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Summary

Recent studies primarily in man have shown that cod fish oil rich in

polyunsaturated fatty acids (PUFA) are beneficial to certain inflammatory

diseases such as ulcerative colitis. This study was undertaken to observe any

change in intestinal secretion where the tissues have been treated with cod

fish and sunflower oils. Male Sprague Dawley rats weighing 200 gms were fed

omega-3 fatty acids for 50 days. Changes in colonic secretion (fed with PUFA)

were studied in-vitro in an Ussing chamber. Rat colon which were not fed
with PUFA served as controls. Basal intestinal short circuit in PUFA group

were comparable with control group in stripped rat colon. The results showed

significant high short circuit current in cod fish oil and sunflower oil treated

tissues. When stripped colonic tissues (fed with PUFA) were stimulated by

ECso of carbachol, bradykinin and prostaglandin; there was no significant

changes in Short circuit current. PGE2and LTB41eveis were measured in rat
colon fed with PUFA by using radioimmunoassay. Biochemical changes in

PGE2 and LTB41eveis showed LTB4 were significantly raised in both cod fish
oil group and sunflower oil group. This study reveals that intestinal

permeability increases in the rat colon (fed with PUFA) as indicated by high

short circuit current. The high levels of leukotriene in colonic tissues also

explains the high basal short circuit current in the present study.

Introduction

Dietary supplementation of Omega-3 fatty
acids such as eicosapentaenoic acid (EPA)
alters the membrane phospholipids in the
cells by incorporation 1.2.The eicosanoid
derived from EPA are known to be abnormal

in function3.4. It has been suggested that
dietary supplementation with fish oil rich in
Omega-3 fatty acids may be of therapeutic
usefulness in reducing secretion in chronic
nonspecific diarrhoeas particularly in
ulcerative colitisC..

Support for this approach comes from studies
showing that mice fed with fish oil (EPA)

secrete low levels of PGE2 and LTB 4 from
macrophageJ.7 in-vitro and in-vi vox. In view

of the previous findings, the eicosanoid
synthesis of triene series is expected to induce
diminished secretion when stimulated by

agonists. Because levels of PGE2 and LTB ~

are important in maintaining intestinal
secretion'1.
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The aim of the present study was therefore
designed to investigate further the changes
of intestinal secretion by secretory agonists
when the colon were pretreated with cod fish
oil; which are rich in omega-3 fatty acids
(20:5 n-3) in-vitro.

Materials and Methods

The work was carried-out in the deptt. of
Medicine, School of Medicine, University of
Manchester, UK. Male Sprague Dawley rats
(200gm) were fed cod fish oil
(Eicosapentanoic acid, docosahexanoic acid,
vitamin A, D and E) and sunflower oil (65%
linoleic acid, 3% a-linolenic acid and 20%
oleic acid).

These polyunsaturated fatty acids (PUFA)
were mixed in their routine chow pellets (2
ml of oil/30 grams pellets for each rat). The
chow pellets contained crude oil 2.35% and
other essential minerals and amino acids. A

control group of rats were also fed normal
diets free from fish and sunflower oil.

Rats were weighed every week and after 6
weeks of feeding the rats were killed by
cervical dislocation. The distal colon were
dissected out. The faecal matter was washed

away and the tissues preserved at -70"Cafter
freezing under liquid nitrogen for further use.
Tissues for Ussing chamber experiments
were stripped of their muscle layer prior to
mounting on the chamber. The rats were fed
ad-libitum and uneaten food was discarded

in the morning. They had free access to
water. The colonic tissues which has been
treated with PUFA were mounted in the

Ussing chamber. The basal short circuit
current were measured for 60 minutes for

colon fed with CFO, SFO, and control.
(control were rat colon not fed with PUFA).

Dccemhcr 2006

This experiment was done without

stimulating the tissues by any drug or agonist.
Similarly the dose response of CCh, BDK,

PGE2 were calculated in terms of short cicuit
current in the Ussing Chamber where rat
colon where mounted.These rats were not fed

with PUFA.

PGE2 and LTB4 were determined from tissue
homogenate suspended in phosphate buffer
saline I ml of sample of the fluid was
acidified to pH 3 with 2 M citric acid. The
fluid was then extracted into ether and. ether

layer was removed and reduced to dryness

under nitrogen. The dried sample was
suspended in 500 ml of radioimmunoassay
buffer & 100 ml was used for determination

of PGE2 and LTB4 by radioimmunoassay
using a commercial kit (Amersham).

Results were expressed as pica moles/mg
protein. The protein content in colonic tissue

was measured by modified Lowry method.

Results are expressed as means with standard
error of means. Unpaired student 't' test was
used to compare difference between group

means. A probability value of <0.05 was
considered statistically significant.

Results

Weight gain in three groups were similar after

feeding the rats for 50 days. The macroscopic
appearance of the tissues did not show any
difference in any of these groups (CFO,SFO
or control).

Animal fed the cod fish oil diet had body
weight gain of27.6 g/week. This was similar

to SFO group animal and control group
respectively. 29.3,31.0 g/week. These result
suggests that both diets (CFO,SFO) were
isocaloric.
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Basal short circuit current in 3 groups

The basal Isc in each group shows that both
CFO and SFO had significant higher Isc

compared to the control group. (~Isc CFO:
49.5:t5.3, p<O.05, ~Isc SFO: 56.9:t4.9,

p<O.005, ~Isc control 35.7:t5)

These results suggest that there may be

electrogenic Cl- secretion or electrogenic Na+
absorption. But no parallel studies were done
under Cl- free Ringers Buffer, and ameloride
(Na+ channel blocker)

CFO=CodFishOil SFO=SunflowerOil

* **

lilsc .0

Control CFO SFO

Fig.-!: Basal /sc in colon from rats fed
polyunsaturated fatty acids (PU FA)

The results showed increase in ~Isc in colon.
The values were plotted as mean:tSEM (n=12-18
tissues) *p<O.05,**p<O.OI.

Effects of Pufa on the Secretory Response c

to Agonists .~Q.
bO 20

EC50of all three secretogogue (Bradykinin, ~
carbachol, prostaglandin) were calculated ~

CQ

from control colon. Colon from CFO, SFO-!:j 10-,... w
and control were stimulated by EC50BDK ~
5xIO-IOM,CCh7.1xlO-6M& PGEz2xlO-7M.

There was no significant difference in Isc
with their controls (Fig.-2).
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PGE : Prnsulglandin
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Fig.-2: Effects of BDK, CCh and PGE2on colon
from ratfed with PUFA.
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The results showed an increase in ~Isc after

the addition ofBDK, CCh and PGEz in CFO
(0), SFO (0) treated colon and controls

(.) he values are expressed as mean:tSEM,
n=15-18 tissues (Fig.-3).

100

&0

Fig.-3:Dose response of CCh in molar
concentration

The results show that EC50after the addition
of CCh in stripped rat colon is 7.1 x IO-6M.

The dose response of BDK, PGEz are not
shown. CCh has a property of inducing
transient rise and sharp fall in Isc. The higher
the dose the less is the response of CCh.

30

Fig.-4: Levels of PGE2 and LTB4 in colon treated
with PUFA

The concentration of LTB4 (.), n=12-14
samples and PGEz (0) n=16-17 samples in
colon from rats fed with PUFA. The values

are plotted as mean:tSEM, *p<O.OS,
**p<O.OIcompared to control. PGEzlevels:
control:15.02:t2.93;CFO: 15.28:t2.38; SFO:
19.17:t3.57 (Fig.-4).
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LTB 4levels: control: 4.83:t. 74; CFO: l2.86:t
.80; SFO: 13.86:t1.45.

Discussion

It has been suggested that dietary
supplementation with fish oil rich in omega-
3 fatty acids may be of therapeutic value in
inflammatory condition such as ulcerative
colitis6.,o.ll. Previous investigations also
suggested that incorporation of fatty acids in
the intestinal phospholipid membranes is
very rapid and they are likely to affect the
transportsproperties and enzymesactivitiesII-

13. The aim of the present study was to find
the effects of PUFA in colonic secretion in-

vitro. The initial results clearly exhibits that

short circuit current was significantly raised

in SFO and CFO groups. This explains that
PUFA has altered the fluidity of the colonic
epithelium. Studies have shown that fluidity
of colonocytes are increased in rats which
were fed with high percentage of PUFA"-14.
As a result, the membrane becomes more

permeable due to the reduced forces between

/he )jpjo mD)cco)c.s, 11j.5.50ggc.sledmal Na-

K-ATPase activity is increased, following
which Na is pumped out of the colonic
epithelium. Na transport in rabbit colon is
the sole Na-absorptive mechanism which
accounts entirely for the short circuit
current 15. Studies have suggested that
basolateral membrane of distal colonocytes
showed changes in 18:2 and 20: 4 fatty
acidsII. The foregoingstudywas therefore,
seen in changes of short circuit current when
the basolateral surfaces of the rat colon

(pretreated with PUFA) were stimulated by
ECso of BDK ,CCh, PGEz. The present
results showed no marked differencesin short

circuit current. Similarly, CCh and PGEz

December 2()()()

agonists were used to stimulate the

phosphoinositide (IP) and cAMP pathways
respectively in the colonic cells The peak l.sc
changes were the same when stimulated by
all the three agonists. At the moment it is
difficult to explain the intracellular
mechanism involved in the present study. Bul
it is documented that fish qil, stimulates

adenylate cyclase enzyme and
phosphoinositite pathway in tissuesl(,.lx.

Bradykinin (BDK) was used in the present
study as 'classical agonist'. This kinin

initiates phospholipase A2 activation and
generation of prostaglandins withi n
subepitheliumY. These eicosanoids are
responsible for maintaining short circuit
current which is the marker of intestinal

secretion.

Inflammatory cells are documented to

produce PGE} and LTBs when pretreated with
PUFA.The eicosanoids are biologically less
active}.7.It was therefore expected that PUFA

in the rat colon would produce low level or
ejco.5anojds. Bllt radioimmllnoassay te.\J.\

done in the present study showed increased
levels of eicosanoids in contrast to other vi YO
studiesl6.

LTB4 and PGEz were significantly raised in
SFO and CFO groups in the present study.
This particular finding was consistent with
other vivo studiesx. It is possible that cross

reaction between antibodies ofPGE} and LT2'

with PGEz and LTB 4' can interfere in the
actual levels of these eicsanoidsx.

Furthermore, the results of the present data

are generally cosistent with data previously

obtained in CaC02 cell lines which were
cultured with oleic acids and linoleic acids I.
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These essential fatty acids (C 18:2, N-6) are

actually present in SFO group in large
percentage. Therefore it is clear that PUFA
affects the LTB4 in colonic tissues as shown

in the present study and also in isolated
epithelial colonic cell lines as shown in
another study!.

Since previous study has documented that
Eicosapentanoic Acid (EPA) inhibits the

synthesis of arachidonic acids in CaC02 cell
Iines2. It would therefore be interesting to
investigate the interaction of EPA treated cell
lines or tissues with bacterial toxinl3.

The results of in-vivo and in- vitro studies

done previously differed appreciably from
each other. In view of these conflicting
observation; present investigation needs
further research to confirm the effects of

PUFA on cell lines (T84, HT29-19A) and
intestinal tissues for the therapeutic purpose
in diarrhoeal diseases.
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