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ABSTRACT

Background: The growth of the world population and the need to increase food production led to the widespread use of food 
additives. One of such additives is carrageenan. Potentially negative health effects of carrageenans prompt us to question 
safety of their widespread use. Aims and Objectives: In this study, we defined the effect of carrageenan (E407) consumption 
on the main markers of endogenous intoxication in rats. Materials and Methods: Experimental studies were conducted 
on 72 non-linear, female, white rats weighing 150-180 g. The experimental animals had free access to 0.5% carrageenan 
solution in drinking water. Control group of animals received pure water. Syndrome of endogenous intoxication was evaluated 
using measurements of low, medium, and high molecular weight substances in blood plasma, red blood cell suspension, and 
urine. Results: Our results indicate shift of the markers of intoxication syndrome toward mainly catabolic substances. The 
results obtained after 1 week of the experiment correspond with phase of partial compensation, characterized by increased 
concentrations of low and middle molecular weight substances in red blood cells and plasma. After 2 weeks and up to 1 month 
of the experiment, the predominantly catabolic markers of endogenous intoxication continue to increase in erythrocytes and 
plasma, indicating a shift to the phase of partial decompensation to systems and organs of detoxification. Conclusion: The 
consumption of carrageenan with drinking water in concentration of 0.5% was associated with the development of excessive 
levels of low and middle molecular weight substances with reduced ability of kidneys to excrete toxic products.
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INTRODUCTION

The growth of the world population and the need to 
increase food production led to the widespread use of 
food additives. An increase of food additives usage 
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is related to the civilization progress, changes in the 
traditional lifestyle and nutrition.[1-3] Among the reasons 
for using food additives are the need for long-distance 
transportation, long-term storage, and cost reduction, as 
well as improvements in taste, color, and appearance of 
the products, especially those marketed as low calorie or 
diet. One of such additives is carrageenan. Carrageenan 
has no nutritional value and is used in food manufacturing 
for its gelling, thickening, and emulsifying properties. 
It is added to dairy and meat products, in particular to 
produce low-calorie foods, such as puddings, yogurt, 
jellies, and ice cream. Webber et al. stressed that 
70-80% of commercially manufactured food in the world 
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contain carrageenan.[4] Carrageenans are also used in the 
pharmaceutical, cosmetic, and textile industries.[5-7]

Carrageenan is a generic name for a family of gel-forming 
and viscosifying polysaccharides, which are obtained by 
extraction from certain species of red seaweeds. Sulfated 
polysaccharides from marine algae can have diverse biological 
activities including immunomodulatory, anticoagulant, 
antithrombotic, antiviral, and antitumor effect.[8] It was 
suggested that negatively charged molecules, including 
sulfated polysaccharides, can interact with the positive charges 
on virus or cell surface and thereby prevent penetration of 
the virus into the host cells.[9] However, carrageenan was 
reported to have no effect on virus attachment or penetration 
into host cells, rather it inhibited synthesis of viral proteins 
inside the cells. Moreover, carrageenan has been reported to 
have anti-HIV activity, but its strong anticoagulant activity 
is considered to be an adverse effect, preventing its use as 
therapy for HIV.[7]

Several studies have reported that carrageenans have 
antiproliferative activity on cancer cell lines in vitro, as well 
as inhibitory activity on tumor growth in mice. In addition, 
they have antimetastatic activity by blocking the interactions 
between cancer cells and the basement membrane, inhibit 
tumor cell proliferation, and tumor cell adhesion to various 
substrates, but the exact mechanisms of these actions are 
not yet completely understood.[7] On the other hand, there 
is an evidence of oncogenic transformation of cells under 
the influence of carrageenan, while positive correlation was 
found between the use of products with this additive in the 
diet and an increased risk of breast carcinoma.[10]

Moreover, in experimental medicine, carrageenan is 
often used to model inflammatory processes. It is used 
in pathophysiology for modeling of peritonitis, pleurisy, 
arthritis, and carrageenan-induced edema of the limbs in 
rats.[11,12]

These indications of potentially negative health effects of 
carrageenans prompt us to question safety of their widespread 
use. There is lack of definitive data on long-term outcomes 
of carrageenan consumption by either healthy adults or by 
persons with preexisting diseases.

This article reports the effect of carrageenan (E407) 
consumption on the main markers of endogenous intoxication 
in rats.

MATERIALS AND METHODS

Experimental studies were conducted on 72 non-linear, female, 
white rats weighing 150-180 g, that were housed at 25 ± 3°C 
and humidity of 55 ± 2%, under a 12 h light and dark cycle. 
Water was available ad libitum. Our study and manipulations 

complied with the requirements of the Law of Ukraine “On 
the protection of animals against cruel treatment” (No. 
1759-VI from 15.12.2009), and the international principles 
of the European convention for the protection of vertebrate 
animals used for experimental and other scientific purposes 
(https://rm.coe.int/CoERMPublicCommonSearch Services/
DisplayDCTM Content?documentId= 090000168007a67b). 
The experimental study was approved by the Ethics Committee 
of I. Horbachevsky Ternopil State Medical University. The 
experimental animals had free access to 0.5% carrageenan 
solution (Sigma-Aldrich, USA) in drinking water. Control 
group of animals received pure water.

Laboratory animals were divided into four groups. 
Group 1 consisted of intact animals, Group 2 had access 
to carrageenan solution for 7 days, Group 3 had access to 
carrageenan solution for 14 days, and Group 4 had access 
to carrageenan solution for 30 days. Animal euthanasia 
was carried out by cardiac puncture under deep anesthesia, 
in accordance with the requirements of the Animal Care 
Committee.[13] Urine was extracted from the bladder by 
needle aspiration (No 147-TSMU/2016).

Syndrome of endogenous intoxication was evaluated 
using measurements of low and medium molecular weight 
substances in blood plasma, red blood cell suspension, 
and urine quantified by the extraction-spectrophotometric 
method.[14] High molecular weight substances of blood 
plasma, erythrocytes, and urine were precipitated in 15% 
solution of trichloroacetic acid. Trichloroacetic extracts 
of blood plasma and red blood cells were measured by 
spectrophotometer SF-200 at wavelengths of 242, 254, and 
282 nm, trichloroacetic extracts of urine-at wavelengths of 
236, 254, and 282 nm. The obtained data are expressed in 
standard units of optical density (U). Using the data, the 
following indices were calculated to evaluate the intensity of 
endogenous intoxication:[15]

1.	 Ct - total content of low and medium molecular weight 
substances in plasma:

	 Ct = (Е242+Е254+Е282)×40;
2.	 Cc - the value of catabolic pool of low and medium 

molecular weight substances in plasma:
	 Cc = (Е242+Е254)×12; 
3.	 Pc% - catabolic pool of plasma:
	 Pc% = Cc/Ct×100%;
4.	 ICP - intensity of catabolic processes in plasma:
	 ICP = (Е242+Е254)/(Е254+Е282);
5.	 K1 - distribution rate of low and medium molecular 

weight substances between blood plasma proteins and 
erythrocyte glycocalyx:

	 K1 = (Е242+Е254+Е282) of plasma/(Е242+Е254+Е282) 
of erythrocytes;

6.	 K2 - elimination process condition, indicating the ability 
of kidneys to excrete endotoxemia products: 

	 K2 = (Е236+Е254+Е282) of urine/([E242+Е254+Е282] 
of plasma+[Е242+Е254+Е282] of erythrocytes).
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The results were analyzed using Statistica 6.0 software 
and presented as mean with standard deviations, and the 
minimum and maximum values of ranges. To evaluate the 
distribution of the character together by sampling data, 
we have used Lilliefors and Kolmogorov–Smirnov tests. 
Statistical significance was determined by the Student’s t-test 
or non-parametric Mann–Whitney criterion. P < 0.05 was 
considered statistically significant.

RESULTS

Analysis of 242-282 nm range wavelength spectrograms for 
low and medium molecular weight substances in plasma and 
red blood cells glycocalyx indicates significant difference 
between experimental and control groups. In the range of 
242 nm in plasma of portal vein and inferior vena cava of 
animals who consumed water with carrageenan, the values 
of extinction increased, peaking after 1 month of carrageenan 
usage. This indicates the high contents of catabolic substances 
in the blood of these rats (Figure 1).

In the ranges of 242 nm and 280 nm spectrograms of red 
blood cells showed displacement of spectral curves and higher 
optical density values. This suggests strain of detoxification 
reserves in the portal vein and inferior vena cava of the animals 
and increased content of catabolic substances (Figure 2).

These results demonstrate that most of low and medium 
molecular weight substances increased after 1 month of 
observation, mainly in the blood plasma.

The pool of low and medium molecular weight parameters 
form a marker group of the metabolic status of animals used 
to analyze the possible impact of the exposition to toxic 
substances. This is due to the fact that red blood cells bind 
and transport endogenous toxic components adsorbing them 
on their surface. We found increased the medium molecular 
weight fraction in red blood cells at 254 nm of vena portae 
and inferior vena cava after 1-week experiment, which then 
with further increased after 2 weeks. This increase was in 
comparison to control as well as to the 1st experimental group 
(P < 0.05). It should be noted that after 1 month of carrageenan 
consumption the average molecular weight content was 
higher than in control (in vena portae 40%, and inferior 
vena cava 43%) but did not significantly differ from that of 
the two research groups. We detected increase in the level 
medium molecular weight substances detected at 254 nm in 
portal vein plasma starting at the 1st week of the experiment, 
and after 2 weeks of carrageenan consumption, this marker 
not only in vena portae, but also inferior vena cava with an 
upward trend in the experimental Group 3 (Table 1).

The levels of substances detected at E280 increased in red 
blood cells and portal vein plasma of the 1st experimental 
group. After 2 weeks of the experiment, the medium 
molecular weight content at 280 nm in red blood cells of 
vena portae and inferior vena cava steadily increased up to 1 
month of the experiment. In blood plasma of vena portae, this 
parameter remained practically unchanged during the study, 
while in the inferior vena cava, it was the highest at 2 weeks 
of the experiment. Low molecular weight substances content 

Figure 1: Change in low and middle molecular weight substances spectrograms at the wavelength range of 242-282 nm in plasma of rats 
that consumed water with carrageenan

Figure 2: Spectrograms at the wavelength range of 242-282 nm of low and middle molecular weight substances in erythrocyte glycocalyx 
of rats that consumed water with carrageenan
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Index Control 1st experimental group 
(1 week of carrageenan 

consumption), U

2nd experimental group 
(2 weeks of carrageenan 

consumption), U

3rd experimental group 
(1 month of carrageenan 

consumption), U
Blood plasma
Е242

v. portae 0.12±0.01
(0.09;0.18)

0.15±0.01
(0.10;0.25)

0.23±0.01;
(0.19;0.27)
P1,2<0.001

0.25±0.01
(0.22;0.30)

Inferior v. cava 0.09±0.01
(0.05;0.16)

0.10±0.01
(0.10;0.25)

0.16±0.01;
(0.11;0.20)
P1,2<0.001

0.22±0.01
(0.18;0.26)

Е254

v. portae 0.30±0.01
(0.22;0.37)

0.36±0.02
(0.27;0.42)

0.45±0.02;
(0.34;0.53)
P1,2<0.001

0.50±0.02; 
(0.40;0.60)
P1,2<0.001

Inferior v. cava 0.27±0.02
(0.15;0.37)

0.29±0.01
(0.22;0.34)

0.36±0.01;
(0.30;0.40)
P1,2<0.001

0.39±0.01; 
(0.34;0.45)
P1,2<0.001

Е282

v. portae 0.23±0.02
(0.12;0.31)

0.34±0.02
(0.27;0.45)
P1<0.001

0.37±0.01;
(0.29;0.45)
P1<0.001

0.38±0.01;
(0.32;0.45)
P1<0.001;
P2=0.03

Inferior v. cava 0.23±0.01
(0.12;0.31)

0.33±0.01
(0.28;0.41)
P1<0.001

0.38±0.01;
(0.29;0.45)
P1<0.001;
P2=0.01

0.36±0.01
(0.32;0.41)

P1<0.05

Red blood cell suspension
Е242

v. portae 0.20±0.01
(0.15;0.27)

0.25±0.01;
(0.16;0.30)
P1=0.004

0.31±0.01; 
(0.24;0.35)
P1.2<0.001

0.35±0.01; 
(0.26;0.41)
P1,2<0.001;

P3=0.01
Inferior v. cava 0.17±0.01

(0.11;0.25)
0.20±0.01
(0.14;0.24)

0.29±0.01; 
(0.23;0.32)
P1,2<0.001

0.32±0.01; 
(0.29;0.40)
P1,2<0.001;

P3=0.01
Е254

v. portae 0.45±0.02
(0.32;0.51)

0.53±0.02; 
(0.42;0.59)
P1<0.001

0.59±0.01; 
(0.52;0.66)
Р1<0.001;
P2=0.003

0.63±0.02;
(0.54;0.76)
P1,2<0.001

Inferior v. cava 0.42±0.02
(0.32;0.51)

0.53±0.01; 
(0.45;0.60)
P1<0.001

0.59±0.01; 
(0.52;0.66)
P1<0.001;
P2=0.002

0.60±0.02; 
(0.48;0.66)
P1,2<0.001

Е282

v. portae 0.22±0.01
(0.11;0.30)

0.29±0.02; 
(0.20;0.41)
P1<0.002

0.34±0.01;
(0.25;0.40)
P1<0.001;
P2=0.01

0.39±0.01;
(0.33;0.45)
P1,2<0.001;

P3=0.01
Inferior v. cava 0.19±0.02

(0.11;0.30)
0.22±0.01
(0.16;0.30)

0.31±0.02; 
(0.22;0.40)
P1,2<0.001

0.37±0.01; 
(0.33;0.42)
P1,2<0.001;
P3=0.002

Table 1: Low and medium molecular weight substances in erythrocyte glycocalyx, blood plasma, and urine of rats that 
consumed water with carrageenan and control group

(Contd...)
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increased in red blood cells of vena portae after 1 week of the 
experiment, in red blood cells and plasma of vena portae and 
inferior vena cava after 2 weeks, and then remained virtually 
unchanged until the end of the experiment.

One of the most informative signs of adaptive reaction 
to stress exposition were the changes in marker K1, which 
increased by 13% after 2 weeks and 1 month of the 
experiment in red blood cells of vena portae compared to the 
control values (P < 0.05). Against this background, values 
of K2 marker, which is used for comprehensive assessment 
of endotoxemia on the body, showed gradual decline. This 
decline corresponded to the duration of carrageenan use 
and indicated the reduced ability of kidneys to excrete toxic 
products (Table 2).

DISCUSSION

Thus, the consumption of carrageenan with drinking water in 
concentration of 0.5% led to a statistically significant increase 
in endogenous intoxication, manifested by an increase in the 
content of low and medium molecular weight substances. 
This, obviously, suggests an increase in destructive 
processes, as well as inhibition of the detoxifying function 
of the body, which can lead to a violation of neutralization 
of endogenous toxins, and consequently, accumulation of 
intermediate metabolic products. Our results indicate shift 
of the markers of intoxication syndrome toward mainly 
catabolic substances. The results obtained after 1 week of the 
experiment correspond with the phase of partial compensation, 
characterized by increased concentrations of low and middle 
molecular weight substances in red blood cells and plasma. 
After 2 weeks and up to 1 month of the experiment, the 
predominantly catabolic markers of endogenous intoxication 
continue to increase in erythrocytes and plasma, indicating a 
shift to the phase of partial decompensation to systems and 
organs of detoxification.

In the modern literature, there is no reliable data on the effect 
of the systematic use of carrageenan on the body of an adult, 
on the child’s organism, or on the fetus’s organism with this 

supplement in the diet of a pregnant woman. In the clinic, the 
study of this issue is very problematic, so there is an urgent 
need to study the effect of carrageenan on metabolic indices 
in the experimental conditions.

The important role endogenous intoxication syndrome plays 
in the development of many diseases is being increasingly 
recognized. In short, endogenous intoxication occurs when 
damaging processes cause accumulation of intermediate 
and final products of normal metabolism and metabolic 
disorders in aberrant concentrations in body fluids and 
tissues.[16] These products have toxic effect and resulting in 
dysfunction of various organs and systems.[17] Concentration 
of low and middle molecular weight substances is an 
important and objective indicator of toxicity within the body 
systems, independent of the causes, and signs of the diseases. 
Concentration of low and middle molecular weight substances 
is thought to primarily reflect the extent of abnormal protein 
metabolism and correlate with main clinical and laboratory 
prognostic criteria for metabolic disorders.[18]

The entire range of low and middle molecular weight 
substances can be divided into two groups, catabolic and 
anabolic. According to Malakhova,[15] the catabolic group in 
the range of 242-258 nm provides the most information in 
assessing the extent of endogenous intoxication. The group 
includes products of protein molecules catabolism and low 
molecular weight metabolites such as urea, creatinine, uric 
acid, purine metabolism products, as well as nucleotides and 
their derivatives, nucleoprotein metabolites. A significant 
increase in the number of catabolic products is one of the 
stages in syndrome of endogenous intoxication. Anabolic 
group of the low and middle molecular weight substances 
is recorded in wavelength range of 258-298 nm. The group 
includes mainly fragments of protein molecules containing 
aromatic amino acids, metabolites of urea cycle, purine and 
pyrimidine, and their derivatives.

Thus, even the minimal intake of exogenous toxic substances, 
such as carrageenan in the blood, triggers endogenous 
intoxication. Metabolic products, which are usually removed 

Index Control 1st experimental group 
(1 week of carrageenan 

consumption), U

2nd experimental group 
(2 weeks of carrageenan 

consumption), U

3rd experimental group 
(1 month of carrageenan 

consumption), U
Urine
Е236 0.48±0.02

(0.28;0.58)
0.49±0.02
(0.30;0.60)

0.48±0.01
(0.26;0.55)

0.47±0.01
(0.35;0.45)

Е254 0.44±0.02
(0.36;0.58)

0.45±0.01
(0.40;0.56)

0.43±0.01
(0.40;0.53)

0.42±0.01
(0.38;0.53)

Е282 0.40±0.03
(0.34;0.51)

0.42±0.02
(0.38;0.52)

0.38±0.02
(0.40;0.47)

0.40±0.01
(0.40;0.46)

P1: Significant difference compared to the control group, P2: Significant difference compared to the 1st experimental group, P3: Significant 
difference compared to the 2nd experimental group

Table 1:(Continued)
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Table 2: Markers of endogenous intoxication in rats that consumed water with carrageenan and control group
Index Control 1st experimental group 

(1 week of carrageenan 
consumption)

2nd experimental group 
(2 weeks of carrageenan 

consumption)

3rd experimental group 
(1 month of carrageenan 

consumption)
Ct

v. portae 25.5±0.93 33.87±0.94;
P1<0.001

41.60±0.75;
P1,2<0.001

45.47±0.83;
P1,2<0.001;
P3=0.002

Inferior v. cava 23.13±1.13 28.83±0.82;
P1<0.001

36.07±0.76;
P1,2<0.001

38.73±0.66;
P1,2<0.001;

P3=0.01
Cc

v. portae 4.95±0.19 6.13±0.14;
P1<0.001

8.07±0.20;
P1,2<0.001

9.03±0.21;
P1,2,3<0.001

Inferior v. cava 4.24±0.27 4.66±0.17 6.28±0.16;
P1,2<0.001

7.27±0.50;
P1,2,3<0.001

Pc%
v. portae 19.49±0.56 18.16±0.42;

P1=0.04
19.41±0.30;

P2=0.01
19.86±0.22;

P2<0.001
Inferior v. cava 18.29±0.70 16.14±0.40;

P1<0.001
17.43±0.30;

P2=0.008
18.77±0.21;
P2,3<0.001

ICP
v. portae 0.80±0.03 0.74±0.02 0.83±0.02;

P2<0.001
0.85±0.01;
P2<0.001

Inferior v. cava 0.72±0.03 0.63±0.02;
P1<0.001

0.71±0.02;
P2<0.001

0.81±0.02;
P1,2,3<0.001

К1
v. portae 0.75±0.03 0.80±0.04 0.85±0.02;

P1<0.001
0.84±0.02;
P1<0.001

Inferior v. cava 0.74±0.03 0.76±0.02 0.76±0.02 0.75±0.02
К2

v. portae 0.89±0.04 0.71±0.02;
P1<0.001

0.57±0.02;
P1,2<0.001

0.52±0.01;
P1,2<0.001;

P3=0.01
Inferior v. cava 0.99±0.05 0.81±0.03;

P1<0.001
0.62±0.02;
P1,2<0.001

0.57±0.01;
P1,2,3<0.001

P1: Significant difference compared to the control group, P2: Significant difference compared to the 1st experimental group, P3: Significant 
difference compared to the 2nd experimental group

from the body under normal metabolic processes, can cause 
intoxication if over-produced, if their elimination from the 
blood circulation is insufficiently effective, or if both of these 
events occur simultaneously.[18] We suggest that 1 month of 
0.5% carrageenan consumption causes overproduction of 
toxic metabolites and disrupted elimination process condition 
resulting in endogenous intoxication syndrome.

There is original concept of endogenous intoxication: The 
occurrence of systemic inflammation (systemic inflammatory 
response syndrome).[19] Moreover, there are data that the 
activation of lipid peroxidation processes and reactive oxygen 
species are an important pathophysiological mechanisms for 
the development of endogenous intoxication.[20] Excessive 
lipoperoxidation is accompanied by the accumulation of 
peroxide oxidation products and the depletion of antioxidant 

system reserves, which causes hyperfermentemia and 
accumulation of toxic substances.

The inflammatory cascades activated by carrageenan exposure 
are mediated by reactive oxygen species and by activation of 
an innate immune pathway involving the toll-like receptor-4 
and B-cell leukemia/lymphoma 10.[21-24] Changes in the 
intestinal wall in case of the carrageenan action on the mucous 
membrane of the intestine lead to the damage of the mucous 
membrane and violation of the barrier, motor, and nutritional 
functions of the intestine.[25] The permeability of the epithelial 
intestinal barrier is affected by a number of factors: Acute 
endotoxemia, oxidative stress, cellular hypoxia, suppression 
of metabolism, proinflammatory cytokines, bacterial toxins, 
parenteral nutrition, proteolytic enzymes, massive hemorrhage, 
etc.[26] The loss of the barrier function by the intestine causes 
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the translocation of bacteria and their endotoxins both into the 
abdominal cavity and into the general blood flow, followed by 
the development of endotoxicosis.[27] The main mechanisms 
which may be involved into bacterial translocation are 
disruption of immune response, change of the bacterial flora 
in the small intestine, and increased intestinal permeability. 
Moreover, intestinal mucosa is damaged by oxidative stress, 
which also increases its permeability. Endotoxemia may be 
caused either directly by the movement of bacteria through the 
intestinal mucosa or indirectly through the cytokine cascade 
stimulates vascular endothelial inducible nitric oxide synthase, 
which increases the production of NO.[28,29] Violation of the 
enterohepatic barrier as one of the pathological manifestations 
of enteric insufficiency leads to the emergence of an additional 
source of endotoxicosis, which closes the vicious circle and 
causes the occurrence of irreversible lesions of various organs 
and systems.[30]

Strengths and limitations: Experimental research designs 
are repeatable, and therefore, results can be checked and 
verified. Findings usually cannot be generalized to the study 
population or community because of small amount of animals 
in experimental groups.

CONCLUSION

Thus, our results indicate that consumption of carrageenan 
with drinking water in concentration of 0.5% was associated 
with significant increase in endogenous intoxication, 
manifested by increased levels of low and middle molecular 
weight substances with reduced ability of kidneys to excrete 
toxic products.
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