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ABSTRACT

Chitosan, which is a biopolymer, composed of glucosamine units linked by -1, 4 glycoside bonds, is rich in shells of
crustacean such as crabs and shrimps. Consumption of chitosan has been rapidly increased as a functional food. We
examined effects of chitosan on the damages caused by lead (Pb) exposure in rats. Male Sprague-Dawley rats were
divided into 8 groups (n = 64), then fed diets containing 3% cellulose (control) or 3% chitosan, each with 4 different
lead doses (0 mg/d, 20 mg/d, 50 mg/d, and 100 mg/d) for 4 wks. Lead doses were given 3 times per week by oral admi-
nistration. Blood lead levels in rats increased depending on the administered doses of lead. Rats fed chitosan diets showed
lower blood lead concentration than did their respective controls. Effect of chitosan on the blood lead was more benefi-
cial in rats exposed to lower lead (20 mg/d) than in rats exposed to higher lead (50 mg/d and 100 mg/d) . Histological
changes in erythrocytes and liver were also examined. Chitosan tended to reduce numbers of basophilic stippling eryth-
rocytes and improve the histological liver changes in rats given various lead doses. The preventive effects of chitosan
on liver damages were stronger in rats with higher lead than those with lower lead. These results indicate that chitosan has
beneficial effects on both blood toxicological responses and histological damages of erythrocytes and liver induced by
the administration of various lead doses. (Korean J Nutrition 38(1) : 48 ~55, 2005)
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DRSS AEZeAE MZ HAA i A3 P 72
P3P 1 718, 7)EARS: cellulosed}t T3 A9 T
A3t FEAOIH ofr|i7|E 7HA T gl Eoll £3EA|
gom Aol gaiEe] Ag P 71¥l2 aminopo-
lysaccharide2A cellulose 2k H]—‘f} DEA E2AAE A
-, Al 22 AR 34d W7RR) ¢ v EE
o] Qo] AL FHsht HARE A9 o] g=HA] Z3lGict
FIE1L n&ojA ZA7IZ Ar)sha 70~95%2) acetyl’]

7} W= 11 free amino groupS 7FA 7| EAN] RES0iFIch

F|BEARS FZA 02 free amino group®] EA81] po-
lycationic property, chelating, dispersiong dAsl= A
ol gl1, F&Al, AFA, S5l A=Al FAAR
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1. AEs2
it #|=0) ¢k 150 g9 Sprague—Dawley® 3 3
F 64v})E Aol uet A AQ) vjx)Ele] deol Tl
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(A& 20, 50, 100 mg/d) # F1EAT 3 o7 ujet
AP goteld 870 Witk $4 EE Foidlx|
AL AT N T G 815 20 mg¥ 543 | A5
T (LPb), 50 mg?¥ % & FF7 (MPb), 100 mg
A Zoig 1597 (HPb) o8 Wrglon, oAt 4
& A 7} 7|84 FAFT (N, LPb, MPb, HPb) 3
7)EA A¥E (N-C, LPb-C, MPb—C, HPb—C) 2 & 1}
Tt Aol & A AFHH (ad libitum) 22 F9
sfo] AR7IZEE 4573 At A8FES Agdsn
AT EASZIM 790810 &2 5] ARl A3}
ot (5 2212TC, AHEE 6515%, B light; 6 : 00~
6 : 00 pm). =3 Alo)x], ¥HE, Y 5 AF 44 ¥
0.4% EDTA (Etylene Diamine Tetra acetic acid) o} &
T F 3 SHTE BTl AMsgih

2. MEAJ9t HE]

AgAoli= AIN-93& 71222 AP’ (Table 1). &
Eolol A= obEAL Y (lead acetate, sigma, USA) &
o] 250 o} 0, 20, 50, 100 mgs 75 2 mlol] =
of 3ol &b, 15Yell 38 BA+FA stk 9% +
£ Registry of Toxic Effects of Chemical Substances
(RTECS) 9] dleels #u& 3I3itt? 71EAL (2215 307,
gold3ls 95%, A% 25 cps; FY 7)E () oA 79
& AIN-93 7]E20le] HHAdQl BEZ O (a—cellw
lose) 3% tial, 71EAT 3%E A 2ol £ ™

3. NaAH

AL AlgAlF A Y HA A 3 At (G4
EFE, SR T B oBAA RS T B SHelA
Youg AANR. B S o 4 mig) FBE A%

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

Control Chitosan
Starch 549.486 549.486
Casein 200 200
Sucrose 100 100
Qil 70 70
Cellulose 30 -
Chitosan - 30
Min. Mix" 35 35
Vit, Mix.? 10 10
Methionine 3 3
Choline 2.5 25
TBHQ 0.014 0.014
Experimental diets were prepared according to AIN-93G com-
position
1) AIN-93G-MX
2) AIN-93-vX
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71918 heparinX2]€ Al@ o] Wol WEE A 331, &
o oF 0.5 ml HE79 WHS BI)9s] EDTAANZE

Aol Wol Wl BRE Selolsel Y FANAL,

Uzl d3S #4317 98l AlE e wol 2000 rpm
oA 3087 A Eelsted @3S ol ¥4 A7k 70T
oA YErH sl

A7) R A%, A e Y AF F gojdlo] FAE S
A 7 gF+= A AALE Y8 109 F=2EY
Aol 1381 H & E (hematoxylin and eosin) 0.8 g4
siGith YA 232 4S8 98 R siglth

Ao AR ZE 717, 471 AlId F HNOy HO,
1: 1o 423 S F 34 T/HFE A7) ARSI

4, Ngz2y

g 9 2A LA o) Fo d g g3 9 24
< &4 33} (Micro Wave Digestion, Ethos touch con-
trol, Mileston, Italy) 311 A|EAEFA7I17} -39 @4
A T+ % F=A (Graphite Furnace Atomic Ab-
sorption Spectrometer, Perkin elmer, HGA800, USA)
g olgsle SAsth #AxAR IR HY A E
A8 AR AT vHE1R CRM (Cer-
tificate of Reference Material) & st AJ&E2} FY
Al A% A AAlsEelel LA AE 5%0)8kith
HE9) 71 A, W A2 W Akl ol W 2]
A (H & B)£ A ¥ dul3 (338}, 1385 1000X,
Z4:400x) o2 FEAEch

5. S~ .

g2l A= SAS packageS ol&3l0] 7 AFFritt
BT BELAE AR £ #3719 A1) p<0.05 5
o4} ANOVA test ¥ Duncans multiple range teste] 2
& A% 33ch

Hap o N3

1. §F W 20| {31

HFoisl 71EA Aol i AFTeE 2 Ao] 4HF
& B9 (Table 2) AFF7HES & Folol wet st
ol AddzT (N)oll vls) & T FoT (MPh) 3 & 12
FoT (HPD) ol #9441 24aArE ®elon (p<0.05),
FIBAY AdF e W FEE itk Alo] HAZFLE Nl
Hjg gg Foidt BE TollA F3A #4AE BloH,
F1EARS] AH e e I QISith AolEE FER)S
FJAQ1 zjol7t gl Ao g Hol Fiolo] 23 o)A
7t Aagel uet AFE T4 AoE Ak ¢
A ZAllE 1 B FU8ke A0E By HYo
o* Hammond®} Succop® ] QToME F k24 A%
T Ao dFFo] Fadhe ZA0R B HYh
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Table 2. Weight gain and food intake in rats exposed to various levels of lead and fed chitosan for 4 week

Initial Final

Weight Food

Groups” weight (g) weight (g) gain (g/d) intake (g/d) FER”
N 151 + 14" 310 £ 165.2% 5,68 + 0.68° 21.74 + 1.49° 0.26 + 0.01™
N-C 151 + 13 294 + 18.7® 5.12 + 0.64® 20.34 + 1.06° 026 = 001
LPb 151 + 12 287 + 19.4® 4.66 + 0.23° 18.02 + 1.20° 0.26 = 0.01
LPb-C 151 +12 281 £ 17.0® 4.28 + 0.45® 17.05 + 0.89° 0.25 = 0.01
MPb 151+ 1 274 + 29.5> 439 +1.01° 1671 + 1.52° 0.26 + 0.02
MPb-C 181 + 12 273 + 23.0® 439 + 0.54° 1671 £ 1.71° 0.26 = 0.01
HPb 151 + 12 272 £ 21.8% 4.33 = 0.53° 16.03 + 1.61° 0.27 £ 0.01
HPb-C 151 £ 12 269 + 21.9° 421 + 0.50° 16.21 + 1,69° 0.26 + 0.01
Pb* Pb* Pb*

1) Values are mean * SE of 8 rats per group
2) ns: not significantly different among groups

3) Values with different superscripts within the same column are significantly different at p <0.05

ANOVA; Pb: Effect of Pb level (xp<0.05)

4) Groups:

N: Pb 0 mg, N-C: Pb 0 mg + Chitosan 3%

LPb: Pb 20 mg. LPb-C: Pb 20 mg + Chitosan 3%

MPb: Pb 50 mg, MPb-C: Pb 50 mg + Chitosan 3%

HPb: Pb 100 mg, HPb-C: Pb 100 mg + Chitosan 3%

5) FER (Food efficiency ratio) : weight gain (g) /food intake (Q)
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Fig. 1. Whole blood lead concentration in rats exposed to various
levels of lead and fed chitosan for 4 weeks, *: significantly differnt
between control and chitosan group (p <0.05).
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oz} iR FTlslo] HARA TN E 6 ug/gdE, |
DFFAME 15 ug/gBEe] BEES B 7)EAR)
AFETE @ TR ErE AsadE UEile
U i AR g aFATAAE AY xolE Hol|
%3tth Kim §7¢] d7oMEs 10%2) 2474 (pectin,
guar gum) & AFAAZH ST 1 AN o T Ta
£ B3tk Florian 5% 4]o]e] 50, 200 ppm PbE
AHXRAEY 7rellx Pbhako] 50 ppmelld 0.4 ug/g wet
wt, 200 ppmollA) 1.2 ug/g wet wt T2 Rusio),
Table 3014 A&xZ 9 Here 1243 TRI7 AR
HRoigo] Sl aet vlglz ez 239 st &
7¥8193 29 whole liver?] g8} whole kidney 2] @3
g2 njEA g A7 FAE 18 2 A%e] Al &
2 FEE FHEZ & vk 53] 7 2Fe veh =
A g3 JFE8FL 3o} e AoE Yehdth Flo-
rian 70X % 719 PogtEr ) 2] Poeo] 6ul7
T =4 veldth ol Pbe] kAR ARz o
o] FARL & 5 or EAHYIME 2 AT B
ek 71EATS] AHETE 71EAL Aolio] BrEs A
ANFE A Blovt BAFSE FAAE bR ¢
oke}. Tahiri 592 Al $&3tF pectic polysaccha-
ride7} 339 B¥A @& AAA o) FHANHE
o g7 @8k st 7k AR, #e] gerEel |
F58 gz vig 433 Zagoe] BasSic
Table 3004 HZA 9 G55y GFolge 7t w
2} 0.15 ug/g wet wtellA4 0.5 ug/g wet wt AEE oKk
7R A¥E Blov oS YRR fgker 7
BEAR @$ER 24 g3k VeREA] 99ttt Huang$t Sch-
neider” 3= Rat brain®] Neural stem cello|d ¥ 52

Table 3. Pb leve! of tissue (liver, kidney, brain) in rats exposed to various levels of Pb and fed chitosan for 4 weeks

Liver Kidney Brain
(ug/g wet wt) (ug/whole liver) (ug/g wet wt) (ug/whole kidney) (ug/g wet wt)
N 0.12 £ 0.01"* 1.09 £0.12° 020 = 0.02° 0.41 = 0.06° 0.05 = 0.00°
N-C 0.11 £ 0.01° 0.99 £ 0.11° 0.18 = 0.02° 0.37 = 0.04° 0.05 £ 0.00°
LPb 6.34 + 0.36° 56.24 + 3.68° 21.85 =+ 2,95 40.88 = 5.33° 0.13 £ 0.02°
LPb-C 6.46 + 0.91° 58.10 * 2.76° 14.89 + 3.24° 30.70 £ 6.59° 0.13 £ 0.02°
MPb 11.93 + 0.68° 109.06 = 6.33° 4590 + 4,78™ 96.69 £ 10.16° 0.30 = 0.03"
MPb-C 9.68 + 0.61*%° 87.06 + 5.86* 38.63 = 4.16° 83.33 = 9.22° 0.31 = 0.04°
HPb 15.36 + 0.79° 139.86 + 7.09° 61.15 + 4.76° 146.75 £ 10.76° 0.48 + 0.08°
HPb-C 14.72 + 0.77° 130.56 * 7.43° 5590 + 4,57 128.19 + 11.34° 0.48 + 0.04°
Pb**d) Pb** Pb** pb** Pb**

1) Values are mean =+ SE of 8 rats per group

2) Values with different superscripts within the same column are significantly different at p <0.05
3) =: significantly differnt between control and chitosan group (p <0.05)

4) ANOVA; Pb: Effect of Pb level (x+p <0.05)
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peractivity7} 2438k &A1 8% (exploratory behavior)
3 853 7198 9] Ao (impairment of learning, me-
mory) 5°] 7443 Aoz vy =9tk Hong?2 Bid
ME gRoZe] St met H2a 2 gpgo] Hl#E e
2 371E E o AJE S0] & do| HxHog Hd
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3. My ¥ 49| Byt

AT Ho] glar 7hedrt 530 Solit dune
o7 Az & F5 Adde r—RNAE #sIAA A
9] =g Adal] ofFHETRl 13 A G714 W
Ay HAYTE JASH Dok Charles 522 clinical study
ol "o 3t PEEo g widy} G wEY FE
T2 8L BSthy Byt EAPNAT vgLE
Ql AT 24 (Fig. 2)°] & Foi%el wet F7kste

J

Fig. 2. Clinicopathological findings of basophilic stippling eryth-
rocytes in Pb administered rat H & E stein < 1000.
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N, N-CZolMe B5F Aol oy LPbi} MPbrtollA
7247k 50% (8vt2lF 4vkEl) o Al |71 vPEE A
g7} 5901 HPbollME BE Aol |14 vk
g A7t Jebstch 71EA AF el wet @714 wEd
AT & sk a7 )tk & LPb—CE# MPb—
CTME 42 125% (Bt wle) £} 50% (F vie)) oAt
@714 vy HYFoF YR on, HPbolM e 2E 7
Aol vebot 71 28R T hAsigich B AdeA
= 7 A8 JehA] okston) 9714 vy 2y

T BE ¢ Foleld Uehith £8 7ENe 44
Fol A e Toll WA G714 WP HPT
F7h B BETE & 5 QAT ol AR HH}
¥ 354 et 2879 o)y 34 sl £
2 7t g0z gawd.

Jil‘!—fi— g Fojo] et AlE Z) (cell swelling) o}
& (cell infiliration) o] A= o™ FsEr}t 7}
&= S HstEo] HPbw-E 4714 F 371AelA Al
ZUE 2oy HPb—FL 270404 Yepg), 7w
& THOE Fodo] Bo|= FRoA Fet B W
F2 AT BAAY Jadte] garg EFo) Yeld

E F AU (Fig. 3). ol Y9 Fere T2 Zi‘al'r
oJTolA chitosanel] 23t F&5% Z4aH7} el or}
ZA XM= FoTeA 2R &4 st o FEEE
Rt
ARz AL Zualg o] =24 (hypertropy and vacuoli-
zation of artery) ¥ ZFAHad AE Y YA (int-
ranuclear inclusion body) & #28 = gt} (Fig. 4).
53] WAz A FREBY FA2 dRojZe| wet F
go] AstA Jelston FNEA AT FEARS A3

HPL-C

Fig. 3. Histopathological changes of liver in normal rat (A), Pb (100 mg/day) administered rat (B) and Pb (100 mg/day) administered &

chitosan (3%) diet rat (C), H & E stein < 400.
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HPb

HPb-C

Fig. 4. Histopathological changes of Kidney in normal rat (A), P (100 mg/day) administered rat (B) and Pb (100 mg/day) administe-

red & chitosan (3%) diet rat (C), H & E stain < 400.

N

HPb

HPb-C

Fig. 5. Histopathological changes of brain in normal rat (A), Pl (100 mg/day) administered rat (B) and Pob (100 mg/day) administered &

chitosan (3%) diet rat (C), H & E stein < 400.
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slal 229 W3 548 BEsgith

AR ASF7VET Ao AT FE Foig &
Eoj3lx] ke Fol Hlg) AFo) AAsIG o & F
o2 2}o]E Bolx| Ygkon FEAY] AHF o] wWE
2l Zpol= ¢lsirh

A 499 gErEe @ Folo| F7HEFE 71818
T 7|EAT Hrtell wet A9 gerot dhdhe A
nylon gAFAFME F Fert foldes
F35e (p < 0.05). 71EAY 7} Hole] HETolA
714 R AEF 7 AAdhe AgE =1tk

=
=

=)

%

[o]
i

rlo
o

2

[¢)

=

KN

of oY w



54 /5 w24 e AR E}

AR B712A9) FeEe TeME MPbZelA 71EAL
9] A FEI} Vel Aol 71BAR] A et &
S AT ANkH o 7 F|EAke] AFHE FEEr)
Adhe AEE BYlh HEAMe dRiRe Skl o
2 gg<ro] STk e 7|BA Hot Sk JERA] o
et 7E2AL g Fojo wEk AXE F (cell swelling)
U AlE A (cell infiltration) ©] Ao AlAzAL
Zalg o] 2241 (hypertropy and vacuolization of artery)
3 ZYFA T AE Y YA (ntranuclear inclusion
body) & #2& = 33tk &3] AFzAoA FHUEA2
T gFoIF met 3ol skl vEekst e 7|EA
FARE 7|EARS Folslr] @& Tl B3l F4o] g3id
Zo g Yepgth

AgHog & AFoNE BFqHe] F7HE5E 89
2 A7 2A ] Jige FRIGT 718A AdFl oet 8
B 9 xAofx Q] PepFo] ks FEE & T AMTh
a3y 71EAF AdF el e i} A o] Gk Asta
e o FoFg] wet i gEA FrHEQ ol '
Ak ol Q& 1 A7 g F e AAhEtE
FIEAL AH 2l st a3E vbstA HEstojor & A
olt}, F3h F|EAN] | B ¥ ok} UE [T ESs
AME FEE X Aol g ATE AESor & 2
2 A9t
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