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Abstract

Simunek J., Bartoiiova H.: Effect of dietary chitin and chitosan on cholesterolemia of rats.
Acta Vet. Brno 2005, 74: 491-499.

Chitin — chitosan is being advertised as a food supplement that effectively lowers blood
cholesterol concentration and controls obesity. The lard-fed rat was chosen because this model
shares similarities with human hypercholesterolemia. The male rats were divided into six groups
(A-F), each with 6 rats, and fed 6 weeks ad libitum diets prepared on base of commercial diet by
addition of'lard (diets D, E F), cholesterol (diet C), chitin (diets B, C, D) and chitosan (diet F). There
were no significant differences in weight gain and feed efficiencies in all groups during experimental
period. The histology examination of liver slices revealed the most pronounced periacinal (3.0) and
centroacinal (1.3) steatosis in animals of the group C. In the F group was detected small periacinal
steatosis only. The total serum cholesterol level was significantly increased (P < 0.05) in rats fed
high fat diets (D, E, F; 2.21 £0.15, 2.25 +0.16, 2.27 +0.23 mmol-I"') and C group (2.16 = 0.56 mmol-1"")
in comparison with control group (1.57 £ 0.26 mmol-l"") and group B (1.68 + 0.09 mmol-1'").
Similarly HLD-cholesterol levels were in groups B, C, D, E and F increased (1.02 + 0.05, 0.90 +
0.18,1.30+0.18,1.34+0.11 and 1.38 +0.24 mmol-I"', resp.). While the cholesterol content in liver
homogenates was significantly higher in animals fed cholesterol-rich diet (8.79 + 0.50 mmol-g’!,
P < 0.05), chitosan addition significantly depressed the cholesterol concentration (5.76 + 0.95
mmol.g™!, P < 0.05). Faecal cholesterol excretion was greatest in the rats of C group (13.63 +2.93
mmol.g!, P < 0.05). Also faeces of the animals fed the lard-enriched diets contained non-
significantly more cholesterol than animals of control group. This effect seems to be reinforced by
chitosan component in diet F. According to our results 5% chitin and/or chitosan addition have not
prevented any increase in liver weight or the level of plasma cholesterol and also have not reduced
the liver cholesterol content in rats fed enriched lard diet. In presence of chitosan higher excretion
of faecal cholesterol and lipids were found.

Chitin/chitosan, dietary hypercholesterolemia, rats

Chitin is the major constituent of arthropods shells such as crabs, shrimps, lobsters and
insects. Annual production of chitin was estimated to 10'° to 10'! t, which is close to
estimated cellulose production. Although it is not derived from plants, it shares the
characteristic with dietary fiber of being a polysaccharide that is indigestible by mammalian
digestive enzymes. There can be three sources of chitinolytic enzymes in the animal’s
digestive system: from the animal itself, from the endogenous commensal gut microflora,
or from the ingested food (Gooday 1990). Chitin — chitosan is being advertised as a food
supplement that effectively lowers blood cholesterol concentration and controls obesity.
Both are uncritically recommended for curing many other diseases (Asaoka 1996). The
mechanism by which chitin and chitosan, deacetylated forms of chitin, exert their action, is
still poorly understood. Several studies have shown chitosan to be hypocholesterolemic in
animal models (LeHoux and Grondin 1993). Chitosan has been suggested to reduce fat
absorption from gastrointestinal tract by binding with anionic carboxyl groups of fatty and
bile acids, and it interferes with emulsification of neutral lipids (i.e., cholesterol, other
sterols) by binding them with hydrophobic bonds (Ylitalo et al. 2002). Inhibition of
cholesterol absorption reduces absorption of dietary cholesterol, but more importantly,
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prevents reabsorption of biliary cholesterol, which is instead eliminated in the faeces
(Cohen 2004). Orally administered chitosan binds fat in the intestine, blocking absorption,
and has been shown to lower blood cholesterol in animals and humans (Omrod etal. 1998).
Chitosan acts by forming gels in the intestinal tract which entrap lipids but also other
nutrients, including fat soluble vitamins and minerals, thus interfering with their absorption
(Koide 1998). The hypolipidemic influence of chitosan may also be due to interruption of
the enterohepatic bile acid circulation (Razdan and Pettersson 1996) and the reduction
in duodenal bile acid concentration (Razdan et al. 1997). Recently, chitosan has shown
promise as a carrier in colon targeting, results suggesting that degradation by colonic
bacterial enzymes might be one of the important properties of chitosan for its successful use
in drugs colon targeting (Tozaki et al. 1997).

In the proposed study, the effects of chitin and chitosan additives on cholesterolemia of
rat fed diets with elevated fat contents were investigated. Since the effect of chitosan on
decrease of serum cholesterol level in rats has been reported previously, the present study
was carried out to compare the effect of chitin, which up to now has not been closely
described. The purpose of the present study was to analyze the effect of chitin and chitosan
addition on lipid metabolism of rats fed high lipids and cholesterol diets. The lard-fed rat
was chosen because this model shares similarities with human hypercholesterolemia.

Materials and Methods

Animals and diets

Young male Wistar rats were used in the study (VELAZ s.r.0., Kole¢, CZ) and weighed approximately 175-192
g. They were housed individually in plastic cages at 24 °C with 12-h light (07.00-19.00 h) and dark cycle. All animals
were allowed free access to a diet and water throughout the study period, with the exception of the night prior to
blood collections for which the animals were fasted. To accustom the rats to the experimental conditions, they were
initially fed the special commercial complete diet ST-1 for laboratory rats prepared by Kocanda Mill Co. (Czech
Republic). The composition of the diet was as follows (per kg): nitrogenous components 240.0 g, fiber 37.2 g, fat
34.7 g, ash 65.1 g, calcium 13.2 g, phosphorus 8.7 g, sodium 1.8 g, vitamin A 33200 i.u., D3 cholecalcipherol 2500
i.u., alpha tocopherol 107.9 mg, cuprum sulfate pentahydrate 22.6 mg and sodium selenite 0.34 mg, antioxidants
(butylhydroxytoluen, etoxyquin and butylhydroxyanizole) and citrex powder. After the 20 days adaptation period
the animals were randomly divided into six groups, each with 6 rats, and weekly weighed. The compositions of the
six used diets are shown in Table 1. All diets were prepared on base of ST-1 diet by addition of commercial lard
(diets D, E F), cholesterol (diet C), chitin (diets B, C, D) and chitosan (diet F). Dietary components (cholesterol,
chitin from crab shells and chitosan from crab shells) were purchased from Sigma Chemical Co. Chitosan degree of
deacetylation was at least 85%. Powdered crab shell chitin was deproteinized, demineralized and decolorated by the
procedures of No and Mayers (1997). All groups (A-F) were fed 6 weeks ad libitum.

Table 1. Composition of control and experimental diets (g)

Diet Chitin Cholesterol Lard Chitosan Basic diet
A (control) 0 0 0 0 1000

B 50 0 0 0 950

C 50 10 0 0 940

D 50 0 80 0 870

E 0 0 80 0 920

F 0 0 80 50 870

Sampling

Faeces and spilled food were collected during 5 last days at the end of the experiment. After 42 days of
experiment, the rats were anaesthetized with carbon dioxide gas, weighed and sacrificed by decapitation. Blood
was drawn from caudal cava vein. After coagulation the blood serum was separated by centrifugation and stored
at -75 °C until assayed. The separate parts of the gastrointestinal tract (GIT) and liver were removed and weighed.
Fragments of liver tissue were put in 10% buffered formaldehyde solution and processed for routine histological
examination. The rest of the liver and contents of separate parts of GIT and collected faeces samples were frozen
at -75 °C for next analyses. Samples of GIT content were collected in test tubes and dry matter was determined
immediately.



493

Biochemical analyses

Determinations of cholesterol, lipoproteins (LDL, VLDL, DHL), triacylglycerol and bilirubin levels in serum
were done in professional hospital laboratory enzymatically. Lipids were extracted from liver tissues and faeces
homogenates. Cholesterol and triacylglycerols were determined in extracts enzymatically with commercial kits
(BIO-LA-TEST CHOL250 and BIO-LA-TEST Triacylglycerols Liquid 400, resp., Pliva-Lachema a.s., Brno,
Czech Republic). The atherogenic index was calculated as the LDL:HDL ratio (Usman and Hosono 2000).
Faecal fat was determined gravimetrically after Soxhlet extraction with petrol ether on SOXTEC 1043 analysator
(Foss Tecator, Denmark). Jejunal and cecal pH were determined using a combination spear-tip pH microelectrode
(model HC 153, Theta 90 Co, Czech Republic) at 37 °C. Dry matter of intestinal content was determined
gravimetrically after drying at 105 °C overnight.

Histopathology

examination was performed in The Analytical Laboratories, Ltd., Plzefi. The samples were stained by Sudan black
(Bancroft and Gamble 2002) and routine Hematoxylin-and-eosin staining. The presence of fat in hepatocytes
cytoplasm was estimated. The steatosis was classified as periacinal, centroacinal and zonal with 3 intensity levels
(1-3, number 1 signified the lowest intensity).

Statistics

The means and SEM of 6 rats per group are reported. The significance of differences among values was analyzed
by one-way ANOVA (Oda et al. 1991). When the interaction was significant, Student’s t-test was performed
(Snedecor and Cochran 1967). P values of < 0.05 were considered significant. All statistical analyses were
performed using the General Linear Model Procedure (SAS, 1985).

Ethical considerations
The experimental protocol was performed according to international and national guidelines. The animal
experiment was approved by the Ethic Committee of the Czech Academy of Sciences.

Results

The objective of the present study was to determine the effect of chitin a chitosan on lipid
metabolism of conventional rats fed diets with different fat and cholesterol levels. In
addition to the control diet A, we prepared the diet B without addition of fat substances as a
reference diet of pure chitin effect. The diet C was constructed to simulate a high dietary
cholesterol intake. The animals of the groups D, E and F were loaded by 8% of lard in pellets.
The expected negative effect on lipid metabolism of this fat diet would be corrected by
addition of 5% chitin (diet D) and 5% chitosan (diet F). All the diets were well accepted by
the rats.

The average values of body weights and average daily gains of rats fed control and
experimental diets are presented in Table 2. From the data it follows that there were no
significant differences in weight gain and feed efficiencies in all groups during 6 the weeks
experimental period, although the highest daily gain was achieved in control group animals.
The curves of total weight gain of tested groups in the course of all experimental periods
(Fig. 1) show very similar slope and there were found no significant differences of growth
rate.

Table 2. Body and liver weights and body/liver ratio and average daily gain of rats fed control (A)
and experimental (B, C, D, E, F) diets

Group
A B C D E F
Average daily gain (g) 2.74+0.36 2.55+0.41 2.51+£0.32 248 +£0.27 2554032 | 2.52+0.63
Final body weight (g) [351.78 £16.50 | 345.28 +12.33 | 354.27 + 14.23 |350.22 + 14.43|360.62 + 14.31/349.65 £ 8.21

Variable

Liver weight (g) 14544122 | 13.30£1.53 | 15.09+0.81 | 12.85+1.52 | 12974131 | 13.72+2.13
Ratio
Body/liver weight 242 26.0 23.5 27.3 27.8 25.5

The values of liver weights and body/liver weight ratios in all groups are shown in Table 2.
The animals of the group C treated by cholesterol addition have shown the highest average
liver weight and the lowest ratio body/liver. The differences are not statistically significant.
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The enriched sterol diet significantly increased the liver weight. The animals of the group C
manifested secondary visible effects from the treatment, including yellowish fragile livers
with pronounced lobulated structure. The histology examination of liver slices revealed the
most pronounced periacinal and centroacinal steatosis in animals of the group C (Fig. 2). In
the group F fed chitosan-enriched diet was detected small periacinal steatosis only. No signs
of severe liver fat dystrophy were detected.
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Fig. 2. The intensity of liver steatosis in periacinal, centroacinal and zonal areas
abe Means represented by columns not sharing a common superscript were significantly different (P < 0.05)

The values of selected lipid parameters of serum are arranged in Table 3. The total serum
cholesterol and high-density lipoprotein (HLD) cholesterol levels were significantly
increased (P <0.05) in rats fed high fat diets (D, E, F) and cholesterol diets (C) in comparison
with control group (A) and group fed chitin diet (B). Very-low-density lipoprotein (VLDL)
cholesterol and triacylglycerols levels in serum of animals were increased non-significantly.
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Table 3. Cholesterol, HDL!, VLDL?, atherogenic index, triacylglycerols and bilirubin serum levels
of rats fed control (A) and experimental (B, C, D, E, F) diets

. Group

Variable A B C D 5 F
Total cholesterol (mmol-1") | 1.57*+0.26 1.68% +0.09 2.16%+0.56 221°40.15 2.25+0.16 227°+£0.23
HDL (mmol-") 0.88:£0.11 1.02¢£0.05 0.90+0.18 1.300£0.18 1.340+0.11 1.380+0.24
Cholesterol/HDL 1.87%£0.39 1.64*£0.05 2.33+0.32 1.682+0.17 1.63*£0.08 1.63*£0.15
LDL (mmoll') 0.10£0.08 0.09£0.03 0.42240.26 0.07+0.07 0.02£0.02 0.01+0.01
VLDL (mmol-1) 0.86% + 0,20 0.56°+0.14 0.812+£0.25 0.79 £0.28 1.02°+0.29 1.06% +0.43
Atherogenic index 0 0.1 0.5 0.1 0 0
Triacylglycerols (mmol-1") | 1.81+0.44 1.24+0.31 1.62+0.42 1.87+0.57 2.25+0.63 234093
Bilirubin (umol1) 6.33+2.83 6.20+2.76 3.68+2.16 6.67+3.01 6.61£3.75 5.71+2.83

! High-density lipoprotein

2 Very low-density lipoprotein

ae Means within a row not sharing a common superscript were significantly different
(P<0.05)

On the other hand the significantly highest levels of serum low-density lipoprotein (LDL)
cholesterol were found in rats fed the cholesterol-rich diet (C) similarly to the atherogenic
index values.

To complete the lipid metabolism pattern the cholesterol and triacylglycerol levels in liver
tissue were estimated. While the cholesterol content in liver homogenates was significantly
higher in animals fed cholesterol-rich diet (Table 4), chitosan addition significantly depressed
the cholesterol concentration. The chitin addition did not show a similar effect (B, D).

Table 4. Liver and faeces levels of cholesterol, triacylglycerols and fat of rats fed control (A) and experimental
(B, C, D, E, F) diets

Group
A B C D E F

Variable

Liver cholesterol
(umol-g™) 6.442+0.78 5.61®+1.81 8.79¢+0.50 7.10%¢ £ 1,58 6.00+1.32 5.76*+0.95
Liver triacylglycerols
(umol-g™) 21.75% +8.35 16.75°£3.80 | 23.75%+3.75 [ 24.75%+£590 | 25.25°+£3.85 | 25.00+3.45
Faecal cholesterol
(umol-g™) 6.47°+£1.78 8.55°+£2.01 13.63°+2.93 8.13*+1.12 7.08+£147 | 997311
Faecal triacylglycerols
(umol-g™) 232+0.78 2.14£0.58 1.96+1.03 2.87+0.81 1.78+0.77 194+ 1.11

Total lipids in facces
(/1000 g) 8.70°+1.26 8242024 | 26.93°+145 1314045 | 14.36°£1.00 | 16.90+0.70

abe Means within a row not sharing a common superscript were significantly different (P < 0.05)

As shown in Table 4, faecal cholesterol excretion was greatest in the rats fed cholesterol-
enriched diet (C; P < 0.05). Also faeces of animals fed the lard-enriched diets (D, E and F
groups) contained more cholesterol than animals of control group. This effect was
pronounced particularly in rats receiving chitosan in diet (group F). Conspicuous differences
we found in total fat levels in faeces. The highest total fat excretion was detected in group
C. Lower but also significant increase of fat content was found in groups D, E and F. This
effect of higher flow of dietary cholesterol and fat into faeces seems to be reinforced by
chitosan component in diet F. On the contrary, no significant changes have been detected in
faecal triacylglycerol levels. In present experiments 8% addition of lard into diets raised
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cholesterolemia in experimental rats. Surprisingly, these changes were not followed by
appreciable rising of LDL and VLDL cholesterol levels. In rats fed chitin-enriched diets
(group B) no significant differences in all followed variables were found with respect to
values found in control group (A). Similarly, rats fed high-lipid diets with chitin additive (D)
showed no significant differences in comparison with control lard-diet animals (E). Rats fed
on diet containing chitin had equivalent liver steatosis, reduced levels of liver
triacylglycerols and cholesterol, similar levels of serum and faecal cholesterol and higher
excretion of triacylglycerols in faeces. According to our results, 5% chitin addition to both
low- and high-lard diets does not influence cholesterolemia in the rat. Our results suggest
that rats fed a diet enriched with 8% of lard and with added 5% of chitin maintained an
equilibrium between cholesterol intake and de novo cholesterol synthesis comparable to that
found in rats fed a normal diet.

Contrary to the chitin effects, addition of 2 to 5% chitosan to high cholesterol diet in adult
rats resulted in a significant reduction, by 20 to 30%, of plasma cholesterol. The
concentration of liver cholesterol and triacylglycerols also decreased significantly. The
7.5% chitosan formula maintained adequate cholesterol homeostasis in rats, despite greatly
increased intake of cholesterol. Chitosan almost completely prevented the rise of serum
cholesterol in rats at the 5% dietary level. From data obtained in the study the rats fed the
chitosan-fortified diet (F) showed higher concentration of faecal cholesterol,
triacylglycerols and total lipids. At the concentration used, chitosan has not prevented any
increase in liver weight or the level of plasma cholesterol and also has not reduced the liver
cholesterol content when rats were fed the highly enriched lard diet.

According to our results 5% chitin and/or chitosan addition have not prevented any
increase in liver weight or the level of plasma cholesterol and also have not reduced the liver
cholesterol content in rats fed enriched lard diet. In presence of chitosan higher excretion of
faecal cholesterol and lipids were found.

Discussion

The animals treated by cholesterol addition have shown in our experiments the highest
average liver weight and the lowest ratio body/liver. The results are in compliance with data
obtained by LeHoux and Grondin (1993) in their experiments probably due to liver
dystrophy. Liver weight was significantly increased by the enriched sterol diet. In rats fed
the cholesterol-rich diet (C) we found significantly highest levels of serum low-density
lipoprotein (LDL). Lower plasma total cholesterol, LDL-lipoprotein and VLDL-lipoprotein
were observed by Yao and Chiang 2002 in rats fed a diet containing chitosan. Similarly
in ninety female human volunteers (age 34-70 years) chitosan significantly reduced total
cholesterol and LDL cholesterol compared to placebo (Bokura and Kobayashi 2003).
Cholesterol homeostasis is achieved when the body balances the rates of synthesis and
dietary intake with rates of elimination. Excessive cholesterol may be released from cells
and travelled in the blood as a HDL, which is removed by the liver. Indeed, a high proportion
of cholesterol in HDL as compared to LDL is beneficial, since it indicates that cholesterol
may be travelling away from the blood vessels to the liver. Ormrod et al. (1998) described
the significantly lower blood cholesterol levels in the animals (mice) fed for 20 weeks on a
diet containing 5% chitosan and significant inhibition of atherogenesis was also observed.
Hypocholesterolemic properties have been attributed to chitosan, especially in rats fed a
high cholesterol diet (Sugano et al. 1988) while chitosan at 5% of the diet lowered the
serum cholesterol in rats fed a normal cholesterol diet (Fakada et al. 1991). The
hypolipidemic effect of chitosan may be also attributed to the reduction in duodenal bile acid
concentration (Razdan et al. 1997). This interruption in enterohepatic bile acid circulation
would lead to reduced lipid absorption and increased faecal sterol excretion (Razdan and
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Pettersson 1996). Chitosan significantly increased the faecal cholesterol and
triacylglycerol content and significantly decreased liver total lipid and cholesterol contents
(Chiang etal.2000). Similarly the chitosan intake caused a higher level of fat to be excreted
in the faeces of the corn oil-receiving rats than the lard-receiving ones, although the effect
was strong with both diet groups (Deuchi etal. 1995). On the contrary, chitosan supplement
in male volunteers with a high fat intake (>120 g/day) for 12 days did not increase faecal fat
content and therefore did not block fat absorption (Gades and Stern 2002).

There is little information on chitin effects available. We found no significant influence
of chitin additive in the rats fed high-lipid diets in comparison with control lard-diet animals.
Our findings are inconsistent with data of Zacour et al. (1992). The authors studied in
Wistar rats fed a diet containing beef tallow (7%) and cholesterol (1%) the effect of chitin
at the level of 5% in the diet on cholesterol absorption and metabolism.

Dietary chitosan increased faccal excretion of cholesterol (Sugano etal. 1980). Increased
bile acid excretion could reduce cholesterol concentrations because plasma or liver
cholesterol would be utilized to maintain the bile acid pool (Gallaher etal. 2000). Lehoux
and Grondin (1993) have found no change in liver weight or appearance after treatment
with chitosan.

The weight reduction and decrease in serum LDL cholesterol are important for lowering
the risk of cardiovascular attack. Microcrystalline chitosan was found in obese woman to
decrease serum LDL cholesterol with no body weight reduction (Wuolijoki et al. 1999).

The hypocholesterolemic effect of chitosan is mediated by beneficial increasing the
excretion of total steroid in faeces. The fraction also induces a triacylglycerol-lowering
activity in the liver by decreasing hepatic lipogenesis (Tanaka etal. 2001). Chitosan is not
specifically hydrolyzed by digestive enzymes, but limited digestion of chitosan due to
bacterial flora and to the unspecific enzymes might occur (Ylitalo et al. 2002). This is a
possible explanation for the low hypocholesterolemic effect of chitosan found in our
experiments. Since the rat caecum and colon have been shown to have much the same
microbial contents as the human colon in terms of predominant bacterial species and their
levels, and rats are the most readily available and commonly used laboratory animal species,
rat cecal and colonic contents or enzymes would by reliable for use as an in vitro degradation
system to mimic the microbial environment in the human colon (Zhang and Neau 2002).
On the other hand, some chitinases are secreted by gastric mucosa of rat, in many species,
however, the intestinal bacterial flora, especially in caeca, is probably the principal source
of b-N-acetylglucosaminidase activity (Jeuniaux 1993). The rat bacterial enzymes had the
ability to degrade chitosan with extracellular enzymes exhibiting a more profound effect
than did cell-associated enzymes (Zhang and Neau 2002). This may be one of the possible
explanation of poor chitin and chitosan hypocholesterolemic effects found in our
experiments.

Uctinek pridavku chitinu a chitosanu v dieté na cholesterolemii potkanti

Chitin a chitosan jsou stale Cast&ji propagovéany jako dietni dopliiky ur¢ené k tc¢innému
sniZovani hladiny krevniho cholesterolu a sniZovéni obezity. Jako model jsme zvolili
potkany krmené dietou s vysokym obsahem sadla. Samci byli rozdé€leni do 6 skupin (A-F)
po 6 zvifatech a krmeni 6 tydnt ad libitum krmivem pfipravenym na zdkladé¢ komer¢ni
kompletni krmné smési s pfidavkem 8 % sddla (diety D, E F), 1 % cholesterolu (dieta C),
5% chitinu (diety B, C, D) a 5 % chitosanu (dieta F). Béhem pokusu jsme nezaznamenali
statisticky vyznamné rozdily ve hmotnostnich pfirdstcich a krmné ucinnosti mezi
jednotlivymi skupinami. Histologickym vySetfenim fezl z jaternich excizi jsme nalezli
vyraznou periacinélni (3,0) a centroacindlni (1,3) steatézu u zvitat skupiny C. Jaterni fezy
zvitat skupiny F vykazovaly pouze nepatrnou periacindlni steat6zu. Hladiny celkového
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cholesterolu v krevnim séru byly vyzmané zvySeny (P < 0,05) u potkanii krmenych dietou
obohacenou tukem (D, E, F; 2,21 + 0,15; 2,25 + 0,16 a 2,27 +0,23 mmol-I'!) a skupiny C
(2,16 £ 0,56 mmol-1'") ve srovnani s kontrolni skupinou (1,57 + 0,26 mmol-1-") a skupinou
B (1,68 + 0,09 mmol-1'"). Obdobné hladiny HLD cholesterolu byly zvySeny u skupin B, C,
D, EaF (1,02 +£0,05; 0,90 + 0,18; 1,30 £ 0,18; 1,34 + 0,11 a 1,38 + 0,24 mmol-I-!, resp.).

s

Zatimco obsah cholesterolu v jaternich homogenatech byl statisticky vyznamné vyssi (P <
0,05) u zvifat krmenych dietou s pfidavkem cholesterolu (8,79 + 0,50 mmol-g!), pfidavek
chitosanu vyznamné snizil koncentraci cholesterolu (5,76 + 0,95 mmol-g'!, P < 0,05). Vys§i
exkrece cholesterolu byla nalezena ve vykalech potkanti skupiny C (13,63+ 2,93 mmol-g-!,
P < 0,05). Rovnéz vykaly zvifat krmenych dietami s vysokym obsahem sadla obsahovaly
vice cholesterolu nez vykaly zvitat kontrolni skupiny. Tento G¢inek byl zvySen pifidavkem
chitosanu (F). Podle naSich vysledkl pfidavek 5% chitinu nebo chitosanu nezabrinil
zvySeni hmotnosti jater, zvySeni hladin cholesterolu v séru ani nesniZil obsah cholesterolu
v jaternim parenchymu u potkand krmenych dietou s vysokym obsahem sddla. Pfidavek
chitosanu do krmiva v koncentraci 5% zvysil vylu€ovani cholesterolu a lipidii ve vykalech.
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