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The increased conversion of cholesterol to bile acids in the liver compensates for the loss of bile
acids in faeces. This leads to lower cholesterol levels in the blood. An alternative to bile acid sequestrants is
sorbents of sterols prepared by amidation of polysaccharides.

There was observed the hypocholesterolemic effect of octadecylpectinamide in rats that were kept on
diets containing cholesterol in the amount of 10 g/kg. Amidated pectin reduces cholesterol in the blood
serum and significantly increases levels of natural sterols and bile acids in faeces. Therefore we investigated
the effect of feeding cholesterol and amidated oxidized wmonocarboxycellulose (MCC), and
carboxymethylcellulose (CMC) on the concentration of fat and sterols in the feces of rats. We used 30 female
Wistar rats aged 3 months and weighing ~ 250 g. After leveling period (4 weeks), rats were divided into 6
groups of 5 animals each. The first group was control, diets of groups (2—6) were supplemented with
cholesterol at 10 g/kg at expense of palm fat, diets of 3 and 4 groups supplemented 30 and 60 g/kg of
amidated MCC, respectively, instead of conventional cellulose (in total 60 g/kg), and 5 and 6 groups — 30
and 60 g/kg of amidated CMC, respectively. The experiment duration was 4 weeks. Faeces were collected
during the last 5 days of the experiment.

It is established that the cholesterol and coprostanol concentration in faeces are significantly
increased in all rats which were fed diets supplemented with cholesterol, and coprostanol increases
significantly with the consumption of amidated cellulose. Amidated MCC and CMC increase significantly the
fecal fat output. They decrease significantly concentration of lithocholic, a-muricholic acids and the total
bile acids in faeces.

The results show considerable difference between amidated cellulose and amidated pectin, which
significantly increases the fecal excretion of cholesterol and to a lesser extent - of bile acids.

Possibilities of the removal of dietary fat from the organism using the amidated cellulose (that
provide a hypolipidemic and hypocholesterolemic effects) will be verified again in the near future.
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3binbuenns obcsaeie nepemeopents Xonecmepouy 00 JHCOGUHUX KUCIOM Y NeYiHYI KOMNEHCYE 6Mmpany
JHcosyHUX Kuciom y pexaniax. Lle npuzeooumsv 00 3HUINCEHHS XOLECMEPOTY 8 KpOsi. AnbmepHamusoio
CeKBeCMPAHMAM HCOBUHUX KUCIOM € COPOEHMU CIMEPOIi6, OMPUMAHUX ULTAXOM aMiOy8aHHs NOICaxapuois.

bys eiomiuenutl cinoxonecmeponemiuHull egekm npu 30aCmoCy8aHHi OKMAOCYUTNEKMUAMIOY Ha
Wypax, wo YmMpUMYBAIUcCs HA PAayioHax, y CKIadi sSKUX x00umv Xoaecmepoi y Kinekocmi 10 e/ke.
AMIO08AHULL NEKMUH 3HUNCYE GMICI XOAeCMepory 6 CUposamyi Kpoei ma GIpociOHO 30iibulye pi6HI
NPUPOOHUX CMeEponie U dHcosuHux xuciom y ¢hexanisx. Tomy oani odocnidxcysanu 0il0 320008)Y8aHHS
Xonecmepony ma amioosanoi okuckenoi mouoxapbooxcuyenionosu (MCC) 6 kapboxcumemuayenionosu
(CMC) na xounyenmpayiio sicupy i cmeponie y gexanisx wypis. Buxopucmosysanu 30 camox wypie niuii
Bicmap eixom 3 micsayi i eacoio ~ 250 2. Ilicas 3pieusnvro2o nepiody (4 muoicui) wypi Oyau posodineni va 6
epyn no 5 meapun y Koochiu. Ilepwa epyna 3amuwanace KoHmponvhoio, 2—6 epynu e3amin 102/ke
NAanbM08020 JHCUPY 00epIAHCY8anl adeK8amHy KilbKicmb Xonecmepory, 3 i 4 epynu 63amiH 36uyaiiHol
yentonosu (y 3azanbHomy oocsazi 60 e/ke) we odepoicysanu 6ionosiono no 30 i 60 e/ke amioosanoi MCC, a 5 i
6 — 30 i 60 2/ke amioosanoi CMC. Tpusanicme docnionozo nepiody — 4 muoichi. [na ananizie 30upanu
¢hexanii 6npodoesaic ocmanmix 5 Onis.

Bemanoeneno, wo y exanisx ycix wypis, sKki noioanu xoiecmepoin 8ipo2iOHO 30i1butyiombCs
KOHYeHmpayii xonecmepony U KONPOCMAHONY Ma Gipo2iOHO 3POCMAE KONPOCMAHON NPU CHONCUBAHHI
amioosanoi yenionoszu. Amiooseani MCC i CMC esipociono 30inbuiyroms exanvHuil 6uxio oicupy. Bownu
BIPOCIOHO 3MEHWYIOMDb V (PEKANISX KOHYSHMPAYIIo TIMOX0Je60i, a-MypIXone8ol ma 3a2aibHoi CyMu HCOGUHUX
Kuciom.

Haseoeni pezynomamu cymmeso GiopizHsomb amioo8ani Yearono3u 6i0 amioo8ano20 NeKmumy, SKuil
8IPO2IOHO 30iMbULYE (heKabHEe BUBCOCHHS 3 OP2AHIZMY XOLECMEPOLY | 8 MEHWULIL MIDI — HCOBUHUX KUCTOM.

Mooicnueocmi — udanenms wcupie 3 opeauizmy 3  O00HOMO2010 AMIO0BAHOT Yentono3u, o
nepedbauaioms  2inoainioemiunutl i 2inoxonrecmeponemiukuil  egpexmu, we pas 6yoyme nepesipeni
HAOIUNCUUM YACOM.

KawuoBi caoBa: XOJIECTEPOJI, XHNP, XOBYHI KHCJIOTHU, AMIJIOBAHA
LIEJIIOJIO3A, ®EKAJIII, IIIYPU
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YVeenuuenue o6vemos npeobpazosanusi Xonecmepona 8 dicenunvle KUCIOMbl 8 NeYeHU KOMHEHCUpyem
NOMEPIO  JICENUHBIX KUCIOM 6 (heKkanuax. IOmo npueooum K CHUICEHUIO XOIecmepoid 6 KpOSU.
AnbmepHamusoll cex8ecmpaHmam HCeryHbIX KUCIOM A6ISIOMCS COPOEHmvl CMepoios, NOTYYEHHbIX Nymem
AMUOUPOBAHUSL NOTUCAXAPUOOS.

boin ommeuen cunoxonecmeponemuyeckuil d¢ppexm npu npumeHeHuu OKMadeyurnekxmuamuoa Ha
KPbICAX, COOePIHCABUUXC HA PAYUOHAX, 8 COCMAE KOMOPLIX 6X00UNL Xojecmepol @ xoauuecmee 10 2/ke.
AMuouposauHvlii. NeKmuH CHUMCAem CcoO0epicanue XOiecmepona 6 CbleOpomKe Kposu U O00CHOBEPHO
yeenuyusaem YposHu eCmeCcmeeHHbX CMEpOoN08 U JCelyHvlX Kuciom 6 ¢pexanusx. Iloomomy Oanee
uccieoosanu Oeticmaue CKapMAUBAHUSA Xonecmepona u amMuoOupo8aHHo OKUCHEHHOU
monoxapooxcuyennonosvl (MCC) u kapboxcumemunyermonosver (CMC) na xonyemmpayuio xcupa u
cmeponos 6 gexanusx kpuvic. Mcnonvzoganu 30 camox Kpvic aunuu Bucmap 6 6o3pacme 3 mecsiya u 6ecom ~
250 a. Hlocne ypasnumenvbho2o nepuooa (4 nedenu ) Kpvicol ObLIU pazdeieHbl Ha 6 epynn no 5 HCUBOMHBIX 6
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xaxcoou. Illepsas epynna ocmasanace KOHmMpoavHou, 2—6 epynnwl e3amen 102/ke nanvbmosoco cupa
nOAYHanU A0eK8amHoe KOIUYeCmao Xoaecmepoid, 3 u 4 epynnvl 63ameH OObIYHOU YeLToN03bl (8 0Ouem
obweme 60 e/ke) ewe noayuanu coomsemcmeenno no 30 u 60 e/ke amuduposannoiu MCC, a 5 u 6 — 30 u 60
e/ke amuouposannot CMC. [Ipodoncumenshocms ucciedo8amenvio2o nepuoda — 4 neoenu. /[ns ananuzos
cobupanu gexaruu 6 meueHue NOCIeOHUX 5 OHell.

Yemanosneno, umo 6 ghexanusax ecex kpuvic, noe0aguiux Xorecmepos, 3HAYUMENbHO Y8eTUuiugaOmcs
KOHYeHmpayuy Xoiecmepona U KONPOCMAHOAA U  OOCHOBEPHO  803pACAE  KONPOCMAHOL Npu
ynompeoaeHuu amuoupoosannou yeanonosvl. Amuouposannvie MCC u CMC docmosepno yseruuusarom
Gexanvrblili 661x00 dcupa. OHU OOCHMOBEPHO YMEHbUATOM 6 (DEeKaNUsX KOHYEHMPAyuo Iumoxonesoul , o-
MYpUXoJ1egotl U 0owell CyMMbl HCENUHBIX KUCTIOM.

Ilpusedennvie  pe3yrbmamvl  CYWECMBEHHO — OMAUMAIOM — AMUOUPOBAHHLIE — YELTIOA03bl O
AMUOUPOBAHHO20 NEKMUHA, KOMOPbILL OO0CMOBEPHO Yeenudugaem QexanvphHoe videdeHue U3 Opeanuma
XOnecmepona u 8 MeHbulel CMeneny - HCeryHbIX KUCTIOM.

Boszmooichocmu - yoanenus ocupog u3 OpeaHusMa ¢ NOMOWbI0  AMUOUPOBAHHOU YeLlioN03bl,
npedycmampusaiowjue UNOIURUOEMUYECKULl U 2Unoxoiecmepoiemuyeckuil spgexmol, ewe paz 6yoym
nposepensl 8 oaudcaliuLee pems.

KiaroueBblie cJIoBa: XOJIECTEPOJI, KUP, KEJIUHBIE KHCJIOTBI,
AMUINPOBAHHAS LEJIJIFOJIO3A, ®EKAJIMU, KPBICHI

Hypercholesterolemia and  obesity carboxymethylcellulose. Female rats were chosen
belong to the main risk factors of coronary as the experimental animals, as female rats are
heart disease, which is the leading cause of more susceptible to changes in serum cholesterol
deaths worldwide. Several methods for the by dietary means than male rats [3, §].
treatment of hypercholesterolemia exist,
mainly fat restriction, the use of inhibitors of Materials and methods
3-hydroxy-3-methylglutaryl-CoA  reductase
(statins), and sequestrans that bind bile acids in N-octadecylamide of oxidized
the small intestine and interrupt their monocarboxycellulose (MCCO) and
enterohepatic  circulation [1].  Increased carboxymethyl-cellulose (CMO) were
conversion of cholesterol to bile acids in the prepared by esterification with methanol, and
liver compensates for the loss of bile acids in amino-dealkoxylation of methyl esters with n-
faeces, which results in reduction of octadecylamine. The product of the reaction
cholesterolemia. An alternative to bile acid was washed twice with 80 % ethanol,
sequestrants are sorbents of sterols prepared by petroleum ether, 0.2 M HCI in 80 % ethanol,
amidation of polysaccharides. In our recent and again with 80 % ethanol. MCC, CMC and
study, the hypocholesterolemic effect of their derivatives were analyzed for C, H and N
octadecylpectinamide was examined in rats on the instrument EL III Universal CHNOS
fed diets containing cholesterol at 10 g/kg [4]. Elemental Analyzer (Elementar

Amidated pectin supplied at 20, 40 and Analysensysteme GmbH, Germany).
60 g/lkg  significantly  decreased — serum The degrees of substitution (DS) were

cholesterol from 3.32 (control) to 1.23 calculated on the basis of N and C contents.

pumol/ml in a dose-dependent manner. In a Thirty female Wistar rats at 3 months
previous  experiment, amidated pectin of age weighing ca 250 g were housed in a
significantly increased the faecal excretion of temperature- and humidity controlled room.
natural sterols, and to a lesser extent also Rats were fed a commercial ST-1 diet (Velaz
excretion of bile acids [2]. The aim of the present Ltd, Lysolaje, Czech Republic), supplemented
experiment was to compare the faecal output of with microcrystalline cellulose and palm fat at
sterols (both neutral and acidic), and fat in rats fed 60 g/kg. The rat diet ST-1 ingredients were
amidated celluloses prepared from oxidized soybean meal, meat and bone meal, fish meal,
monocarboxycellulose and wheat, maize, oats, wheat bran, limestone,
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dicalcium phosphate, salt, and supplements of
vitamins, trace elements and amino acids. The
diet contained crude protein, fibre, fat and ash
at 208, 41, 19, and 54 g/kg, respectively. After
4 weeks, the rats were randomly divided into 4
groups of 5 animals each. The diets 2, 3 and 4
were supplemented with cholesterol at 10 g/kg
at expense of palm fat, and diets 3 and 4 with
amidated MCC and CMC, respectively, at
60 g’lkg at expense of microcrystalline
cellulose (Table 1). The experiment duration

The faecal neutral sterols and bile acids
were determined in freeze-dried samples by
gas chromatography on a 25 m fused silica
capillary column (CP-SIL 5CB, Varian, USA).
Norcholic acid (the internal standard) was
added, and samples were then subjected to n-
butylation and trimethylsilylation according to
Batta et al. [5]. Standards of sterols were
purchased from Sigma-Aldrich (Prague) and
Steraloids (Newport, USA). The faecal lipids
were extracted with 2:1 chloroform-methanol

was 4 weeks. Faeces were collected during the and determined gravimetrically [7].
last 5 days of the experiment.
Table 1
Composition of control and experimental diets (g/kg)
. Diet
Ingredient I 3 3 7 5 G
Cholesterol 0 10 10 10 10 10
Palm fat” 60 50 50 50 50 50
Amidated oxidized MCC 0 0 30 60 0 0
Amidated CMC 0 0 0 0 30 60
Cellulose 60 60 30 0 30 0
Diet ST-1 880 880 880 880 880 880

Note: * — Palm fat contained muyristic, palmitic, stearic, oleic, and linoleic acid at 2, 60, 27, 10, and 1 %,

respectively

Results and discussion

According to the elemental analysis,
the amidated derivative of MCC contained N,
C and H at 1.63, 53.63, and 8.56 % (m/m),
respectively. Corresponding values in the
derivative of CMC cellulose were 2.38, 60.74,
and 10.08 % (m/m). Resulting degree of
amidation of N-octadecylamides of MCC and
CMC was 20.6 and 58.6 mol. %, respectively.

The cholesterol and coprostanol
concentration in faeces significantly increased
in all rats that were fed diets supplemented
with cholesterol (Table 2). Supplementation of
diets with amidated celluloses significantly
increased concentration of coprostanol and
total neutral sterols. There was no treatment
effect on other neutral sterols (campesterol,
stigmasterol, B-sitosterol and B-sitostanol, i.e.
plant sterols present in components of the ST-
1 diet for rats).

Table 2
Effect of cholesterol and amidated celluloses on concentration of neutral sterols” in faeces of rats

Cholesterol (g/kg) 0 10 10 10

Amidated MCC (g/kg) 0 0 60 0

Amidated CMC (g/kg) 0 0 0 60

Cholesterol 5.73 £0.31¢ 53.04 +3.58" 59.39 £1.75° 55.44 +8.71°
Coprostanol 2.55 +0.20° 10.48 £2.02¢ 20.21 +3.85° 28.23 £6.20°

Other neutral sterols’ 4.20+0.15 5.49 +0.29 5.29 +£0.39 5.19+0.36

Total neutral sterols 12.48 +0.51¢ 69.01 +4.21° 84.85 +4.44° 88.86 £10.68"

Note:* — pmol/g DM, ® — Plant sterols and traces of epicoprostanol, Data are means and SD for 5 rats per
diet. Values in the same row with different superscripts are significantly different (P<0.05)
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Muricholic acids represented 41.8 % of
the total bile acids in faeces of rats fed the
basal diet. The concentration of cholic and
chenodeoxycholic acid, i.e. primary bile acids,
represented 2.2—11.1 % of the total bile acids
in faeces. The bile acids concentration in

faeces significantly increased in rats fed diets
supplemented with cholesterol.
Supplementation of diets with amidated
celluloses did not significantly affect the bile
acids concentration in faeces (Table 3).

Table 3

Effect of cholesterol and amidated celluloses on concentration of bile acids® in faeces of rats

Cholesterol (g/kg) 0 10 10 10

Amidated MCC (g/kg) 0 0 60 0

Amidated CMC (g/kg) 0 0 0 60

Isolithocholic 0.29 +0.01° 0.50 +£0.06° 0.52 +£0.05° 0.48 £0.02°
Lithocholic 0.59 +0.10° 3.01 £1.12° 1.66 +0.27° 1.78 £0.35°
Deoxycholic 1.02+£0.11° 1.44 £0.56* 1.61 £0.40° 2.00 +£0.34°
o-muricholic 0.44 +0.03° 2.34+0.86° 0.73 £0.13° 0.70 £0.09°
Cholic 0.31 +£0.02° 0.09 +0.09° 0.45 +£0.02° 0.64 £0.05°
Chenodeoxycholic 0 0.16 +0.23° 0.06 +0.14° 0.41 £0.06
B-muricholic 0.92 £0.04° 1.53 £0.20° 1.51 £0.05 1.58 £0.28°
12-ketolithocholic 0.52 +0.02° 0.59 +0.08° 0.74 +£0.09° 0.63 £0.09>
o-muricholic 0.60 +£0.14° 1.61 £0.44° 0.99 +0.11°¢ 1.22 £0.56
Total bile acids 4.69 +0.13° 11.27 +1.83° 8.27 +0.75° 9.44 +1.60°

Note:* — umol/g DM

Data are means and SD for 5 rats per diet. Values in the same row with different superscripts are significantly

different (P < 0.05)
Cholesterol supplementation
significantly increased faecal output of

cholesterol, neutral sterols, bile acids, total
sterols, and non-significantly increased faecal
output of fat (Table 4). Amidated cellulose had

no significant effect on faecal output of
cholesterol, neutral sterols and total sterols, but
significantly decreased output of bile acids.
Amidated MCC and CMC  significantly
increased faecal output of fat.

Table 4

Effect of cholesterol and amidated celluloses on faecal concentrations of dry matter and fat, and faecal output of

fat and sterols

Cholesterol (g/kg) 0 10 10 10
Amidated MCC (g/kg) 0 0 60 0
Amidated CMC (g/kg) 0 0 0 60
Faecal DM (%) 66.87 + 4.74 67.37 + 0.06° 63.97 + 2.92 60.62 + 2.90
Faecal fat (%) 430 £ 0.36° 477 + 1.12° 12.43 + 1.32% 7.83 £ 0.78°
Faecal output (per day)
fat (mg) 304.3 + 46.4° 378.2 + 0.86° 885.0 + 233.1° 633.2 + 33.0°
cholesterol (umol) 27.0 + 3.4° 282.7 + 0.09¢ 266.6 + 43.4° 2439 + 44.6°
neutr. sterols (umol) 589 £ 7.0° 367.3 + 0.23° 380.1 + 55.0° 389.0 + 40.8°
bile acids (umol) 222 + 2.8§° 59.0 + 0.20° 36.9 + 5.0° 415 + 8.1°
total sterols (umol) 81.1 + 9.7° 426.3 + 0.08° 417.1 + 58.4° 430.6 + 47.6"

Note: Data are means
significantly different (P<0.05)

and SD for 5 rats per diet. Values in the same row with different superscripts are
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In the present study, amidated
celluloses increased faecal concentration of
coprostanol, but did not influence faecal
output of cholesterol. The increase in faecal
excretion of fat was the most pronounced
effect of amidated celluloses. Diets used in the
present experimental contained 76.7 g of fat
per kg. Daily intake of feed in groups 1, 2, 3
and 4 was 17.1, 18.8, 17.0 and 17.0 g per a rat,
respectively. It can be calculated that output of
fat in faeces represented 23.2, 26.2, 67.9 and
48.6 % of the dietary fat intake in rats of the
group 1, 2, 3 and 4, respectively.
The accumulated data suggest that saturated
fat probably has a greater impact on blood
cholesterol than the dietary cholesterol [6].
Palmitic acid, which is present in palm fat is a
hypercholesterolemic fatty  acid [9].
The excretion of bile acids was lower in rats
fed diets supplemented with amidated
celluloses, presumably because of the lower
synthesis of bile acids in the liver, in response
to lower availability of fat. Amidated
celluloses thus differ from amidated pectin,
which significantly increased faecal excretion
of cholesterol and to a lesser extent also
excretion of bile acids [2].

The analyses of faecal sterols illustrate
extensive microbial modification of sterols.
Coprostanol i1s the product of bacterial
hydrogenation of cholesterol. Secondary bile
acids, i.e. other than those synthesized in the

liver, predominate over cholic and
chenodeoxycholic acid.

Conclusion

Amidated celluloses are efficient

sorbents of dietary fat, but not neutral and
acidic sterols. The removal of dietary fat from
the body suggests a hypolipidemic and
hypocholesterolemic  effect of amidated
celluloses, which should be verified in the near
future.
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