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Antimutagenic Activity in vitro of Chitosan Hydrolysates
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Abstract

Antimutagenic effect of chitosan hydrolysates was investigated using Salmonella typhimurium reversion assay
and SOS chromotest against 3-amino-i-methyl-SH-pyrido[4,3-b]indole(Trp-P-2), aflatoxin B,, 2-nitrofluorene
and 4-nitroquinoline oxide. After partial acid hydrolysis of chitosan, six fractions of different molecular size
were obtained by ultrafiltration. Chitosan hydrolysates showed antimutagenic effect of 0~78% on Trp-P-2, 0~
92% on aflatoxin B, and 0~51% on 2-nitrofluorene in Salmonella typhimurium reversion assay. Inhibitory ef-
fect in Salmonella typhimurium reversion assay showed the highest at 5% concentration of fraction 6 on Trp-
P-2, 10% concentration of fraction 5 on aflatoxin B, and 5% concentration of fraction 6 on 2-nitrofluorene. In
SOS chromotest, chitosan hydrolysates showed anitimutagenic effect of 0~54% on Trp-P-2 and 0~77% on 4-
nitroquinoline oxide. These results suggest that high molecular weight fraction of chitosan hydrolysates (MW
>30,000) is most effective to inhibit mutagenicity of tested mutagens.
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Chitosan (C-3646, practical grade from crabk shells)2-
Sigma Chemical Co. (USA)H|E-S, 3lelo]s}
(ultrafiltration) #=|1= Amicon’} #|EF& Ap4-3hgivh
Algdoll ARgE Foiwlo]d FofA4] 3-amino-1-methyl-
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Inc. (Japan)© 2 5-¥1, aflatoxin B,, 2-nitrofluorene % 4-
nitroquinoline oxide+= Sigma Chemical Co. Z4%-E}
aldleict. Aroclor 1254-induced rat liver S-9-2 Or-
ganon Teknika Corp. A& A&-3lsdct. A5
Salmonella typhimurium TA 982 -2 8HAE] 2|
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2] fractions 77 FE, A2A7 ohy FEE o]

Aol o) gstaich,

2 folg 32

N 600 m/% &

=

S
SR 105°Cef| A &2A
sledot. FZa= chitosan 7}1‘ el EL 0.1M acetic
acid-0.2 M NaCl 2] 353l & Ubbelohde3] % %7
F AHEste] 25°Collxd ofe] FmelMe] RS
25 3 2lof ule} yHHEE A4l }oi:]r"
ol 4| &l 8} = &= Sannan £'9] W & o)1)
2, KBr cell-& uH5o FT-IR spectroscope (FTIR-300,
JASCO)E ~HAE-S o], F3e] HI(A o/ Ason)
5 70 RS ol Sael FolALHLE At

spadel.

Chitosan 7Fe&allE 2| o[z}=

i wERE A k] Ay e

1%
Jlm

I

Salmonella typhimurium reversion assay
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Table 1. Physical and chemical properties of chitosan hydrolysates

Chitosan Molecular weight Yield (%) Moisture Intrinsic Degree of
hydrolysates” range “ (%) viscosity (dl/g) deacetylation (%)
Fraction 1 <1.000 12.9 15.3 0.058 80
Fraction 2 1,000~ 3,000 17.3 83 0.169 78
Fraction 3 3,000~ 10,000 15.3 8.7 0.294 72
Fraction 4 10,000~ 30,000 17.7 6.3 (1.498 70
Fraction 5 30,000~100,000 14.7 7.7 0.639 69
Fraction 6 >100,000 223 8.7 1.000 70
Chitosan - (100) 10.7 12.864 71
"Partial acid hydrolysates of chitosan were fractionated through Amicon ultrafiltration membranes
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Fig. 1. Reduced viscosity of chitosan hydrolysates at
different concentrations

Aol wla] A chg obvl Age] gl i
A7} 945 o] e W] diEe] splrt AR

=

B o foll4] A 2¥] chitosan 7}FE-afE2 chi-
tosan-& AFe 2 7} R85} 12
b2, olefdt Al zpH ] AFeh A1E el ke
o] %]3=2] ooly 7] fl&l 7F Algef4l pH 1, 2, 4. 72
yE g3

shEoibio} EAof cist DHOI 15}
B

& AMgSte] Salmonella tvphimurium rev-
ersion assay®} SOS chromotests- 4 A&k o} Trp-P-
2ol el Salmonella tvphimurium reversion assay 7!
5}, Fig. 20l 412} o] of2] pHel|4l &33F Baq) Lod
Bo] #7ke] fol™al Fo]iz LFEl-L}Xl e¥olrhpe
0.01). 5£3F SOS 4% HI-2of| chaf 42 pHoll a2 If
gbe] el aal Holh vielda stelrkpenon
o9} 7+ 7A3= chitosan 7}l E 2F o] pH -
ol ont 2 AR AR A FolAi x
9] 01:0] }\Eolzo‘l _‘E_&]o” A] 7]. 9}19_014“ J}E & 7]

PO/

uff =0 w2 A7k} wleba] chitosan TRl S0 5
Zodwe] A A AF zbAe] w2 AR gl <4 g



1068 A E)8s) x| A 289 A 6 5 (1996)

20 15
= 16 12
Q
% i
= RB
2 n 9 .
c S
& ]
T 0
: Lt
R N
K °
[ 3
5 g

4 3 £
E
3
z

0 0

1 2 4 7
pH

Fig. 2. Effect of pH on the number of revertants in
Salmonella typhimurium reversion assay and induction
factor in SOS chromotest in the presence of Trp-p-2
Number of revertants and induction factor at different pH
were not significantly different at ¢=0.01
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Chitosang- AF7}=2-sll 51 91-8- 67}7] fractionE-2]
o] A AHNE Salmonella typhimurium rev-
ersion assay5 53l Ay W gl (Table 2). HA| AlE2
Zg b E= Hbagis) ool o Q] 7Fdwo] el
tryptophan 94 &l AFS(Trp-P-2)el| is}od, 2+ B3y
2 0.1, 05, 1.0, 5.0, 10.0%2] v 2 A&H3 Ax,
fraction 1~4oll A+ 0~37%2] U2 olx| azt& vJehy
Aot SeFabg TAE epllR] & 7o 2 Ho}
ghEaluio] ghdo] 79 gl o g wohsE|glc). 1
2it} fraction 59} 6| 4= 5% o] Ak9] %qu’ﬂ 374
5] Beiwlo] Al Earl Z7ek ARE wYlch &
fraction 58] A% 5% 4 10% 5L 4] "—111]3‘01 d d g
45.1 % 67.7%% v|uA & AIE Ve, frac-
tion 62 A% 3% EEolA] 7HRF =2 78.3%2] oA
E3E 2<ic) Fraction 62] 10% “F5oll4{+ plateit
oll 4] counting@ w}, colony & #-7+3}7] 3 So] A2
H Ak} Bshgd ot

9, Fgo|7l MAEHs 7 we]]l aflatoxin
B2 Trp-P-22h= ule], fraction 20|41 fraction 67}%) 2]
5% H 10% gzl Sduie] AAEZINE Yehye
o], fraction 52] 5% % 10% E%olA ztz} 91.5% =
92.0%2] Fxe]Al olx) F7-2 ®girh 2-Nitrofluorene
2 URpAEE g Mol A e, ool o
3 chitosan 7H251 52| Eolwlo] ey L the
Aol Weldnct o Aot f4l ottt & frac
tion 52 5% % 10% %A 33.8% % 21.6%% 1,

fraction 62] 5% %27} &3 £l 50.6% B}
o|4+e| Salmonella typhimurium reversion assay 72
3}, chitosan 7}pEalB-2 A wo)glel 2itrofluorene
Hrh= 7Hy wWoelflal Trp-P-29} aflatoxin Byl ek o
Yast 2k % Tp-baol Hg &4e] 0-783%,
aflatoxin Bio] 0~92.0%241 Fx}ol| chat oia] FAfo)
o =ZA vrebsdeh 7} fraction el A &= A5l 4 ek
5% R 10% FxellA gEadule] aabg vy, 4
2] ®ollel hsl), fraction 59} 60] TEHOZ Eof
el AAHAE =4 ehyr} =3 chitosan 7
a=-2] ole|gt lEdo] AL v A1 plate 4}
A] background lawno] #&E|glo v A g 2}HQ] =
4 Eboll )28 o] ohigi e Bl 4 glede

SOS chromotest

gEodwe] Ans Al B o] 98 = ofE A
¥4l SOS chromotestE 4 213k A= Fig. 33 2ok
Zbdwlelflel  Trp-P-29} A Awo|glel  4-ni-
troquinoline oxideol| tH3}e] SOS ul-&-2] 452 ol
Sl AdE AsRgict. Trp-P-2¢| &, & frac-
tionoll 4] SOS %% oAshs FA3 A= Jehd
2] ekoky, <FMEFQ IF (induction factor)gk
5.28¢)] ti&}e] fraction 2] 10% ¥l 3.64, frac-
tion 33} 42] 5% ¥ 10% EXol|4] 3.24~4.0624] &&=
A Ao} vl wA et} Salmonella typhimurium
reversion assay2] 74-$-28], fraction 52} 62 5% o)A}
2 FEoA o] #Ao] Uzt vlelytid),
fraction 52} 5% % 10% X4 3.27 % 3.07, frac-
tion 62 1% o]Abe] Fxollr] 2.89, 2.74 % 2442} IF
e Hodoh B =& S0S HEHRE A EAE
fraction 62] 10% =% wigic).

Trp-P-29}= t}2 A 4-nitroquinoline oxideol] ©)3}
grEdwio] ¥A2 671A] fractions T Fofl4] viehgd
t}. = 4-nitroquinoline oxideol]l th s 4] fraction 12] 5%
2 10% FXA IF 248 199104 532 % 6522
3oy 684 % 673%0 X AL Vet
Fraction 33} 4ol = 1% o]Ake] %o uf 525~
93494 [FzF2 Yo 53.1~73.6%2] B4 O] JAH &z}

£ vjebyt}. Fraction 58 69llA= e vl 0.5%
o]Al—,] EoHe] E9E Wy, 01"‘4 iiﬂl*% =
H|=gh a50] A9E vhehy o0, IFgte] 4.57-845,
Z 57.6~77.0%2] 3-=38lo] %}'/“‘p— el lcl. SOS
chromotest® &3] %l chitosan 7123 82 359180
gxe 2w o]elel 4-nitroquinoline oxideol] Th3F &
Ko] a0l el Trp-P-2o] olej 4] ek of = Leh
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Table 2. Inhibitory effects of chitosan hydrolysates on the mutagenicity of Trp-P-2, aflatoxin B, and 2-nitroflucrene

in Salmonella typhimurium TA 98

Chitosan Hydrolysates

Number of revertants (% inhibition rate)

(test concn)

Trp-P-2" Aflatoxin B," 2-Nitrofluorene”
Positive control 1707+ 1927 374+ 64 573+ 89
Negative contro]” 23+ 5 28+ 4 26t 7
Fraction 1
0.1% 1270+ 166 (26.0) 350+ 35( 6.9) 5814 92( 0.0)
0.5% 12524319 (27.0) 390+119 ( 0.0) 512+ 94 (11.1)
1.0% 1766324 ( 0.0) 344+ 41( 8.6) 516+ 71 (10.4)
5.0% 2836+422 ( 0.0) 841+ 147 ( 0.0) 5244112 ( 8.8)
10.0% 15124348 (11.6) 786191 ( 0.0) 6254110 ( 0.0)
Fraction 2
0.1% 1538284 (10.0) 414+ 62( 0.0) 540+ 72 ( 6.0)
0.5% 11224365 (34.8) 472+ 50 ( 0.0) 5534102 ( 3.5)
1.0% 11521280 (33.0) 414+ 55( 0.0) 583+ 70 ( 0.0)
5.0% 1433+ 618 (16.3) 134+ 29 (69.3) 584+ 45 ( 0.0)
10.0% 2158908 ( 0.0) 188+ 52 (53.7) 5184234 (10.1)
Fraction 3
0.1% 15914236 ( 6.9) 360+ 34( 4.1) 6264 96 ( 0.0)
0.5% 1497+ 166 (12.5) 397+ 34( 0.0) 595+ 82 ( 0.0)
1.0% 1446242 (15.5) 348+ 30( 7.5) 556+ 66 ( 3.0
5.0% 1921551 ( 0.0) 104+ 32 (78.0) 537+ 82( 6.5)
10.0% 1604456 ( 6.1) 113+ 48(75.2) 694+ 72 ( 0.0)
Fraction 4
0.1% 15164293 (11.3) 387+ 91 ( 0.0) 6611162 ( (L0)
0.5% 1188-+ 151 (30.8) 417+ 49 ( 0.0) 5564106 ( 3.1)
1.0% 1128+238 (34.4) 4144114 ( 0.0) 629+ 33 ( 0.0)
5.0% 1445+ 849 (15.6) 86 34(83.2) 671+ 41( 0.0)
10.0% 10804528 (37.2) 83+ 46 (84.1) 596112 ( 0.0)
Fraction 5
01% 1470+ 107 (14.1) 447+ 55( 0.0) 5724117 ( 0.0)
0.5% 13741330 (19.7) 520248 ( 0.0) 536+ 91( 6.6)
1.0% 1536+153 (10.2) 5334238 ( 0.0) 569+ 94 ( 0.6)
5.0% 9474423 (45.1) 57+ 22(91.5) 388+ 79 (33.8)
10.0% 567+192 (67.7) 554 24 (92.0) 454+138 (21.6)
Fraction 6
0.1% 15114151 (11.6) 446+ 45 ( 0.0) 549+ 64 ( 4.4)
0.5% 1710180 ( 0.0) 428+ 49 ( 0.0) 583+132( 0.0)
1.0% 16974674 ( 0.6) 345+ 39( 8.4) 5654173 ( 1.4)
5.0% 3894174 (78.3) 75+ 16 (86.3) 296+ 68 (50.6)
10.0% . - 402+ 47 (31.2)

"Activated with $9 mix

“Without S9 mix

?Mean + standard deviation of duplicate runs
“DMSO was used as a negative control

v}, =3} B} fraction .8 Z4E & A wofA]
HE] gEodwo] Ale et

o]4+2] chitosan 7}pR-eEe] Eoinie] #AS
Asin, o8 FdelA dehdtAde] qloim »aH
chitosan oligomerol tla}j], 2 Exlak W 2o 3cts}
= B A2l fraction 13} 2% Salmonella typhimu-
rium reversion assay®} SOS chromotest 3%}, ¥ % &

e el g, Be A3 E woch oo 3

o] 71&2] Ei?lr Ato] & viehll e 72, ohE T3l
2l Al 22| AA Al 2| AlaHA] o]
}%-°o}:°]"-3 F A xS QA A] EAE AR 7
olnz, & dellA ARg-gt o] AJg byt
of atolujo] opdr} AzbEch 2 ATt Aafel M=
FAbeo] 37k o] AFel F¥Ab e ALEA} fraction?]
chitosan 7HpE 8l Eell 4] Eedwlo] @ Ade] viehyt
L o2, o 2 ofF fraction®] Foiwlo] oAl ubsl
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Fig. 3. Inhibitory effects of chitosan hydrolysates on
the mutagenicity of Trp-P-2 and 4-nitroguinoline oxide
in E. coli PQ 37 (Fraction 1: *—x_ Fraction 2: O—O,
Fraction 3, X—X. Fraction 4: .\—2, Fraction 5: @—MN,
Fraction 6: @—@)
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A zsbgdeh Hx%l 7} fraction®] Bol s &
HJolsb gialont, AR AHlS) pH 29 Beiuol
45} SOS i gl ul 23 o e gl A o}
elytrh. el fraction™ 52 Salmonella typhimurium
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