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EFFECT OF AMIDATED ALGINATE ON CHOLESTEROL IN SERUM, LIVER AND FAECES
OF RATS FED FAT AND CHOLESTEROL-CONTAINING DIET
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Polysaccharides (of which there is alginic acid) play a key role in the digestion and absorption of nutrients
because they can increase the viscosity and form a gel in the intestine. Considering results of our previous studies
of the effect of pectin, cellulose and their amidated derivatives on digestion in rats and experimental data of other
scientists, we decided to study the effect of amidated alginate on level of cholesterol in the blood serum, liver and
feces in the rats which were fed by diet supplemented with fat and cholesterol.

Female rats were fed a control (1) (basal diet without cholesterol and amidated alginate sumplements) and
two experimental (2 and 3) diets supplemented with cholesterol (10 g/kg) and amidated alginate (0 and 40 g/kg,
respectively). All diets contained palm fat. In rats fed the cholesterol-containing diet, amidated alginate significantly
decreased serum total and low density lipoprotein cholesterol, hepatic cholesterol and lipids in the liver tissue.
Amidated alginate increased faecal concentration of fat from 61 to 91 mg/g. In the rats fed amidated alginate, the faecal
concentrations of cholesterol, bile acids and total sterols were not significantly influenced. It can be concluded that
the reduction of cholesterolemia in treated rats was probably based on the removal of fat from the intestine,
rather than on interruption of cholesterol circulation in the liver.

Keywords: RATS, FAECES, CHOLESTEROL, FATS, BILE ACIDS, N-ALKYL AMIDATED
ALGINATE

BIIJINB AMIJOBAHOT' O AJIBI'THATY HA BMICT XOJIECTEPOJIY
B CUPOBATIII KPOBI, ITEYIHII I ®PEKAJIIAX LHIYPIB,
YTPUMYBAHUX HA PAIIIOHI 3 TIOJABAHHAM KUPY I XOJECTEPOJIY

M. Mapoynex!, 3. Bonex!, T. Tayonep', /1. [ywkosa’, JI. Kanauniox?, /]. I]sinixoecokuir’
marounek.milan@vuzv.cz, kalachnyuk liliya@nubip.edu.ua

'THCTUTYT TBApUHHUIITBA,

[Tparenctsi 815, [Ipara 22, Yecbka PecryOiika

’HanioHabHHI YHIBEPCUTET 010peCypCiB 1 MPUPOTOKOPUCTYBAHHS YKpaiHH,
ByJ1. ['epoiB O6oponu, 15, m. Kuis, 03041, Ykpaina

Tonicaxapuou (cepeo Axux € il anbeino8a KUCI0Ma) 8idizpaioms 0OHY 3 KIIOYOBUX Poiell Y npoyeci mpas-
JIeHHS | 6CMOKINYBAMHS NONCUBHUX PEYOBUH THOMY, WO BOHU MOJICYb 30LTbULY8ATNY 8 SI3KICHb 1l YINBOPIOGAU
2eb y KuueuHuxy. Bpaxosyrouu pesynomamu Hawux nonepeonix 00caiodcenb naugy NeKmumy, yemonosu i ix
aAMIO0BAHUX NOXIOHUX HA MPABGIIEHHSL Y WYDI6 Md eKCNEPUMEHMATbHT OaHT THULUX GYEHUX, MU SUPTUUTU GUEHUMU
BNIUG AMIOOBAHOZ0 ANb2IHANTY HA PIBEHb XOJLECMEPOIY 68 CUPOBAMYI KPOBI, NeUiHKU I (heKaniil y uypie, siKi Xapuyea-
JIUCS 3210H0 3 PAYIOHOM 3 000ABKAMU HCUPY T XOTECMEPOTLY.

Camox wypie ympumysanu Ha payionax: KoumpoavHomy (1), 0sox excnepumenmanvuux (21 3), 0o skux
0ooasanu xonecmepon (0, 10 i 10 e/ke 6i0nogiono) i amioosanuil arveinam (0, 0i 40 e/xe 8ionoeiono). Yci payi-
OHU MICMUIU NATLMOBY Oit0. Y wypis, AKuUx 200y6anu 32i0H0 3 X0eCmMepPOoN-6MICHOIW 0i€Emo0, amMio08aHUll
anbeIHam GiPO2IOHO 3HUNCYEAE PIBEHb XOIECMEPOLY (AK 3A2ANbHO20, MAK I JINONPOmMeinié HU3bKOI WITbHOCTI)
VY cuposamyi Kposi, X01eCmepory 8 NeyiHyi ma ainioie y mKaHuHax neyinku. Bukopucmarnus amioosanozo anv-
2iHamy y payioHi wypie cnpusiio 30inbuento KonyeHmpayii scupy 6io 61 0o 91 me/e y ¢hexanisx meapun, saxi
020 cnooicusany. Y ¢hexanisax wypie, AKUM 320008Y8aau AMIO0BAHUL ANbSIHAM, KOHYEHMPayii Xxoiecmepony,
JHCOBUHUX KUCTOM | 3A2ANIbHUX CINEPOIB He 3a3HABANU GIPO2IOH020 11020 6NAUBY. TOMY MONCHA 3pOOUMU BUCHOBOK
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npo me, W0 3HUINCEHHS XONeCMepPOoieMil 8 Wypis, KI CHONCUBAU AMIO0BAHUL ANbSTHAM, UMOGIPHO, O6A3YEMbCS
weuoule Ha BUOALCHHI HCUPY 3 KUULEYHUKY, HIJIC HA NePEePUBAHHT YUPKYIAYIL XOAeCmepony 6 NeyiHyi.

Kumouosi caosa: LIIYPH, ®EKAJIIL, XOJIECTEPOJI, YKUPU, YKOBYHI KUCJIOTU, N-AJIKII-
AMIJIOBAHU AJIBITHAT

BJIUAHUE AMUJINPOBAHHOI'O AJIBI'MHATA HA COAEP KAHUE XOJIECTEPOJIA
B CBIBOPOTKE KPOBU, IEYEHU U ®EKAJIUAX KPbIC,
COLEPXAIINXCA HA PAIIMOHE C 1OBABJIEHUEM 7KUPA U XOJIECTEPOJIA
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"MHCTUTYT )KUBOTHOBOJICTBA,

[TparensctBu 815, [Ipara 22, Yenickas pecmyOauka

’HanmoHaNbHBIA YHHBEPCUTET OMOPECYPCOB M IIPUPOJIOIIOIH30BaHUS YKPAHHBIL,
yin. I'epoeB O6oponsl, 15, . Kues, 03041, Ykpauna

Tonucaxapuodvl (cpedu KOMOpvIX eCMb U ATbSUHOBAS KUCIOMA) USparon 00H)Y U3 KIIOYesblx Poiell 6 npo-
yecce nuwesapenusl U 6CACblEAHUS NUMAMETbHBIX 6EUeChE NOTOMY, YO OHU MOSYI YEETUUUBAMb B53KOCHb
u 06pazosvisamy 2eb @ KUUIeYHUKe. Yuumvleas pe3yibmanmbl HAUWUX npeobloyux UCCLe008aHULL GTUAHUSL NeK-
MUHQA, YELTI0N03bL U UX AMUOUPOBAHHBIX NPOUZBOOHBIX HA NUUeSAPeHUe ) KPbIC U IKCNEPUMEHMATbHbIE OAHHbIE
Opy2UX Y4eHblX, Mbl PEUUTU UZYUUMb GIUSHUE AMUOUPOBAHHOLO ANbSUHAMA HA YPOBEHb XOIeCMepoid 6 ChlEo-
POMKe KPOBU, NeYeHU U eKanusix y KPblc, COOEPACAUUXCI HA PAyUoHe ¢ 00OABKAMIU JICUPA U XOTeCmepod.

Camxu kpvlc codeparcanucsb Ha payuonax: koumponvtom (1), 08yx sxcnepumenmanvivix (2 u 3), Kk Komo-
poim oobasnsnu xonecmepoi (0, 10 u 10 e/ke coomsememeenio) u amuouposannuiii anveunam (0, 0 u 40 e/ke, coom-
gemcmeento). Bee payuonvt cooepoicanu nanbmogoe mMacio. Y Kpvic, KOMopuix KOPMUTU CO2LACHO XOIeCmepPOil-
cooeporcaujemy payuony, AMUOUPOBAHbIULL AbeUHAM OOCTNOBEPHO CHUICAT YPOBEHb XOaeCmepona (Kaxk obwezo,
MAaxK u IUNONPOMEUHOE HU3KOU NIOMHOCU) 8 CbIBOPOMKEe KPOBU, XOLECMEPONd 8 NEYeHU U TUNUOOE 6 MKAHAX
newenu. AMUOUPOBAHHLIN ANbSUHAM V8ETUYUBAT KOHYeHmpayuu dxcupa om 61 00 91 me/2 y ghexanusix sHcusomHuwix,
Komopwie e20 nompeOusiiu. ¥ oexanusix Kpbic, KOmopbiM CKapMAUBAIu AMUOUPOBAHHBII ATbeUHAN, KOHYEHMPayuu
XOJLeCMepPONa, JCETUHbIX KUCTOM U 0OWUX CINEPONI0E He UCTbIMbIBANU 00CMOBEPHO20 e20 Gausnus. [loamomy
MOJICHO COenambv 8bl800 O MOM, YMO CHUICEHUE XOIeCMEPONEMUU Y KPbIC, NOMPEDNAGUIUX AMUOUPOBAHHbILL
anbeunam, 6eposimuo, 6a3UPyemcst ckopee Ha YOaneHUU JHCUpa U3 KUUEeUHUKA, YeM HA NPEepblaHUl YUPKYISayUU
XOJleCmepoia 8 neyeHu.

Kirouesnie cnoBa: KPHICHI, ®EKAJINMU, XOJIECTEPOJI, XXUPBI, 2KEJITUHBIE KUCJIOTHI,
N-AJIKMJIAMUJUPOBAHHBIN AJIBTUTHAT

Alginic acid is a copolymer of o-1-4 linked and glucose [3], and has been recommended as a
B-D-mannuronate and o-L-guluronate, present in dietary supplement for the maintenance of health
the cell walls of brown algae [1]. Alginate has and the alleviation of certain cardiovascular dis-
a wide use across a variety of industries, including eases [2]. When alginate was present in the diet of
food, textile and pharmaceutical. In the food indus- rats, the serum total cholesterol and LDL-choles-
try, alginate is used as a thickening agent for drinks, terol were significantly decreased [14]. Physiologi-
ice cream and as a gelling agent for jellies [4]. cal effects of alginate are similar to those of pectin,
In the small intestine, gell-forming polysaccharides which is a polymer of D-galacturonate linked by
increase viscosity and affect the process of diges- a-1-4 bonds and methoxylated to a varying ex-
tion and absorption of nutrients. In ileostomy sub- tent at the carboxyl moieties [1]. Pectin reduced
jects, alginate increased fat excretion and decreased plasma and liver concentration of cholesterol in
excretion of bile acids [10]. In overweight male rats [5], hamsters [12], and guinea pigs [3]. Ma-
subjects, alginate reduced the uptake of cholesterol rounek et al. [8] compared effects of citrus pectin

The Animal Biology, 2016, vol. 18, no. 4
54



bionorisa tBapus, 2016, T. 18, Ne 4

and octadecylpectinamide in experiments with rats
fed a diet containing palm fat and cholesterol. Ami-
dated pectin of lower degree of substitution (30 %)
increased serum HDL-cholesterol at expense of
other cholesterol fractions. Amidated pectin of
higher degree of substitution (53 %) significantly
reduced total serum cholesterol without reduction
of HDL-cholesterol concentration. Pectin used in
this study increased caecum weight, but had no ef-
fect on cholesterol homeostasis. These data show
convincingly that the change of hydrophilic pectin
into its hydrophobic derivative (octadecylpectin-
amide) greatly increased the hypocholesterolemic
activity. Hence, the aim of the present experiment
was to examine hypocholesterolemic activity of
N-alkylamidated alginate prepared by reaction
with octadecylamine.

Materials and methods

Amidated alginate was prepared from
commercially available alginate (Sigma-Aldrich).
First, the methylester was prepared via esterifica-
tion with methanol. Then, the methylester was
amino-dealkoxylated with N-octadecylamine.
The amino-dealkoxylation procedure has been
described previously [11].

Eighteen female Wistar rats were housed in-
dividually and fed a basal (control) diet for 4 weeks.
Then, the rats were divided into 3 groups of 6 ani-
mals each. The experimental diets no. 2 and 3 were
supplemented with cholesterol at 10 g/kg, and ami-
dated alginate at 0 and 40 g/kg, respectively (table 1).
Food and water were available ad libitum.

Table 1
Composition of control
and experimental diets, g/kg
Diets
Ingredients (conltrol) (cholezsterol) (cholgsterol
+ alginate)
Cholesterol 0 10 10
Amidated alginate 0 0 40
Palm fat* 60 50 50
Cellulose 60 60 20
Rat diet ST-1° 880 880 880

Note: * — supplied by AarhusKarlshamn Sweden
AB (Prague); ® — contained crude protein, fibre, fat and
cholesterol at 220, 46, 31 and 0.24 g/kg, respectively.

Faeces were collected during the last five
days of the experiment, weighed, pooled, and
stored at —40 °C until analysis. At the end of the
experiment, the rats received 4 g of feed before sac-
rifice. All manipulations with rats were carried out
considering prescriptions of European Convention
about protection of animals used in experimental
and scientific purposes: they were sacrificed via de-
capitation after anaesthesia via inhalation of isoflu-
rane (Torrex Chiesi CZ, Ltd., Prague). Mixed blood
samples were drawn at the time of sacrifice to
obtain the serum. After laparotomy, the livers were
excised and stored at —40 °C until analysis.

The serum levels of total cholesterol,
LDL-cholesterol, triacylglycerols, aspartate amino-
transferase (AST), and alanine aminotransferase
(ALT) were determined using commercial kits
(Erba-Lachema, Ltd., Bro, Czech Rep.). The to-
tal hepatic and faecal lipids, faecal neutral sterols
and bile acids were determined as described pre-
viously [13].

Treatment effects were evaluated using
a one-way analysis of variance, which was calcu-
lated with the Statistica 10 software (StatSoft, Inc.,
Tulsa, USA). Significant differences (P<0.05)
were identified using Tukey’s test.

Results and discussion

Cholesterol supplementation significantly
increased serum, hepatic and faecal cholesterol
concentrations, serum LDL-cholesterol, faecal co-
prostanol, total neutral sterols, bile acids and total
sterols (tables 2 and 3). In rats fed the cholesterol-
containing diet amidated alginate significantly de-
creased serum total and LDL-cholesterol, hepatic
cholesterol and total lipids in the hepatic tissue.
Amidated alginate significantly increased activity
of aminotransferases in serum; however, elevated
activities were not significantly different from
those of rats fed the basal diet no. 1. In rats fed
the cholesterol-containing diet, amidated alginate
significantly increased faecal concentration of to-
tal neutral sterols, but not concentrations of cho-
lesterol, coprostanol, bile acids and total sterols.
Amidated alginate significantly increased concen-
tration of fat in faeces.

It follows from our results that amidat-
ed alginate is an efficient hypocholesterolemic
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Table 2

Effect of amidated alginate on serum parameters, hepatic cholesterol
and fat concentrations in the rats, M+SD, n=6

Groups of animals
Parameters I 2 3 .
(cholesterol) (cholesterol+alginate)
control experimental
Serum concentrations or activities
Total cholesterol, pmol/ml 2.05+0.212 3.30+0.82° 1.63+0.15¢
LDL-cholesterol, pmol/ml 0.42+0.12° 1.654+0.83° 0.38+0.15*
Triacylglycerols, pmol/ml 0.72+0.17 1.10+0.71 0.65+0.26
AST, nkat/ml 3.07+0.87* 2.75+0.21° 3.69+0.60°
ALT, nkat/ml 0.95+0.172 0.78+0.13¢ 1.19£0.21°
Hepatic concentrations
Cholesterol, pmol/g 6.37+0.43* 29.23+3.72° 6.26+0.43°
Total lipids, mg/g 44.2+4.6* 77.5£13.2° 44.5+5.7

Note: in this and the next table ** values in the same row with different superscripts differ significantly (P<0.05).

Table 3

Effect of amidated alginate on faecal concentration of cholesterol, coprostanol,
bile acids and fat in the rats, M+SD, n=6

Groups of animals
Parameters ! 2 3 .
(cholesterol) (cholesterol+alginate)
control experimental

Total cholesterol, pmol/g 11.11£0.30? 61.46+6.26° 66.96+8.27°
Coprostanol, umol/g 3.32+0.45° 13.90+5.43° 20.39+5.07°
Total neutral sterols, pmol/g 19.45+0.63* 84.11+4.24° 95.38+10.42¢
Bile acids, pmol/g 5.99+0.70° 13.12+1.64° 11.11£1.05°
Total sterols, pmol/g 25.4440.64° 97.23+5.51° 106.48+10.49°
Fat, mg/g 48.18+25.05° 61.314£20.83% 90.83+12.61°

agent. Our finding, however, is not consistent
with a limited effect of amidated alginate on fae-
cal excretion of cholesterol and bile acids. The
hypocholesterolemic effect of amidated alginate
thus differs from that of amidated pectin, in spite
of the fact that both modified polysaccharides
are polymers of uronic acids. The effect of ami-
dated pectin is based on the interruption of en-
terohepatic circulation of cholesterol [7], where-
as the effect of amidated alginate is based on
the removal of fat from the intestine via faeces.
Saturated fat may have a greater impact on se-
rum cholesterol than the dietary cholesterol [6].
The excretion of bile acids was non-significantly
lower in rats fed the diet supplemented with ami-
dated alginate, presumably because of the lower
synthesis of bile acids in the liver, in response
to lower availability of fat.

The Animal Biol

Conclusion

It could be concluded from our results
that amidated alginate is an efficient hypocholes-
terolemic agent. At the same time, it has a limited
effect on faecal excretion of cholesterol and bile
acids. The effect of amidated alginate is based on
the removal of fat from the intestine via faeces.
Amidated alginate reduces cholesterolemia in
rats. Observed in these studies hypocholesterol-
emic effect of amidated alginate is rather based
on the removal of fat from the intestine than on
interruption of the enterohepatic circulation of

cholesterol.

Perspectives of further investigation.
The last statement needs further research of ami-
dated polysaccharide influence on the digestive

processes of animals.
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