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Fish oils (FO) – rich in EPA and DHA – may protect against colitis development. Moreover, inflammatory bowel disease patients have elevated

colonic arachidonic acid (AA) proportions. So far, effects of dietary AA v. FO on colitis have never been examined. We therefore designed three

isoenergetic diets, which were fed to mice for 6 weeks preceding and during 7 d dextran sodium sulfate colitis induction. The control diet was rich

in oleic acid (OA). For the other two diets, 1·0 % (w/w) OA was exchanged for EPA þ DHA (FO group) or AA. At 7 d after colitis induction, the

AA group had gained weight (0·46 (SEM 0·54) g), whereas the FO and OA groups had lost weight (20·98 (SEM 0·81) g and 20·79 (SEM 1·05) g,

respectively; P,0·01 v. AA). The AA group had less diarrhoea than the FO and OA groups (P,0·05). Weight and length of the colon, histological

scores and cytokine concentrations in colon homogenates showed no differences. Myeloperoxidase concentrations in plasma and polymorphonu-

clear cell infiltration in colon were decreased in the FO group as compared with the OA group. We conclude that in this mice model an AA-

enriched diet increased colonic AA content, but did not result in more colonic inflammation as compared with FO- and OA-enriched diets. As

we only examined effects after 7 d and because the time point for evaluating effects seems to be important, the present results should be regarded

as preliminary. Future studies should further elucidate differential effects of fatty acids on colitis development in time.

Dextran sodium sulfate: Colitis: Fish oil: Arachidonic acid: Oleic acid

Epidemiological studies have shown a low incidence of
inflammatory bowel disease (IBD) in Eskimos as compared
with West-European populations. These findings may be
related to their high intakes of n-3 fish oil (FO) PUFA,
which may have anti-inflammatory effects as compared
with in particular n-6 PUFA(1). Interestingly, other studies
have found that the fatty acid composition of phospholipids
from the colonic mucosa of IBD patients contained more of
the n-6 PUFA arachidonic acid (AA) as compared with the
colonic mucosa of control subjects(2 – 4). By increasing the
intake of FO, the n-6 PUFA AA in the colon mucosa is
replaced by the n-3 FO PUFA EPA and DHA(5). Furthermore,
in an in vitro study we have recently shown that culturing
enterocytes with AA increased inflammatory parameters as
compared with enterocytes cultured with EPA or oleic acid
(OA)(6). Therefore, it is tempting to suggest that the anti-
inflammatory effects of FO are caused by a reduction of
the AA content. Alternatively, FO may have their own intrin-
sic anti-inflammatory effects. Several dietary intervention
studies have indeed shown that supplementation of n-3 FO

have beneficial effects in IBD patients(5,7 – 16). Although
some studies showed rather impressive effects(5,7), it should
be noted, however, that not all clinical studies were that posi-
tive(8 – 16). Based on these intervention studies, the overall
conclusion was that FO supplementation may have at least
minor protective effects(1). Also, in various mouse and rat
IBD intervention studies FO has positive effects(17 – 23),
whereas some studies did not find protective effects(24,25).
Unfortunately, due to the composition of the diets, these
studies could not evaluate specifically the effects of FO v.
those of AA.

Therefore, the aim of the present study was to examine the
in vivo effects of FO v. AA on intestinal inflammation. A diet
enriched with the n-9 MUFA OA was used as the control diet.
The OA of the control diet was isoenergetically exchanged for
the n-3 PUFA of FO or the n-6 PUFA AA. These diets were
fed for 6 weeks to female C57BL/6 mice. At the end of this
period, dextran sodium sulfate (DSS) colitis was induced for
7 d and the severity of colonic inflammation and related par-
ameters were evaluated.

*Corresponding author: Dr Julian D. Ramakers, fax þ31 43 3670976, email j.ramakers@hb.unimaas.nl

Abbreviations: AA, arachidonic acid; DSS, dextran sodium sulfate; En%, % energy; FO, fish oil; IBD, inflammatory bowel disease; IFN, interferon; MCP, monocyte

chemotactic protein; MPO, myeloperoxidase; OA, oleic acid; SAP, serum amyloid P component.
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Materials and methods

Animals, diets and experimental design

Experiments were approved by the Animal Studies Ethics
Committee of the University of Amsterdam, The Netherlands.
Thirty 4-week-old female wild-type C57BL/6 mice were
obtained from Charles River (Horst, The Netherlands). The
mice were housed under standard conditions (AM-III
15 mm; Hope Farms, Woerden, The Netherlands) and had
free access to water and food. The mice were randomly
assigned to three groups of ten mice, which received one of
the three diets for 6 weeks before colitis induction. The
diets were also fed during the week of DSS colitis induction.
All three diets contained the same amounts of protein, carbo-
hydrates and fat providing respectively 21 % energy (En%), 66
En% and 14 En% (Table 1). Of this 14 En% or 6·0 % (w/w)
provided by fat, 8 En% (or 3·4 %, w/w) was part of the stan-
dard (CRM(E)) chow, while 6 En% (or 2·6 %, w/w) was
specifically added as enrichment. Thus, the only difference
between the diets was the source of 6·0 En% fat added to
the chow. The FO group received normal chow enriched
with FO (2·6 %, w/w) (Loders Croklaan, Wormerveer, The
Netherlands). Of this 2·6 % (w/w), 1·0 % (w/w) was EPA
plus DHA with a EPA:DHA ratio of 1·4 (Table 1). The AA
group received the same chow, but now enriched with arachi-
donic ethyl ester oil (Nu-Chek-Prep, Elysian, MN, USA)
(1·1 %, w/w). Of this 1·1 % (w/w), 1·0 % (w/w) was the arachi-
donic ethyl ester. In addition, cacao butter (1·5 %, w/w)

(Special Diet Services, Witham, Essex, UK) was added to
the AA diet. In this way, in total 2·6 % (w/w) fat was added
to the chow, which made total fat intake equal to that of the
FO diet. The control (OA) group also consumed the normal
chow, but now enriched with the same isoenergetic amount
(2·6 %, w/w) of fatty acids from cacao butter (1·2 %, w/w)
plus high-oleic sunflower-seed oil (1·4 %, w/w) (Loders Crok-
laan). All diets were enriched with a tocopherol blend (3 mg
tocopherols/g fat; Loders Croklaan). All diets were made by
Special Diet Services and irradiated at 25 kGy. The macronu-
trient and fatty acid composition of the diets is shown in
Table 1. As can be seen, the main difference between the
diets is the proportion of OA, which was replaced by
EPA þ DHA or AA. Body weights of the mice were recorded
every third day during the first 6 weeks. One mouse of the FO
group died in week 4 because of an elephant tooth. After 6
weeks on the experimental diets, colitis was induced in the
10-week-old mice by administration of 1·5 % (w/v) DSS (mol-
ecular weight 40 kDa; TdB Consultancy, Uppsala, Sweden) to
the drinking water for 1 week. During the week of colitis
induction, body weights of the mice were recorded daily.
After 7 d DSS treatment, all mice were anaesthetised with fan-
tanyl-fluanisone-midazolam and killed via a cardiac puncture
and exsanguination. Blood was sampled in EDTA tubes
(Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ,
USA) and plasma was obtained by centrifugation at 2000 g
for 20 min at 48C and stored at 2808C until analysis for mye-
loperoxidase (MPO) and serum amyloid P component (SAP)
concentrations. Through a midline incision, the colons were
removed. First, the total length was measured as an indicator
of disease-related colon shortening. In addition, faecal
material was removed and collected to score diarrhoea sever-
ity; i.e. 0 ¼ normal faeces; 1 ¼ loose stool; 2 ¼ watery diar-
rhoea; 3 ¼ slimy diarrhoea, little blood; 4 ¼ very severe
diarrhoea. Next, the colons were opened longitudinally and
the wet weight of the distal 6 cm was recorded and used as
an index of disease-related intestinal wall thickening. Sub-
sequently, the colons were divided longitudinally into two
parts and both parts were rolled up. These samples were
frozen in liquid N2 and stored at 2808C until analysis. For
all twenty-nine mice, one roll was used for histological anal-
ysis. In five randomly selected mice per group, half of the
other roll was used for cytokine detection, while the other
half of this roll was used for analysis of intestinal fatty acid
composition.

Fatty acid composition of the diets and colon homogenates

Fatty acid compositions of the diets and colon samples were
analysed by GC. Extraction and analysis procedures have
been described previously(26). Briefly, total lipids were
extracted from about 50 mg diet and 7 mg dried-frozen colon
samples according to the method of Bligh & Dyer(27). Amino-
propyl-bonded silica columns (Varian, Harbor City, CA, USA)
were used to separate phospholipids from the total lipid
extract(28). The phospholipids were then saponified, and the
resultant fatty acids were methylated into their corresponding
fatty acid methyl esters (FAME)(29). Fatty acids were separ-
ated on an Autosystem (Perkin-Elmer, Norwalk, CT, USA)
gas chromatograph that was fitted with a silica-gel column
(Cp-sil 88 for FAME, 50 m £ 0·25 mm, 0·2mm film thickness;

Table 1. Composition of the fish oil (FO), arachidonic acid (AA) and
oleic acid (OA) diets (g/100 g diet unless stated otherwise)

Diet. . . FO AA OA

Protein
% Energy 21 21 21
g/100 g diet 20 20 20

Carbohydrates
% Energy 66 66 66
g/100 g diet 68 68 68

Fat
% Energy 14 14 14
g/100 g diet 6 6 6

14 : 0 0·15 0·02 0·02
16 : 0 0·91 0·97 0·93
18 : 0 0·19 0·60 0·62
16 : 1n-7 0·13 0·02 0·02
18 : 1n-7 0·10 0·06 0·07
18 : 1n-9 0·85 1·15 2·04
20 : 1n-9 0·07 0·04 0·05
18 : 2n-6 1·94 1·96 1·91
20 : 4n-6 0·04 0·78 ,0·01
18 : 3n-3 0·22 0·20 0·19
20 : 5n-3 0·58 0·02 0·02
22 : 6n-3 0·41 0·05 0·04
Others 0·43 0·14 0·09P

SFA* 1·32 1·64 1·64P
MUFA* 1·26 1·28 2·17P
PUFA* 3·42 3·08 2·18P
n-9* 0·96 1·20 2·09P
n-6* 2·02 2·78 1·92P
n-3* 1·39 0·29 0·26

Ratio n-6 : n-3 1·5 9·6 7·4
Tocopherol blend 18 18 18

*
P

is the sum of all fatty acids belonging to that particular class.
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Chrompack, Middelburg, The Netherlands) with He gas
(130 kPa) as the carrier gas. Both the injection and detection
temperatures were set at 3008C. The starting temperature of
the column was 1608C. At 10 min after injection, the tempera-
ture was increased up to 1908C at a rate of 2·58C/min. After
20 min at 1908C, the temperature was increased up to 2308C
at a rate of 48C/min. The final temperature of 2308C was main-
tained for 10 min. Data were analysed by using CHROM-
CARD software (version 1.21; CE Instruments, Milan,
Italy). The fatty acid compositions are expressed in relative
amounts (% of total fatty acids identified; w/w).

Histological analysis

The longitudinally divided rolled-up parts of the colon, which
were used for routine histology, were directly fixed in 4 % for-
maldehyde and embedded in paraffin. Three transverse slices
(5mm), taken from each colonic sample, were stained with
haematoxylin-eosin, and examined by light microscopy.
Colonic inflammation was evaluated in a blind manner by esti-
mating: (1) percentage of area involved; (2) the amount
of follicles (these are lymphoid aggregates characteristic
for intestinal tissue); (3) oedema; (4) erosion/ulceration; (5)
crypt loss; (6) infiltration of polymorphonuclear cells; (7) infil-
tration of mononuclear cells. The percentage of area involved,
erosion/ulceration and the crypt loss was scored on a scale
ranging from 0 to 4 as follows: 0 ¼ normal; 1 ¼ ,10 %;
2 ¼ 10–25 %; 3 ¼ 25–50 %; 4 ¼ .50 %. Follicle aggregates
were counted and scored as follows: 0 ¼ zero to one follicle;
1 ¼ two to three follicles; 2 ¼ four to five follicles; 3 ¼ six
follicles or more. The severity of the other parameters was
scored on a scale from 0 to 3 as follows: 0 ¼ absent;
1 ¼ weak; 2 ¼ moderate; 3 ¼ severe. All scores on the indi-
vidual parameters together could result in a total score ranging
from 0 to 24.

Homogenisation and cytometric bead array

For analysis of cytokine concentrations, homogenates were
made from colon samples with a tissue homogeniser in 9
volumes (w/v) Greenberger lysis buffer (300 mM-NaCl,
15 mM-2-amino-2-hydroxymethyl-1,3-propanediol, 2 mM-
MgCl2, 2 mM-Triton X-100 (Sigma, St Louis, MO, USA), pep-
statin A, leupeptin, aprotinine (Roche, Mannheim, Germany),
all 20 ng/ml; pH 7·4). The colon homogenates were lysed in
the Greenberger lysis buffer for 1 h on ice and centrifuged
for 7 min at 3000 rpm and for 10 min at 14 000 rpm. The super-
natant fraction was collected and stored at 2808C until cyto-
kine analysis using a cytometric bead array. The mouse
inflammation and Th1/Th2 cytometric bead arrays (Becton
Dickinson Biosciences, San Diego, CA, USA) were used in
colon homogenates to determine simultaneously the concen-
trations of IL-2, IL-4, IL-6, IL-10, IL-12p70, monocyte che-
motactic protein (MCP)-1, interferon (IFN) g and TNFa
according to the instructions of the manufacturer. Briefly,
5ml of sample or the cytokine standard mixture was mixed
with 5ml mixed capture beads and 5ml detection antibody-
phycoerethrine reagent and incubated at room temperature
for 2 h in the dark. Two-colour flow cytometric analysis was
performed using a FACScanw flow cytometer (Becton
Dickinson Immunocytometry Systems, San Jose, CA, USA).

Data were acquired and analysed using Becton Dickinson
Cytometric Bead Array software.

Myeloperoxidase in colon homogenates and plasma

To quantify the extent of colonic neutrophil accumulation and
systemic neutrophil amounts, MPO concentrations in colon
homogenates and EDTA plasma were analysed by ELISA
(HBT, Uden, The Netherlands). All samples of all groups
were analysed on one plate. The detection limit of the MPO
ELISA was 1·02 ng/ml. The intra-assay variation was less
than 7·5 %.

Serum amyloid P component in plasma

To evaluate the acute-phase reaction activity, SAP concen-
trations were analysed in EDTA plasma by ELISA, as
described(30). Briefly, a ninety-six-well plate (Greiner Bio-
One; Frickenhausen, Germany) was coated with 3mg/ml
sheep-antimouse SAP (Calbiochem, San Diego, CA, USA)
antibodies. Immobilised SAP was detected using a specific
biotinylated rabbit-antimouse SAP antibody (Calbiochem),
followed by the addition of peroxidase-conjugated streptavidin
(Zymed Laboratories, San Francisco, CA, USA) and tetra-
methylbenzidine substrate (Kirkegaard and Perry Labora-
tories, Gaithersburg, MD, USA). All samples of all
groups were analysed on one plate. The detection limit of
the SAP ELISA was 5 ng/ml. The intra-assay variation was
less than 5 %.

Statistics

All data, except body weights (mean values with their stan-
dard errors), are expressed as dot plots in which the median
is indicated. Differences between the three groups (AA v.
FO v. OA) were analysed using the Kruskall–Wallis test. If
a significant difference was found (P,0·05) the Mann–Whit-
ney U test was used as a post hoc test. If the Mann–Whitney
post hoc test was performed, a P,0·017 was considered as
statistically significant. Weight changes in time were tested
by one-way ANOVA (P,0·05) with a Bonferonni post hoc
test when differences between interventions were significantly
different. Correlation analyses were performed using the
Spearman correlation test. Values of P,0·05 were considered
statistically significant. SPSS 10 for Macintosh (SPSS, Inc.,
Chicago, IL, USA) was used for the analysis.

Results

Fatty acid composition of the diets and colon homogenates

Table 1 shows that the fatty acid compositions of the three
diets were as anticipated. The OA diet contained more
MUFA and less PUFA than the other two diets. Further, the
total amounts of MUFA and PUFA were not different between
the AA and FO diets. However, the AA diet provided more of
the n-6 PUFA AA, while the FO diet contained more of the n-3
PUFA EPA and DHA. This resulted in a higher n-6 : n-3 ratio
in the AA diet than in the FO diet. The only other difference
was a slightly lower SFA content in the FO diet as compared
with the OA and AA diets.

Arachidonic acid v. fish oil and oleic acid 349
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Table 2 shows that differences in fatty acid composition of
the colons between groups paralleled those of the diets. In the
AA group, the proportions of n-6 PUFA (20 : 4 and longer)
were increased, whereas the proportion of 18 : 2n-6 was
decreased compared with the OA and FO groups. Moreover,
the n-3 PUFA in the AA group were decreased, which resulted
in an increased n-6 : n-3 ratio compared with the OA and FO
groups. In the FO group, the proportions of n-3 PUFA were
increased, while those of n-6 PUFA were decreased compared
with the OA and AA groups. This resulted in a decreased
n-6 : n-3 ratio as compared with the OA and AA groups.

Body weight before and after dextran sodium sulfate colitis
induction

During the 6 weeks preceding colitis induction, weight
changes were not significantly different between the three
groups (P¼0·290) Fig. 1 (a).

After 7 d DSS treatment, both the FO- and the OA-fed mice
had lost weight (20·98 (SEM 0·81) g, or 24 % of their initial
weight at DSS induction, for the FO group and 20·79 (SEM

1·05) g, or 24 %, for the OA group) (Fig. 1 (b)). In contrast,
weight of the AA-fed mice first decreased until day 5, but was
slightly increased after 7 d (0·46 (SEM 0·54) g, or 2 % of their
initial weight at DSS induction). At day 5 the AA-fed mice
had lost significantly more weight than the FO- and OA-fed
mice (P,0·001), but at day 7 the AA group had gained sig-
nificantly more weight than the FO (P¼0·002) and control
groups (P¼0·007).

Diarrhoea

At 7 d after the induction of DSS colitis, diarrhoea of the mice
was scored (Fig. 1 (c)). In agreement with the increase in body
weight of the AA-fed mice, these mice had less diarrhoea
(median score 1·5) than the FO (score 3·0; P¼0·002) and
OA (score 2·5, P¼0·029) fed mice. Body-weight changes cor-
related negatively with diarrhoea score (r 20·574; P¼0·001),
indicating that a higher diarrhoea score was associated with
more body-weight loss.

Length and weight of the colon

After killing the mice, the total length and the weight of the
last 6 cm of the colon were determined and used as indicators
of disease-related colon shortening and intestinal wall-
thickening respectively. Although body-weight changes cor-
related with colon length (r 0·461; P¼0·012), colonic lengths
of the mice were, however, not significantly different
between the groups (P¼0·497; Fig. 1 (d)). Colonic weights
were also comparable (P¼0·138; Fig. 1 (e)). As a reference,
the approximate colonic weight and length of non-diseased
C57BL/6 mice on a standard chow diet are about 140 mg
and 7·5 cm, respectively.

Histology

Colonic inflammation was also evaluated by histological ana-
lysis. Irrespective of the diet consumed, all mice showed
common pathological features of mild to moderate colitis as
crypt loss, ulceration of the mucosa, oedema, and granulocyte
and mononuclear cell infiltration in the mucosa. There were no
significant differences in total colitis scores between the three
diet groups (FO score median 11·5 (range 8·0–16·0), AA score
13·0 (range 3·5–14·5), OA score 12·3 (range 8·0–16·0);
P¼0·854). Also when the scores of the individual parameters
(area involved, follicle aggregates, oedema, ulceration, crypt
loss, polymorphonuclear cells and mononuclear cells) were
examined, no significant differences between the groups
could be found (data not shown). The most interesting differ-
ence was the polymorphonuclear cell infiltration (median
score 1·0 (range 0·0–2·0)) in the FO group, which tended to
be lower (P¼0·047) as compared with the OA group (score
1·75 (range 0·5–2·5)), whereas the differences between the
other groups were not significantly different.

Cytokines, myeloperoxidase and serum amyloid P component
concentrations in colon homogenates and/or plasma

The concentrations of eight different cytokines in colon homo-
genates were analysed by a cytometric bead array to evaluate
the extent and characteristics of the local colonic infla-
mmation. However, the colonic concentrations of IL-12p70,
TNFa, IFNg, MCP-1, IL-10, IL-6, IL-4 and IL-2 were not sig-
nificantly different between the three groups. For example,
median concentrations (in ng/g colonic wet weight) for
TNFa were respectively 0·48 (range 0·28–0·85), 0·49 (range
0·23–1·45) and 0·76 (range 0·37–2·06) for the FO, AA and
OA groups.

To determine colonic neutrophil accumulation and systemic
neutrophil levels, MPO concentrations were analysed in colon

Table 2. Fatty acid composition of phospholipids in the colon from dex-
tran sodium sulfate colitis mice fed a fish oil (FO) diet, arachidonic acid
(AA) diet and oleic acid (OA) diet (% of total fatty acids)

(Mean values and standard deviations of five mice per diet group)

Diet. . . FO AA OA

Fatty acid Mean SD Mean SD Mean SD

16 : 0 22·3b 0·2 21·7a,b 0·6 20·5a 1·5
18 : 0 15·2a 0·1 15·8a 0·8 15·7a 1·0
22 : 0 1·1a 0·1 1·1a 0·1 1·0a 0·1
24 : 0 1·2b 0·2 1·0a,b 0·1 0·9a 0·0
16 : 1n-7 1·3a 0·2 1·1a 0·4 1·0a 0·4
18 : 1n-7 2·3a 0·1 2·4a 0·5 2·4a 0·4
18 : 1n-9 10·7c 0·7 9·1b 0·6 12·8a 0·7
24 : 1n-9 1·6a 0·3 1·4a 0·2 1·8a 0·2
18 : 2n-6 10·5c 0·8 4·3b 1·0 8·8a 0·6
20 : 3n-6 2·3a,b 0·3 1·9a 0·3 2·8b 0·4
20 : 4n-6 8·9c 0·2 23·6b 0·6 15·8a 1·4
22 : 4n-6 0·7c 0·1 4·1b 0·3 2·4a 0·3
22 : 5n-6 0·2c 0·0 1·0b 0·1 0·4a 0·0
20 : 5n-3 4·4b 0·6 0·3a 0·1 0·6a 0·2
22 : 5n-3 2·8c 0·4 0·7b 0·1 0·9 0·1
22 : 6n-3 9·8c 0·6 5·4b 0·3 7·1a 0·6
Others 5·0a 0·2 5·3a 0·4 5·1a 0·6P

SFA* 41·9a 0·4 41·7a 0·6 40·0b 1·0P
MUFA* 16·9a 0·5 15·4a 1·1 19·3b 1·3P
PUFA* 41·1a 0·6 42·9a 0·7 40·7a 1·6P
n-9* 12·8c 0·6 11·3b 0·5 15·5a 0·6P
n-6* 23·8c 0·8 35·9b 0·9 31·5a 1·7P
n-3* 17·1c 0·4 6·6b 0·3 9·0a 0·5

Ratio n-6 : n-3 1·4c 0·1 5·4b 0·4 3·5a 0·3

a,b,c Mean values within a row with unlike superscript letters were significantly differ-
ent (P,0·17; post hoc Mann–Whitney test with Bonferroni correction).

*
P

is the sum of all fatty acids belonging to that particular class.
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homogenates and in plasma. Although differences in plasma
MPO concentration were small, the MPO concentration
(in ng/ml) was significantly lower in the FO group
(median 3·3 (range 3·0–6·5)) compared with the OA group
(4·8 (range 3·4–14·2)) (P¼0·010), but not v. the AA
group (4·1 (range 3·0–23·3)). However, in colon homogenates
no significant differences in MPO concentrations (in mg/g
colonic wet weight) between the three groups (respectively,
FO 0·48 (range 0·21–1·52); AA 0·84 (range 0·14–1·26); OA
0·50 (range 0·26–1·16) were found. MPO concentrations in

colon homogenates correlated with IL-12p70 (r 0·546;
P¼0·035), IFNg (r 0·712; P¼0·003) and MCP-1 (r 0·743;
P¼0·002) concentrations in these homogenates.

To determine the extent of the acute-phase response, we
analysed plasma SAP concentrations. SAP concentrations
(in ng/ml) did not differ between the three groups (respect-
ively, FO median 64 (range 30–126); AA 44 (range
10–129); OA 87 (range 21–884); P¼0·121). SAP concen-
trations correlated with TNFa (r 0·611; P¼0·016) and IFNg

(r 0·522; P¼0·046) concentrations in colon homogenates.

Fig. 1. Effects of a fish oil (FO; –W–), arachidonic acid (AA; –X–) and oleic acid (OA; –K–) diet on dextran sodium sulfate (DSS) colitis disease severity. Ten

female mice consumed an FO-enriched diet, an AA-enriched diet or an OA-enriched diet for 43 d before DSS colitis induction. Colitis was induced by 1·5 % (w/v)

DSS in the drinking water for 7 d. Body weight was recorded before colitis induction (a) and after colitis induction as a measure of disease activity (b). Values are

means, with their standard errors represented by vertical bars. Furthermore, disease severity was measured at 7 d after DSS colitis induction by a diarrhoea score

(c), weight of the last 6 cm of the colon (d) and colon length (e). Medians are represented by horizontal bars. *P,0·05.
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Discussion

In the present study we show that 6 weeks’ consumption of an
AA-enriched diet v. an FO- or OA-enriched diet preceding and
during DSS colitis induction in mice did not result in more
pronounced colonic inflammation after 7 d of colitis induction.
In fact, after 7 d, weight loss and diarrhoea score were less in
the AA group as compared with the FO and OA groups. Thus,
increasing AA intake was not harmful, but may even have
been protective in this DSS-induced colitis model, at least
7 d after colitis induction. However, at 5 d after colitis induc-
tion, weight loss in the AA group was significantly larger than
in the FO and OA groups. Also calculating a disease activity
index of the weight loss and diarrhoea severity as described
previously by Cooper et al. (31) led to the same conclusions.
Thus the time point of evaluating the effects of the diets
seems essential and in future studies different time points
should be evaluated. The present results should therefore be
regarded as preliminary. Although some parameters showed
protective effects of AA supplementation, all other inflamma-
tory parameters, i.e. colon weight and length, histological
scores, and cytokine concentrations in colon homogenates,
showed no differences between the groups at 7 d after DSS
colitis induction. Also no protective effects of FO as compared
with OA were shown. Only MPO concentrations in plasma
and polymorphonuclear cell infiltration in the colon were
slightly decreased in the FO group as compared with the
OA group. This could suggest that the protective effects of
FO had just started and FO might have protective effects at
later time points (i.e. . 7 d), for example, in the resolution
phase of colitis. This has also been suggested by the pro-
duction of resolvins and protectins, generated from FO fatty
acids during the resolution phase of inflammation(32). In con-
trast, the effects of AA seem most pronounced in the early
stage (day 7), for example, in the induction phase. Thus com-
paring effects of AA v. FO both at earlier and later time points
after colitis induction should be evaluated in future studies.

In various mouse and rat IBD intervention studies FO had
positive effects(17 – 23), whereas in some studies it did
not(24,25,33). Various differences between the models or
designs may have contributed to these differences. In some
studies showing protective effects on colitis development,
effects of FO were compared with those of the n-6 fatty
acid linoleic acid (18 : 2n-6), while in the present study a com-
parison between FO and AA was made. Although dietary lino-
leic acid can be converted into AA, the only two colitis dietary
intervention studies that measured colonic fatty acid compo-
sition showed no differences in colonic contents of AA
between the linoleic acid-rich and FO-rich diets(17,18). In line
with our findings, other studies showed that increasing dietary
AA resulted in pronounced increases in tissue AA con-
tents(34 – 36) and that n-3 PUFA supplementation reduced
tissue AA contents(34,37,38). These findings support our
approach of using dietary AA itself instead of n-6 precursor
PUFA to compare effects of AA and FO on colitis develop-
ment. To summarise, the two studies that used a linoleic
acid-rich control diet and showed no differences in colonic
contents of AA showed protective effects of FO(17,18). In
line with the present results, Camuesco et al. (18) did not
show a protective effect of FO v. an OA-rich diet. Whether
the differences in effect on colonic fatty acid composition

can explain the possible differences between FO studies
remains to be determined. However, also several other differ-
ences in the methodology of these two studies compared with
the present study could explain the differences in outcome. In
the present study, colitis was induced in mice by DSS,
whereas Nieto et al. (17) induced experimental colitis in
rats by 2,4,6-trinitrobenzenesulfonic acid. Furthermore, they
supplied the different diets after colitis induction (therapeutic
approach), whereas we supplied the different diets for a period
of 6 weeks preceding colitis induction (preventive approach).
Camuesco et al. (18) started – in line with our approach –
experimental diets before DSS colitis induction in rats, but
only for 2 weeks instead of 6 weeks. Thus, it is also possible
that results depend on the time of supplementation or the type
of model used. Indeed, inconsistent effects of FO v. control
diets have been shown in different mice models. Protective
effects in a CD45RBhi T-cell transfer model(22), no effects
in DSS-colitis models(24,33), or even increased colitis in an
IL-10 knockout chronic colitis model(25) have been reported
for FO. Finally, our DSS mouse model is sensitive to dietary
manipulation since protective effects of conjugated linoleic
acid and antioxidants such as rutin and glutathione have
been shown(39 – 42).

In the present study, AA was supplied as ethyl ester while
OA, and EPA and DHA were supplied as TAG. Although
ethyl esters may be less efficiently absorbed in the intestine
as compared with TAG(43 – 45), the fatty acid composition of
the colon clearly represented the fatty acid composition of
the diets, which suggests appropriate intestinal AA absorption.
Moreover, many FO capsules that have been successfully
used in human studies (for example, in the GISSI-trial;
Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto
Miocardico, an Italian group for the study of survival of myo-
cardial infarction) contained EPA and DHA as ethyl esters(46).
Therefore, AA being supplied as ethyl esters is not an expla-
nation for the results observed.

In conclusion, we here present data that an AA-enriched diet
consumed 6 weeks preceding colitis induction increased
colonic AA content, but did not result in more colonic inflam-
mation. The AA-enriched diet may even have been protective in
a DSS-induced colitis model, as shown by a decreased weight
loss and lower diarrhoea scores as compared with FO- or OA-
enriched diets, 7 d after colitis induction. Since we only exam-
ined effects after 7 d and because the time point for evaluating
effects seems important, these results should be confirmed or
refuted by studies using earlier and later time points.
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