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Cell Stability and Mutagenicity of Chitosan with Methyleugenol
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Abstract

In order to increase the solubility of chitosan, methyleugenol-g-chitosan (MEC) was prepared by grafting methyleu-
genonl. For the purpose of identify the property of MEC formed, the structure analyses, cell stability, and mutage-
nicity were also investigated by FT-IR spectrometry, human dermal fibroblast (HDF), and Ames test. The typical
eugenol peak structure of MEC, which is engraft eugenol on a chitosan, was identified by the vinyl peak of IR
spectra. In the experiment of a given concentration, that is 0.1 - 0.01%, of MEC in HDF, the cell toxicity for MEC
is not observed. The mutation result of MEC formed was mutagenicity-negative on Ames test. In the result of
inductively coupled plasma method, there wasn't a single heavy metal to be seen.
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D-glucosamine} N-acethyl-D-glucosamine©| /1.4
Alele Aoz AZAE o] YTh(Yao et al,, 1994).

I FoM e AZAFE AF R ADHF HE
Aol oA Urh. o] 3 AoM 53] cEe
B - 71 EL BEAEY A5l FREW S0A%
AEFNFLAANE 7198 5 Ut A F|EALS o]r]
EFA7MA 2 AR EQREE $9H dA7HA 719 -
71E2 2 o5 A9 Z4HE F8 71sAd te 77
Zo| HFojgtt}. Carboxylmethyl-g-chitosan(CMC)©] W/
08N F3lego] $-+altte Bk 3o ™ (Kim et al,
2002), 3 kDa, 50 kDa®] A&7 7|EAte] i AE &
A3 A E coli 9 S. auruse N T4 37 AT
(Myoung et al., 2002).
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A g, dAs) dE YT AZE S Yehle, Est

T-# X+ (cytotoxic T-lymphocyte),
o] A| 3 (macrophage), W2 Z 2 M| X (natural killer cell)
53 7+ deb WA X (tumoricidal immunocytes)S &
AeAzIcka E3E vl dth (Suzki et al., 1986; Tokoro
et al., 1989; Suzki et al., 1984). ZH| = E-F3}3 o}F]
7HA] FU oM & 71 EARS o] &3 A7t JAAAIG dH4atkst
A, dFATOE AREHT Jom TEIPIXAFOEA
9] 91218 4= Qe FE 5O 2 ofF A n|u]dt FFo]
o}

gl B AFofAe 71 EAbe] kit 53¢ Sufjof| vt
g3l =0} ARgo] B2 A|ofo] Atial AGEH, 7| EL
methyleugenol < ceric amminium nitate (CAN) 7HA| A &
ARESle] 84 o] SUlEl methyleugnol-g-chitosan(MEC),
Z 584 J71BA FEAE ARSI, AlZE MECY
TZREA, AZEAZAE, SddldA, 283 fFall8 &
&5 Qs A F, UFY IFE YEEAMY &
7S A R 1A ST
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S, methyleugenol, (Tokyo Chemical, Japan), ceric
ammonium nitrate (CAN, Sigma, USA), acetic acid, nitric
acid, methanol, ethanol, acetone, A&7}~ 5& 99.0%°]%
o $EE 7= AES AT

MEC M=
Fig 1oﬂA19} 7ko) 7]&/4& 1.5 N-acetic acid&ol =
Eg230] Y3 N7k 2 A L5883 (Eyela,
CA-lllO, Japan)E T3 4°Co W5 7173kl 40°C9
237 X (Eyela, NTT, Japan)oll A methyleugenol
(0.8mL, 1.0 mL, 1.3 mL)& 7}t 6027+ ¥k § CAN
ZuE Y3 18027 REEAIA olELE ME F XF
71271 (Al DS-350, theHel=hZ AZ3}5L, Soxhlet:ZE7
Z|of] HerES ARt mRESES A|ASI HFAHES]
8730 TUE 71 EARI MECE 1 tHJung el al., 1999).

o

HelMEYHol| 2|5 MEC 7ZE4

71BN} 71 B ARl MECY] +2 2 ERTE
glstr] fsted A LM EF7|(FT-IR, Nicolet Model
Magna IR 550, Madison, WNE ARM&-3l900H, 7+ A8
KBr3} &3tsle] Hglo 2 A Zsle] 420 A cell mountdl]

2RAR F 2R,

3 g of chitesan + 250 mL of 0.5 N acetic acid

* Shaking for 60 min at 40°C
Addition of methyleugenol (0.8 - 1.3mL)

Stirring for 60 min.
Addition of ceric ammonium nitrate (4 mL)

* Shaking for 180 min at 40°C
Washing with acetone

v

Filtering

v

Washing with acetone

v

Vacuum drying

Washing with methanol

v

Vacuum drying

v

Methyleugenolchitosan (MEC)

Fig. 1. Schematic procedures for the preparation of methyl-
eugenolchitosan.
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Inductlvety Coupled Plasma (ICP)g0f| £

ICPY2 ol23 7kxe 1358 =24
WA o] o7 of=Zetulo] APEAE F
Aae] YA E o] 2] LFFEE 2AF
59 EARYALY FEE T3l WHoE g
S 2804,

=2 AEE /KA e AEE AAYs198 AR
10 gofl 3N-HNO, 10 mL& ¥ AA3] 7kd3le] ko]
15 mL 2 W7HA] FsEsta dAIFTh 3N-H,S0, 5
mLS} 3N-HNO, 5 mL ¥ 7}g3le] w77} kAl s}
A whgo] FRE AR By sHEE FAGT Bt
B Bdste] SR 50 mLE W3 #7] A7 7h
3}04 FHE &3 €S S Y ¥ Ansted &

TE A83] 100 mL Z 3t A|PgAo 2 A8} o).
%MFJ{P Al & ICP(Thermo, USA)E ©]&3t] d(Pb),
T2l(Cu), &2(Hg), Hl12(As), F4(Sn) FE-S EA4 313t}
E%—%‘%‘—S— Kanto Chemical (Japan)A}2] Pb, Cu, Hg, As,
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Human Dermal Fibroblastdf| 2|8t MEC2| M|ZSMAIY

FANEE (o)A AZ-E human dermal
fibroblast (HDF, p=2)& ©]-8-3t] MEC ®@, ®, ©] ojg
AzE5dH4E8E F3st9d. NEE 10% fetal bovine
serum (FBS), 1% penicillin/streptomycine % 3$H3+ DMEM-
F12(GIBCOAL) ®i]ell 37°C, 5% CO, ZZolA wjksls]
S, HDFE 96-well plated] welld 3x10°cell® #3814l
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Ames Al wjgt MECY] Ed¥oldd #7E &
213} th (Ames and Maron el al., 1983). °o]uj &MY
4 FPNZTZA 2-nitrofluoreneS 20 mg/mLe] FEE
dEge] = &4& A3 oM, MEC-a, MEC-b,
MEC-cE 559 100 mg/mL FEE Fo] FH]5on,
AWMl FFZE  Samonella typhimurium TA9S =
Samonella typhimurium TA100S 272 L4Z57]E 7]
(Eyala, MAC-501, Japan)©ll E+F3t nutrient brothl 5
ated 37°C vl %7 (Byela, MIR-262, Japan)°ll 4] (1.5~3.0x102
cfwmL)d}e] 0.1mLE H+¥ screw cap tubedl] ¥l 714
A EE ¥ 45°CZ Y7t49 top agar 2 mL ¥ B+¥
biotin-histidine & 02 mLE E5F E3ate] me] Az
hard agardll 7} AJE+& 20ulE 53 ¥ top agarg 1
Qo) BFsked 37°CoN A B HFET (2-nitrofluoene)9}
) ZT (methanol)dl| F3LF EF3FRUTE 2447 &
AAE colonyE FHNET D SRS} Hlwste &
Aol A S SA A

EEE g

1]
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7|E4 REXS| M=

Ubbelohde HE=A1E AHE-3t] HeddE8AdE 5%
A3}, 7)EAF 1.2x10° Daol AT, 71 EAF $EA= MEC (
43x10° Da, MEC ® 5.6x10° Da MEC © 6.5x10° Da
Aoz FE Ut MECS] A%, 71EAR T} of Kot 3~
M A=  IA=HIFBAZFE e FoE YEied,
o] 7]EAko] methyleugenol®] $d¥ MECS] A A=
7} Z7v8hs AeA 71908 Aolgt & F UTh

71 EAF f-241¢1 SaCs(safrol-g-chitosan)2} EuCs(eugenol-g-
chitosan)®] FE=FgEAZFE SHT A5 7H7 7.5x10°
Da, 7.8x10° Dag] Z1-& &eleh = AAT.(Kim et al., 2003)
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Fig. 2. IR spectra of chitosan (a) and Methyleugenol (b).

2] (Ar-H) -CH®| stretcholl 71918+ F4°1, 3000-2700 cm
oAl W= -CH,, -CH,-2] -CH stretchol| ] 71918t &
o, 1675-1625 cm'ol|4] >C=C< stretcholl A 7]<13F &4,
1475-1300 cm'ol|A4] >C-H bending, 1000-650 cm'ol 4]
Ar-H bending (our-of-plane), >C=C< bending®| 4] 7191 gt
U7t YebgS BoErh Chtiosan®] FTIR 2 EH
o] 7% 3750-3000 cm'ellA] -OH, -NH stretching®] 5~
u], 3000-2700 cm ' Al -CH stretchol] 7]1<138k= S50,
16537 1595 ecm'ol X 7F2H D71 €] stretching vibration
(amide D)3} 12} ©}91e] N-H bending vibration (amide II)
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Fig. 3. IR spectra of MEC-a (a), MEC-b (b) and MEC-c (c).
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methyleugenol®] &-fA %ol ©gk 7| EA} ofvl7|2te] whg-
o= <lgle] =4 7| EAF Bt amide 119 &7} 1531
em' 22 oS & F AU oA T EA YA} ofyl
Z15°] methyleugenol®] 15 ZAg o] WHgate] F/HEATES
gAgozA FFu9 olFddol YEen, =3t
methyleugenol®] H|'d 7]} 7| EAko] REG-3HHA] 1675-1625
em'o A 9] >C=C< & &FU7} AR S € F AU
(Parshanth et al., 2003; Chen et al., 2003; Zhang., 2003).
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Fig. 4. Cytotoxic effects of MEC on Human Dermal Fibroblast.
aB: MEC-a Blank, al: MEC-a 0.1%, a2: MEC-a 0.03%, a3: MEC-
a 0.01%

bB: MEC-b Blank, al: MEC-b 0.1%, a2: MEC-b 0.03%, a3:
MEC-b 0.01%

cB: MEC-c Blank, al: MEC-c 0.1%, a2: MEC-c 0.03%, a3: MEC-
¢ 0.01%

2 %] 3191 TH(Jung et. al., 2007).
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MEC ¢} 7184 7H7} 100 mg/mLe] T2 S/l
o] EAWIARE AN fAE  Samonella
typhimurium TA98 2 Samonella typhimurium TA100S A}
£33tk 71E4h 71EAF fFEA Q)] MEC-a, MEC-b,
MEC-c 4 tHZ72! MeOH, Ftz7 Ao 2dE
A9l 2-nitrofluorene(2-NF)S H| gh-2-0f =of A|F Al vz
of A7tste] AHPe A Fig. 59 Fig. 63 7o) 2447+
g F AHE colonyE ST A FEHETQ 2-
nitrofluorene> ¥lo]E YO #A TA 982 330, TA 100
340 CFU/mL #7F A3 =R en, 7|1EA 2 71EA &
=4 MECE 743 A3, TA 98, TA 100 19-35 CFU/
mLe] #55 A 3Ac} ol A NZT(TA 98 15, TA
100 25 CFU/mL)9} ¥ladte] o] SAUYS e
T AR "2 B =&olA Az MECS 7| EANS
o] S4YE s

S. typhimurium TA 98> 3| 2~E|H &4~ Ax(histidine
dehydrogenase)E +5.3}8}= his D geneollA] EAMolE
oozl Ao YA ZE ZAHo|(frameshift mutation)
7F dojt H2o wiEH= 8719 -GC- §71ES 7ML
ZY YA ZE Sl A4 E(frameshift mutagene)S< SF
23 (hot spot)o|} HHEE= A EelA] dojvte F7|1E
(base-pairing)e HYSIEIEE o] EdWolE o =
YA ZE EdRCE 99 d2EHd F=ZdY
(histidine reading frame)2. 2 E-AAZ 4= 3t}

w2bA S, typhimurium TA 982 ZH YA ZE EAH0]
BREES AEst7] A8 A" S, typhimurium TA
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Fig. 5. Result of Ames test for chitosan and MEC with S.
typhimurium TA 98; Contents of methyleugenol in chitosan :
(MEC-a: 0.8 mL, MEC-b: 1.0 mL, MEC-¢c: 1.3 mL), Cs
(chitosan)
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Fig. 6. Result of Ames test for chitosan and MEC with S.
typhimurium TA 100; Contents of methyleugenol in chitosan :
(MEC-a: 0.8 mL, MEC-b: 1.0 mL, MEC-c: 1.3 mL), Cs (chitosan)

1002 TA 983 22 H7]1% (base-pair)] 23S Yo7|=
Eddoe] EE S HE3] Hdl AHE3 tH(Kim et. al.,
2003; Kim el al., 2002).
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