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ABSTRACT RESULTS 

SUMMARY & CONCLUSIONS 

INTRODUCTION 

METHODS 
Caco-2 Plate Seeding Procedure  
 
Caco-2 cells were seeded into plates to determine apical to basal movement of CGNs and toxicity 
assays. The cells were seeded into BD 351181 transwell plates at a density of 20,000 cells/well 
(100 µL apical). The basolateral reservoir (feeder tray) was filled with ~25 mL of media, and cells 
placed in a ~5% CO2, ~37°C humidified incubator. Upon the first media change (~72 hours later), 
the apical compartment was filled with ~400 µL media. This volume was used throughout the 
remainder of the maintenance period, as was the 25 mL basolateral volume. 
 
Unidirectional Caco-2 cell permeability model 
 
Caco-2 cells were grown to confluence for 16 days on 1.0 µm BD Falcon filters in 24-well plates 
using conditions described in detail (Hilgers et al., 1990).  Donor solutions of controls and test 
materials were prepared in in Hank’s balanced salt solution (HBSS) pH 7.4 containing 25 mM 
HEPES.  To initiate the study, these donor solutions were pipetted to the apical chamber of the 
permeability diffusion apparatus.  The receiver chambers contained HBSS with 25 mM HEPES.  In 
addition, the donor solutions of the test materials at the highest concentration (1000 µg/mL) were 
added to BD Falcon filters without Caco-2 cells to ensure that the test materials can pass through 
the permeable membrane on which the Caco-2 cells were seeded.  At specified intervals (e.g., 2, 
4, and 6 hr) the entire cell plate and receiver solution was removed.  Receiver samples and cell 
plates were collected for immediate analysis. Permeability coefficients were not calculated as there 
was little to no permeability of the test materials through the monolayer.  After the liquid samples 
from the apical and basal chambers were collected, the remaining cell monolayers were washed 
free and HBSS was added to the apical and basolateral compartments. The trans epithelial 
electrical resistance (TEER) was then measured to verify monolayer integrity.   
 
MTT Assay 
 
Approximately 500 µL of a ~1 mg/mL MTT solution in Caco-2 media was added to the receiver 
plates (lower chamber) while approximately 300 µL was added to the apical surface (upper 
chamber).  The assay plates were then incubated and shaken for ~3 hours at approximately 37°C.  
The MTT media was aspirated from the apical and basal side of the cells following the 3 hr 
incubation.  Approximately 2 mL isopropanol was added to the basal receiver wells while 400 µL 
was added to the apical surface. The assay plates were shaken at room temperature for 
approximately 2 hours.  The monolayers were punctured to allow mixing of the apical and basal 
isopropanol.  Approximately 200 µL of each sample was added to a 96-well plate, in duplicate, and 
read using a Synergy H4 plate reader at 570 nm, with a reference read at 670 nm. 
 
 

REFERENCES 

ACKNOWLEDGEMENTS 

Carrageenan (CGN; Mw 200,000-800,000) represents a group of polysaccharides that are 
extracted from certain species of red seaweed in the family Rhodophyceae.  CGN has been 
widely used in food products because of its gelling, thickening, and stabilizing properties.   It 
has been evaluated in standard animal safety studies and has been shown to be safe for 
human consumption.  Recently, several in vitro studies have reported that CGN may cause 
intestinal inflammation, ulcers, and cancer.  CGN binding to Toll-Like-Receptor 4 in the gut 
and subsequent up-regulation of NF-κB is one hypothesis; absorption across the intestinal 
epithelium, followed by production of reactive oxygen species is another. The use of in vitro 
models to assess compound toxicity must be done with care. For example, the identity and 
purity of the CGN used must be known and the effects of protein binding on the availability 
of free CGN for cellular interaction should be considered.   The aim of this study was to 
determine whether a food grade λ-CGN can be absorbed across a Caco-2 intestinal cell 
model.  Caco-2 cells were seeded onto a transwell membrane at 20,000 cells/well. Tight 
junction formation was confirmed by TEER analysis.  Food grade λ-CGN was fully 
characterized and prepared in media at final concentrations of 100, 500 and 1000 µg/mL.  
Ranitidine and Pindolol were included as controls for low and medium-high permeability, 
respectively.  CGN was added to the apical chamber and incubated for 2, 4, or 6 hr.  
Samples were taken from the apical and basolateral chambers for assessment of CGN 
unidirectional permeability (Papp).  Cytotoxicity was monitored by the MTT assay.  Papp for 
CGN across the cell layer was undetectable and cell viability remained above 95%.  This 
experiment was performed on two separate days, with three wells per treatment group, in 
compliance with Good Laboratory Practices.  In conclusion, well characterized food grade λ-
CGN was not cytotoxic or absorbed across the Caco-2 cell layer.   
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METHODS 

Molecular Structures of Carrageenan 
 

TABLE 1 
A Comparison of Carrageenan Purity From Various 
Commercial and Industrial Sources 

Diagrammatic Representation of the Caco-2 Permeability Assay 

TABLE 2 

Molecular Weight Range Comparison of Carrageenan to Poligeenan 

FIGURE 3 

RESULTS 

The carrageenan samples were characterized from analytical data 
generated by FMC Quality Assurance, Rockland, Maine in accordance with 
the identification, purity, and methods sections detailed in and published 
by FAO JECFA. {Prepared at the 79th JECFA (2014) and published in FAO 
JECFA Monographs 16 (2014), superseding specifications prepared at the 
68th JECFA (2007), published in FAO JECFA Monographs 4 (2007).} The 
chemical identity and purity of commercially obtained carrageenan was 
characterized using advanced analytical methods.  Lambda, Kappa, and 
Iota were all purchased from Sigma-Aldrich chemical. Note that lambda-
carrageenan  was only 51% carrageenan because it was diluted with sugars 
such as dextrose or sucrose. Carrageenan molecular weight profiling was 
carried out at Malvern Instruments, Herrenberg, Germany using gel 
permeation chromatography (GPC)/size exclusion chromatography (SEC)/
refractive index (RI)/low angle light scattering (LALS)/and right angle light 
scattering (RALS).  
 
 

Carrageenan (CGN) is a high-molecular-weight (200,000-800,000 Da) 
polysaccharide that consists of repeating galactose sugars connected by 
α-1,3 and β-1,4 glycosidic linkages. The galactose backbone has 3,6 
anhydrogalactose units attached and the entire molecule is sulfated to 
varying degrees depending upon the type of CGN.     

Time- and Concentration-Dependent Changes in Cell Viability as Determined by 
the MTT Assay 

The effects of a food grade lambda carrageenan (CGN Blend-FMC corp) and lambda-CGN from Sigma-
Aldrich on Caco-2 cell viability was determined by the MTT assay.  Three exposure concentrations and 
three time points were assessed. CGN did not reduce cell viability in an exposure concentration of time-
dependent manner.  The positive control digitonin reduced cell viability by more than 90%.   Each value 
represents the mean of three replicates. 

TEST 
CHEMICAL 

CGN Blend 
(Carrageenan 

Food Blend,FMC)       
 

Lot 90303011 

Lambda 
Carrageenan 

 
Lot 1408463V     

Kappa 
Carrageenan 

 
Lot 1432063V     

Iota 
Carrageenan 

 
Lot SLBB2304V    

CGNMix 
(Carrageenan, 

non-gelling mix of 
kappa and 

lambda) 
Lot 095K1394    

CGN PURITY 85.3% 51.3% 83.4% 86.1% 84.2% 

PREP (1 mg/L) 
 

(Adjusted for 
Purity) 

 

1.172 mg/mL 

 

1.949 mg/mL 
 

 

1.199 mg/mL 
 

 

1.161 mg/mL 
 

 

1.188 mg/mL 
 

FINAL CONC. 
(1 mg/mL) 

1 mg/mL 1 mg/mL 1 mg/mL 1 mg/mL 1 mg/mL 

	  

Carrageenan, unbound to protein, interacts with toluidine blue causing a color shift from blue to purple, which is 
measurable at approximately 630 nm. The absorbance is linear with concentration within the range of 
approximately  0 to 10 µg/mL.  CGN permeability under all conditions tested was essentially zero.  Ranitidine and 
Pindolol were used as reference compounds permeability. 

TABLE 3 

The Caco-2 cells were seeded into BD 351181 transwell plates at a density of 20,000 cells/well (100 µL apical). 
The basolateral reservoir (feeder tray) was filled with ~25 mL of media, and cells placed in a ~5% CO2, ~37°C 
humidified incubator. Upon the first media change (~72 hours later), the apical compartment was filled with 0.4 
mL media. This volume was used throughput the maintenance period, as was the 25 mL basolateral volume.  
The cells were grown to confluency and tight junctions verified by TEER analysis (>300 ohms) prior to 
beginning the experiment.   To begin the assay, the wells were washed and 0.4 mL of media containing CGN was 
added to the apical chamber and 1 mL of media was added to the basolateral chamber.   Ranitidine and Pindolol 
were used as permeability reference compounds. 

The graph above demonstrates the molecular weight range for carrageenan versus 
poligeenan.  Carrageenan is not converted to poligeenan in animals or humans.  The 
high molecular weight of carrageenan and its ability to bind with high affinity to 
proteins prevents cellular uptake.      

Caco-2 Permeability as a Function of Carrageenan Concentration and Time 

Toluidine Blue Assay For Unbound Carrageenan 
 
Carrageenan interacts with toluidine blue causing a color shift from blue to purple, which is 
measurable at approximately 630 nm.  The change in absorbance is linear with concentration 
within the range of approximately  0 to 10 µg/mL. This allows the creation of a standard 
quantitative metachromasia chart.  Because the color shift is caused by the content and 
distribution of ester sulfate groups on the carrageenan molecular backbone, each carrageenan 
sample generated a slightly different standard chart.  Once a standard chart was generated for a 
specific carrageenan sample, the concentration of solutions of that same carrageenan was 
measured quantitatively using that standard chart. 
 

Lambda CGN and a blend of CGN were evaluated in a Caco-2 cell permeability assay.  
The purpose was to determine whether CGN could be absorbed across intestinal 
epithelial cells of the intestine. The study used three exposure concentrations and 
three time points. Under the experimental conditions described, no measurable 
cytotoxicity or absorption of carrageenan could be detected.  
 
The carrageenan used in this study was well characterized in terms of identity and 
purity. This analysis demonstrated that the purity of carrageenan can vary 
significantly between sources and between carrageenan forms (Table 1).   
 
These findings support animal safety studies in which carrageenan administered in 
the diet showed no adverse effects. 
 

The common food additive carrageenan (CGN) is a high molecular weight (200,000 to 
800,000 Da) polysaccharide. CGN is comprised of repeating galactose and 3,6 
anhydrogalactose units linked by alternating α-1,3 and β-1,4 glycosidic linkages.  The 
molecule is highly sulfated. CGN is isolated from red algae and used in the food 
industry because of its gelling, thickening, and stabilization properties.  CGN has 
been used for many years as a food additive and has been shown to be safe in both 
animals and humans.  However, several early studies, in which degraded CGN was 
used as the test agent showed significant intestinal toxicity.  The term carrageenan 
was incorrectly used to describe both native CGN as well as the degraded (Mw 
<50,000 Da.) CGN.   Because of this confusion in nomenclature degraded CGN is now 
known as poligeenan (PGN).  PGN is not formed from CGN in animals or in humans.  
Unfortunately, this error in nomenclature has created a great deal of confusion in the 
literature. Findings from animal studies using PGN as the test agent have been used 
to justify in vitro mechanistic studies evaluating CGN.  Several studies in which 
various cell “in vitro” models were used to test CGN toxicity have reported activation 
of proinflammatory pathways (Bhattacharyya et al., 2013; Borthakur et al., 2012; 
Bhattacharyya et al., 2010; Bhattacharyya et al. 2008) and have extrapolated these 
findings to human risk for intestinal disease. Interestingly, these in vitro findings are 
not consistent with findings reported from well-defined animal studies. These In vitro 
studies have used CGN obtained from commercial chemical sources and additional 
confirmation of identity and purity was not done. Because CGN lots are often diluted 
with sugars the actual amount of CGN can be much less than reported on the labels. 
Laboratory contamination with endotoxin can also be a source of error (McKim, 
2014). Therefore, in order to validate the in vitro findings reported, a program has 
been initiated that proposes to address each in vitro finding and attempt to replicate 
the published results. In the present study, CGN was evaluated for toxicity and cell 
permeability in a standard Caco-2 absorption model.     
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