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Abstract.

BACKGROUND: Carrageenan is a very common food additive in Western diets, but predictably causes inflammation in
thousands of cell-based and animal experiments.

OBJECTIVE: To assess the impact of carrageenan exposure on the interval to relapse in patients with ulcerative colitis in
remission.

METHODS: A randomized, double-blind, placebo-controlled, multicenter, clinical trial was conducted to assess if patients
with ulcerative colitis in remission would have a longer interval to relapse if they followed a diet with no carrageenan.
All participants were instructed in the no-carrageenan diet and were randomized to either placebo capsules or carrageenan-
containing capsules. The carrageenan in the capsules was less than the average daily carrageenan intake from the diet. Relapse
was defined as an increase of two or more points on the Simple Clinical Colitis Activity Index (SCCAI) and intensification
of treatment for ulcerative colitis. Participants were followed by telephone calls every two weeks until relapse or one year of
participation. The occurrence of relapse and inflammatory biomarkers were compared between the two groups.
RESULTS: Twelve patients completed study questionnaires. Three patients who received carrageenan-containing capsules
relapsed, and none of the patients who received placebo-containing capsules relapsed (p =0.046, log-rank test). Laboratory
tests showed increases in Interleukin-6 (p=0.02, paired -test, two-tailed) and fecal calprotectin (p =0.06; paired r-test,
two-tailed) between the beginning and the end of study participation in the carrageenan-exposed group, but not in the
placebo-group.

CONCLUSION: Carrageenan intake contributed to earlier relapse in patients with ulcerative colitis in remission. Restriction
of dietary carrageenan may benefit patients with ulcerative colitis.
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List of abbreviations

BCL B-cell leukemia/lymphoma

CGN carrageenan

CONSORT  Consolidated Standards Of Reporting
Trials

IBD inflammatory bowel disease

IL interleukin

MCP monocyte chemoattractant protein

NF-«B nuclear factor kappa B

N.D. no difference

S.D. standard deviation

SCCAI Simple Clinical Colitis Activity Index

SIBDQ Short Inflammatory Bowel Disease
Questionnaire

TNF tumor necrosis factor

ucC ulcerative colitis

1. Introduction

The common food additive carrageenan has been
used in thousands of experiments in animal models
and in cultured human cells to cause inflam-
mation [1-8]. Carrageenan-induced inflammatory
effects in the intestine in animal models resem-
ble the histopathology of ulcerative colitis [6-8].
This predictable response to carrageenan has been
used to identify chemical and cellular mediators of
inflammation and to assess the effectiveness of anti-
inflammatory treatments [9—16]. The inflammatory
cascades activated by carrageenan exposure are medi-
ated by reactive oxygen species and by activation
of an innate immune pathway involving the toll-like
receptor (TLR)-4 and B-cell leukemia/lymphoma
(BCL)10 [17-20].

Carrageenan is a highly sulfated polysaccha-
ride, composed of galactose residues which are
linked in alternating beta-1,4 and alpha-1,3 bonds.
Carrageenan resembles the naturally occurring
galactose-containing sulfated glycosaminoglycans
keratan sulfate and chondroitin sulfate, but differs
by the presence of the unusual a-Gal(1,3)Gal bonds
which are not innate to humans and are immuno-
genic [21-25]. Carrageenan occurs in three major
varieties, kappa (k) lambda (1), and iota (1), which
are derived from several species of red algae. Most
of the food-grade carrageenan is comprised of k- and
A-carrageenans of molecular weight (MW) 200,000-
800,000 [3]. Both low and high molecular weight
carrageenan has been shown to cause intestinal
inflammation [2].

Carrageenan is routinely consumed in the typi-
cal Western diet, with average intake estimated to
be about 250 mg/day [26, 27]. Intake by some indi-
viduals may be as much as 2—4 grams/day [28], and
average daily intake of 1.08-7.2 g/day in a 60kg
person (18—40mg/kg day) was reported recently
in an industry-sponsored study [29]. Carrageenan
is incorporated into a wide variety of processed
foods, including ice cream, sandwich meats, soymilk,
yogurt, infant formula, dietetic beverages, and canned
whipped cream, in order to improve the texture of the
food product by increasing the solubility of ingredi-
ents and thickening the mixture.

Since carrageenan is consumed in sufficient quan-
tity in the Western diet to induce inflammation,
this investigation was designed to test how car-
rageenan intake might influence the clinical course
in patients with ulcerative colitis. We hypothesized
that withdrawal of carrageenan from the diet might
have a role in delaying the occurrence of relapses
in patients with ulcerative colitis in remission. To
test whether consumption of carrageenan might con-
tribute to ulcerative colitis relapse and whether a
no-carrageenan diet study was feasible, we initiated
a randomized, double-blind, multicenter, placebo-
controlled trial in patients with ulcerative colitis in
remission with a high risk of relapse.

2. Materials and methods
2.1. Study design

The investigation was designed as a double-
blind, randomized, multi-institutional clinical trial to
compare the effect of the common food additive car-
rageenan on the interval to relapse in adult patients
with biopsy-proven ulcerative colitis (UC) in clini-
cal remission for at least one month prior to study
entry. The study protocol was approved by the Insti-
tutional Review Boards of the University of Illinois
at Chicago, the Jesse Brown VA Medical Center,
and the University of Chicago. The study was sup-
ported by the Broad Medical Research Program. The
study was registered on the ClinicalTrials.gov web-
site (“Effects of Carrageenan-Elimination Diet on
Ulcerative Colitis Disease Activity” NCT01065571).
All participants provided written informed consent,
but were not asked to give consent for publication of
individual data. Data supporting study conclusions
are included within this report. The investigators had
no conflict of interest with regard to the study.
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Fig. 1. Study flow diagram. This flow chart presents the number of subjects approached in enrollment, the number of subjects allocated to
carrageenan or placebo capsules, and the number of participants in follow-up and analysis. Group 1 received the carrageenan-containing

capsules, and Group 2 received similar-appearing placebo capsules.

Participants were recruited from December 2009
to December 2012, and study procedures ended in
December, 2013. Entry criteria included: over 18
years of age; a biopsy-confirmed diagnosis of ulcera-
tive colitis; previous need for corticosteroids to obtain
remission; in clinical remission off corticosteroids for
at least one month; SCCAI score of 2 or less; on no
medications or stable dose of maintenance medica-
tion; and willingness to follow a carrageenan-free diet
for 12 months. Exclusion criteria included: active UC
on corticosteroids; unable to read labels on food prod-
ucts; inability to make choices about diet. CONSORT
recommendations for transparent reporting of clini-
cal trials were observed. The study flow diagram is
presented in Fig. 1 [30], and the CONSORT checklist
is included as Supplementary Table 1.

All participants were instructed by study inves-
tigators and/or participating dieticians in the
carrageenan-free diet (Table 1). They agreed to follow
the carrageenan-free diet for the duration of their par-
ticipation in the study. Participants were required to
be able to make their own food choices and to be able
to read labels about ingredients in food products. Par-
ticipants were randomized to receive either capsules
containing 100 mg of food-grade carrageenan or sim-

ilar appearing dextrose-containing capsules. Subjects
initially took one capsule daily, and increased intake
to two capsules daily after finding that one capsule
daily was well-tolerated. The amount of carrageenan
in two capsules (200 mg) was less than the anticipated
daily consumption of carrageenan in the average adult
diet in the United States (250 mg) [26, 27]. Since
no precise measurements of carrageenan in food
products were available, the amount of carrageenan
consumed when there was non-compliance with the
no-carrageenan diet could not be calculated.
Throughout the study, participants received their
medical care from their personal physicians, who
were blinded to the treatment assignment. Patients
continued on their maintenance medications and were
not allowed to increase doses or add new thera-
pies. Data in all study records were anonymized, and
records were compiled with a code for identification.
The primary outcome measure was occurrence of
relapse, which was defined as an increase of two (or
more) points on the SCCAI [31] in association with
an increase in treatment (either an increase in main-
tenance medication dose or addition of new therapies
for flare) by the participant’s personal physician.
Relapse terminated study participation. Occurrences
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Table 1

List of foods to avoid in the no-carrageenan diet

Almond milk

Bakery products with glazes, frostings

Beer

Candy; chocolate candies

Canned fish, meats

Chocolate milk mixes/powders, condensed milk,
evaporated milk powders

Cottage cheese

Dietetic beverages

Deli meat

Evaporated milk, condensed milk, powdered milk,
flavored milk, flax milk

Frosting base mix, canned frostings

Gelled fruit snacks

Ice cream, frozen custard, frozen yogurt, sherbets, etc.

Infant formulas

Liquid coffee whitener

Maple Syrups

Meal Replacements

Nutritional drinks

Pie filling

Processed meats, fish or cheese

Pudding

Ricotta cheese

Soy Milks

Whipped cream (canned)

Yogurt

of relapse were compared between the two groups of
patients at 3, 6, 9, and 12 months.

2.2. Study procedures

Adult patients with ulcerative colitis in clinical
remission for at least one month and who required
corticosteroids to go into remission previously were
recruited from the Digestive Disease Center of the
University of Illinois at Chicago (UIC) and in the
Gastroenterology Clinic of the University of Chicago
(U of C). Other potential participants contacted study
investigators, after seeing the notice about the trial on
the ClinicalTrials.gov website [32]. Medical records
were reviewed to document the biopsy-proven diag-
nosis of ulcerative colitis and eligibility for study
participation. Subsequently, participants completed
informed consent, HIPAA documentation, instruc-
tion in the no-carrageenan diet, blood and stool sam-
ple collection, completion of study questionnaires,
and randomization to either carrageenan-containing
capsules or placebo capsules. Two randomization
schemes were used due to convenience. Randomiza-
tion at UIC was performed by a UIC investigational
pharmacist who had no contact with the study

participants. Allocation to study tablets #1 or #2
was performed by using a randomization table
(www.randomization.com) in which the next avail-
able treatment was assigned to the next study enrollee.
Within a block of ten subjects, an equal number
of assignments to #1 or #2 was allocated. Ran-
domization at U of C was performed by a blinded
investigator, who allocated assignment based on the
participant’s year of birth [odd or even; #1 or #2].
Subjects were given written and verbal instruction
about the carrageenan-free diet (Table 1) by study
investigators (TS or JKT) or by participating dieti-
cians associated with the Clinical Research Center at
UIC or the Gastroenterology Clinic at the U of C.
Recommendations included specific brands, when
such information was available. The study follow-up
questionnaires included detailed information about
adherence to the carrageenan-free diet and compli-
ance with taking study capsules. Two standardized
questionnaires, the Short Inflammatory Bowel Dis-
ease Questionnaire (SIBDQ) [33] and the Simple
Clinical Colitis Activity Index (SCCAI) [31], were
used to assess disease status and quality of life.
Study participants completed questionnaires by
telephone contact with study personnel every two
weeks. Subjects indicated their dietary lapses at
the time of the telephone contacts, and completed
24h dietary recalls. Consumption of two or more
carrageenan-containing foods in consecutive two-
week intervals was a criterion for removal from study
participation. Subjects participated in the study for
either one year, or until they withdrew or relapsed.
Blood and stool samples were collected every three
months, at which time unused capsules were returned
and new bottles of capsules were issued. During the
study, the protocol was amended to enable partici-
pants to submit stool samples by mail every three
months, to forego the every three month blood draw,
to return unused capsules by mail, and to receive a
new supply of capsules by mail, rather than in person.

2.3. Study capsules

Carrageenan-containing capsules were prepared
by the Chau Center for Industrial Pharmacy and
Contract Manufacturing (West Lafayette, Indiana).
Carrageenan capsules contained 100 mg of food-
grade carrageenan obtained from FMC Biopolymer
(Philadelphia, PA). Equal parts of kappa (Gelcarin;
GP-812NF), lambda (Viscarin; GP-209NF), and
iota (Gelcarin; GP-379NF) carrageenan were incor-
porated in a gelatin capsule. Placebo capsules
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containing dextrose (Sigma Chemical Co., St. Louis,
MO) were prepared under similar, rigorous quality-
controlled conditions. Products passed microbial
surveillance performed by Lancaster Laboratories
(Lancaster, PA). Capsules were distributed to study
participants in screw-top bottles of 100 capsules. Par-
ticipants were advised to take the capsules with a meal
to simulate consumption of carrageenan in processed
foods.

2.4. Study instruments: Simple Clinical Colitis
Activity Index (SCCAI) and Short
Inflammatory Bowel Disease Questionnaire
(SIBDQ)

The SCCAI was designed for use in the initial
evaluation of exacerbations of ulcerative colitis [31].
Items on the SCCAI are scored from 0—4, with a
maximum score of 19. Items include: bowel fre-
quency (day), bowel frequency (night), urgency of
defecation, hematochezia, general well-being, and
extracolonic disease manifestations, including arthri-
tis, pyoderma gangrenosum, uveitis, and erythema
nodosum. Scores were calculated based on biweekly
responses to the questionnaires and compared to pre-
vious results to detect an increase of 2 or more points.
The SCCAI correlates well with other IBD indices,
including those of Seo et al [34] and Truelove [35].

The Short Inflammatory Bowel Disease Question-
naire [33] is a subjective measure of quality of life
and of the influence of disease activity on daily life. It
contains ten questions answered on a scale from 1-7,
with 7 indicating all of the time and 1 indicating never.
The questions address health status over the previ-
ous two weeks and include: feeling of fatigue; effect
of IBD on social and sexual activity; effect of IBD
on leisure or sports activity; abdominal pain, depres-
sion/discouragement; passing large amount of gas;
maintaining weight; relaxed/free of tension; feeling
of tenesmus; and feeling of anger.

2.5. Laboratory tests

Blood samples for inflammatory parameters,
including serum Interleukin(IL)-8, Interleukin
(IL)-6, Tumor Necrosis Factor (TNF)-a, mono-
cyte chemoattractant protein (MCP) -1, leukocyte
Nuclear Factor(NF)-kappaB (p65; NF-«B) and
B-cell leukemia/lymphoma (BCL)10, and stool
sample for calprotectin (R&D, Minneapolis, MN)
were obtained at entry into the study, at three-month

intervals (unless exempted as above), and/or at
termination of study participation. Serum was
separated and frozen for subsequent ELISA assays
for IL-6 (R&D), IL-8 (R&D), MCP-1 (R&D) and
TNF-a (R&D). Peripheral leukocytes were isolated
from whole blood (Polymorphprep™, Axis-Shield,
Inc., Norton, MA) at the time of blood sample
collection and frozen for subsequent ELISA assays
for NF-«kB (R&D) and BCL10 [36]. Samples were
frozen and batched, and assays were performed
at regular intervals throughout the study, without
knowledge of participant assignment to Group 1
or Group 2. Assays followed the manufacturer’s
recommended procedures, with technical replicates
and known standards.

2.6. Statistical analysis

Laboratory tests were performed with technical
replicates and mean values were calculated for each
sample; then, mean values with standard deviation
were calculated for each group. Significance of dif-
ferences between groups was calculated by unpaired
t-tests, two-tailed, with p<0.05 designated as sig-
nificant. Differences between individual results at
different time points were determined by paired
t-tests, two-tailed, with p < 0.05 as significant. Values
were calculated for data at entry, at interim inter-
vals, and at conclusion of participation. SCCAI and
SIBDQ scores were calculated for each participant at
each time point (q2wk). Results were compared for
each participant with their prior scores and between
groups.

Original sample size calculations estimated that a
total of 36 subjects (18/group) would be necessary
to achieve 80% power to detect a SCCAI score dif-
ference of 1.0 between the groups. This was based
on the assumption that the mean SCCAI score in
the carrageenan-consuming group would be at least
2 and the mean score in the carrageenan-free group
would be 1, with standard deviations of 1.0. Study
biostatistician (HX) was unblinded as to participant
assignment in order to perform the data analysis,
and did not communicate with investigators who had
patient contact. The log-rank test was performed at
six-month intervals to detect if there were significant
differences between the two study arms in the fre-
quency of relapse (PROC LIFETEST, SAS 9.3, Cary,
NC). These differences are reported in the Kaplan-
Meier life table analysis. The study was terminated
when a statistically significant difference between the
two study groups was detected by the log-rank test.
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Table 2
Characteristics of study groups
Characteristic Carrageenan- containing Placebo Capsules (Group 2)
Capsules (Group 1)
Female 2 2
Male 3 5
Age Range; 43-65 34-64
Mean Age 54 50
Relapses 3 0
Dropouts 0 3
Race Caucasian (4) Caucasian (4)
African-American (1) African-American (2)
Indian (1)
Medications at the time of None Asacol, Azathioprine, Humira
entry into the study None Asacol
Imuran Sulfsalazine Sulfsalazine
Asacol, Humira Sulfsalazine, Purinethol
Asacol, Humira Imuran
Asacol
3. Results A
9 1 SCCAI Scores
8 ?, ] p=0.05
3.1. Study participants t;%’ 61
5
Fifteen patients enrolled in the study, but three & g | B SCCAI start
declined further participation following random- § 2 B SCCAl end
. . .- . = 1
ization, citing reluctance to comply with study 0
procedures. Twelve participants followed the no- Placebo Carrageenan

carrageenan diet, and five patients were randomized
to carrageenan-containing capsules (Group 1) and
seven patients were randomized to placebo (Group 2).
Characteristics of the participants are presented in
Table 2. Participants were ethnically diverse, with
similar age and gender distribution

All participants reported occasional intake of
carrageenan-containing foods and occasional lapses
in taking capsules. No subjects met the criterion
for removal from the study due to non-adherence to
the no-carrageenan diet. The 24-hour dietary recalls
demonstrated an overall high level of adherence to
the no-carrageenan diet. Non-compliance with the
study protocol, including ingestion of carrageenan-
containing foods and lapses in taking the study cap-
sules, occurred, but the frequency of these events was
less than 10% of total study days for all participants.

3.2. SCCAI and SIBDQ scores

Mean SCCAI (Fig. 2A) and SIBDQ (Fig. 2B)
scores were similar at onset between the two groups,
indicating the comparability of the two groups at
baseline. Mean SCCAI score at onset was 1.29 + 1 in
the placebo control group and was 1.20 &= 0.84 in the

SIBDQ Scores

70 - — ND.

65 -
@ SIBDQ start
B SIBDQ end
45 1

Placebo Carrageenan

w

Mean SIBDQ Scores
[ (3. [=2]
o [3,] o

B
o

Fig. 2. Average SCCAI and SIBDQ scores for placebo and
carrageenan-supplemented groups. (A) Mean SCCAI scores were
similar for both groups at the onset of study participation. At
the conclusion of participation, SCCAI scores were higher in the
carrageenan-supplemented group, consistent with the occurrence
of relapses in this group. Mean SCCALI scores at the endpoints
were 0.86 £ 1.46 (n=7), compared to 4.20+£3.70 in the group
who received carrageenan supplements (p =0.05, unpaired #-test,
two-tailed, n=5). (B) Initial and final scores on the SIBDQ were
similar in both groups, with mean values of 63.6 £5.6 at onset
and 63.3 4.3 at conclusion in the placebo group (n=7). In the
carrageenan- supplemented group (n=5), initial mean score was
59.0+ 5.2, and final average score was 61.6 = 6.5.

carrageenan-exposed group. At the conclusion, the
scores were 4.20 &£ 3.70 in the carrageenan group and
0.86 £ 1.46 in the placebo group (p =0.05, unpaired
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Fig. 3. Kaplan-Meier curves comparing the carrageenan-supplemented group (Group 1) and the placebo group (Group 2). Kaplan-Meier
curves indicate significant differences between the two study groups. Three dropouts in the control group occurred, at 5, 10, and 39 weeks.
Relapses in the carrageenan supplement group occurred at 5, 32, and 42 weeks.

t-test, two-tailed). Scores increased by two or more
points in the three patients in the carrageenan group
who relapsed (to 5, 6, and 9), and in one patient in
the placebo group. The patient in the placebo group
did not have an increase in his colitis regimen and
subsequent sigmoidoscopy did not show an increase
in his colitis. The difference in the mean SCCAI
scores between the two groups was substantially
higher than the estimate of a difference of 2 between
the two groups which was used in the sample size
calculation.

Scores on the SIBDQ (Fig. 2B) were similar in
both groups, and ranged from 52 to 68 at the start,
and from 51 to 70 at the end of participation.

3.3. Relapses in patients on carrageenan
supplements

The primary outcome measure was occurrence of
relapse, which was defined as an increase of two
or more points on the SCCAI [31], in association
with an increase in treatment (either an increase in
maintenance medication dose or addition of new ther-
apies for flare) by the participant’s personal physician
for manifestations of ulcerative colitis. Kaplan-Meier
Life-Table curves indicated that the carrageenan-
supplemented treatment group was more likely to
have relapses than the placebo group (p=0.046,

log-rank test) (Fig. 3). Twelve subjects had either
completed one year of study procedures, relapsed,
or withdrawn at the time of this analysis, and no
additional patients were recruited following this
determination of significant difference between the
two groups. By unpaired r-test, two-tailed, study
results were not yet statistically significant.

Relapses, defined as an increase in two or more
points on the SCCALI in association with increase in
treatment for manifestations of UC by the partici-
pant’s physician, occurred at 5 weeks, 32 weeks, and
42 weeks in three subjects who were receiving car-
rageenan supplements. Relapses were manifested by
hematochezia in two subjects and by joint inflamma-
tion in one subject in whom joint inflammation had
previously been considered as a manifestation of UC.
Two patients who relapsed were on two medications,
and one patient was on no treatment for UC at the
time of relapse. Two participants in the carrageenan
arm completed 52 weeks of the clinical trial with-
out relapse. No relapses occurred in the participants
who received placebo capsules, four of whom com-
pleted 52 weeks of participation. One patient in the
placebo arm had an increase in SCCAI of greater than
two points, but did not have any increase in treat-
ment by his physician, so did not meet criteria for
relapse. Four patients on the no-carrageenan diet and
taking placebo capsules had decline in their SCCAI
scores.
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Table 3

Measurements of inflammatory parameters at onset and conclusion of participation in placebo and carrageenan study groups
Inflammatory Group 1. Group 1. Group 2. Group 2.
Parameter Carrageenan-containing Carrageenan-containing Placebo capsules Placebo capsules
Value +S.D. capsules — onset capsules — conclusion — onset — conclusion
IL-6 (pg/ml) 2.57(0.97) 5.00 (2.31)2 3.69 (1.68) 3.06 (1.44)
Calprotectin (pg/gm) 133 (125) 171 (143)° 149 (112) 111.(91)
IL-8 (pg/ml) 266 (307) 207 (180) 151 (65) 169 (109)
TNF-a (pg/ml) 3.8(0.9) 6.3 (4.9 21.0 (25.2) 10.8 (10.4)
MCP-1 (pg/ml) 161 (84) 188 (157) 55(26) 107 (46)
NF-«B (% normal 214 (159) 192 (97) 165 (45) 171 (66)
control WBC)
BCL10 (ng/ml) 2.02 (0.73) 1.85 (0.36) 1.83 (0.64) 1.98 (0.61)

a) for p=0.02, paired r-test, two-tailed; n=5, b) for p=0.06, paired t-test, two-tailed; n=5, BCL=B-cell leukemia/lymphoma;
IL = Interleukin; MCP = monocyte chemoattractant protein; NF-kB = nuclear factor kappaB; S.D. = standard deviation; TNF = tumor necrosis

factor.
group, fecal calprotectin (Fig. 4A) and IL-6 (Fig. 4B)
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+50 n increased from study onset to conclusion of partici-
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Fig. 4. Scatterplot of fecal calprotectin and Interleukin-6. (A) The
initial and final values for fecal calprotectin are shown in the scat-
terplot by placebo controls and carrageenan-exposed participants.
Two of the controls and four of the carrageenan-exposed sub-
jects had increases (p = 0.06 for carrageenan-exposed group, paired
t-test, two-tailed; n=5). (B) Interleukin-6 values for the study sub-
jects increased in all of the carrageenan-exposed participants and
in one of the control subjects (p=0.02 for carrageenan-exposed
group, paired r-test, two-tailed; n=5).

3.4. Laboratory data

Baseline mean laboratory values, including fecal
calprotectin, serum Interleukin IL)-8, Interleukin
(IL)-6, monocyte chemoattractant protein (MCP)-1,
and tumor necrosis factor (TNF)-a, and leukocyte
NF-kB and BCL10 were not statistically different
between the two groups and the standard deviations
were large (Table 3). The similar values for these
inflammatory parameters reflected the comparabil-
ity of the two groups. In the carrageenan-exposed

The study findings indicate that carrageenan con-
sumption may aggravate ulcerative colitis (UC)
disease activity and reduce the interval to relapse
in patients who are in clinical remission. Due to
the small sample size, the study findings may be
attributable to a type I error. However, in view of the
larger than anticipated difference in the mean SCCAI
scores between the groups at conclusion of study par-
ticipation (0.86 % 1.46 for placebo vs. 4.20 &= 3.70 for
carrageenan), a smaller sample size than was origi-
nally proposed (n =36) could have been targeted. The
study was curtailed when statistical significance in
relapses between the two groups was demonstrated by
the log-rank test, a better measure of the overall differ-
ence in relapses between the groups than the unpaired
t-test. Since the daily consumption of carrageenan in
the typical dietis higher than the carrageenan intake in
this trial, the study findings are relevant to the clinical
management of UC and to further clinical investiga-
tion of the impact of carrageenan consumption on the
manifestations of UC.
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The signs/symptoms in UC patients may be
attributable to some extent to ongoing exposure to
carrageenan, as well as to other pro-inflammatory
exposures. Although genetic factors and immune
responses to bacterial products have been empha-
sized with regard to the pathogenesis of IBD, these
study data suggest that carrageenan exposure may
have a role in exacerbations of UC. The impact of
carrageenan may be due to its ability to activate the
pathway of innate immunity in the intestinal epithe-
lial cells and to interact with the intestinal microbiota
and to stimulate immune responses.

The increases in the inflammatory parameters
(IL-6 and fecal calprotectin) in the carrageenan-
exposed participants suggest that a genuine difference
in disease status occurred between the two study
groups. The decline in TNF-a values during the
course of the study in two of the control patients
suggests that the no-carrageenan diet may have been
beneficial for these participants. The overall interpre-
tation of the laboratory data may be confounded by
intercurrent infections or other inflammatory condi-
tions, such as tendinitis in one control subject who
resumed jogging during the study.

The etiology of UC is attributed to an exagger-
ated, genetically-determined, dysregulated immune
response to endogenous microbiota or bacterial prod-
ucts in the intestinal lumen [37, 38]. The effects
of carrageenan ingestion on the microbiota or on
immunity were not addressed in this study, and this
trial did not consider whether or not ingestion of car-
rageenan can contribute to the initial development of
ulcerative colitis or to specific disease manifestations.
The deleterious effects of carrageenan on relapse may
be due to interaction of carrageenan with the micro-
biome and specific immune responses, as well as to
the direct activation by carrageenan of inflammatory
pathways in the colonic epithelial cells.

The administration of carrageenan in gelatin
capsules with meals differs from ingestion of car-
rageenan in combination with protein, carbohydrate,
fat, and other components in a processed food as part
of the diet. However, the mechanisms of digestion are
expected to hydrolyze chemical bonds and to metabo-
lize the protein and fat components of food products,
and to thereby separate carrageenan from the nutritive
food substances, thus minimizing the impact of car-
rageenan encapsulation, as used in our study. Since a
specific blood or urine test to detect the presence of
carrageenan is not available at this time, precise mea-
surements of compliance with the no-carrageenan
diet could not be performed.

Recruitment of study participants was more dif-
ficult than anticipated due to several factors. The
major factor was the reluctance of potential enrollees
to be randomized to an intervention that might has-
ten relapse of their ulcerative colitis. The duration
of the study (up to one year) was also an obstacle to
recruitment of more participants. The requirement for
adherence to arestricted diet for a prolonged period of
time was a major impediment to enrollment for some
potential study subjects, who wanted to continue to
eat foods that they habitually ate. Also, the intensity
and frequency of study procedures and followup were
factors that hindered recruitment. The study required
frequent interactions with study personnel (q2 wk
telephone calls and g3 mo sample collections), which
some potential recruits found burdensome.

Although dietary factors have been examined for
their possible role in IBD [39-47], this is the first
report to show potential deleterious effects on UC
relapse by a specific food additive. The association of
IBD with the Western diet and the increased preva-
lence of IBD in recent decades [48-51] correlate
with increased carrageenan consumption [52, 53]
and suggest that restriction of dietary carrageenan
intake might help to reduce the incidence of IBD,
as well as the frequency of UC relapses. Self-reports
of improvement in gastrointestinal symptoms follow-
ing reduction of carrageenan intake were recorded
in an online questionnaire by the Cornucopia Insti-
tute, a public interest group concerned with diet. In
response to their advocacy, over 47,000 individuals
signed a petition to the National Organic Standards
Board to remove carrageenan from the list of addi-
tives approved for inclusion in organic foods in the
United States [54]. Reports as these suggest that
adverse effects of carrageenan consumption may be
common in the general population.

The Specific Carbohydrate Diet has also been used
in the management of IBD [55, 56]. The Specific Car-
bohydrate Diet does not allow for the consumption of
grains, simple sugars (except for honey), dairy prod-
ucts or processed foods. As such, patients consume
primarily meats, fish, nuts, eggs, vegetables and low-
sugar fruits. This regimen has been shown to decrease
intestinal inflammation by restoring the balance of
bacteria within the gut and potentially resolving dys-
biosis [57]. The carrageenan-free diet is similar to
the Specific Carbohydrate Diet in that both diets
exclude most dairy products and processed foods.
These diets differ, however, in that the carrageenan-
free diet does permit the consumption of grains and
simple sugars. Whether the carrageenan-free diet



190 S. Bhattacharyya et al. / Carrageenan and ulcerative colitis relapse

also has a beneficial impact on the gut microbiome,
despite the inclusion of grains, warrants further
investigation.

The Mediterranean diet may also be effective in the
management of IBD [58]. This diet emphasizes the
consumption of fish, fruits, vegetables, whole grains,
legumes, olive oil and nuts, while de-emphasizing
the consumption of dairy products (particularly but-
ter), and processed foods. This diet pattern has been
shown to lower intake of n-6 fatty acids by ~30%,
which alters the n-3 to n-6 fatty acid ratio in a way
that decreases the formation of inflammatory medi-
ators implicated in IBD progression [59, 60]. The
carrageenan-free diet is similar to the Mediterranean
diet in that it limits the consumption of processed
foods and dairy products. It can be speculated that
the carrageenan-free diet may also decrease n-6 fatty
acid intake by limiting the consumption of processed
foods, which are high in soybean oil. The impact of
the carrageenan-free diet on ratio of n-3 to n-6 fatty
acids should be examined in future trials to see if some
of its anti-inflammatory effects are also mediated via
this mechanism.
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