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The results presented in this article were obtained 
in following research «Investigation of long-term effects 
of regular consumption of foods containing genetically 
modified organisms in damaged epithelial barrier of the 
gastrointestinal tract» (state registration number 0110 
U000653). 

Introduction. Food additive E 407 (carrageenan) is 
widely used in the modern food industry. It is sulfated 
polysaccharide, which is produced by extraction from 
red seaweed. Carrageenan serves as natural thickener 
in dairy, confectionery and meat products. Moreover, in 
experimental medicine carrageenan is widely used to 
model the inflammatory processes. It has been used in 
the pathophysiology for modeling of peritonitis, pleu-
risy, arthritis and carrageenan-induced edema of the 
limbs in rats [6, 13]. Carrageenan-induced inflamma-
tion, originally described by Winter, is an acute, non-
immune and easily reproducible. Edema and erythema, 
hyperalgesia develop immediately after subcutaneous 
injection of carrageenan and they are the result of pro-
inflammatory agents such as bradykinin, histamine, 
tachykinins, components of the complement system, 
reactive oxygen and nitrogen species [6]. There is an 
evidence of oncogenic transformation of cells under 
the influence of carrageenan, the positive correlation 
between the use of products with this additive in the 
diet and an increased risk of breast carcinoma has 
been found [17]. Also the model of ulcero-necrotizing 
carrageenan-induced gastroenterocolitis has been re-
ported [18]. In this connection, the question about the 
safety of carrageenan as a food additive arises. In mod-
ern literature, there are no reliable data about the effect 
of systematic consumption of carrageenan neither by 
an adult nor by child or by pregnant women. A model 
of moderate chronic carrageenan gastroenterocolitis 
without necrotizing process was elaborated at Kharkiv 
National Medical University on the basis of the model of 
necrotizing carrageenan-induced gastroenterocolitis. 

At the same time, the mechanism of carrageenan 
action on enterocyte biomembranes during continious 
consumption remains unexplored. It is very urgent task, 
because of the spread of food products containing car-
rageenan in the diet of the consumers. The investigation 
of the mechanisms of biomembranes damage will help 
to develop regulation rules of carrageenan use in food. 

The purpose of the research was to study the in-
fluence of carrageenan (E 407) on the lipid membrane 
of enterocytes in rats with fluorescent probes (ortho-hy-
droxy derivatives of oxazole), which non-covalently bind 
to cell membranes of experimental animals and have a 
quick response to changes in their microenvironment 
[3-5]. 

Subjects and methods. The female Wistar rats 
were used for the experiment. Chronic carrageenan-
induced gastroenterocolitis was reproduced by the 
free access of animals to 1 % solution of carrageenan 
in drinking water. Laboratory animals were divided into 
2 groups. Group ¹ 1 consisted of intact animals, group 
¹ 2 consisted of experimental animals with chronic 
carrageenan-induced gastroenterocolitis. A month 
after the start of the experiment animals were taken 
from the experiment by decapitation. Manipulations 
with animals were carried out in accordance with the 
provisions of the European Convention for the Protec-
tion of Vertebrate Animals used for Experimental and 
other Scientific Purposes (Strasbourg, 1986). The in-
testine was removed and placed on the cold immedi-
ately after decapitation of rats. Intestinal perfusion was 
performed using cooled physiological solution. Epithe-
lial cells were detached by scraping the inner surface 
of the intestine by anatomical knife. A suspension of 
epithelial cells was made in Tris-HCl buffer (pH 7. 4). 
Fluorescent probes were dissolved in acetonitrile to 
the initial concentration of 210–4 mol / l. 10 μl of each 
corresponding probe was added to the suspension of 
enterocytes. The final concentration of each probe in 
the suspensions of investigated membranes is 110–6 
mol/l, thus, the molar ratio of lipid / probe was 1000:1. 
Then, we measured the fluorescence probes O1O 
(2 – (2 ́–OH-phenyl)-5-phenyl-1,3-oxazole) and PH7 
(2 – (2 ́–OH-phenyl)-phenanthrene [10,11] –1,3-oxa-
zole) in physiological solutions containing enterocytes 
of rats with chronic carrageenan-induced gastroen-
terocolitis. Measurement of the fluorescence was per-
formed by spectrofluorometer «Hitachi F4010» after 1 
hour after the addition of probes to a solution of cells. 
The fluorescence spectra of probes were measured in 
the diapason of 340-600 nm with monochromator slit 
width of excitation and fluorescence 5 and 5 nm, re-
spectively, and the excitation wavelength of 330 nm. 
The enterocytes of intact healthy animals were used as 
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a control sample. The fluorescent probes, successfully 
used in the past for studies of biological membranes 
[3-5]: 2 – (2 ́-OH-phenyl)-5-phenyl-1,3-oxazole (probe 
O1O) and 2 – (2 ́-OH-phenyl)-phenanthrene [10,11] 
–1,3-oxazole (probe PH7), were used for investiga-
tion of carrageenan influence on the membrane of en-
terocytes. The choice of fluorescent probes O1O, PH7 
(ortho-hydroxy 2,5-diaryl-1,3-oxazole) for investigation 
of carrageenan influence on physico-chemical proper-
ties of biological membranes was due to the fact that 
the fluorescent characteristics of the probes depend on 
the physico-chemical properties of their microenviron-
ment: hydrogen bonding ability (i. e., the ability to form 
hydrogen bonds), the polarity and viscosity of the mi-
croenvironment [2-5, 8-10]. 

Results and discussion. It has been known that in 
the excited state the ortho-hydroxy 2,5-diaryl-1,3-ox-
azole is characterized by excited state proton transfer 
(ESIPT) reaction (Fig. 1): hydroxyl group in the ortho-
position of the lateral benzene ring acts as protonodo-
nor and the nitrogen atom of oxazole ring acts as proton 
acceptor [2, 8-10]. The result of the ESIPT reaction is 
the formation of phototautomeric form (T*), fluorescent 
in significantly longer wavelengths in comparison with 
the initial form (N*) [2, 8-10]. 

The presence of two-band fluorescence allows to 
perform ratiometric measurement, i. e. to use the ratio 
of phototautomeric form and the initial form fluores-
cence intensities (I

T*
/I

N*
) as a parameter for evaluation 

of the physical and chemical properties of the micro-
environment. The use of ratiometric fluorescent probes 
allows to exclude the measurement error associated 
with the deviation of the fluorescent probe concentra-
tion (e. g., uneven distribution of the fluorescent probe 
in various membranes) and the measurement error as-
sociated with a deviation of fluorescence technique set-
tings (deviation of the intensity of the exciting source, a 
change in focus, changes in the sensitivity of the photo-
detector, etc.) [10]. 

Compounds that differ in their lipophilicity [3-5] 
were selected for the present study. It is expected that 
the regions of localization of selected probes in the 
membrane are different and correspond to the lipophi-
licity of the probes (Fig. 2) [1, 3-5]. Expected location 
and orientation of O1O and PH7 in lipid membranes is 
based on their fluorescence properties in lipid mem-
branes [3-5] and on the basis of their structural simi-
larity with fluorescent probes with known localization in 
lipid membranes [1]. The location of the probes in lipid 
membrabes: probe O1O is located in the region of glyc-
erol residues of phospholipids and in the region of car-
bonyl groups of phospholipids; probe PH7 is located in 
the region of methylene chains of phospholipids and in 
the center of the bilayer (Fig. 2). 

A noticeable increase in the intensity and hypso-
chromic (i. e. short-wavelength) shift of the lonwav-
elength fluorescence band of probe O1O tautomeric 
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Fig. 1. Scheme of excited state proton transfer (ESIPT) 
reaction in 2 – (2 ́-OH-phenyl)-5-phenyl-1,3-oxazole 

(probe O1O). Upwards arrow shows the electronic 
excitation and downwards arrow represents the light 
emission (fluorescence). Corresponding maxima of 

fluorescence are measured in nanometers. 

Fig. 2. Expected location and orientation of fluorescent 
probes O1O and PH7 based on their fluorescence prop-
erties in lipid membranes [3-5] and on the basis of their 
structural similarity with fluorescent probes with known 

localization in lipid membranes [15]. Two molecules 
of phosphatidylcholine from the outer monolayer are 

showed to denote the localization of the probes. 

Table 

Fluorescence intensity of probes O1O and PH7 in enterocyte membranes of animals with 
carrageenan-induced gastroenterocolitis

Sample
Fluorescence intensity,a. u. 

Probe Î1Î Probe ÐÍ7
375 nm 470 nm I

470
/I

375
425 nm 485 nm I

485
/I

425

Control 5,0 23,7 4,7 67,4 124,1 1,8
Gastroenterocolitis 5,3 79,4 15,0 64,6 117,9 1,8
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form (I
T*

) was observed as a result of carrageenan ac-

tion on enterocytes, at the same time, the intensity of 

the fluorescence band of the probe O1O normal form 

(I
N*

) was almost unchanged (Table, Fig. 3). Thus, the 

intensity ratio of the tautomeric and the initial forms I
T*

/

I
N* 

of probe O1O increases under the influence of car-

rageenan (E 407) (Fig. 4). 
The increase of the intensity of the tautomeric form 

fluorescence band (I
T*

), hypsochromic (i. e. short-wave-
length) longwavelength shift of the tautomeric form 
fluorescence band and increased ratio of I

T*
/I

N*
 for O1O 

probe indicates a decrease in polarity and hydrogen-
bonding ability of the microenvironment of probe O1O in 
the enterocyte membranes of rats with gastroenteroco-
litis. Such decrease in polarity and hydrogen-bonding 
ability of the microenvironment of probe O1O indicates 

a decrease in hydration of the probe microenviron-
ment in the erythrocyte membranes of the experimental 
group. 

Taking into consideration the emulsifying properties 
of carrageenan [14, 16], the discussed reduction of hy-
dration might be caused by the possible accumulation 
of carrageenan (E 407) in the regions of probe O1O lo-
calization may increase the microviscosity of the lipid bi-
layer and, therefore, may lead to increase of orderliness 
of the membrane phospholipid molecules (i. e. may 
lead to the increase in membrane lipid order), which in 
turn, may contribute in dehydration of the lipid bilayer 
[7, 11, 12]. According to literature [7, 12], the similar 
dehydration of the lipid membrane due to the increase 
in orderliness of the phospholipid molecules (i. e. due 
to the increase in membrane lipid order) is observed in 
case of cholesterol and its esters accumulation in the 
lipid bilayer. At the same time, in case of the probe pH 
7 no significant change was found in its fluorescence 
parameters under the influence of carrageenan (E 407) 
on enterocytes (Table). The absence of changes in the 
regions of the probe pH7 localization (i. e., in the rather 
hydrophobic regions of the lipid bilayer) may be ex-
plained by the fact that, carrageenan, the structure of 
which have polar hydroxyl and charged sulfonyl groups, 
is localized in more polar regions of the lipid bilayer. 

Thus, it was shown that fluorescent probe O1O (2 – 
(2 ́-OH-phenyl)-5-phenyl-1,3-oxazole) might be used 
as an indicator for estimation of the nature and types 
of changes in the structure of enterocyte membranes 
of rats under the influence of carrageenan (E 407). It 
was found that the changes in the membranes of en-
terocytes under the influence of carrageenan occurred 
in the regions of probe O1O localization, i. e. in quite 
polar regions of the membrane: presumably, in the re-
gion of glycerol residues of phospholipids and in the 
region of the carbonyl groups of phospholipids. The in-
fluence of carrageenan (E 407) didn’t lead to changes 
in the regions of probe pH 7 membrane localization, i. e. 
in a more hydrophobic region of the enterocyte mem-
branes: presumably, in the in the region of methylene 
chains of the phospholipids and in the bilayer center. 

It has been known that the absorption of essential 
nutritional factors such as amino acids, glucose, vita-
mins takes place in the small intestine. Disturbance of 
enterocyte membrane, which occurs under the influ-
ence of carrageenan, reduces the absorption of nutri-
ents in the gastrointestinal tract, which may significantly 
aggravate the course of gastroenterocolitis. In addition, 
carrageenan-induced disorder of enterocyte transport 
function may be explained by its possible effect on the 
structure of protein transporters localized at the apical 
surface of enterocytes, which indicates the impact of a 
multi-vector influence of carrageenan on the morpho-
functional state of gastrointestinal tarct in experimental 
animals. 

Conclusions. 
1. The consumption of carrageenan leads to the fol-

lowing structural changes in the enterocyte membranes 
of experimental animals: to increase in microviscos-
ity of the lipid bilayer, to increase in the orderliness of 
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Fig. 3. The fluorescence spectra of the probe O1O in 
solutions containing enterocytes: (a) control (solid line), 
(b) the animals with carrageenan-induced gastroentero-

colitis (dashed line). 
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phospholipid molecules in the membrane (i. e. due to 
the increase in membrane lipid order) and to dehydra-
tion of membranes. 

2. The use of fluorescent probes (ortho-hydroxy 
oxazole derivatives) allows to estimate the type and 
nature of the damaging effect of carrageenan on the 
structural components of membranes. Thus, the men-
tioned method, using ortho-hydroxy oxazole derivatives 

as fluorescent probes, may be suggested for applica-
tion in the practical medicine for the study of the nega-
tive effects on the human body similar to carrageenan 
food supplements. 

Prospects for further research. Our data sub-
stantiate the importance of research aimed at under-
standing the mechanisms of action of food additives 
and to evaluate their safety for human health. 
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ÄÎÑË²ÄÆÅÍÍß ÂÏËÈÂÓ ÊÀÐÀÃÅÍ²ÍÓ (Å 407) ÍÀ ÌÅÌÁÐÀÍÈ ÅÍÒÅÐÎÖÈÒ²Â ÌÅÒÎÄÎÌ ÔËÓÎÐÅÑ-

ÖÅÍÒÍÈÕ ÇÎÍÄ²Â
Ïîñîõîâ ª. Î., Òêà÷åíêî À. Ñ., Êîðí³åíêî ª. Ì. 
Ðåçþìå. Çà äîïîìîãîþ ôëóîðåñöåíòíèõ çîíä³â – îðòî-ã³äðîêñèïîõ³äíèõ îêñàçîëó â åêñïåðèìåíò³ íà 

ùóðàõ âèâ÷åíî âïëèâ íà ñòðóêòóðè ìåìáðàí åíòåðîöèò³â òâàðèí äîäàíîãî äî ¿õ ðàö³îíó êàððàãåí³íó (Å 407). 
Âñòàíîâëåíî, ùî êàððàãåí³í çì³íþº ã³äðàòàö³þ ìåìáðàí åíòåðîöèò³â åêñïåðèìåíòàëüíèõ òâàðèí. Ïîêàçàíî, 
ùî ï³ä âïëèâîì êàððàãåí³íó (Å 407) â³äáóâàþòüñÿ çì³íè ó ïîëÿðíèõ îáëàñòÿõ á³îìåìáðàí, â òîé æå ÷àñ, 
âïëèâ ö³º¿ õàð÷îâî¿ äîáàâêè íå ïðèçâîäèòü äî çì³í ó ã³äðîôîáíèõ ä³ëÿíêàõ ìåìáðàí åíòåðîöèò³â. Õàðàêòåð 
âèÿâëåíèõ çì³í äîçâîëÿº çðîáèòè âèñíîâîê ïðî çá³ëüøåííÿ ì³êðîâ’ÿçêîñò³ ìåìáðàí åíòåðîöèò³â ùóð³â ç 
õðîí³÷íèì êàððàãåí³í-³íäóö³ðîâàííì ãàñòðîåíòåðîêîë³òîì. 

Êëþ÷îâ³ ñëîâà: åíòåðîöèò, á³îìåìáðàíà, êàððàãåí³í, ôëóîðåñöåíòí³ çîíäè. 
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ÈÑÑËÅÄÎÂÀÍÈÅ ÂËÈßÍÈß ÊÀÐÐÀÃÅÍÈÍÀ (Å 407) ÍÀ ÌÅÌÁÐÀÍÛ ÝÍÒÅÐÎÖÈÒÎÂ ÌÅÒÎÄÎÌ 

ÔËÓÎÐÅÑÖÅÍÒÍÛÕ ÇÎÍÄÎÂ

Ïîñîõîâ Å. À., Òêà÷åíêî À. Ñ., Êîðíèåíêî Å. Ì. 

Ðåçþìå. Ïðè ïîìîùè ôëóîðåñöåíòíûõ çîíäîâ – îðòî-ãèäðîêñèïðîèçâîäíûõ îêñàçîëà â ýêñïåðèìåí-

òå íà êðûñàõ èçó÷åíî âëèÿíèå íà ñòðóêòóðû ìåìáðàí ýíòåðîöèòîâ æèâîòíûõ äîáàâëåííîãî â èõ ðàöèîí 

êàððàãåíèíà (Å 407). Óñòàíîâëåíî, ÷òî êàððàãåíèí èçìåíÿåò ãèäðàòàöèþ ìåìáðàí ýíòåðîöèòîâ ýêñïåðè-

ìåíòàëüíûõ æèâîòíûõ. Ïîêàçàíî, ÷òî ïîä âëèÿíèåì êàððàãåíèíà (Å 407) ïðîèñõîäÿò èçìåíåíèÿ â ïîëÿð-

íûõ îáëàñòÿõ áèîìåìáðàí, â òî æå âðåìÿ, âîçäåéñòâèå ýòîé ïèùåâîé äîáàâêè íå ïðèâîäèò ê èçìåíåíèÿì 

â ãèäðîôîáíûõ ó÷àñòêàõ ìåìáðàí ýíòåðîöèòîâ. Õàðàêòåð âûÿâëåííûõ èçìåíåíèé ïîçâîëÿåò ñäåëàòü âûâîä 

îá óâåëè÷åíèè ìèêðîâÿçêîñòè ìåìáðàí ýíòåðîöèòîâ êðûñ ñ õðîíè÷åñêèì êàððàãåíèí-èíäóöèðîâàííì 

ãàñòðîýíòåðîêîëèòîì. 

Êëþ÷åâûå ñëîâà: ýíòåðîöèòû, áèîìåìáðàíà, êàððàãåíèí, ôëóîðåñöåíòíûå çîíäû. 
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Influence of Carrageenan (E 407) on the Membrane of Enterocytes Investigated by Fluorescent Probes

Posokhov Ye. O., Tkachenko A. S., Korniyenko Ye. M. 

Summary. The influence on enterocytes membrane structure of added to the diet of rats food-additive car-

rageenan (E 407) was studied using fluorescent probes (derivatives of ortho-hydroxy oxazole). It was found that 

carrageenan changed hydration membrane of enterocytes in experimental animals. It was shown that carrageenan 

(E 407) caused changes in the polar regions of biological membranes and at the same time, the consumption of this 

food-additive didn’t lead to any changes in the hydrophobic parts of the membrane of enterocytes. Nature of de-

tected changes allows to make a conclusion that enterocyte membranes in rats with chronic carrageenan-induced 

gastroenterocolitis have increased microviscosity. 

Key words: enterocytes, biomembrane, carrageenan, fluorescent probes. 
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