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The effect of octadecylamide of alginic acid on blood serum and hepatic cholesterol, and the faecal
output of fat and sterols was examined in female rats fed diets containing cholesterol and palm fat at 10 and
50 g/kg, respectively for 10 weeks. Amidated alginate, supplied at 10 and 20 g/kg, significantly decreased
serum cholesterol from 5.25 to 2.99 and 2.39 umol/ml, respectively, and decreased hepatic cholesterol from
30.7 to 12.3 and 9.4 umol/g, respectively. Amidated alginate increased the faecal output of fat and at higher
dosing significantly decreased faecal output of bile acids. Faecal output of bile acids and hepatic cholesterol
significantly correlated (r = 0.791; P < 0.001). The results of the present experiment showed that hypocholes-
terolemic effect of amidated alginate persisted within 10 weeks of feeding.
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ipid-lowering agents are used with the pur-
I pose of amelioration of hyperlipoprotein-
aemia in order to prevent arterial disease.
The clinical expression of arterial disease can be
delayed by modifying plasma lipoproteins using
systemic or non-systemic agents having hypocho-
lesterolemic properties [1]. The latter hypocholes-
terolemic agents are anion-exchange resins which
bind bile acids and increase their faecal excretion
[2], and ezetimibe, a cholesterol absorption inhibi-
tor that targets uptake at the jejunal enterocyte brush
border [3]. An alternative to bile acid sequestrants
are hydrophobic sorbents of neutral sterols: amidated
pectin [4], amidated celluloses [5, 6], and amidated
alginate [7, 8]. Amidated alginate is an effective
cholesterol-lowering agent and sorbent of dietary fat.
However, this suggests that the long-term intake of
amidated alginate may cause the malabsorption of
lipophilic micronutrients. The possibility of deple-
tion of vitamins K and D during the long-term use
of cholestyramine (a bile acid sequestrant) has been
reported [9, 10].
In this study we tested a hypothesis that the hy-
pocholesterolemic effect of amidated alginate would

exist in rats within 10 weeks of feeding. The effect of
amidated alginate on growth of rats, feed intake, and
weight of liver and hepatic aminotransferases was
examined as well. The present experiment extends
our previous study in which amidated alginate was
fed to rats for three weeks [7].

Material and Methods

Sodium alginate from brown algae was pur-
chased from Sigma-Aldrich (a low-viscosity product
no. A2158, Prague, Czech Republic). Alginic acid
was prepared by washing sodium alginate with
1:1 mixture of ethanol and 4 M HCI, pure ethanol,
aceton, and dried in air. Alginic acid was esterified
with methanol containing concentrated sulphuric
acid. The methyl ester of alginic acid was amino-
dealkoxylated with n-octadecylamine [11]. The
product of the reaction was filtered, washed with pe-
troleum ether and pure ethanol. Its degree of amida-
tion, calculated according to Taubner et al. [12] on
basis of organic elemental analysis was 94.3%. The
rat diet ST-1 was supplied by Velaz Ltd. (Lysolaje,
Czech Republic). Protected palm fat AkoFeed Gigant
60 was obtained from AarhusKarlshamn Sweden

© 2018 Marounek M. et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

120



M. Marounek, Z. Volek, T. Taubner et al.

AB (Prague, Czech Republic). Sylon HTP kit (hexa-
methyldisilazane-trimethylchlorsilan-pyridine 3:1:9)
was purchased from Supelco (Bellefonte, USA). Iso-
lithocholic acid, 12-ketolithocholic acid, norcholic
acid, a-, B-, @-muricholic acids, and [-sitostanol
were purchased from Steraloids Inc. (Newport,
USA). Other sterols were supplied by Sigma-Aldrich
(Prague, Czech Republic).

Twenty-eight female Wistar rats, approximately
6 weeks old, were used. The rats were housed indi-
vidually in a temperature- and humidity-controlled
room. The ST-1 rat diet was supplemented with palm
fat and microcrystalline cellulose at 60 and 40 g/kg,
respectively (basal diet, no. 1). After 4 weeks, the
rats were randomly divided into 4 groups of 7 rats
each. The diets no. 2, 3, 4 were supplemented with
cholesterol at 10 g/kg, at the expense of palm fat. The
diets no. 3, 4 were supplemented with amidated algi-
nate at 10 and 20 g/kg, respectively, at the expense
of cellulose (Table). Diets and water were available
ad libitum. The experiment duration was 10 weeks,
and then rats were sacrificed by decapitation, after
anaesthesia by the inhalation of isofluran (Nicholas
Piramal India Ltd., London, UK). The rats received
4 g of feed 4 h before they were sacrificed [13].

In the course of the experiment, body weight
and feed intake were measured. The study was ap-
proved by the Ethics Committee of the Institute of
Animal Science and the Central Commission for
Animal Welfare of the Ministry of Agriculture of
the Czech Republic.

Mixed blood samples were collected from each
rat at the time of slaughter. The samples were taken
into tubes without anticoagulant and allowed to
stand for 30 min. The sera were separated by cen-
trifugation, stored at +4 °C, and analysed the sub-
sequent day. The livers were excised and kept at
—40 °C until analysis. Faeces were collected during
the last 5 days of the experiment, weighed, pooled
and stored frozen until analysis.

The serum cholesterol, triacylglycerols, aspar-
tate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) were determined using commercial
kits (BioVendor Ltd., Brno, Czech Republic). The
total hepatic and faecal lipids were extracted with
2:1 chloroform-methanol and measured gravimetri-
cally [14]. Hepatic cholesterol was saponified with
2M ethanolic KOH (1 h at 100 °C), extracted with
ethyl ether, derivatised using trimethylchlorosilane
and hexamethyldisilazane (Sigma-Aldrich, Prague,
Czech Republic), and determined using gas chro-
matograph equipped with SAC-5 capillary column

Composition of control diet and experimental diets
(g/kg)

) Diet
Ingredient
P2 | 3| 4
Cholesterol 0 10 10 10
Palm fat 60 50 50 50
Amidated alginate 0 0 10 20
Cellulose 40 40 30 20
Diet ST-1° 900 900 900 900

*Control diets without amidated alginate. "The rat diet
ST-1 ingredients were soybean meal, meat and bone
meal, fish meal, wheat, maize, oats, wheat bran, lime-
stone, dicalcium phosphate, salt, and supplements of vita-
mins, trace elements and amino acids. The diet contained
crude protein, fibre, fat, ash and cholesterol at 196, 40, 24,
41, and 0.28 g/kg.

(Supelco, Bellefonte, USA). The Sa-cholestane at
0.5 mg/ml was used as the internal standard.

Faecal sterols were determined in freeze-
dried samples chromatographically after butylation
and silylation with Sylon HTP according to Batta
et al. [15]. Norcholic acid was used as the internal
standard. Gas chromatograph Focus — GC coupled
with MS model ITQ 700 (Thermo Scientific, I1-
linois, 60060, USA) was used and equipped with
the Thermo TR-5MS SQC column. Helium was the
carrier gas. The neutral sterols and bile acids were
identified on the basis of retention times by compar-
ing to standards. The linear detector responses were
confirmed for variable amounts of individual neutral
sterols and bile acids injected onto the column. The
dry matter (DM) of faeces was determined by oven
drying the faeces at 105 °C.

The data were analysed by a one-way analysis
of variance using the GLM procedure of SAS, ver-
sion 8.2 (SAS Institute, Cary, NC, USA). The results
were expressed as Means + SD. Significant differen-
ces (P <0.05) were identified using Tukey’s test. The
Pearson correlation coefficient was used as a measu-
re of the dependence between pairs of observations.

Results and Discussion

Body weight and feed intake did not differ
among treatment groups (Fig. 1). Supplementation
of diets with cholesterol significantly increased to-
tal serum cholesterol, hepatic fat, as well as cho-
lesterol concentration in the liver tissue. In rats fed
diets supplemented with cholesterol, amidated algi-
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nate significantly decreased serum cholesterol and
hepatic cholesterol concentration. The serum total
cholesterol and hepatic cholesterol were significantly
correlated (» = 0.888; P < 0.001). Amidated alginate
at 20 g/kg non-significantly increased activity of
aminotransferases.

Amidated alginate at lower dosing (10 g/kg
diet) significantly increased faecal output of fat,
and at higher dosing (20 g/kg diet) significantly de-
creased faecal output of bile acids (Fig. 2). Faecal
output of bile acids significantly correlated with he-
patic cholesterol (» = 0.791; P < 0.001). In rats fed
diets containing cholesterol serum cholesterol nega-
tively correlated with the faecal output of cholesterol
(r=-0.496; P =0.022).

The hypocholesterolaemic effect of amidated
alginate in rats fed cholesterol- and fat-enriched diets
for 10 week was stable and similar to that observed

—_

in previous experiment in which amidated alginate
was fed for three weeks [7]. The faecal output of
cholesterol and serum cholesterol negatively cor-
related, which suggests that the faecal loss of cho-
lesterol was important for the hypocholesterolemic
effect of amidated alginate. Amidated alginate sig-
nificantly decreased the faecal concentration of bile
acids, presumably due to lower synthesis of bile
acids in the liver in response to the lower availabili-
ty of substrate cholesterol. The faecal output of bile
acids and cholesterol concentration in hepatocytes
were significantly correlated.

There were no significant signs of toxicity of
amidated alginate (feed intake, weight of liver, ac-
tivity of aminotransferases); however, the possibility
of depletion of fat-soluble vitamins from the intesti-
nal lumen at long-term treatment and high dosing of
amidated alginate cannot be excluded.
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Fig. 1. Effect of cholesterol and amidated alginate on growth, fed intake, serum and hepatic lipids, ami-
notransferases, and liver weight in rats * (a Seven female rats per group. b-d Values in the same index-set with

different letters differ significantly)
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Fig. 2. Effect of cholesterol and amidated alginate on daily faecal output of dry matter, fat, and sterols in rats *
(a Seven female rats per group. b Including plant sterols. c-e Values in the same index-set with different letters

differ significantly)
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BrummB okTazenuiaMiny anbriHOBOI KHCIOTH
Ha XOJIECTEpPOJI CHPOBATKU KPOBI U mediHku, (e-
KaJTbHE BUJIIICHHS )KUPY 1 CTEPOITiB OYIIO JOCITIIKe-

HO Y CaMOK IITyPiB, SKHX YTPUMYBaJIH Ha paIlioHax,
0 MICTATH XOJIECTEPO 1 MAaJIbMOBUN JKHP BiIIO-
BigHO 10 10 1 50 T/KT Macu Tiia TBapuH MpoTsrom 10
THIKHIB. AMIJIOBaHMH aNbriHaT, IKUi gaBaju mo 10
i 20 1/KT, 3HAYHO 3MCHIIYBaB PiBEHHb XOJIECTEPOITY
B CHPOBATIIi KpoBi Bix 5,25 10 2,99 1 2,39 mxmomnb/
MJI Ta 3HIDKYBaB PiBEHb XOJECTEPOTY B ICUIHIII
Bix 30,7 mo 12,3 1 9,4 MKMOJIB/T BiAHOBIIHO. AMi-
JIOBAaHWM aibriHaT 3017TbITyBaB (eKaTbHUNU BHUXIiT
JKHPY 1 32 BUIIOI T03M 3HAYHO 3MEHITYBaB (eKahb-
HHW BUX1JI )KOBUHHUX KUCIOT. DeKaabHe BUIIJICHHS
JKOBUHHUX KUCJIOT 1 XOJIECTEPOITY TICTiHKHU BipOTiTHO
kopemoBao (= 0,791, P <0,001). Pe3ynasTaT exc-
TIEPUMEHTY TI0Ka3aJIH, IO TITOX0JIECTePUHEMIUHII
e(eKT amMiIoBaHOTO abliHATy 30€piraeThCs BIPO-
oBX 10 THXKHIB TOXYBaHHS.

Kno4oBi cioBa: Xonecrepol, cupoBaTka
KpOBI, MeviHKa, (ekaii, ;)KupH, )KOBUHI KUCIOTH.
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Bnusaue okramenuinamMuia aabTHHOBOW KHC-
JIOTHI Ha XOJIECTEPOJI CHIBOPOTKY KPOBHU W IIEYCHH,
(hexasbHOE BBIJICIICHHE KUPA M CTEPOJIOB OBIJIO HC-
CJIEZIOBAHO y CaMOK KPBIC, KOTOPBIX CONIEpKalid Ha
parmoHax, Coiep Kamnux XoJIeCTEPOT U MalbMOBBIT
XKHUp cooTBeTcTBeHHO 10 10 1 50 /KT Macchl Tena
JKUBOTHBIX B TeueHue 10 Henenb. AMUIMPOBAHHBIHN
anpruHar (mogasaeMblid 1o 10 u 20 1/KT) 3HAYNUTEITb-
HO YMEHBIIIaJI YPOBEHb XOJECTEepPOlia B CHIBOPOTKE
KpoBH OT 5,25 110 2,99 1 2,39 MKMOITB/MIT ¥ CHHIKAJ
ypoBeHb xonecTeposna B nedenu ot 30,7 no 12,3 u
9,4 MKMOIIB/T COOTBETCTBEHHO. AMWJIHPOBAHHBII
aTpIMHAT YBETUYUBaAI (eKalbHBIN BBIXOA JKHpa U
pu OoJiee BBICOKOW /103€ 3HAYUTEIHHO yMEHbIIAT
(bexasbHBIN BBIXOJ JKENYHBIX KHUCIOT. Dexaib-
HOE€ BBIJICNIEHUE JKEITYHBIX KUCIOT M XOJecTepoiia
MeYeHN JOCTOBEpHO KoppemmpoBaio (r = 0,791,
P < 0,001). Pe3ynbTaTsl HACTOSIIETO SKCIIEPUMEHTA
MTOKa3aJIH, YTO THIIOXOJIECTEPUHEMUUECKUN d(pPexT
aMUJIMPOBAHHOTO allbrUHATAa COXPAHSAETCS B Tede-
Hue 10 Heenb KOpMIICHUSL.

KnioueBble clioBa: X0JIECTEpOJ, ChIBO-
pOTKa KPOBH, IMEYCHb, (PEKATUHU, KUPBHI, KCITIHBIC
KHCJIOTHI.
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