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Effects of Chitosan of Different Molecular Wéﬁghts on Lipid jiM:é;aholism in Rais

Le_:é; Jong-Mee - Son, Bo-Kyung :
Department of Food and Nutrition, Ewha Womans University, Seoul Korea

ABSTRACT

This study was conducted to chsngatc the effects of chifosan, chltosan oligomer and beef
tallow of different levels on lipid metabolism in rats. Seventy male rats: of‘ the Sprague-Dawley
strain were blocked into 10 groups according to body weight, and were taised for 4 weeks,
Dictary fat levels Were' 20%en and 40%en, and chitosan and chitosan oligomer were' given-at
levels of 0%, 3% and 5%(wt/wt) of diet. The resulis are summanzed as follows. Chitosan
oligomer supplement decrcased sérum total lipid, as chitosan did, and exhlbntcd a tendency to
decrease serum total cholesterol, Chitosan oligomer supplement tended t6' ificrease the HDL
cholesterol : total cholesterol ratio as chitosan did, Lwcr total lipid and triglyceride concens
tration were lower in high fat groups than in low fat groups. leer total hpld concentration was
decreased slightly by chirosan and significantly by chitosan ohgomcr Epld:dymal fat pad total
lipid, total cholesterol and triglyceride concentration were slightly decreased by chitosan and
chitosan oligomer supplement, especially in high fat groups. Fat absorptivity was decreased by
low fat level, chitosan and chitosan oligomer supplement. Fecal excretion of total lipid and
triglyceride were increased by high fat level, chitosan and chitosan oligomer supplement.
However, fecal excretion of total cholesterol was increased by high fat level and chitosan
supplement. This indicated that chitosan and chitosan oligomer ‘were effective in interfering
with lipid and tnglycendc absorptlon In conclusion, chn;osan oligomer at levels of 3% and 5%
has more- effective lipid, cholesterol and triglyceride lowenng activity than chntosan (Korean J
Nutrition 31(2) : 143~152, 1998)

KEY WORDS : chitosan - chitosan oligomer.
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Fig. 1. Chitin, chitosan and chitosan oligomer.
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Table 1. Composition of experimental diet v (g/per kg diet
Ingredient LN LC3 LCs LCO3  LCO5 HN HC3 hcs HCO3 "HCO5”
Corn starch 706 706 706 706 706 584 584 584 584 584
Casein 150 150 150 150 150 150 150 150 150 150
Beef tallow 94 94 94 94 94 216 216 216 216 216
Salt mixture” 35 35 35 35 35 .. 35 35 . 35 35 35
Vit mixture? 10 10 10 10 10 10 10 10 10 10
Methionine 3 3 3 3 3. 3 3 3 . 3 3
Choline chloride 2 2 2 2 2 2 202 2 2
Chitosan ] 30 50.. 0 0 0 30 50 0 0
Chitosan oligomer 0 0 0 30 50 0 0 Q 30 30

1) AIN-76 mineral mix(gkg mix) : CaHPQ, 500,
6, ZnCO; 0.3, CuCO, - Cu{OHY), -
make Tkg

2) AIN-76 Vitamin mix{g/kg mix) : thiamin - HCI 0.6, rib
cyanocobalamin 0.001, retinyl palmitate 08[400 ,0001L)),
Menaquinone 0.005, D-calcium pantothenate 1.6, folic acid

H,0 0.012, KIO, 0.01,

NaCl 74, KCH,Op - H,O 220, K:S0, 52;1MpQ 24, MnCQ,

3.5, FeC,O

NazSeO;{ 5H,0 001, Crk(SCL.): 12H20 0.35, Suemse to

oflabin 0.6; pyridoxine - HCl 0: 7,, sicotinic acid:3, D-biotin 0.02,

dl-o-tocopheryl acetate 20(5,0001U), cholecalcnferol U 6025
0.2, sucrase to make kg

3) LN : Low beef tallow 4+ none chitosan/chitosan oligomer
LC3 : Low beef tallow + Chitosan 3%
LC5 : Low beef tallow <+ Chitosan ° i 5%
LCO3 : Low beef tallow . -+ Chitosan Ofigomer 3%
LCOS5 : Low beef tallow + Chitosan Oligomer 5%
HN : High beef tallow  + nong chitosan/chitosan oligomer ---
HC3 : High beef tallow -+ Chitosan i

"~ HC5': High beef tallow = "4 Chitosan™ -, 5%. .
HCO3 : High beef tallow < . Chiitosaiy Oligora

HCOS5 : High beef talfow + Chntosan O

3%*
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(Sigma Co.) 71 £ B8j24< 71EAL LA E
233g o] 71EA gdarle &%) Axd AE
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uleA)A AZG Aoz, FAERE 4100~5900, MB-
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ARG Aol Z AT

2. 3§ B B M
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cage)olq 2447t B¢ WE AR Ag 7134
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ol 2000rpmolA 3087 94 Bl 218 ¥
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Lipoprotein fraction KBr# NaCl= 7HE den-
sity solutiong °]83te] ¥k S lipoprotein
3 gye UEg w321 94 #eishd &3l lipop-
roteino] Balsle 988 o]4% ultracentrifuga-
tion®®e) 2]l very low density lipoprotein(VLDL,
4<1.006)% low density lipoprotein(LD-L, 1.006<d
<050)% £t

3. YagyE

"3 EANFL Frings™ ol o8, FZH2H
Zare 7ok o8 245k 49 LDL 23
28123 cholesterol hydrolase® ©]-8& EaAF
kit(3% A eh=, HDL Sal2elE%L cholesterol
esteraseS o] &8 HAAF kit(ZAA Y}, AR)E &

Asiglct. 84 2 VLDLY F4AH%E lipoprotein
lipases} glycerokinase® EIdh= 2N kit(FF
AP E A

749} BnaAza el $A4Ee Blighst Dyer
W®3} Folchg®g ol &8t BFsiRt. A=A
e 223 2AMZ methanold] 3 Zak™Hl 9
& vl e, 24AWHE lipasest glyceroki-
naseS &Y NG kit(FF AP FH AT

4, Aig M2 R 2Y

RE A B AT FFA ¢ BE A2 ALY
F9dm 7t A7) HFALY Felge a=0.05 7
204 Duncan’s multiple range test2 ZZ3IAth
Z ojAE, Z Ho] AHA), A7 FIEAB),
FlEA 2839 (0)e) JFe a=0.05 FEIAM 28
o Bt BNog BMagh. & WA RE T2 28
o] B BMsl oA el A4S goHE H LN,
HNZ3} 71 EAF A7) LC3, LC5, HC3, HCsTZ
BA3e] 7184 482, LN, HNT3 7184 &%
o] #7129 LCO3, LCO5, HCOS, HCO5%& &
A3l 7 EAL gelnviel GE ot BE F
AR B2 SAS programe AHEAHH.

Table 2. Daily food intake and weight gain

GROUP Daily food intake Weight gain
(g/day) (g/day)

LN 120.484+0.4572 1.284+0.661""
LC3 16.684+1.733* -0.976+1.029
LC5 18.667+1.691% 0.562+1.026
LCO3 17.284+1.555% 0.423+1.164
LCO5 18.515+1.033% 1.200+1.099
HN 16.180+2.074* 1.636%1.151
HC3 16.995+1.174% 1.324%+1.519
HC5 20.456+1.272° 1.607+0.750
HCO3 16.026+1.062® 1.199+1.346
HCO5 15.779+1.018° -0.140+1.274
Significant factor”

1) MeanS.E.

2) Values with different alphabet within the column are
significantly different at @=0.05 by Duncan’s multiple
range test
3) Not significant at a=0.05 by Duncan's multiple
range test
4) Statistical significance of A, B and C factors was cal-
culated by 2-way ANOVA ]
A : Fat effect was significant at «=0.05
B : Chitosan effect was significant at =0.05
C : Chitosan oligomer effect was significant at a=0.05
AB : There was interaction between fat and chitosan
at 0=0.05
AC : There was interaction between fat and chitosan
oligomer at a=0.05
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Table 3. Serum total lipid, total cholesterot and triglyceride concentrations

GROUP __ Serum total lipidawg/dly = Serum total ‘cholesterolimg/dh " “Serum mglycendes(mg/dl)
LN "72063+103.03%%  108.73%12.49" 144.293:28.9377
1C3 613.9699.37% 10157 7.87% 132.16:£30.84
LC5 500.00£71.17* 82.82+14.89* . 110.55133.84
LCO3 ' 521.85+115. 5t 92.82:£14.03" . 10544£17.12
LCO5 405.30+40.75% 7618+ 7.92% ©146.37429.70
HN 769.54+111.99 9831+ 7.4 - 128.94£35.76
HC3 514.13+41.68%4 91.85+15.43% .+ 8757+ 968
“HC5 580.13%76.77" 109.21:+18.64° © 1121142236
HCO3 311.63£26.11% 7147% 9.91* 8475+ 6.24
HCOS5 392.29+ 30.98< 65.70i 6.34" | 140.87:£14.67
Significant factor” - Cc i

1)Mean+S:E

TTTE

2} Values with different: alphaberwnthm the celgmn ate slgmficanﬂv dafférent at

3) Not significant at or==
4) Statistical significance of A

0.05 bé Dyncan's multiple range test ., s
arid € factors was ‘caleulated by g

a=0.05 by Duncan’s multiple rangé test
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Table 4. Lipid concentration of lipoprotein fraction

HDL-cholesterol HDL cholesterol/total LDL cholesterol VLDL triglyceride

GROUP (mg/dl serum) cholesterol ratio (%) (mg/dl LDL fraction) (mg/dl VLDL fraction)
LN 122.91+2.06" 27.73+ 5.72% 19.75+ 410 208.62+19.59%
LC3 36.8616.57° 35.85+ 4.20 15.42+ 3.79 171.88+ 5.31
LC5 25.18+3.89® 27.82+ 4.45 1644+ 3.27 163.02+36.66
LCO3 28.16+3.88* 33.78+11.04 13.23% 5.55 249.13+£48.76
LCO5 23.59+2.31® 3352+ 4.38 15.73% 7.06 202.74+64.05
HN 22.72+3.25° 2312+ 1.29 20.81+% 456 171.361+27.87
HC3 24.76+1.68" 36,55+ 7.16 20934 7.43 181.67+43.08
HC5 31.58+ 5.56® 48.72+17.18 13.02+ 285 242.651+60.61
HCO3 31.28+4.94* 53.80£16.91 12.30+ 5.91 147.62+14.38
HCO5 28.65+4.74® 49.04+11.72 14.15% 3.01 188.20+17.30
Significant factor”

1) Mean+S.E.

2) Values with different alphabet within the column are significantly different at «=0.05 by Duncan’s multiple range test
3) Not significant at 0=0.05 by Duncan’s multiple range test
4) Statistical significance of A, B and C factors was calculated by 2-way ANOVA(see Table 2)

Table 5. Liver total lipid, total cholesterol and triglyceride concentrations

GROUP Total lipid(mg/g) Total cholesterol(mg/g) Triglycerides(mg/g)
LN 57.086+6.937% 2.01 +£0.161%? 7.9404:1.192*
LC3 46.500+3.298%* 2.569%0.198 7.229+0.505*
LC5 49.371+£7.117% 2.14940.251 7.48440.932*
LCO3 37.500+2.069™ 2.534+0.389 5.88410.618™
LCO5 39.00041.571> 2.469+0.312 6.02440.233*
HN 49.833+6.369® 2.460+£0.158 5.860+0.518>
HC3 42.200+3.621% 1.9111+0.034 7.309+0.936*
HC5 40.51442.045% 2.167+£0.292 - 6.24010.247"
HCO3 34.033+3.754° 2.15940.200 6.190+0.702*
HCO5 35.9431+2.120" 2.3031+0.161 4.4871+0.361°
Significant factor A C A
1) Mean+S.E

2) Values with different alphabet within the column are significantly different at =0.05 by Duncan's multiple range test
3) Not significant at a=0.05 by Duncan's multiple range test

4) Statistical significance of A, B and C factors was calculated by 2-way ANOVA(see Table 2)

A2 (lipoprotein)e] E¥281E2 FAA
& Table 49 AABAT. $HP 250 oy a3}
7t 9oz g2z HDLY 22882 #3F %939
o7 AR et FH7IE HE) 1 EAL, F|EAL &
an F7NEe] & AYS Bk HDL 2420
D EEY2HE vlE F9EQ Aole YRAT NE
2 &Y FrlRdA w& A% BYoen, 53
2APLZA FEEAT. B3 JIBEY A Aldx
HDL Z¥26& : 3Z268 8 H7} S7ishe 3%
< HAed, old A3 2ojxide] A o] 48
722 Q18 o]3a-8(catabolism)# MAE 98 2
Z2ZA02RE ToF FWH= reverse cholesterol
transport’} £A5o] HDL ZE2HE : g ~H)
£ 87} 37189 te Razdan 599) Bmel 4x18}
Aok, 7184 ZejuWE A7 3¢ HDL Zdl2H

£ Y28 E vl 53 aALTAM JNEAS
AW AEY ¥ L AYS B A 2ojA
FY2H &9 o] 3}2HE(catabolism) 3 M8 & T 23
A7l A2 AZEg,

Wl FE2EES FFAYAECR she LDL &
H2HES T3 oA Zole ot 1 EA 9
g Rzt FAaEH = AFE Byon, JEA £an e
B 71BN fARE 202 1DL SYAHES 34
Azt WY AL F7444¥Q VLDL 34
e 2 YA Zel7b YA AR B
7184 VLDL $4X%E w3 Zde] ey
A E 23] F7hE F1EANe] 4L A
tn Yk 7S g2lane VLDL $4A%E
288 /M AFE B ojd A A7l o
o] folzjo} s}ele} Azter},
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-r.x_%xlw %zlém% F2YorE %* 24
Aeke} a2 Table $6i] zﬂ*&la}?&t} "r-hiﬂ‘ Az
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AL BA:, ﬂza*} £e2miE AN A o
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B3 &e)arg) >§7M1 23] Z2PE AFE BRI
Ur 915.*1-4 % Al%—: 4 1§.3’+‘3 5'.<>17~l x%;,h:’r

ride concentcatwns

GROUP " Towal tipiding/totab BFP) ~ Total ch ‘_es&eml(mg/total EFP) Trﬁ_gcendes(mg/total EFP)
LN "7124.43 102446 113.007 :16.561% 1020.28 +£215.547%
LC3 . 6529.19%1184.29° 118,497+ 15.790° © 1028.45 235500
LC5 | 5421.84:4679.425° 88,402+ 14.318% -7 B27.705% 79.689
LCO3 5134.28+909.423° 96.035£14.787% <« 900,114:% 99.338%
LCOS 5523.72£749.229° 75585 9.360°  978.499::221.748%
HN : 6184.70::1317.03* 98.047£22049° 953059190455
HC3 5775.21::616.324° 99,596£12.365* ‘ 597.434+155.805°
HCS 8549.13 £582.525° 107,787 £12.562* 1442.312:£220.089*
HCO3 ' 4268.54:£823.313° 68.324:£9.911% 896.169+217.743% -
HCO5 5046.49 -+ 482.808" 71.988:10.261% $87,499:£190.487°
Significant factor” ‘ ‘

1) Mean £S.E.

2) Values with different alphabet within the ¢olumn are s;gmﬁcantly dffferent at =005 by Duncan s multlple range test
3) Statistical significance of A, B and C factors was calculated by Z-way ANOVAGee Table 2)

Table 7. Fat absorptivity, totaﬂ‘pld total cholesterol and tnglycerideexcretlon ; Coe

GROUP Fat absorptivity” (%) = Total llpld(m_g_/iiay) - Total ohelestem!(m .y) Tnglycendes(mg/day)
N 998.32:£0.20% C 32194379 2.154£04477  ° 0.370::0.07%
LC3 © 94.06%1.55° 85.27+16.03" 5.823:+1.173° - 1.482+0.438"
LC5 96.38:£0.46 63.91:£9.94 | 4.604£1052 0.835:£0.145%
LCO3 97.46£0.42 3858386 .. . 2.031:+0.307 0.480:£0.065™
LCOs 96.15£0.51° - 65.86x7.24"¢ 3.098:£04207 . 0.788£0.113" .
HN 98.24:0.33* 5467 +8.15"* . 3.89740574% 0,743 £0080%
HC3 98.49£0.17* 55834878 - 3.793x0.215% 1.230£0.079
HC5 96.88+£0.28% 114.04£8.06° 8548+0.898" 2456£0.483°
HCO3 98.09+0.49™* 54.01:47.75% - 2.724:+£0.628" | 0.874£0.154%
HCO5 . 97.7440.42% 70.03£7.71% . . 34030437 - 0.927 £0.100%
Significant factor” A, B, €, AB A, B, C AB A; B, AB A, B, C, 'AB

’ fat intake-lipid excretion !
1) Fat absorptivity ==

2} Mean £S:E.

fat intake

100 -

3) Values with different alphabat;mthm the: cclwm} are sugnufica

4) Statistical significance of A, 3 and.C fagqss Was Ealculated By 2

éﬁsrem at a=005b  Duné
\ OVA(seeT 2} ;%

an s muItaple ranga test
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718 Zo)A 2. & Ao 9] transit timeS 84
3l bile acid®t FA2BEE AFF3A o] & ¢
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