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CHOLESTEROL METABOLISM IN RATS UNDER EFFECTS
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Comparative study on effects of chitosan and DEAE-cellulose on cholesterol metabolism in rats was
presented here. Research results shown that chitosan significantly decreases the cholesterol level in the blood
serum and in the liver. Here it has been discovered the tendency of decrease of relative expression of LDL-
receptor mRNA. DEAE-cellulose had lower effect.

Results of study have shown that neither cholesterol supplementation nor aminated polysaccharides
influenced activity of HMG-CoA reductase, which is the rate-limiting enzyme of cholesterol synthesis.
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Chitosan is a polymer of B-1,4-glucosamine prepared by alkaline N-deacetylation of chitin.
Shells of marine crustaceans, which are waste products from food-processing, are the current source of
chitin and chitosan. Chitosan has been widely used in industry as a cationic flocculating agent for
waste-water treatment, paper additive, cosmetic ingredient and absorbable material [1]. Chitosan and
its derivatives are useful excipients for the peroral administration of drugs [2, 3]. Cholesterol-lowering
effects of chitosan have been reported in humans [4], rats [5] and poultry [6]. At present, chitosan is
increasingly used as an over-the-counter cholesterol-lowering agent [7].

A potential cholesterol-lowering polysaccharide may be diethylaminoethyl-cellulose (DEAE-
cellulose). The functional groups of DEAE-cellulose are protonated amino groups able to bind bile
acids. As a result of its binding of bile acids in the intestine, the enterohepatic circulation of bile acids
is broken and a consequential lowering of serum cholesterol occurs. Clas [8] reported that the DEAE-
cellulose-chloride binding capacity in vitro was 219 mg of Na-glycocholate per g. Cholesterol-
lowering capacity of DEAE-cellulose in vivo is not known. Thus, the purpose of this study was to
compare chitosan and DEAE-cellulose in rats fed a cholesterol-containing diet.

Material and Methods

Chitosan and DEAE-cellulose were supplied by Sigma-Aldrich. Twenty-four female Wistar
rats were housed individually in a temperature and humidity-controlled room. The rats were fed a rat
diet ST-1 (Velaz, Czech Rep.) supplemented with cellulose, cholesterol and palm fat. Experimental
diets were prepared by replacing cellulose with chitosan and DEAE-cellulose (Tab. 1). Diets were fed
ad libitum for 4 weeks. Eventually, rats were sacrified, liver, spleen and caecum weighed, and samples
of serum, liver, caecal contents and faeces analyzed.

Analyses were performed as described previously [9]. Data were statistically analyzed using
one-way ANOVA and Tukey’s test. The results are expressed as means + SD.

Results and discussion

Cholesterol supplementation significantly increased cholesterol concentration in the liver but
not in serum (fig. 1). There was no significant treatment effect on serum triacylglycerols and hepatic
fat. Chitosan significantly decreased serum and hepatic cholesterol. No corresponding effect on weight



of liver, spleen and caccum was apparent (fig. 2). Chitosan significantly decreased concentrations of
dry matter and volatile fatty acids (VFA) in the caecum and feaces (fig. 3). DEAE-cellulose
significantly reduced faecal VFA concentration. Activities of LDL-receptor mRNA were variable and
tended to decrease in rats fed chitosan. Neither cholesterol supplementation nor aminated
polysaccharides influenced activity of HMG-CoA reductase, which is the rate-limiting enzyme of
cholesterol synthesis (tab. 2).

Composition of control and experimental diets (g/kg)

Table 1

Ingredient Diet

1 2 3 4
Chitosan - - 60 -
DEAE-cellulose - - - 60
Cellulose 60 60 - -
Cholesterol - 5 5 5
Palm fat 55 50 50 50
Diet ST-1* 885 885 885 885

Note: * — Diet ST-1 ingredients were soybean meal, meat and bone meal, fish meal, wheat, maize, oats, wheat

bran, limestone, dicalcium phosphate, salt and supplements of vitamins, trace elements and amino acids
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Moderate cholesterol-lowering effect of chitosan is consistent with previous reports [10, 11].
There are numerous papers on antimicrobial activity of chitosan [12]. In our experiment chitosan
decreased metabolic activity of caecal and colonic bacteria as evidenced by significantly lower
concentration of VFA in the caecal contents and feaces. Low dry matter concentration in the caecal
contents and feaces indicates a significant water-holding capacity of chitosan.
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Fig. 2. Effect of chitosan and DEAE-cellulose on weight of liver, spleen and caecum of rats fed basal diet (1), diet with
cholesterol (2), diet with chitosan (3) and diet with DEAE-cellulose (4)
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Fig. 3. Effect of chitosan and DEAE-cellulose on dry mater and volatile fatty acids concentration in caecal contents and feaces. Rats
were fed basal diet (1), diet with cholesterol (2), diet with chitosan (3)
and diet with DEAE-cellulose (4)

Rats were apparently healthy and experimental groups did not differ in the feed intake.
The weight of liver and spleen in rats fed DEAE-cellulose was non-significantly increased, thus a
minor metabolit burden in these rats can not be excluded.

DEAE-cellulose shares some similarities with chitosan. Both polymers are N-protonated
polysaccharides, non-absorbable in the digestive tract, capable to bind bile acids in vitro. However, as
emphasized by Stedronsky [3, 9, 11], the correlation between measurements made in vitro and

performance of bile acid sequestrants observed in vivo may be very poor.
Table 2

Relative expression of LDL-receptor mRNA and activity of HMG-CoA reductase in hepatic tissue of rats fed basal
diet (1), diet with cholesterol (2), diet with chitosan (3) and diet with DEAE-cellulose (4)

Diet
1 | 2 | 3 | 4




1 0,90 0.67 0.87

_ * bl b 9
LDL-r mRNA (0.84-1,19) (0,74-1,10) (0,52-0,86) 0.67-1.12)
HMG-CoA / mevalonate™* 6,44 + 1,65 6,73 + 1,93 6,35+ 1,91 6,56+ 2,53

Note: * — Measured by RT-PCR, ** —Ratio of 3-hydroxy-3-methylglutaryl-CoA to mevalonate was inversely
related to HMG-CoA reductase activity [13]

Conclusion

In accordance with the literature, chitosan significantly decreased serum and hepatic
cholesterol concentration in rats fed a diet supplemented with cholesterol. No lipid-lowering effects of
DEAE-cellulose were observed.
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Preliminary results were presented as poster at the International Conference on Polysaccharides-
Glycoscience 2011 in Prague.

M. Mapoymnek, 3. Bonek, €. Ckpacusanosa, O. Cagka,
JI. Kanaunrok, I'. Kanauuiok

METABOJII3M XOJIECTEPOJIY B IIIYPIB 3A I[Ii XITO3AHRHY I JEAE-IIEJIFOJIO3U
PeszmwowMme

Xiro3aH, skui € momiMepoMm [-1,4-TmOKO3aMiHy, OTPUMYIOTH 4epe3 JykHe N-
JIe3aleTHIIIOBAHHS XITUHY, ITUPOKO BUKOPUCTOBYETHCS B IHIYCTPIl Ta € JOTOMIKHHM MaTepiaaoM JJjist
NEepopaIbHOTO BBEACHHA JiKiB. Bukopucranus ioro ta JJEAE-nemono3u nepeadavyaeTscst B SIKOCTI
3HI)KYBAJIBHHUX areHTIB X0JIeCTepory. ToMy Taky Ait0 HEOOX1THO TOBECTH €KCTIEPUMEHTAIIBHO 1N ViVO.
VY crarTi npencTaBieHo MOPiBHSJIbHE BUBYEHHS BIUIMBY XiTo3any 1 JIEAE-nenrono3u Ha meTabomizm
X0JIECTEPOJTy Y LTyPiB.

ExcriepuMmenTanbHi JaHi OKa3aiy, M0 XiTO3aH BIpOTiIHO IOHWXKYE piBeHb xonecTepory (XC)
y CHPOBATIIl KPOB1 Ta y mevinmi. TenaeH s 10 monmwkeHnHs piBas aktuBarii MPHK JITTHII-penentopa
Oyna BusiBIeHa B Jociigax, B Tod uac sk JIEAE-memionosa maBana Hwkuuil edekrt. Pesynbratu
JOCIIIJDKEHb TMOKa3aju, IO Hi Jo0aBKa XoJiecTeposly, Hi 000X JOCHIKyBaHUX aMIHOBaHHX
nojricaxapuiB He BIUIMBaIOTh Ha akTHBHICTE HMG-CoA-peaykrasu, sika € €H3MMOM, IO JIIMITY€
IIBUJIKICTH O10CHHTE3Y X0JIECTEPOITy.
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METABOJIN3M XOJIECTEPOJIA B KPBIC I10/1 I[EﬁCTBHEM
XHUTO3AHA U IDAI-IIEJIJIIOJIO3bI
AHHOTAanu4

CpaBHUTENIBHOE HW3yYEHHE BIUSAHUS XuTo3aHa U JIDAD-memnono3sl Ha MeTaboIM3M
XOJIECTEpPOJIa B KPBIC MPEJCTABICHbl B JAHON CTaThe. DKCIIEPUMEHTANIbHbIE JaHHbIE MOKAa3ajH, YTO
XMTO3aH JOCTOBEPHO MOHMXKAET YPOBEHb XOJECTEPOJIa B CHIBOPOTKE KPOBU M B nevyeHu. OOHapyx eHa
TeHJACHINUS K cHwKeHuio ypoBHs aktuBauuu MPHK JIITHII-peuentopa, B TOo Bpems kak JIDAD-
L[EJUTI0NI03a 1aeT HIbKe AP (PeKT.

PesynbraThl HccinenqoBaHui MOKa3aid, 4TO HU JOOaBKa XOJecTeposa, HU 000MX HCCIIETyEeMbIX
aMHHHUPOBaHHBIX TMOJHMCaxapuaoB He BiusAlOT Ha akTuBHOCTh HMG-CoA-penykrasbl, KoTopas
SIBJIIETCS CKOPOCTh-IMMUTUPYIOLIUM 3H3UMOM OMOCHHTE3a X0JIecTepoa.



1. Hirano S. Chitin and chitosan as novel biotechnological materials / S. Hirano // Polym. Int.
— 1999. — Vol. 48. — P. 732-734.

2. Bernkop-Schniirch A. Chitosan and its derivatives: potential excipients for peroral peptide
delivery systems / A. Bernkop-Schniirch // Int. J. Pharm. — 2000. — Vol. 194. — P. 1-13.

3. Ribeiro A. J. Microencapsulation of lipophilic drugs in chitosan-coated alginate
microspheres / A. J. Ribeiro, R. J. Neufeld, R. Arnaud, J. C. Chaumeil // Int. J. Pharm. — 1999. —
Vol. 187. — P. 115-123.

4. Maezaki Y. Hypocholesterolmic effect of chitosan in adult males / Y. Maezaki, K. Tsuji, Y.
Nakagawa et al. // Biosci. Biotech. Biochem. — 1993. — Vol. 57 (9). — P. 1439-1444.

5. Zacour A. C. Effect of dietary chitin on cholesterol absorption and metabolism in rats /
A. C. Zacour, M. E. Silva, P. R. Cecon et al. / J. Nutr. Sci. Vitam. — 1992. — Vol. 38, Ne 6. —
P. 609-613.

6. Razdan A. Effect of chitin and chitosan on nutrient digestibility and plasma-lipid
concentrations in broiler-chickens / A. Razdan, D. Pettersson // Brit. J. Nutr. — 1994, — Vol. 72, Ne 2.
— P. 277-288.

7. Baker W. L. A meta-analysis evaluating the impact of chitosan on serum lipids in
hypercholesterolemic patients / W. L. Baker, A. Tercius, M. Anglade et al. // Ann. Nutr. Metab. —
2009. — Vol. 55 (4). — P. 368-374.

8. Clas S. D. Increasing the in vitro bile acid binding capacity of diethylaminoethylcellulose
by quaternization / S. D. Clas // J. Pharm. Sci. — 1991. — Vol. 80, Ne 9. — P. 891-894.

9. Marounek M. Effects of amidated pectin alone and combined with cholestyramine on
cholesterol homeostasis in rats fed a cholesterol-containing diet / M. Marounek, Z. Volek,
E. Skiivanova, J. Tima // Carb. Polym. — 2010. — Vol. 80. — P. 989-992.

10. Liu J. N. Hypocholesterolaemic effects of different chitosan samples in vitro and in vivo / J.
N. Liu, J. L. Zhang, W. S. Xia // Food Chem. — 2008. — Vol. 107, No 1. — P. 419-425.

11. Zhang J. L. Dietary chitosan improves hypercholesterolemia in rats fed high-fat diets / J. L.
Zhang, J. N. Liu, L. Li, W. S. Xia // Nutr. Res. — 2008. — Vol. 28, Ne 6. — P. 383-390.

12. Rhoades J. Antimicrobial actions of degraded and native chitosan against spoilage
organisms in laboratory media and foods / J. Rhoades, S. Roller // Appl. Environ. Microbiol. — 2000.
— Vol. 66, Ne 1. — P. 80-86.

13. Rao A. V. Indirect assessment of hydroxymethylglutaryl-CoA reductase (NADPH) activity
in liver tissue / A. V. Rao, S. Ramakrishnan // Clin. Chem. — 1975. — Vol. 21, Ne 10. — P. 1523—
1525.

PenensenT: 3aBigyBau jabopaTopii >KMBICHHS Ta OIOCHHTE3y NPOAYKIIi >KYyWHHUX, JOKTOP
CLITbCBKOTOCTIONIAPCHKHX HayK, C. H. ¢. Cramaii I1. B.



