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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.
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В СИРОВАТЦІ КРОВІ, ПЕЧІНЦІ І ФЕКАЛІЯХ ЩУРІВ, 

УТРИМУВАНИХ НА РАЦІОНІ З ДОДАВАННЯМ ЖИРУ І ХОЛЕСТЕРОЛУ
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Полісахариди (серед яких є й альгінова кислота) відіграють одну з ключових ролей у процесі трав-
лення і всмоктування поживних речовин тому, що вони можуть збільшувати в’язкість й утворювати 
гель у кишечнику. Враховуючи результати наших попередніх досліджень впливу пектину, целюлози і їх 
амідованих похідних на травлення у щурів та експериментальні дані інших вчених, ми вирішили вивчити 
вплив амідованого альгінату на рівень холестеролу в сироватці крові, печінки і фекалій у щурів, які харчува-
лися згідно з раціоном з добавками жиру і холестеролу.

Самок щурів утримували на раціонах: контрольному (1), двох експериментальних (2 і 3), до яких 
додавали холестерол (0, 10 і 10 г/кг відповідно) і амідований альгінат (0, 0 і 40 г/кг відповідно). Усі раці-
они містили пальмову олію. У щурів, яких годували згідно з холестерол-вмісною дієтою, амідований 
альгінат вірогідно знижував рівень холестеролу (як загального, так і ліпопротеїнів низької щільності) 
у сироватці крові, холестеролу в печінці та ліпідів у тканинах печінки. Використання амідованого аль-
гінату у раціоні щурів сприяло збільшенню концентрації жиру від 61 до 91 мг/г у фекаліях тварин, які 
його споживали. У фекаліях щурів, яким згодовували амідований альгінат, концентрації холестеролу, 
жовчних кислот і загальних стеролів не зазнавали вірогідного його впливу. Тому можна зробити висновок 
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про те, що зниження холестеролемії в щурів, які споживали амідований альгінат, ймовірно, базується 
швидше на видаленні жиру з кишечнику, ніж на перериванні циркуляції холестеролу в печінці.
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Полисахариды (среди которых есть и альгиновая кислота) играют одну из ключевых ролей в про-
цессе пищеварения и всасывания питательных веществ потому, что они могут увеличивать вязкость 
и образовывать гель в кишечнике. Учитывая результаты наших предыдущих исследований влияния пек-
тина, целлюлозы и их амидированных производных на пищеварение у крыс и экспериментальные данные 
других ученых, мы решили изучить влияние амидированного альгината на уровень холестерола в сыво-
ротке крови, печени и фекалиях у крыс, содержащихся на рационе с добавками жира и холестерола.

Самки крыс содержались на рационах: контрольном (1), двух экспериментальных (2 и 3), к кото-
рым добавляли холестерол (0, 10 и 10 г/кг соответственно) и амидированный альгинат (0, 0 и 40 г/кг, соот-
ветственно). Все рационы содержали пальмовое масло. У крыс, которых кормили согласно холестерол-
содержащему рациону, амидированыий альгинат достоверно снижал уровень холестерола (как общего, 
так и липопротеинов низкой плотности) в сыворотке крови, холестерола в печени и липидов в тканях 
печени. Амидированный альгинат увеличивал концентрации жира от 61 до 91 мг/г у фекалиях животных, 
которые его потребляли. У фекалиях крыс, которым скармливали амидированный альгинат, концентрации 
холестерола, желчных кислот и общих стеролов не испытывали достоверного его влияния. Поэтому 
можно сделать вывод о том, что снижение холестеролемии у крыс, потреблявших амидированный 
альгинат, вероятно, базируется скорее на удалении жира из кишечника, чем на прерывании циркуляции 
холестерола в печени.
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N-АЛКИЛАМИДИРОВАННЫЙ АЛЬГИНАТ

Alginic acid is a copolymer of α-1-4 linked 
β-D-mannuronate and α-L-guluronate, present in 
the cell walls of brown algae [1]. Alginate has 
a wide use across a variety of industries, including 
food, textile and pharmaceutical. In the food indus-
try, alginate is used as a thickening agent for drinks, 
ice cream and as a gelling agent for jellies [4]. 
In the small intestine, gell-forming polysaccharides 
increase viscosity and affect the process of diges-
tion and absorption of nutrients. In ileostomy sub-
jects, alginate increased fat excretion and decreased 
excretion of bile acids [10]. In overweight male 
subjects, alginate reduced the uptake of cholesterol 

and glucose [3], and has been recommended as a 
dietary supplement for the maintenance of health 
and the alleviation of certain cardiovascular dis-
eases [2]. When alginate was present in the diet of 
rats, the serum total cholesterol and LDL-choles-
terol were significantly decreased [14]. Physiologi-
cal effects of alginate are similar to those of pectin, 
which is a polymer of D-galacturonate linked by 
α-1-4 bonds and methoxylated to a varying ex-
tent at the carboxyl moieties [1]. Pectin reduced 
plasma and liver concentration of cholesterol in 
rats [5], hamsters [12], and guinea pigs [3]. Ma-
rounek et al. [8] compared effects of citrus pectin 
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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

Ingredients

Diets 
1 

(control)
2  

(cholesterol)
3  

(cholesterol 
+ alginate)

Cholesterol 0 10 10
Amidated alginate 0 0 40
Palm fata 60 50 50
Cellulose 60 60 20
Rat diet ST-1b 880 880 880

Note: a — supplied by AarhusKarlshamn Sweden 
AB (Prague); b — 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., Brno, 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 3
Effect of amidated alginate on faecal concentration of cholesterol, coprostanol,  

bile acids and fat in the rats, M±SD, n=6

Parameters

Groups of animals
1 2 

(cholesterol)
3 

(cholesterol+alginate)
control experimental

Total cholesterol, µmol/g 11.11±0.30a 61.46±6.26b 66.96±8.27b

Coprostanol, µmol/g 3.32±0.45a 13.90±5.43b 20.39±5.07c

Total neutral sterols, µmol/g 19.45±0.63a 84.11±4.24b 95.38±10.42c

Bile acids, µmol/g 5.99±0.70a 13.12±1.64b 11.11±1.05b

Total sterols, µmol/g 25.44±0.64a 97.23±5.51b 106.48±10.49b

Fat, mg/g 48.18±25.05a 61.31±20.83ab 90.83±12.61b

Table 2
Effect of amidated alginate on serum parameters, hepatic cholesterol 

and fat concentrations in the rats, M±SD, n=6

Parameters

Groups of animals
1 2 

(cholesterol)
3 

(cholesterol+alginate)
control experimental

Serum concentrations or activities
Total cholesterol, µmol/ml 2.05±0.21a 3.30±0.82b 1.63±0.15c

LDL-cholesterol, µmol/ml 0.42±0.12a 1.65±0.83b 0.38±0.15a

Triacylglycerols, µmol/ml 0.72±0.17 1.10±0.71 0.65±0.26
AST, nkat/ml 3.07±0.87ab 2.75±0.21a 3.69±0.60b

ALT, nkat/ml 0.95±0.17a 0.78±0.13a 1.19±0.21b

Hepatic concentrations
Cholesterol, µmol/g 6.37±0.43a 29.23±3.72b 6.26±0.43a

Total lipids, mg/g 44.2±4.6a 77.5±13.2b 44.5±5.7a

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

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.

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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