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Preventive Effects of Chitosan on the Disorders of
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ABSTRACT

This study was conducted to fine out the preventive effects of chitosan and chitosan oligomer on the disorders of
hepatic functions and lipid metabolism induced by 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD), using adult male
rats (SD) for four weeks. Rats were fed chitosan (4%) or chitosan oligomer (4%) diets respectively before 3weeks of
TCDD treatment (50 ug/kg BW) by intraperitoneal injection and then continually supplied these diets for one week
until being sacrificed. The elevation of serum total and LDL cholesterol levels induced by TCDD treatment was signi-
ficantly reduced in the rats fed chitosan diets. The increment of liver triglyceride levels caused by TCDD treatment was
tended to suppress in all rats fed chitosan and chitosan oligomer diets. Fecal total lipid and cholesterol excretion were
high levels in the rats fed chitosan diets. The hepatic cytosolic catalase activities significantly decreased by TCDD
treatment appeared recovering trend by chitosan diets. In hepatic microsomal cytochrome p-450, NADPH cytochrome
p-450 reductase, ethoxycoumarin-o-deethylase (ECOD) and benzphetamin N-demethylase (BPND), chitosan than
chitosan oligomer diets apparently decreased the increasing levels by TCDD treatment. In histochemical observation,
the fat droplets and apoptosis of hepatocytes by TCDD treatment were markedly alleviated by chitosan and chitosan
oligomer diets. These results indicate that chitosan, more than chitosan oligomer can exert preventive effects on some
disorders of hepatic functions and lipids accumulation by TCDD. (Korean J Nutrition 38(9): 689 ~697, 2005)
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A2 AL-E e FYES K T0FLE I FFH
7} teksid, tiEAQ] EAR I AAA o E FAAHS
A tol$AA EE E 4 ATk Hel$Al (dioxins) Al
SHHE2 o8] Y davt A%E WIS sjkEolH o
ZlM &3] TCDD (2, 3, 7, 8—tetrachlorodibenzo—p—
dioxin) & 7F¢ FAdo] 73 S_HEEA LD500] E3e] A
$ 22~45 pg/kg BW, guinea pig”7} 0.6~2.1 nzg/kg BW
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oj5j QIzke] TCDDel gk Ui 9= 14 0.01 pe/kg
BWE AA =L glovt dHAe 2= 1Y 1~3 pghkg BW
Aol ks AFsla e AQo|tt” TCDDE §8ha%
N E-ER AU HV)E A4E FelA wlEEL
AR, W7l 3, s 5] AE dadgel s A
Agol i), &, B 502 #54% F 23 2E9YE oF,
55, FAE, AaE 58 QA2 FY¥ch TCDDE 38t
Aoz ¢ e IFEE AR[BH AN AL I F
Aog EAsk Aol FY=H AP2A ol =0 o
Be w9l g9Fog apdoEy 4 g Exs Eals
A ke P02 d#A gitk. TCDDe 93l op7]== ti&
A T ZE= o YFE U ZFOAA FRY A7)l ast
2 718, 497k walgs, b A B, 39 A
A ALY o o). =3 FEAE Ax A87E° AF
As}? wAEF” nEH2HEEFY AR B
SEGAL o 7k &Y d AdylE A B ol #
st Z44o] Uepd o, Al vjXE dgoRs G4
4} T & (chloroacne)©] 7Fg Iz Z2 X F90]n &
AL ARG 28] EAIA freldel RuPEH o
Y e AsxAplA 24 #V1E 277 A 959
& oz ¥F tolgal Fuot 1XEF, dH=r| T4
FoE S Husiglon? sEtad wEsAlEelA TCDD
o o3 yXEF nZH2HELFT T AAdA}L ol &
7+ 7% Al Bol RStk TCDD2) 5432+ wAY
Z2 TCDD7} A& aryl hydrocarbon (Ah) 5849}
23 F A FAA olF DBA (translocating protein)
3} Agslel 4 BEIAE s, o] 4 FEAL &
© g Eo}7}4 dioxin—response element (DRE) 2} £2]
= specific DNA sequence (GCGTG) ol 2%l =3
© 2 cytochrome P—450 (CYP) &AAE 458t &
#AA Yk 7+ 2A6) F2 ¥ ¥ heme protein?] CYP
FAAE 4E, e, ey B4 & UE B4R
AZJA NG

TCDD¥ rat, mouse, guinea pig, @ chick®] | ¥o]
A] CYP isozyme % CYP1A %} CYP1A1& fE8chH= A
Ao} mRNA 224 = ethoxycoumarine o—deethylase
(ECOD) Y} ethoxyresorufin o—deethylase (ERDE) &} 2+
£ CYP isozyme specific monooxygenase2] A% v
2 E31 A

o]g} Zo] TCDD7} Aleilr ZHE A3 oPIAF| 2 9l
gof thale] 1 o L XsdiHe] dEowHN HZ JlE
AAE0T 27 7|EAF (chitosan) Z 7]1EAF &2]1H
(chitosan oligomer) & 1#3] B3Th 71EARS A, Al

29| 7iztge] AAold TERS B9, 2o T AATE
o] ol 359 7)6l2] TZoA olHE HFE-E& AAE 3
322 2—amino—2—deoxy—D—glucose’} -1, 4 A%
& 31 QlE BEA doife) dFold J|EAS AL E
= g7 HashE AR 9 718 SEanr Add
t} ol5 J|EAL 2 718AL £83mie AW AEFEol ¢
Fale] Ak A E5E Asisty I FHLHE 7
Z& AT 83 A At FWAsEAF o
DEHAHEEE D FUAEY AL gl A3}
Qt}5® Bae B 457 71EAF 5%20] AHE ¥
o) 7tzAox FHAHE FBo| FH2E AL,
Moz A7 Gk WaZvIE Busigitt 1 gdl=
FEAL 9 7)EAF gElane) avtgA F8RY° I
£ 2 AT 9 BgP Bg 9 #3 FA Fo) BuH
otk Ryu®?: 718ARE ICR mousell 30, 40 mgkg TF
o7 gzt Bk FFe o 7IEA FoiF TS
Z719) 227} AEFe 7R 29I SR ¥
A3} A FAE S/ vl splenic macro-
phage7} glo] A2 o] EAo) thste] Woizhg-2] FFol
9)ony FAMo= T-lymphocyted) BG&go] = A
22 AA3I3IT

ulelx] B Ao $H32EQ tol$alA TCDD
=40 thsle] 7)15ANER NBA 2 JEAL S E
olgslel 1 taHE FAGERA, AP}, FEsHA
4 T 7 BHEA gl gisle] BekEo 1Yt
1 1 ALEE Folua ATt

ApE 2 g

1. MEuY X FEMNS

A8 =27 2 oF 131 g&+= Sprague—Dawley 3
A (&R 4579 320RE UiE bloleB@ T TS
139 32t A8 a3 83 ASNNIF T
Z gulE) Huljsio] Aol Ysigick AP 4ol AIN-
93M® & 7|12 o7 & %FAo] (Table DZ 35 71EA
(MW 300,000, (3 71E2}0)Z, Korea) 7 71EAT E2|1
o (MW 5,000 (3 7IE20|Z, Korea) & & 4%=, 4
olAMtE 7% 2 3] 357+ FFE F TCDD (50 ughkg
BW)E B2 Fsla A&sA 15770 o FF8I0H
(Fig. 1). TCDD (ACCU Standard Inc. U.S.A)+= corn
oil : acetong 9 : 19] HIER THE §Aof Zof ARESIG
on )22 placebo® corn oil : aceton (9 : 1) &
ohe TUZzA0R F3Sith ABTEY AT Aol



Table 1. Composition of experimental diets (g/kg diets)

Ingredients Basal” Chitosan S{g?:er:
Cornstarch 600.7 600.7 600.7
Casein 140 140 140
Cellulose 40 - -
Chitosan - 40 -
Chitosan oligomer - - 40
Sucrose 100 100 100
Soybean oil 70 70 70
Vitamin mix” 10 10 10
Mineral mix” 35 35 35
L-Cystine 1.8 18 1.8
Choline bitartrate 25 25 25
T-butylhydroquinone 0.008 0.008 0.008
1) Diets based on AIN-93M pattern
2) AIN-93-VX (ICN Biomedicdals. Inc, U.S.A.)

3) AIN-93M-M (ICN Biomedicals. Inc, U.S.A)
0 1 2 3 4 wks
Control

TCDD

.
1 TCDD
Chitosan oligomer diet

[ }8osct diet Chitosan diet

Fig. 1. Experimental Design. Control: basal diet, TCDD: basal
diet and treated with TCDD, PCT: prevention with chifosan diet
and treated with TCDD, PCOT: prevention with chitosan
oligomer diet and treated with TCDD.

E& AHEA
=5 A 34wt
22 + 2T,
AEE 65 £ 5%% A8k HUS- 12A17J 2
st 2SI AR AL A7 F5 A A8FE
= etherZ vl 3le] 22 diizwlelA AP ofs A=
39 BT d39) AssrA AR w4 A3 EDTA
A2]e tubedt X HA] &L tubeol HHrolA F4leta
EDTA Hgj¥x] ¢k goie 3000 RPMefA 1583 94
EAIA S Besigich o AH F 1 18, F4,
HE A& FAE 243 o B3 e 8

= 02

]o

Zt A7VE 0.5~1 mm® A2 2A 2t 10% formalin £
Aol IAAAA) G A2 AL A ALZ SA] YAl
A =70TCIA B3t

2. Mgt

1) @L‘-O fiaty |

AT (red blood cells, RBC) &7, W&+ (white blood
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cells, WBC) <, SIPIEAZE (hematocrits), AEZER]
(hemoglobin, Hb) ¥% ¥ d2% (platets, PLT) 4
£4¢ 8l 1A EDTAF H2jd feol d4&
AFet e GAREEMA7] (NE-8000, TOA Medical
Co., LTD, Japan) & o|&3te] Z431310}

2) &% M A B AR

84 9] cholesterol, triglyceride, HDL—cholesterol,
LDL~-cholesterol &% AgeAlE+-417] (Hitachi—
7150, Hitachi Medical Co., LTD, Japan) & ©] &3}
BAzgich 1243 W F9 £ 228 Folch %9
g o & cholesterol %S Sperry—webb™ 9] BH O
2, triglyceride @& Fletcher™ 9] WP o2 A35
th W Fo] YAl ke Tokunaga 5772 WHOoE W
ol GEALS FET o F5AE kit (Wako. Co) & AHE:
—]-o:] 17(—] 5 %x:]-

3) BPM2ABYE 2
7+ cytosololA] catalase®] BAHLE Aebi®9) W&
o] g5l 43191, superoxide dismutase (SOD) <9 &
A% Leest Yu 572 W& o]&3to] 743 om,
ZF cytosol?] @HASRFS Lowry 57 HRlel o3y
Bovine serum albumin (BSA)& ¥FEALE ARE3l] &

A F olB 7)Fele] 0B BYEE HEHALL

%‘I%Q[HI\' UA%INE _N

4

(1) Cytochrome P—450 (CYP) A%

Omura$} Sato™ 9] 9] 2]l 0.1 M phosphate buffer
(pH 7.5)& 7t wle]a=E @ido] 1.0 mg/mle] F57}t
HEE 3AE] 23T A2 cuvetteol ©]EAdE 1 ml
Q1 Na,5,04E 1 mg @715} baselineS A9 Al
2 cuvetteo] ARBIEAE AFo]l Yo EF T F
450 nm$} 490 nmeiM el FR% xo)E #FES oM mM
F3A5 91 cm ™ 'mM S 018310 CYP $gs AXTSISith

(2) NADPH Cytochrome P—450 reductase 4% 5%

William¥} Kamin®*? €] ¥ 2&) 0.2 uM cytochrome
C 0.3 miz} 7k nlolagE&e] Wlale) F571 0.25 mg/ml
Q) FAldle O 3 ml¥1 0.5 M phosphate buffer (pH 7.7)
2 3 292 1.5 mlE 3o baseline 2 A3 Al
i cuvette°ﬂ 0.1 umol NADPH 0.1 ml& #7131 550
nmolA 3~4587 EFE WslE SIS FEE Aelx
e mM 5345 21 cm 'mM & 0)8319] cytochrome
Co FIEEE AARIITH
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(3) Cytochrome P-450 21€4 monooxygenases &
A= &3

7—ethoxycoumarin o—deethylase (ECOD) BAE+&=
Greenlee$} Poland™ 2] ¥hfel 23] 431507 excita-
tion 370 nm$} emission 450 nmoY FFREE A3}
o] Bh$-AB4E<Q] 7-hydroxycoumarin® ¥5E SA3%0
XN FAEAHEE AT Benzphetamine N—deme-
thylase (BPND)$¢] 8AEE Thomas $*9) 9] ule}
AN 412 nmollN FFEE S8 ¥ AP ER
formaldehyde?] 58 SATOEA &4 GES AX
33t

g2 2719 FAE g 2ok AATE F BN 2 7]
EAL 83 2o]E FTHT TolA AFFUlel 1Y B
Holz o] 223 TCDD HE5STHT} foFoz
Wkt o)A HojxFFo) HojA AFFIIE A2
Aoz YTt (Table 2). A7)1FAME 7] A
2 (g/100 g BW)o] thZFell Hlste] TCDD Fofi-ollA
25 §oA0% ¥oln FAY AEF (/100 g BW2
thze] ulsle] TCDD FolTol 25 vigh oj8te] &
o7 o] o7 it} (Table 3). Harris $”& TCDD
7} AR Z B FA4& AskA AFAH o FAL cell-
mediated immunity 2] $33¢] lymphoid 7|#el2}ta 3t

AT Vos 9% TCDDel g §4lo] AF=cky Frk

6) ZHeIH A D83} we) AEe AR Sams] Tl e T

AZ38 78 automatic tissue processor (Citable 2000) N
2 olgslo] B = paraffin AEHGE AR O, mo), o) oo R
N 9 2elajed 200Miee) Bev)AoS A 2. ERYYE Y
28y 278 ARSI Yo Rol ] WaTe] S 7|EARS W7t AolTelN
— T ol :1%}0% Ve B $22 4:}141915—31 Rhu”’f.
A HiiE = 3
AR SAS progm gl BB HEWh o oo e T IR TS g
(mean + SD)Z AABIIch T8 723 AS5S ANOVA g9 2 thzo] Hlste] TCDDE Soiat RE oA
test ¥, Ducan’ s multiple range test® =313t} so)goz waT AuIENgge JEA g2nH A
ool thETol k] fAHoR Fokth Pawe] &
= TCDDEoJell o3 ZAHom oe Pavo] Pit
= 3o AT} HatEo] BIREThE RTO7} gle
¥ B AYe|ME tjzZrct TCDDEA g % 3

ot o &
1. SB9 Y71} Mo| MIF
AY 453 F<te] 32 AR AoldF%E 2L AF 100

Table 2. Effects of chitosan and chitosan oligomer dist on body weight, food intake, and liver weight of rats freated with 2, 3, 7, 8-
tetrachlorodibenzo- e -dioxin (TCDD)

Groups Inifial body weight (g) Final body weight (g) Daily weight gain (g/day)  Daily food intake (g/day)
Confrol 132+ 47 306 +17.3° 6.22 + 0,57° 202+ 0.6°
TCDD 131 £ 5.8 297 £10.2° 6.35 = 1.31° 19.9 £ 0.5°
PCT - 131 £ 6.8 272 £ 10.7° 507 £ 0.27° 18.7 £ 0.2°
PCOT 132+ 34 198 + 33.8° 237 £1.7° 123 + 1.4

Confrol: basal dief, TCDD: basal diet and freated with TCDD, PCT: Prevention with chitosan diet and treated with TCDD, PCOT:
Prevention with chitosan oligomer diet and treated with TCDD. Values are mean + SD of 8 rafs per group. Values in a column with
different superscripts are significantly different (p < 0.05).

Table 3. Effects of chitosan and chitosan oligomer diet on organ weights of rats treated with 2, 3, 7, 8-fetrachlorodibenzo- e -dioxin
(TCDD)

Groups  Liver weight (g/100 gBW) Brain weight (g/100 gBW) Testis Weight (g/100 gBW)  Thymus Weight (g/100 g BW)
Controi 3.21 £0.17° 0.58 £ 0.02° 1.16 = 0.08° 0.20 = 0.04°
TCDD 472 + 0.47° 0.59 = 0.03° 1.16 £0.17° 0.11 £ 0.04°
PCT 4,61 £0.31° 0.63 = 0.03* 1.26 = 0.05° 0.09 £ 0.02°
PCOT 4.16 £0.30° 0.86 £ 0.12° 1.55 + 0.28° 0.09 £ 0.01°

Control: basal diet, TCDD: basal diet and treated with TCDD, PCT: prevention with chitosan diet and treated with TCDD, PCOT:
prevention with chitosan oligomer diet and treated with TCDD. Values are mean = SD of 8 rafs per group. Values in a column with
different superscripts are significantly different (p < 0.05).



FoI N, 7|BAL S E ISt AolitolA folF e
2 Yo} 7|BAN 7 BA Seluv] 3B Ay} Holx] o
gkt} (Table 4).

3. SN @ Jio] RunRy
@’ﬁ A Aol A "3 Zcholesterol® HDL—chole-
sterol ¥ LDL—cholesterol &&o] TCDD o] ¢s}
el vlgl] FHew AsEEd Bombick 7
< TCDD7} 7t plasma membrane] lipoprotein lipase
receptor®) ZH-& A&A|A EF cholesterol
AlZIkar siedct. §HA 71EAY 4% H7R0)E

=2 /\
TEE

TCDD 59

wmEe xSk 380) 689~697, 2005 /693
s7] 3FAEE TFESu TCDDe 23t Aso] #2l4
oz A5k YT 71 AN &elaw F7RolrelM e AskH
A ekttt (Fig. 2). 7] cholesterol 52 71EAF &€
ol gk Fo] ok el vlE| foHow ‘;%"‘
o 749} triglyceride & TCDD Tl &3t 4%

F|EAL B 7)EAF S2lad HolE FdEdt BY- 1‘41&%
FFEo7 AsATE At (Fig. 3). TCDD Fo¢]
o3t A5 Argel diske] Gorski 5 TCDDell
3 7k FAAH FAdol FXH 1ol AE2e] #
Tl 31tk 71EAR Holelld FH 2 ke AAFEo]
AslE AL 71BAb] AATFEo] Zate] Al A

Table 4. Effects of chitosan and chitosan oligomer diet on hematological values of rats treated with 2, 3, 7, 8-fefrachlorodibenzo- o -

dioxin (TCDD)

Groups  WBC (X 10°%/mm®) RBC (x10°/mm®) Ho (g/d) Hct (%) PLT (x10°/mm°)
Control 684 1.27° 690 £ 0.24° 136 £ 0.6 420+17 1063 £ 114°
TCDD 9.23 £ 2.42® 7.29 +0.33° 139 £ 0.6® 434+ 18 1049 = 180°
PCT 10.51 + 2.80° 7.28 = 0.35° 13.7 £ 0.6® 27 £16 1042 + 139°
pPCOT 7.51 = 1.84% 7.49 *+ 0.42° 142 £0.8° 431 £24 724 =174

Control: basal diet, TCDD: basal diet and treated with TCDD, PCT: Prevention with chitosan diet and treated with TCDD, PCOT:
Prevention with chitosan oligomer diet and treated with TCDD. Values are mean = SD of 8 ratfs per group. Values in a column with
different superscripts are significantly different (p < 0.05). RBC: red blood cells, WBC: white blood cells, Hb: hemoglobin, Hct:

hermatocrits, PLT: platelets.
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Serum HDL-cholesterol

120

80

(mg/dh
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san oligomer diets on lver lipid cont-
ents of rats treated with 2, 3, 7, & 8
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TFE AAZI BF cholesterol £F2 AsAReH 1

R 7)EA] 71EA S uH R o gaolth

4, ¥5 A 9 SENET
W 20] £x]|2 U cholesterol vjAo] F1EAF dlo]of ¢]
3 thE ol vjsl fde® ASElgch JE 9E

A e 1S B ARAL SRlae) Holo) Yzt

TCDD &% FojrHTh f230 2 Yot} (Fig. 4). 53
718 2| Ao]ite] dEAh wde] B R 1Y 4
o] AFFe| 1 IF Q3 19 HFo] A3 AL2A
ol ggko] & Aoz Aatgr)

5. BMEtAY AN

7t cytosolic catalase?] BT ozl vlsted TC-
DD FoFolA BF folzoz izl o) 7| At 2lo)
oA ozt 3)1Ee] A'kS BATh 7 cytosolic supero-
xide dismutase (SOD)2] ¥/d%& TCDD ©5 Fol#o]
g2 ZEg fFow Egrt (Fig. 5).

6. M9 SYSAN A2 0 BYE
7t EAEA i 484 X gk By
7F mlo]A 2 &9 cytochrome P—450 (CYP), NADPH

A T 2=

cytochrome P~450 reductase B4 EE TCDD oo
& AR 7IEAL 2lofe]l gl #X3HA] ASHEH
o} 2EIHE 7|EA SR aw 2ot 7)EA] B E340lg]
v} (Fig. 6). ©|E cytochromed Tt A E:E Hakans
son $2¢] QAFNE TCDD Fojoll 23 F= 45
Rog BuHo] B A9 dXsh= Aotk &= A
F8& ] Asl
CYP1A specific monooxygenase$! 7—ethoxycoumarin
o—deethylase (ECOD) 9} CYP 2B marker enzyme®)
1)) Benzphetamine N—demethylase (BPND) 2] 24
TE B o]E BF TCDD @5 HolitolA tiztel H]s)
f9A 02 A5HA BPND2| 3¢ 71EA )} 71 AL
| Aol BN dAskA A=A e ECODS
745 F1EAE 2ojoll 3iARt el oz A=Y} (Fig.
6). Okey =+ CYP isozyme £ ECOD”} £3| TCDD
o g8l FE etk sgiET 2 A3k BPND}
ECODE} Bl WEst A7E Hilon Az oj& &
A5 cytochrome P—4502] AT} fAKE A3ko]3itt.

7. WEEe| BN M
719 248 BRME izl Hlsle] TCDD Fof

%9 cytochrome A% isozyme?)

Fig. 4. Effects of chitosan and chif-
osan oligomer diets on fecal lipids

and bile acid excretions of rats tre-
ated with 2, 3, 7. 8-tetrachlorodi-

benzo-edioxin (TCDD). Cont: basal
diet, TCDD: basal diet and freated
with TCDD, PCT: prevention with chi-
fosan diet and treated with TCDD,
PCOT: prevention with chitosan oli-
gomer diet and treated with TCDD.
Values are mean = SD of 8 rats per
group. Values not shating a com-
mon superscripts are significantly
different (p < 0.05).

Fig. 5. Effects of chitosan and chi-
tosan oligomer diets on hepatic cy-
tosolic Catalase and superoxide
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£ ¢ £
3 o
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a dismutase (SOD) _activities of rats
freated with 2, 3, 7, 8-tetrachiorodi-
benzo- o -dioxin (TCDD) Cont: basal
diet, TCDD: basal diet and treated
with TCDD, PCT: Prevention with chi-
tosan diet and treated with TCDD,
PCOT: prevention with chitosan oli-
gomer diet and treated with TCDD.
Vadlues are mean = SD of 8 rats per
group. Values with different supers-
Sr[n%r)s are significantly different (p <




Tolxy ThAEe ‘do] st St
AL FHY A9 sinusoid7t F2HA F7HEg e A
EIDE EFEY. 19 71EA BE 7EA &7
IHE TCDDFA3V) 3FARE FF3 TolxE ols}

AYAE 9 TER

HELS KRB e 3809 :689~697, 2005/695
AEAAL QoA 7|EAF 2 7|EAE SE]an 9] oty
7} QRS Yotiy] $138 Sprague Dawley (5%, 45
H) & o] g3le] 71EAN} 7| BAF 8|1 E IR cellu-
lose HAIEE sl 353 53 T TCDDE FYskz 1

2 BYEo) T AEN Fig. 7). 2 ASHA BRI 45 AWk AT Yoz
A3 "3, 3+ 9 W AFEE Bk kAN itk
g e S =
Qo AR 4 BHES (F BASAUNL BHEL0) YRS 5
siglm (EA ) @olRA wEE Sk
tolSA1A TCDDY =2€ AF 2] XAt & 7+ & 1) 71EA 2 7)BA 23] 2o)E FHET FolA A
Cytochrome P-450 NADPH Cytochrome P-450 reductase
T € 130
£ £ a
c C
S 5 b
8 8 120k be E
[o% [o}
2 2 [ Fig. 6. Effects of chitosan diets on
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