LMSAT 15%%] EZZE F +3
WS 30.3%, LMSAT 20%= 18.9%2] WE#S 72t 1
ERCH(Figure 5). LMSAT 20%2] 7o LMSAT 15% =t}
WEFo] AR o A& AE gIT F e, o=
A4 SA7F LMSAST 20%¢1 ©f Zo] Zgt= o] 2lo] core
5ol 7het A IR Qe EREZE ofEo]l £ ¢ A
3 WEEE o2 ALEHY T3 pH 7450} pH 5.59)
EREE el 4 B2 AS I F =), o=
LMWSCS] pKaZl 5.5~64Z k] 34U A-$- 7| EAF of
T(-NH,) ZZ&-°] protonation¥]©] -NH,'Z Agt=wA 3}
HhEo] R o B2 o] EREZEo] WEd o=
Al olgjgt gX g &3 WE As AHE Fall LMSAT
£ 3PIE HEAE AR Al EREES I UEY

Ay}

ol
lo o Hr
I 4 &

Ry I

A

—4
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Figure 5. Cumulative release profile of tropolone from LMSAT
according to pH at each time point (0.5~130 h).

T o] ERZE 2H] BAHE AAs] BE 77ES S
N UE FeE AlEET

LMSAS| M= SA HWIL LMSATE 34 HE H7HA
2 AREE) Yeie EREE 9XAI9 LMSAS] 54 o
F7F w-§- F838tt) ol gt o] f-2 LMSAS] 54 ofF+=
HEK293 4} MEE o83t MTT assays 53l 715131
t}. 2 A3 LMWSC, LMSA 15% % LMSA 20% =5 7}
=2 T2l I mg/mLolA] 70% ode] AX AEES
Epdel ml =490] A glag ERISIATHFigure 6). ©]F
3 AEEA AFE Bl LMSAE SIA|d] st 229
gelstal FAlO] LMSATE P85 HE /K2 AR A
of EREE 3HE ISt F IS FoE AlEETH
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Figure 6. Cytotoxicity evaluation of LMWSC and LMSA using
MTT assay at HEK293 cell line.

g E

2 ATE SPIE RE AVHE AR EE EREEY F
AAL NAEIA LMSAS 714 EDCE o] &3alo] 34
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