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Effect of Chitosan on the Lipid Metabolism in Treated
2,3,7,8-Tetrachlorodibenzo-p-dioxin in Rats

Seock Yeon Hwang, Jin Bae Yang', Cheoul Soo Chang?, Tae Up Kim®, Hyung Chul Lee™

Department of Clinical Pathology, Chungbuk National University Hospital, 1. College of Oriental Medicine, Taejon University,
2: Department of Clinical Pathology, Kimcheon Health Siences College, 3 Department of Pathology, College of Oriental Medicine, Wonkwang University

This study was carried out to investigate the protective effect of chitosan on lipid peroxidation and key lipid
parameters in Sprague-Dawley rat (SD rat) accutely exposured to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Male SD
rats received single intraperitoneal (ip) injection of TCDD (40 rg/kg), and were given diet containing 3 or 5% chitosan
for 4 weeks from 1 week before TCDD treatment. The gain in body weight was less in group treated with TCDD than
in CON group, while that of Ch/H+TCDD group (6% chitosan diet) increased. The decrease in liver and testis weight
caused by TCDD was prevented by high dietary intake of chitosan (5% chitosan). Serum (total cholesterol, triglyceride,
HDL-C, and LDL-C) and liver lipid parameters (total lipid, total cholesterol, and triglyceride) were significantly elevated
in TCDD-induced rats, but these parameters excluding HDL-C were significantly reduced in high dietary intake of
chitosan (5% chitosan). These findings suggest that chitosan is believed to be a possible protective effect against

2,3,7 8-tetrachlorodibenzo-p-dioxin (TCDD) in rat.

Key words : chitosan, 2,3,7,8-tetrachiorodibenzo-p-dioxin (TCDD), Sprague-Dawley rat, lipid metabolism
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tlol2ilA siRES 2 BERE
hormone) &2 W&2H] WgHEd (endocrine disrupter)o]Z} E¢4
A AAHCE ZAAIEL Uch BESEE0|g YA =2
2 2y|7)s0l HElE Fe Qo1d ulBd] HTEAZA], AEY
S22 48X (hormone receptor)} 231 220 2
grg AU A0 SER £8A Y e Yotk A2
2 2™ Yok, 2,37 8-tetrachlorodibenzo-p-dioxin(TCDD)=
ol 87 TEE FolA 71 4ol A SAlof Qlgto] &4
g 23 5 718 S4o| 48 StERAY dAEZA FAR
ASE SIEE WEBHIAE ER7IH, 1L 20 AS Hd, 44
71 718 & 715 As) B, o ek, 34 XA B EE Fol,
uhlo)al B3 22 E4ERg0] SuEPY. 1 QolE iRy
AEEAEo] Qg AlslE &2 ZHE 9F, FUEIAUEY,
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Y HIET 2tk TREAEAE BHEol U AR
AZHEC). TCDDol| 93] op|Eis AFMARIYORE AlS
Z5 W AFAG, 1XEF’, LU 2HEYFY, NS
Y, e43l2TiAl o4 ES E 4 Utk AZUARIAS B4
5408 XNEE, 1FUAHSESE, 7 H A AgAEY X
A5 58 EAPigict 0]9 Zo] TCDD: A ZHEtiA] o]
HE ZUGiL, "Y1 AdKlIle & AIX9 ZE 7isol
AEHQ &S F= EFOIT & 4= YTt ololl thisi 2 e
ot 9 RSchao] Qs 1 YEoEHN Flalekgo] ohd
AHAAE MBS Iedl E W Q2 AZRESE 4 U1
Ae 716A SBEE § & JAT) 718 (chitin)2 E714 tigd
F(poly- 8-14-acetyl-D-glucosamine} 2 2L} Al BY 4H
AZolu 2579 1|, AASES W, IF ¥ HAY Az
Boll 2250 Qs Hd 1A EAR 2445 f718M, oY
delol B Ze S Z2F E2 BEFLE ZAO|
ok 10071 o4}l EFoltt. 7184 W 71 BAL T]AHE X]%‘
Z 858 (fat-binding capacity)o] 245k Ao AU &4
AHSHL, B E S7IAA EF SU2HE ¢F0] Zio?ﬂoi
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CHo] 246 Azlol tigh 7140 REAL vkl A%

LFHAHE B85 2 SNEEY oukdt Ajgd 37t At
I BusEa YoM, w8l 718419 glucosamine P&V} &
NEH kSl basic anionic exchangerZ 2235} hydrophobic
anionQ! bile acid®} ATH51A bile acid®} A ESE AT 1L,
o] Z QI3} 7tollA] bile acid EHdo] E7IELEN EE SulAH
£2 AshI7E A2E A Yok, S, RN adEa
{endocrine disrupting chemicals)2 EEIAEF, HIEH 89 4
g8F U 5 F3E I8la 5U%F B gfE deH, F
7), 8 & 59 87 %ol WA ES”. ol2id uE
N ZYEAS Q1719 42 FZ Yol B3 fu=En AW
o £A% clo] S B4 BVt oF 7do] AQEE HAOE
geix Ao, wEid R IgE Ao S4o2HE Yot
7] sl folEdd REHA FAHU SHEES FEAT)
T EZE 58shks Y Aolth. 22 TCDDY diE &2 =
Hosiol FHE 77t AEEL A, 4ot viERIo]
TCDDQ| 54 & AZAIUCHE vt A2} olol thgh d+&
guis] YR YA 2 Aol Fx7A TCDDY &
M2 I A8 WAUEES 7] Adt AlRg 7184 4]
AWE THESP] AT d7E P40 BR2U TCDDA| sl
o1E AZuiAlol4d W XA IAtElel 7124 HEF ol o]
St dTE UL Sof BE d it wekd 2 dFolMe
71E4k0] TCDDo 9o S XZriAloldol mRl= FHE
ZAGIECH

SER

1. 7180 =R U B

F1ELME BAEQL AT HUlel] HAE HolE 336}
Frt &, 4 v EF Y TCDD o5 oS H4EQ AIRR
HoF md 25 S33NIRN e, AsEB% 71EAHS] 7154
2 TCDD ¥ & ST ABEE% 71E4H9 71542 TCDD
HE Foro Qoide B AIRZRHo F1ELHChitolife,
Korea)2 3% &2 5%9 L& AZslH 457 B&AHCh

2. TCDD ZA)

TCDDE AccuStandard Inc.(New Haven, CT, USA)ZE FE]
&F P1% olid sletES Felglo] ARSIt TCDDE =
A%0] DMSO W ol Eofl =01 ThZ com oil2 FA5l &
EE7}H 20 pg/mio} HES EAGl] AT

3. AEEEY AR

AHEES 180£10g9] 471 Sprague-Dawley ratg gh= M
TZRE FGK B SZAF4d A3 tig d#ol A}
SIGCE ABSES AI8S 2 3+1TC, §T 40~60%, &7
= 14170 12~153) 2 819k 18 £ 12417H2 200~300 LuxE
ZBBIL 124742 ZE LS XAEIACE Hole AN Al
2 Y 55235 FFIen, Al AT E2 AT glol 3
Falxct.

Au)

r oo

4. HET

BT £ wniRe s8€ 7 F 1004, o Feg
FHEINCE &, Q22 Z4EQ Hol 3 U vehidehe &
Rt Hat iAZT(CON), F4b5el Hol Eg B 40 ug/kg
o] TCDDE ¢8| 27 S0$ TCDD ©E $aFTCDD), 3%
71 EAY g7 2lo] ¥ TCDD 87 FoTF(Ch/L+TCDD), 5% 71
EAL 89 4lo] 2 TCDD Bz B9 FCh/H+TCDD)CE 72
SICE. 714 85 o] RHFES TCDD =2 157Y HEEH
Eoldlgen, TCDD 85250 & 377 4#H3INc

>

5 AEEY Q A718s

NeEe md ZH3Non, AEEE & dEEES 20%
urethane S 2 1IFSlL AFHXE ANESIHCE &AV)9 BE2
AES che 70, H, AFL HIE Y HAE FES 2AHE &8
SKETL

6. AHal BN 2

Hagh 32 YISIAHE  E447]  Hitachi-747(Hitachi
Medical Co., LTD Japan)E A3l BUABIE, triglyceride,
HDL-C ¥ LDL-CY g&te H30I5rt

7. xRS dEA MR

B ZRE] A& 7H2 50 mM Tris-HCI buffer(pH 7.4)E
glass teflon homogenizer& 0|23l FASIHT) o] FAY
2 4TollAl 3,000 rpm2 2 10827 AU ReIsIH M, doiXl &
BHE dfol ARBBIATE

8. g 58

DAY & XA g 82 Folch 79 Wyg YR ¥
goio] SRR, FHANE T ZYL Biggs 7 U
02, BUAHE BYS Zlatkis9} Zak 9] WHE 018310
ARy

9. HMG-CoA reductase 84T &35

HMG-CoA reductase BT E£XE Kleinsek S79] upH
o] &l Y5t &, 300 mM KCl, 6 mM EDTA % 15
mM dithiuthreitolo] ZEE 240 mM potassium phosphate
buffeer(pH 7.4)0] 2 mM NADPH, 1 mM HMG-CoA H4%E
H7¥5l] 37 CollA 420 nmZ FX TS HIE &3 &
BASE 62 mM'em’E EUEIRCN, 549 BHUAE 18
Y 1 mgo) thZlo] 2aidh= NADPHO| & pmoleZ HA1S}
Aok

10. N A8 EF

2xEA 9] X2 THISHE BuegeS} Austd] B E3lo] &
At &, 7+ F2 o) thiobarbituric acid(TBA) 84 H7}
Bk 30%& E=OF vortex mixerE EBIAZ] F 100C EoiiAl 158
7t ERAIA B1SA17 F 4204 YZAI T2 3,000 rpmol]
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535 nmolx FRES

Al 108 8¢ SdEesid 1 ¥5de
EZs6INct
11. EAXE

Agdas B+ EEBAHmean+SD)E TV1GINCH, &
AEHE BAL Student,s t-testS AHREl0] A4 tiRZ(CON) &
2 TCDD ©@& FoF(TCDD) thy} 71E4E 4lo]77te] {9 A}
7} P<0.05 £& P<0.01 0|3}9] A¢ EBAZFCE RIHo] U
ASE FFBIAUM.

A3 2 3@

A AlBE A ARl wiEt S E3ER XY uY
ZYo| E7151 tiVl, EY, E 59 Ad 8 o F3 5
o, o]§0] Ol 2PN |F, AWF, Mi, Y B E2
Hol A& S Edlo] AN E |FY=EE 718 ¥ v 25311
Ut 1 23 BF W FoliMt SHZER0] HEHL A
AP 227 SH S22 o8 NAHAL o]4to] BF Fst
ol BAHZ oZ|8 4 At sHAct wietd uE2n|Zoi 2
ol 9t Hal g Zaslol] FaiME WRHIZHERS &S
FHaslshe SAld S8& 3X]E 4 EFE Zoe AX
A4s) Q7ELh 2 dFolA TCDD 48xd AE &7
TCDD =& % 5UR2E AA8] £3%7] A|Z8l TCDD %
o & 1FREE Z4 iR Pl s FAsH Zash] A%
8lal, AlE £54171¢! TCDD £ % 3F ol 84 AT
RNEQ oF 68%0l EWSIATE TCDDY |F EHS EEY &
ol W2 & xjol& ol & Bolyo] e Rosk ¥ ¥
Holl wizh oI 2ol Y2}, tHEEY] EEdlA] A B0l A
dlEl= Ao BusEI YEu®?, olZd 2o UXIGI
t}h AEEES AFHS W F7|FA AFH2E EHo 9
o Alo] ARATU 8] A5 52 A ¢ 4 U A Eolrh
2 AFolA 5% F1EAF g7 4]ola(Ch/H+TCDD 4ET)Y
B E4 tiIZT(CON)ol Hlal TCDD =& & Qe MBS &
7} Bt AXHERAA L AS 2AEE TCDD @ FolZH
Hlnol & w #A6] Hot AL (E%)9 7184 oot AL &
94 (p<0.01) AA B7iele ALz FEEHJCE TEu As
F(3%)9] F1EA Alo]F(Ch/L+TCDD)ollA1&= TCDD A#F
HId AE 571 S VEMIXITE TCDDE QIS A E 2ol
il FAXOZE Wolgie UeliAe Bole AR
FHAckFig. 1). M & A7|E HESIH F719 7AE &F
o 23 g, A7 2213 HiZY 2 Heloie 4 AT
¢l CON A Fol Hla] TCDD @& RoiF, Ijil 71584 4]
0] ZE(Ch/L+TCDD, Ch/H+TCDD)oll Qo4 §98t w7}
TEREA 2 vhH, 3 B4 2A HelolAe B4 HET
(CON)oll B]3} TCDD ©E 23 Z(TCDD)oIA] OF 92%<] £
3 23S VERIQASLHp<0.05), 71EAL AlolZEolAE
2% TCDDoJ Bldl 7t &=1}oL |98 Rlols BEEA &2
Qtrt(Table 1).

—8—CON - e—TCDD & ChL+TCDD —v— CWH+TCDD

Body weight (g)

250

Time (week)

Fig. 1. Effect of chitosan on body weight in TCDD-exposed rats.
Data were obtained from 10 animals for each group and expressed in mean=+SD.
Diet was made from chitosan in different content (3 or 5% chitosan). Abbreviations
are as follows: CON, treatment of normal diet and vehicle: TCDD, treatment of
normal diet and TCDD (40 /kg) : Ch/L+TCOD, treatment of 3% chitosan diet
and TCDD: Ch/H+TCDD, treatment of 5% chitosan diet and TCDD.

Table 1. Effect of chitosan on organ weight in TCDD-exposed rats

Organ Organ weight (g)

Group Liver Lung Kidney  Spleen Testis
CON 9307 1.9+01 22401 09+01 37x02
TCOD 84157  21£03 21+03 08402 3.4+03"

Ch/L+TCDD  87%12 18x02 20+01 08+01 3502

Ch/H+TCDD  83+1.1 18203 20%02 09101 35+04

Data were obtained from 10 animals for each grqun and expressed in mean+SD. Data
were analyzed using by student's ttest Symbol (') indicate p(0.05 when compared with
CON group, respectively. Diet was made from chitosan in different content (3 or 5%
chitosan). Notes on group designation are the same as Fig. 1.

B oAl ALBSE tlo] 2414 SeHES] tiEE Q] TCDDE
2 A7l AXEE B I FHAHE g5 52 oVIdh= =
Mo ) 2% 2AT YeiA Kri*. Walden3} Schiller™
¥ Charles River/Fisher ratoll TCDD 45 ug/kg 8T & 13 &
oA|7l 2, 1F 2ol 1 SFHAHE &3 AXES0] Fe=
ot BusiEek ES SD ratojL} moused A = TCDDE &4
BLE 503 dRo0ls 88 § FUAHES 55U $A5] &
SHJEUPY, 2 AToX T TCDDE Foid Z 2ol g4
HZF(CON)oll HIgH oF 141%9] RS &718 B 919 o3
AT HuEY UX|5IcKTable 2). 0]2is TCDDY] R E ¢}
ot & FYAE|E0) 75k 7182 adipose tissue =410l 9
cholesterol mobilization £7}2} hepatocyte plasma membrane®]
LDL receptor®] down regulationol] 9l3] op7|glth= Hurt @
MBENE 71 HEES o1 UTF?. 718/ Ay Feksy
{fat-binding capacity)o] 243l Xg9] W &4E A8t
HEE E7KR1A €5 SEIAHE 59 A5IE 1 Sd2HE
g% U 5359 did s g7 il B2
w8 s} 718419) glucosamine &7} S31FH ok basic
anionic exchanger® ZHZ56} hydrophobic anionQl bile acid}
Ak bile acid9] MEF,E XSG, 0|2 A ThllA
bile acid gJo] Z71E 22X A cholesterolE A5HA|71= A
O gEA Aok, B dF0IME 71E4I0] 85 ST HE §
22 JRo] FR=rl, TCDDY) 3l /¥ I FHAHE &
&0] 7|EAF 5% Al0|F(Ch/H+TCDD)oll A= o 18%9] =l
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tjo124 Azlol tigh 712401 R -ohAlol vix)E B3

a7t ERIEIFOLL 3% AolT(Ch/L+TCDD)ol A= FA8t
Hal7t BEEA QUK Table 3). Chapmanil} Schiller’” %
Christian £9] Kol 9518 FH&E9 TCDDE $oid &
£ g3 8 55729 571 fA3 7yl B9 & A
Hotbx sidetl, & 48olie § Su2HE g vikPIA
2 TCDD Fai7t 4 thE ol Hlah 16%E 7SI E7H133
CHTable 3). Z}xZ9] & A&, FULHE ¥ 548129 E87
e EFolA Lojnl L3t niRZIXE TCDD $£o4A] 5715
Aom Isty 7IEAE Ao]gt A0 |YHo8 7AE
= ASS HEFEQUCHTable 4). @H 29 HDL-CI} LDL-CojlA]
¥ TCDD =oiA] "A thEol vlah 242} 151% X 187%9) 4=
TOE FY5H E7IAIZcHTable 3). ol TCDDo| L ZoO|
HDL-C?} LDL-CE |93IH Bul 4&Alicks Gwynne$}
Hess*'0] o372 B0} YR|BICIL SHAACH

Table 2. Effect of chitosan on serum lipid metabolism in TCDD-
exposed rats

HDL-C

Group 1. Cholme/dl) TG (me/dl) (wg/dy  LOLC (ne/d)

CON 72+135 45494 387+65  256+85

TCDD 101£223" 7841477 584+947  478+98"
Ch/L+TCDD  ®+177 64+152 413%85 365£58
Ch/H+TCDD 83+ 195 58+143° 551484 31.3+58"

Data were obtained from 10 animals for ez}ch group and expressed in mean+SD, Data
were analyzed using by student's ttest ' and ' indicate p(005 and p001 when
compared with CON group, respectively. Symbo! (*} indicate p(0.05 when compared with
TCOD group. Diet was made from chitosan in different content (3 or 5% chitosan).
Abbreviations are as follows: T. Cho, total cholesterol TG, tnglyceride, HDL-C, high
density lipoprotein-cholestercl, LDL-C, low density lipoprotein-cholesterol. Notes on group

#ZolA TR lipased] E4& AdSHs ATFE 7} LIS
FERL e, B d72BME 7184 TCDDO| 28
FIP 1 SHUAHE €5 2 19 ALEH 54 58 7184
o 8igt AZA} HE SR Thh SSRIAFEE A g Eelg
F AUt SUAHE BHE HFolA SEAR 285k g
AEA Q] B chil R0l HMG-CoA reductaser} TCDD W 7] E4}
o] ZHAEIEQ T MHolA ofE e FEAE &7 B
A5k 7 & & HMG-CoA reductase?) 88T E &£5H3H 43
F(Table 4), TCDD ©=E FAFS F4 iRl vid] {8
E712 B0 71BN AlO1ZE EFAE FO8 M3}
TERA) Ut Wk A AR g £ glovt
F1E4N0] NAA o4 HMG-CoA reductaseo]] 213t &3
AHE Y g Soll ke vixle A2 old ALSE AR
¥r}. TCODE 8441459 44 571, AZis B DNAY
&4 §€ FEA oxidative damage X TS o] Futgd
TH= AKIS BB UYTH?. 2 dFolA T TCDDol 9% A2
IKIE R W 7R XZIKKEL ARENE EREY
MDA & £HOZ I3t TCDD ©E SoF2 4t i
ZFol H]3 MDA gHgko) ok 12809 Sr1E)o] X AINKIE &
EEAES ¢ & UNSH, AT F)EAL Alojako] Fol5HA
RZPIBE AR BIRCHFig. 2).

Table 4. Effect of chitosan on the HMG-CoA reductase activity liver
in TCDD-exposed rats

designation are the same as Fig, 1 Group Activity {(pmol/min/mg protein)
o CON 234+124
Table 3. Effect of chitosan on liver lipid mbolism in TCDD-exposed rats 1COD 256191
Toral i G T Cho Ch/L+TCDD 2451101
Group (me/ly Wtg)  (me/dly wia)  (ns/diy wig) Ch/H-+TCDD 2412174
CON 1753+104 504456 U7+29 Data wefeleyz %tétained trgm L% animals 'Orsyeacb'l) Ig(rgkxp gnd expz%sgdwi*r:emeaniSDeaDag
were and using by student's t-test. Sym indicate p(0! n compared wi
60D 256734 10,1324 6844517 CON group. Diet was made from chitosan in different content (3 or 5% chitosan),
Ch/L+TCDD 237425 913182 56.3+6.1 Notes on group designation are the same as Fig. 1.
Ch/H+TCDD 2103195 78.1£16.3" 435176

Data were obtained from 10 animals for each group and expressed in mean=+SD. Data
were analyzed using by student’s t-test. Symbol (V) indicate p¢0.01 when compared with
CON group. Symbot () indicate p{0.05 when compared with TCOD group. Diet was
made from chitosan in different content (3 or 5% chitosan). Notes on group

designation are the same as Fig. 1 and Table 3.

2 d7EHA IsEe 71E4L Aol LDL-C 8]
TCDD H8¥79 3B% +F22 FASIH dA=e gdie B9
Fol Ixk9 7I1E4 g 4ole & SHAHE B 8R4
3} Zol TCDDol| Q31 ob7|g A HeiA} olakE 7RHAIZITEAL
& 4 AL olgid AlojdRrt AdjAl &S F&= 71a
Z QRICEE ojdRY $£EHRY, 3k Y & 80l &
SICIL LeA UeH. FIEAS] HL olBid ZlsdE IA
LB Q0T E HoMESE TEsiel™ MM Mg
AZ Al 71dE HH ANME 718410 gt AUoINE WE
29 &718 € 4 on?), ENZE AW 718L0] 38
A} mixed micelle@ ZAZIAIZICHE HHoIh?. AMEE 7124
o g} ZEhsEe § 4 Ao, dngE 78k} 219
LDL receptorE FE3lod LDL SHAHES =& XMaRiUTth
£ Roltk. HZoll MAIE R2ZE in vitro YOIA 71 E40)

H+

Lipid peroxidation
{MDA nmol/mg protein)

CON TCOD ChAL+TCDD

Group

ChM+TCDD

Fig. 2. Effect of chitosan on the lipid peroxidation in liver in
TCDD-exposed rats. Data were obtained from 10 animals for each group and
expressed in mean=SD. Data were analyzed using by student's t-test. Symbol (")
indicate p(0.05 when compared with CON group. Symbol (*) indicate p(Q.05 when
compared with TCDD group. Diet was made from chitosan in different content (3
or 5% chitosan). Notes on group designation are the same as Fig. 1.

olde) ZATE Efel & W TCDDE 1 JHLHE ¥E
R 70} A 23 S Lol olatg E#si, 5% 718
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849 - ik - FE4 - gl - o) EE

4+ 87 4lol= TCDDol Qaf RE8 AZohAL 014 W X&)
438 tha dAsl F= A2E AlgEnh

=

¥z} =

2 dFoie  dioxin(TCDD)ol =&¢ & 5|(Sprague-
Dawley ratjoll 4] X|&u4a}l B AZoAl@RE X EEo thgh 7
B0 HSaRE ZABKICE @Fol TCDD 40 pg/kgd =
2 o8 E4543I% o, 71E42 TCDD B9 1F7Y M7
B 4F 501 3% £ 5% 7|ELlo] ZEE AIRE F3I%ch
AEQ &7k 4 AT (CON Ag ol Hl3| TCDD &= =
o3 32 AR YiH, TCDDo) 9Jd Z4d MES Y=L (5%
chitosan)9] 71E41 2103} 42 J AL SH(SHAHE,
&8X%, HDL-C ¥ LDL-C) ¥ Z}EA 9 AFAL B A FE
RE, STLHE Y SEAE)0] TCDDE Bo{d UEEEol
A |IFOE £71513 20, HDL-CE AYE 018 XNEFEL
5% 7)E4ol ZEE Holg EF3% 39 RAHLTE I=BHAU

T} olEist Ak 71E4I] Tl SANTCDD)o] thgh B S AHE
2 8 4 AUS ASE Alg¥Ct

FuEd
1. Matsumura, F. Mechanism of action of dioxin-type

chemicals, pesticides, and other xenobiotics affecting
nutritional indexes. Am. J. Clin. Nutr. 61, 6955-701S, 1995.

. Schwetz, B.A, Sparchu, G.L,, Row, VK, Gehring, PJ., and
Emerson, J.L. Toxicology of chlorinated dibenzo-p-dioxin.
Environ. Health Perspect 5, 87-99, 1973.

. Poland, A, and Knuston ]. C. 2,3,78-tetrachlorodibenzo-p-
dioxin and related halogenated aromatic hydrocarbons:
examination of the mechanism of toxicity. Ann. Rev.
Pharmacol. Toxicol. 22, 517-554, 1982.

. Kociba, RJ., Keeler, P.A., Park, CN., and Gehring, P.J.
2,3,7 8-tetrachlorodibenzo-p-dioxin (TCDD): results of a
13-week oral toxicity study in rats. Toxicol. Appl.
Pharmacol. 35, 553-574, 1976.

. Theobald, H.M., and Peterson, R.E. In utero and lactational
exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin: effects on
development of the male and female reproductive system
of the mouse. Toxicol. Appl. Pharmacol. 145, 124-135, 1997.

. Fahn, S, and Cohen, G. The oxidant stress hypothesis in
Parkinson’s disease: evidence supporting it. Ann. Neurol.
32, 804-812, 1992.

. Halliwell, B. Free radicals, antioxidants and human disease:
curiosity, cause, or consequence? Lancet 344, 721-724, 19%4.

. Harris, M\W., Moore, J.A., Vos, ].G.,, Gupta, B.N. General
biological effects of TCDD in laboratory animals. Environ.
Health Perspect 5, 101-109, 1973.

- 786 -

10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21

. Swift, L.L., Gasiewicz, T.A., Dunn, D., Soule, P.D., and

Neal, RA. Characterization of the hyperlipidemia in
guinea pigs induced by 2,3,7,8-tetrachlorodibenzo-p-dioxin.
Toxicol. Appl. Pharmacol. 59, 489-499, 1981.
Dibartolomeis, M.J., Moore, R.W., Peterson, R.E., and
Jefcoate, C.R. Hypercholesterolemia and the regulation of
Ladrenal steroidogenesis in 2,3,7,8-tetrachlorodibenzo-p-dioxin-
treated rats. Toxicol. Appl. Pharmacol. 85, 213-323, 1986.
Shertzer, HG., Nebert, D.W,, Puga, A, Ary, M., Sonntag,
D., Dixon, K., Robinson, L.J., Cianciolo, E., and Dalton, T.P.
Dioxin causes a sustained oxidative stress response in the
mouse. Biochem. Biophys. Res. Commum. 253, 44-48, 1998.
E, Liu, PCC, F. 2378-

tetrachlorodibenzo-p-dioxin causes reduction of glucose

Enan, and Matsumura,
transporting activities in the plasma membrane of adipose
tissue and pancreas from the guinea pig. J Biol Chem 267,
19785-19791, 1992.

Vahouny, G.V. Satchithanandam, S, Cassidy, MM,
Lightfoot, F.B.,, and Furda, 1. Comparative effects of
chitosan and cholestyramine on lymphatic absorption of
lipids in the rat. Am. J. Clin. Nutr. 38, 278-284, 1983.
Lee, ].M., and Son, B.K. Effects of chitosan of different
molecular weights on lipid metabolism in rats. Kor. J.
Nutr. 31, 143-152, 1998.

Razdan, A., Pettersson, D., Pettersson, J. Broiler chicken
body weights, feed intakes, plasma lipid and small-
intestinal bile acid concentrations in response to feeding of
chitosan and pectin. Br. J. Nutr. 78, 283-291, 1997.
Sugano, M., Fujikawa, T., Hiratsuji, Y., Nakashima, K,
Fukuda, N., and Hasegawa, Y. A novel use of chitosanas
a hypocholesteromic agent in rats. Am ] Clin Nutr 33,
787-793, 1980.

Safe, S.H. Polychlorinated biphenyls (PCBs): environmental
impact, biochemical and toxic responses, and implications
for risk assessment. Crit. Rev. Toxicol. 24, 87-149, 1994.
Parefall, W. Risk assessment of dioxin contamination in
human food. Food Chem. Toxicol. 40, 1185-1189.

Poiger, A., and Schlatter, C. Pharmacokinetics of 2,3,7,8-
TCDD in man. Chemosphere 15, 1489-1494, 1986.

849, HAE, dda, FHold, FER. 2378
Tetrachlorodibenzo-p-dioxin B2 FHEHE 58 2

g 7ol o] JyB8A ol DA Y 3t gt
AlZH NGRS A, 28, 1349-1354, 1999.

Lind, P.M,, Larsson, S., Johansson, Melhus, H., Wikstrom,
M., Lindhe, O., and Orberg. Bone tissue composition,
dimensions and strength in female rats given an increased
dietary level of vitamin A or exposed to 3,344 5-
pentachlorobiphenyl (PCB 126) alone or in combination



24,

25.

26.

27.

29.

30.

31

32.

thol 24 Aol gt 71840l AFWA vixl= g3t

with vitamin C. Toxicol. 151, 11-23, 2000.

. Folch, J., Less, M., and Stanely, GH.S. A simple method for

the isolation and purification of total lipids from animal
tissue. J. Biol. Chem. 226, 497-502, 1957.

. Biggs, HG. Erikson, MJ, and Wells, RM. A manual

colorimetric assay of triglyceride in serum. Clin. Chem. 21,
437-441, 1975.

Zlatkis, A., and Zak, B. Study of a new cholesterol reagent.
Anal. Botchier. 29, 143-146, 1969.

Kleinsek, D.A,, Dugan, R.E,, Baker, T.A,, and Porter, JW.
3-Hydroxy-3-ethylglutaryl CoA reductase from rat liver.
Methods Enzymol. 71, 462-479, 1981.

Buege, J.A., and Aust, S.D. Microsomal lipid peroxidation.
Methods Enzymol. 52, 302-310, 1978.

Paumgartten, FJ.R., Cruz, CM., Chahoud, 1, Palavinskas,
R, and Mathar, W. PCDDs, PCDFs, PCBs, and other
organochlorine compounds in human milk from Rio de
Janeiro, Brazil. Environ. Res. (section A) 83, 293-297, 2000.

. Poland, A. and Knuston J. C. 2,3,7,8-tetrachlorodibenzo-

p-dioxin and related halogenated aromatic hydrocarbons:
examination of the mechanism of toxicity. Ann. Rev.
Pharmacol. Toxicol. 22, 517-554, 1982.

Walden, R., and Schiller, CM. Comparative toxicity of
2,3,7 8-tetrachlorodibenzo-p-dioxin (TCDD) in four (sub)
strains of adult male rats. Toxicol. Appl. Pharmacol., 77,
490-495, 1985.

Poli, A, Franceschini, G., Puglisi.,, Sirtori, C.R. Increased
total and high density
apoprotein changes resembling streptozotocin diabetes in
trachlodibenzodioxin  (TCDD) Botchier
Pharmacol. 29, 835-838, 1980.

Chapman, D.E., and Schiller, CM. Dose related effects
2,3,7,8-tetrachlorodibenzo-p-dioxin C57BL/ 6]
DBA/2J mice. Toxicol. Appl. Pharmacol. 78, 147-157, 1985.
Bombick, D.W., Matsumura, F., and Madhukar, B.V. TCDD

causes reduction in the low density lipoprotein(LDL)

lipoprotein cholesterol with

treated rats.

in and

receptor activities in the hepatic plasma membrane of the

33.

4.

35.

36.

37.

38.

39.

40.

41.

42.

- 787 -

guinea pig and rat. Bidchem. Biophys. Res. Commun. 118,
548-554, 1984.

Christian, B.J., Menahan, RE.
Intrermediary metabolism of the mature rat following

L.A., and Perterson,

2,3,7 8-tetrachlorodibenzo-p-dioxin treatment. Toxicol. Appl.
Pharmacol. 83, 360-378, 1986.
Gwynne, J.T., and Hess, B. The role of high density
lipoproteins in rat adrenal cholesterol metabolism and
steroidogenesis. J. Biol. Chem. 255, 10875-10883, 1980.
Knorr, D. Use of chitinous polymers in food-A challenge
for food research and development. Food Technol. 23,
8597, 1984.
Deuchi, K., Kanauchi, O., Imasato, Y. Kobayashi, E.
Decreasing effect of chitosan on the apparent digestibility
by rats fed a high diet. Biosci. Biotech. Botcher. 58,
1613-1616, 1994.
Furda, I. Aminopolysaccharides-their potential as dietary
fiber. Furda 1, eds. Unconventional Sources of Dietary
Fiber ACS Symposium Series 214, 105-122, 1983.
Razdan, A., Pettersson, D., and Pettersson, J. Broier chicken
body weight, feed intake, plasma lipid and small-intestinal
bile acid concentration in response to feeding chitosan and
pectin. Br. ]. Nutr. 78, 283-291, 1997.
Chiang, M.T., Yao, H.T., and Chen, H.C. Effect of dietary
chitosans with different viscosity on plasma lipid and lipid
peroxidation in rats fed on a diet enriched with
cholesterol. Biosci. Biotech. Botcher. 64, 965-971, 2000.
Han, LK., Kimura, Y., and Okuda, H. Reduction in fat
storage during chitin-chitosan treatment in mice fed a
high-fat diet. Int. J. Obes. 23, 174-179, 1999.
Stohs, S.J., Hassan, M.Q., and Muurray, W.J. Induction of
lipid peroxidation and inhibition of glutathion peroxidase
by TCDD. Banbury Report #18, Banbury Center, Cold
Spring Harbor Laboratory, New York. pp. 241-253, 1984.
Stohs, SJ. Oxidative stress induced by 23,78-
tetrachlorodibenzo-p-dioxin (TCDD). Free Rad. Biol. Med.
9, 79-90, 1990.



