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CHAPTER 5
Study of the effect of free and microencapsulated fish oil on the omega-3
PUFA content in tissue phospholipid.

5.1. Dietary intervention study

51.1. Aims

This chapter explores the physiological effects bbth free and
microencapsulated fish oil in am vivo model. Diets containing either free tuna
or microencapsulated tuna oil were compared tosdmintaining free or
microencapsulated sunflower oil. These were fedrdts and a series of
physiological endpoints were measured to determwieat effects a diet

containing the free tuna oil and the encapsulaiged bil had in an animal.

It was hypothesised that the microencapsulatiortuof oil would result in
greater omega-3 PUFA content in the phospholipidhef distal colon when
compared to a diet of free tuna oil. A seriesp#csfic aims were carried out in
order to test this hypothesis and specifically stigate any other potential
effects caused by the microencapsulation of tuha oi

The specific aims of this particular study include;

1. To determine any effect of diet on the weight gafiranimals over the 4
week feeding period.

2. To establish both caecal and faecal short chaip &id profiles and pH
values to determine any differential effects oftslien the fermentation

properties in the colon.

3. To establish the long chain fatty acid (LCFA) pledi from a series of
tissue types, including heart, liver, kidney, adipo small intestine,
proximal and distal colon from rats to determing differences in lipid
uptake.
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4. To also measure the long chain fatty acid profilgplasma and faecal

samples.

5.1.2. Experimental rationale

The primary objective of this study was to obsebath the physical and
physiological effects of the experimental dietstlo@ animals. Samples from the
caecum as well as faeces will be analysed for &anges caused by the diet,

while a series of different tissues will also balgeed for the LCFA profile.

The LCFA analysis of tissues in particular is anpamant measure as the
chemopreventative effects of fish oil have beekddhto an increase in omega-3
PUFA content in tissue phospholipid. Essentialypw omega-6/omega-3 ratio
is more desirable in reducing the risk of CRC [2&]ne of the primary reasons
for this is the ability of omega-3 PUFAs to mod@ODX activity and contribute

to the production of less potent 3 series eicosinthiat have anti-inflammatory
and pro-apoptotic properties [136, 194]. Thereftne LCFA analysis of tissues
is an important endpoint providing useful infornoatithat will relate the dose of
tuna oil in the diet and the level of omega-3 ipowation into different types of

tissues.

This chapter also allows us to explore the effaftshe newly formulated
microencapsulated oil product. Following on fromomisingin vitro results
(carried out by FSA) it was decided that the mioaapsulated product would be
tested in the rat-AOM animal model. This novel mencapsulated product has
the ability to convert any chosen oil from its liduiform into a dry powdered
product by enclosing microscopic oil droplets witlain outer casing. As one of
the main objectives of this thesis was to determinish oil regulated host
responses in the colon to AOM, it was decided tiha@ microencapsulated
product containing fish oil also would also be @egal and tested. This would
allow us to not only study the safety and the phiggjical effects of this product

on rats but also allow us to explore its prospasta chemopreventative agent.
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Initial in vitro studies from FSA (unpublished data) demonstrdtatimore than
50% of the encapsulated oil reached the caecumcalwh 9h after being
ingested compared to trace amounts observed wahfrde oil comparison.
These data suggest that this microencapsulated éroil has the ability to
bypass absorption in the small intestine and deltgeoil encapsulant directly to
the colon. Following these preliminary resultswis hypothesised that a diet
containing microencapsulated tuna oil would resuiincreased levels omega-3
PUFAs in the phospholipid of the distal colon wheompared to a diet

containing free tuna oil.

It was also hypothesised that the direct delivdrthe tuna oil to the colon via
the microencapsulated product oil may potentiatepassible regulatory effects
on the acute homeostatic responses to AOM. A ahanthe modulation of any
of these responses as a result of this product eithgr be the result of the
hypothesised increase in colonic omega-3 or byrotheans. This specific
hypothesis pertaining to the possible regulatoryopprties of the

microencapsulated tuna oil products is addressetapter 6.

It was decided that the type of fish used wouldue oil due to its high DHA
content of 26.5%. Studies using fish oil high iRMA [145] and purified DHA
[148] have shown protective effects against tungmmesis and ACF and

therefore, high DHA tuna oil was used in this digtatervention study.

A 15% free tuna oil diet was used as the upper tlose of fish oil based on

previously published works that have shown protectffects at this level [131,
140, 142]. The fat content of this diet, like @maining diets was brought up to
20% total fat with free sunflower oil to ensure @nsistent fat level across all
groups and also to ensure that essential fattyragdirements were met for rats

on a tuna oil diet.

A diet containing 7% microencapsulated tuna oil wB® formulated. This diet
was included based on the hypothesis that the MEyat would deliver 50%
more omega-3 PUFAs to the colon and as a resu#npatly increase the
omega-3 content in the colonic phospholipid. Tfoee it was hoped that this
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7% ME tuna oil diet would have comparable resudtthe higher 15% free tuna
oil diet. A 7% free tuna oil diet was also inclddeas was a 7%

microencapsulated sunflower oil diet for compargseake.

Lower dose diets of 3.5% microencapsulated tuna3did% microencapsulated
sunflower oil and 3.5% free tuna oil were also fiedrats. Furthermore,
microencapsulated diets containing 0.5, 1 and 2%tlu& oil were also trialled.
These lower dose diets were designed in order terdene whether a tuna oil
diet would be effective at a lower dose when fedthrs alternative form.

Furthermore, there was concern that a high dose eirdiet may ‘swamp’ the

colonic phospholipid and the preferential deliveffect from the ME product
would not be observed. As a result animals weldder dose ME tuna oil diets

to overcome this potential problem.

An additional diet was also formulated that incldde5% free tuna oil and 3.5%
of the ME capsule product without the oil. Thissmacluded to determine
whether any differential affects observed in eittiexr phospholipid content or
chemopreventative endpoints by microencapsulatets dvas in fact due to the
delivery of the oil and not simply the result otdrplay between the capsule

material and the tuna oil in the gut.

The range of diets tested and their compositionsbeaseen in detail in section
5.1.3in table 6.
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5.1.3. Study design

28 Day old Sprague Dawley rats were caged in graafpd and housed in
temperature and humidity controlled animal houge with the previous time
course experiment, animals were housed in cagésraiged grid floors in order
to prevent coprophagy and consumption of beddintenads. Rats were also
acclimatised for a period of one week during whiaghe they were fed a

standard rat chow diet.

Rats were then assembled into groups of 12 andgracip was assigned with an
experimental diet. A control diet was formulateabéd on the standard control
diet used previously. Diets were again based fat/@arbohydrate/protein ratio
of 20:50:20%. Experimental diets differed in tlypd of fat (sunflower or tuna
oil) and the form (free or encapsulated) in whithwas added to the diet.
Additionally, animals fed diets containing microapsulated oils were subjected
to the additional carbohydrate/protein componeit the capsule casing was

prepared from.

Cornstarch levels also varied slightly between sdiet As the final
microencapsulated product only contained 25% &itees product was added to
the diets to ensure the specified dose of micrqewdated oil and a total level of
20% fat was achieved. Therefore, to accommodatth&®additional volume of

ME product in the diet, levels of cornstarch weeeréased accordingly.

Free tuna oil was tested at a variety of doseswinicluded 3.5%, 7% and 15%
tuna oil. Sunflower oil was then used in each thdiring the total fat content up
to 20% in line with the control. The same oils &esed in the production of the
encapsulated material. Microencapsulated tunavas tested at a variety of
dosages in the diets including 0.5, 1, 2, 3.5 a¥g While microencapsulated
sunflower oil control groups were tested at 3.5 @@ Finally, a dietary group
was designed that included 3.5% free tuna oil alxd63dry capsule product
containing no oil. A comprehensive list of dietslahe ingredient composition

can be seen table 6
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Table 6: Diet Composition for acute fish oil experiment (g/1009)

Ingredients 20% 3.5% 7% 0.5% 1% 2% 3.5% 7% 35%ME 35% 7% 15%
SO MESO MESO METO METO METO METO METO +TO TO TO TO

Sunflower 20 16.5 13 195 19 18 16.5 13 16.5 16.5 13 5

oil

Free Tuna 3.5 35 7 15

oil

ME (3.5) @)

Sunflower

oil

ME Tuna oil (0.5) Q) 2) (3.5) (@)

ME (3.5)

Capsule

Cornstarch 50 43 36 49 48 46 43 36 43 50 50 50

Cellulose 5 5 5 5 5 5 5 5 5 5 5 5

Casein 20 20 20 20 20 20 20 20 20 20 20 20

Minerals 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 35 35

Vitamins 1 1 1 1 1 1 1 1 1 1 1 1

Methionine 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 03

Choline 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Total 100 100 100 100 100 100 100 100 100 100 100 100

*() denotes ingredient added as element of microencapsulated product.

Diets were made as needed and were stored at -2a€s. were fed fresh diet on
a daily basis were fed and waterasdl libitumfor a period of 4 weeks. Weights

were recorded weekly.

Fresh faecal samples were collected from all rétisr 8 weeks. Samples
collected and were used to measure faecal pH |eS8€IEA profiles and LCFA

profiles.

After 4 weeks on the experimental diets, rats vieseweighed and then given a
single intraperitoneal injection of the colon sghieccarcinogen AOM at a dose
of 10mg/kg body weight in the abdomen. All injects were given as close to

9am as possible to minimise any circadian varighili

Figure 36: Acute dietary study time line

AOM
Start injection Kill
* Pre-feed * W
| | | | |
Wk 1 Wk 2 ,ﬁ Wk 3 Oh 6h
Faecal
collections

Groups of rats were then killed by &sphyxiation and cervical dislocation 6h
post AOM administration. During the final momemts CO, asphyxiation for
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each animal, cardiac puncture was performed toewetra blood sample for
analysis of plasma LCFA. Other tissues required léorg chain fatty acid
profiling were resected, placed in an eppendorétabd immediately frozen in
liquid nitrogen. Tissues collected included tharheleft liver lobe, left kidney,
small intestine, colon and adipose taken from thdomen. All tissues were
stored at -80°C. Contents of the caecum were mswved, weighed and

prepared for SCFA analysis.
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5.14. Results

5.1.4.1. Rat Weights

There were no significant differences in weighthnéiny of the experimental
diets when compared to the 20% sunflower oil cdriet. Animals fed the 20%
sunflower oil control diet had a final mean weighft 298g + 8.79 (SEM).
Though animals fed the higher dose free fish @tsddid weigh slightly more
than their sunflower fed counterparts at 316.413.45 and 322.259g = 7.74
(SEM) (15% and 7% tuna oil) all groups were withid®6 of the control group’s
weight.

5.1.4.2. Caecal short chain fatty acid profile

The caecal contents from each rat were analysethéir short chain fatty acid
profiles. Values for the more predominate fattydacmeasured including
acetate, propionate and butyrate and total SCFAsamvn in table 7 and
graphically displayed in figure 37. Acetate wasgant in the highest quantity,
representing approximately half of the short cHatty acid total in all samples.
Levels of propionate were then closely followedhutyrate. Other fatty acids
measured in trace amounts included isobutyric,akaic, valeric and caproic

acid (data not shown) were not changed.

Free fish oil diets alone had no impact on anyhef SCFA measured when
compared to the sunflower oil control. Similarlgyv dose microencapsulated
diets (0.5 — 3.5%) regardless of the oil used absulted in no significant
changes to the SCFA profiles.

However, changes were noted in the SCFA profileaofmals fed diets
containing the highest dose of 7% ME product withex sunflower or tuna as
the oil encapsulant. The 7% microencapsulated I@uaf oil diet had

significantly higher total caecal SCFA when complaieethe 20% free sunflower
oil control. While both the microencapsulated smwér oil and tuna oil diets
fed at 7% had significantly higher propionate lsvat 23.6 £ 1.0 (SEM) and
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24.4 + 1.2 (SEM) and butyrate levels at 20.1 +(8EM) and 18.0 + 1.1 (SEM)
(figure 38), when compared to the 20% SO contrdltheir free oil equivalents.

Table 7: Caecal SCFA data

Diet Acetate Propionate Butyrate Total SCFA
20% SO 46.8+2.0 17.4+0.8 12.7+0.7 80.1+3.5
3.5% MESO 33.9+2.3 148 +1.1 13.8+1.2 66.2+4.3
7% MESO 52.9+2.6 23.6+1.0% 20.1+1.1%* 99.9 +4.2°
0.5% METO 335+1.9 14.0 £+ 0.7 10.3+0.7 62.1+3.2
1% METO 30.0+15 13.4+1.1 9.8+0.7 56.7 +3.3
2% METO 39.8+2.6 15.1+1.0 10.6 +1.0 68.4+4.3
3.5% METO 28.0+2.2 11.6 +0.8 76+05 50.9+3.7
7% METO 46.8+1.6 24.4 +1.2% 18.0 +1.1% 92.0+3.0
3.5% ME+TO 34.1+2.9 15.7+1.2 11.2+1.0 65.4 + 4.8
3.5% TO 39.2+2.8 14.8+1.0 11.0+1.2 69.9 +4.2
7% TO 445+2.2 17.9+0.7 12.6 +0.8 78.0 £ 3.4
15% TO 38.3+2.0 16.7+1.0 10.7 + 0.8 68.5 + 3.7

All data expressed as means + SEM for 144 rats (n=12).
%p< 0.05 represents means significantly different from 20% SO control group by independent T-

test.

IDp< 0.01 signifies mean significantly different from corresponding free oil group.

Figure 37: Caecal SCFA levels
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All data expressed as means + SEM for 144 rats (n=12).
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Fiaure 38: Caecal Butyrate levels
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All data expressed as means + SEM for 144 rats (n=12). 2 signifies means significantly higher
than 20% SO control group (P< 0.05)

5.1.4.3. Faecal short chain fatty acid profile

The short chain fatty acid profiles were considgrdbwer when measured in
faecal stool samples. Faecal SCFA levels acrossdialiary groups were
approximately halved when compared to levels meassirom the caecum (table
8 and figure 39).

Animals fed the 7% microencapsulated sunflower dddt had significantly

higher levels of acetate, propionate, butyrate tatal SCFA when compared to
the 20% free sunflower oil control. Faecal butgrévels in particular were
notably higher in this group when compared to #fileo animals (figure 40).
This however, was not extended to the 7% microendafed tuna oil group as

was observed in the caecal data.
Levels of other SCFA including isobutyric, isovatervaleric and caproic acid

were also measured in trace amounts, however, grofisant differences or

trends were noted between dietary groups (datahewn).
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Table 8: Faecal SCFA data

Diet Acetate Propionate Butyrate Total SCFA
20% SO 18.4+2.0 7.1+0.7 46+0.5 31.3+3.2
3.5% MESO 13.6+0.8 6.9+0.4 3.2+04 252+1.7
7% MESO 28.3+2.6° 141 +1.1° 12.8 +1.5° 57.0 +4.9°
0.5% METO 11.8+1.4 5.6+0.7 23+0.3 21.5+26
1% METO 103+1.4 52+0.7 2.0+0.2 189+23
2% METO 12.7+15 6.3+0.5 1.9+0.2 23.0x26
3.5% METO 156 +0.9 7.9+0.6 25+0.3 27517
7% METO 142+14 7.9+0.9 51+0.8 28229
3.5% ME+TO 18.3+1.8 10.8+1.0 46+0.5 354+34
3.5% TO 13.4+1.2 7.0+0.7 3.8+05 26.9+27
7% TO 139+1.2 6.0+ 0.6 3.0+£05 242+2.3
15% TO 12.1+1.2 5.3+0.6 24+0.5 20.9+1.9

All data expressed as means + SEM for 144 rats (n=12).
? signifies means significantly higher than 20% SO control group (P< 0.05).

Figure 39: Faecal SCFA levels
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All data expressed as means + SEM for 144 rats (n=12).
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Figure 40: Faecal Butyrate levels
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All data expressed as means + SEM for 144 rats (n=12). ° signifies means significantly higher
than 20% SO control group (P< 0.05)

5.1.4.4. Faecal pH levels

The pH of faecal samples were measured immediafiédy collection and are
shown below in table 9. The free sunflower oil amda oil groups appeared to
have more neutral stools with pH values of 7 amivabhowever no clear trend
was observed with regard to the microencapsulatedugt and it could not be

related to a lowering of faecal pH in a dose-depahdanner.

Table 9: Faecal pH

Diet pH value

20% SO 7.10 £0.03
3.5% MESO 6.68 £ 0.01
7% MESO 6.88 £ 0.01
0.5% METO 6.85 + 0.02
1% METO 6.76 £ 0.00
2% METO 6.48 +0.03
3.5% METO 6.46 +0.01
7% METO 6.96 £ 0.04
3.5% ME+TO 6.63 £ 0.02
3.5% TO 6.78 £ 0.03
7% TO 7.09 £0.03
15% TO 7.22 £0.02

All data expressed as means + SEM for 144 rats (n=12).
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5.1.4.5. L ong chain fatty acid phospholipid profiles

The incorporation of fatty acids into the phosppidlimembrane of tissues was
measured using GLC following the lipid extractiaeparation and methylation
assay as described in 2.6.5.

Following the 4 week feeding period, it was fouhéttdiet did alter the long
chain fatty acid profile of the phospholipid memiweof tissues measured. A
consistent dose-dependant trend was observed adtdgsues with regards to
the dose of tuna oil in the diet and the incorporabf omega-3 fatty acids into

the phospholipid.

Delivery of oil by way of the microencapsulated guot however, resulted in no
significant changes in the uptake of omega-3 PUAsn compared to their

free oil equivalents in any of the tissues measorddr any of the doses tested.

Heart tissue had the greatest ratio change of fattgs out of all samples
measured (table 10). The incorporation of omedaktB-As into the heart
phospholipid came at the expense of saturated ame predominately the
omega-6 PUFAs, while the monounsaturated level imda relatively
unchanged. The LCFA profile of the heart tissuatwWeom a saturated: omega-
6: omega-3 ratio of 43.3:48.3:4.0 on the 20% suvlooil diet to 37.9:28.5:28.7
when fed a 15% tuna oil diet. This effectively opad the omega-6: omega-3
ratio from 12.07 £ 0.4 (SEM) when fed a 20% sun#owil diet to 0.99 = 0.1
(SEM) when fed a diet of 15% tuna oll.

When comparing results of the animals fed freeand encapsulated oil diets it
was shown that diets containing 7% tuna oil didseaa significant change to the
heart phospholipid profile of animals overall. oligh a significantly reduced
omega-6:omega-3 ratio of 1.24 + 0.6 (SEM) and 8% (SEM) was measured
in animals fed the 7% free oil and 7% microencagisdl oil diets respectively, it
was evident that the microencapsulated productndidresult in an increased

omega-3 content in the heart phospholipid.
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The 3.5% tuna oil diets also resulted in a sigaificincrease of omega-3 PUFAs
into the heart membrane of animals, reaching a ardegmega-3 ratio of 1.7 +

0.4 (SEM), 1.8 £ 0.7 (SEM) and 1.8 = 0.9 (SEM) tioe two diets comprised of

3.5% free tuna oil and the 3.5% microencapsulated il, but again levels in

all 3 groups were comparable.

While heart tissue appeared to incorporate thedsigkevels of DHA into the
phospholipid membrane (figure 41), it was noted th&s omega-3 PUFA was
readily incorporated and was close to saturatigeléewhen delivered at a dose
of 15% tuna oil in the diet. This was supportedtlg fact that the 7% tuna oil
diets were reaching approximately 22 — 25% omega:8rporation while the
double dose of 15% tuna oil was only deliveringragpnately a further 3% on
top of this to achieve a total omega-3 phospholgudtent of 28%. While DHA
appeared to be at saturation levels in animalsafeliet high in tuna oil, EPA

levels in the heart phospholipid were minimal.

Incorporation of omega-3 PUFAs into liver phosppmliwas also significant
when animals were fed a diet of tuna oil. Like teart tissue, no clear trend
was observed with regard to the monounsaturatety fatids, but the
saturated:omega6:omega3 ratio of 44.7:48.9:2.5 nimas fed the 20%
sunflower oil diet was significantly changed to &33.2:18.3 in animals fed a
15% tuna oil diet (table 11). That equates to @ger6:0mega-3 ratio change of
19.57 £ 0.5 (SEM) to 1.6 £ 0.6 (SEM). The LCFAIlner phospholipid was
also comparable to the results observed from hesmtie in that the minimal
addition of 0.5% tuna oil to the diet resulted idaubling of DHA levels into the

phospholipid membrane (figure 42).

Total omega-3 incorporation into kidney tissue was as high as observed in
the heart and liver, peaking at a mean of 12.7%3H{8EM) in animals fed the
15% tuna oil diet. However, the EPA: DHA ratio wastably higher in the

kidney (see table 12 and figure 43).
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Heart

Table 10: Fatty acid Profile from phospholipid of heart in rats fed different experimental

diets.

% FA
Diet SFA MUFA né PUFA n3 PUFA
20% SO 43.3+1.0 4.1+0.0 48.3+0.5 4.0+0.4
3.5% MESO 459+0.5 49+0.1 454 +0.5 3.6+0.0
7% MESO 41.4+0.6 4.4+0.2 49.7+0.6 4.4+0.3
0.5% METO 44.7+0.3 4.7+0.0 39.8+0.2° 10.5+0.2°
1% METO 37.0+0.1° 51+0.1% 41.7+0.2° 16.0+0.3°
2% METO 355+0.3° 49+0.1 41.3+0.4° 18.1 +0.6°
3.5% METO 35.1+0.2° 45+0.0 38.9+0.6" 21.4+0.6°
7% METO 38.7+2.0° 42+0.2 32.0+0.6" 229+1.7°
3.5% ME+TO 37.6+1.0° 4.7+0.1 37.4+0.8° 20.1+1.3°
3.5% TO 435+0.5 4.1+0.1 32.9+0.7° 19.3+0.5°
7% TO 38.2+0.8° 4.7+0.3 31.5+1.1° 25.4+0.2°
15% TO 37.9+0.4° 4.7+0.1 28.5+0.4° 28.7+0.3°

All data expressed as means + SEM for 60 rats (n=5).
Percentages calculated from full long chain fatty acid profile.
#p<0.05, b p< 0.01 represents means significantly different from 20% SO control group by Tukey’s

ANOVA.

Figure 41: DHA and EPA levels in Heart phospholipi
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All data expressed as means + SEM for 60 rats (n=5).
EPA and DHA levels calculated from full long chain fatty acid profile.
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Liver

Table 11: Fatty acid Profile from phospholipid of liver in rats fed different experimental
diets.

% FA
Diet SFA MUFA n6 PUFA n3 PUFA
20% SO 44.7 £0.8 3.7+0.1 48.9+0.8 25+0.2
3.5% MESO 55.6 + 0.8 0.9+0.1 41.1+0.8 23+0.1
7% MESO 44.0+0.5 34+0.1 49.6 +0.7 2.8+0.2
0.5% METO 53.1+0.5 0.8+0.0 39.7+0.9 6.2+0.4
1% METO 39.2+0.5 0.0+0.0 51.4+0.6 9.2+0.2°
2% METO 38.8+1.0 1.0+1.0 50.1+0.5 9.8+0.3"
3.5% METO 41.3+0.4 0.0+0.0 46.8+0.4 11.7 +0.b°
7% METO 41.4+1.0 6.8+2.9 38.9+35" 12.7+1.6°
3.5% ME+TO 40.8+7.3 9.1+7.1 39.6 +5.3 10.3+1.8°
3.5% TO 51.2+0.9 2.2+0.8 35.3+0.9° 11.1+0.5°
7% TO 446 +1.2 35+0.1 39.0 +0.8° 12.7+0.2°
15% TO 43.8+0.2 45+0.4 33.2+0.8° 18.3+0.2°

All data expressed as means + SEM for 60 rats (n=5).

Percentages calculated from full long chain fatty acid profile.

#p<0.05, b p< 0.01 represents means significantly different from 20% SO control group by Tukey's
ANOVA.

Figure 42: DHA and EPA levels in Liver phospholipi  d
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All data expressed as means + SEM for 60 rats (n=5).
EPA and DHA levels calculated from full long chain fatty acid profile.
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Kidney

Table 12: Fatty acid Profile from phospholipid of kidney in rats fed different
experimental diets.

% FA
Diet SFA MUFA n6 PUFA n3 PUFA
20% SO 42.3+0.5 7.5+0.0 49.0+0.5 1.1+0.0
3.5% MESO 46.0 £ 0.5 8.2+0.1 44.8+0.6 0.7+0.2
7% MESO 44.8 + 3.4 8.3+0.8 455+ 4.3 1.2+0.0
0.5% METO 445+ 0.4 10.6 +0.1 42.5+0.3 22+0.1
1% METO 37.0+4.7 12.2+0.7 46.8+3.8 3.8+0.2
2% METO 33.1+1.7 12.0+0.4 46.6 £5.0 81+29°
3.5% METO 33.1+25 13.3+0.8 46.4 +3.7 7.0+0.5°
7% METO 38.1+2.6 120+4.1 41.8+22 7.9+0.1°
3.5% ME+TO 31.6 +0.4% 11.4+0.1 50.9+0.1 5.9+0.8°
3.5% TO 454 +0.3 9.6 +0.0 40.2+0.2 45+0.1
7% TO 42.4+0.8 7.2+0.1 425+0.6 7.8+0.4°
15% TO 437 +0.1 7.1+0.1 36.3 +0.5° 12.7+0.3"

All data expressed as means + SEM for 60 rats (n=5).

Percentages calculated from full long chain fatty acid profile.

#p<0.05, b p< 0.01 represents means significantly different from 20% SO control group by Tukey's
ANOVA.

Figure 43: DHA and EPA levels in Kidney phospholip  id
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All data expressed as means + SEM for 60 rats (n=5).
EPA and DHA levels calculated from full long chain fatty acid profile.
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The incorporation of omega-3 PUFA into adiposeugstad greater variation
within groups and though levels still correspondedhe relative doses of tuna
oil in the diets, a significant change in eitheusated, monounsaturated or either

the omega-6 and omega-3 PUFAs was not observdd {takand figure 44).

The long chain fatty acid analysis of the phosgidimembrane of the digestive
tract was of particular interest. Small intestjtable 14 and figure 45), proximal
colon (table 15 and figure 46) and distal coloml@al6 and figure 47) were all
analysed and an obvious dose-response pattermmegé#nd to both total omega-3
and the DHA and EPA fatty acids were observedlithege tissues.

Levels of omega-3 measured in the phospholipid man#g decreased as one
moved down the length of the digestive tract. Shwll intestine recorded the
highest levels of total omega-3 incorporation atpetages of 17.7 + 0.9 (SEM),
10.7 £ 0.2 (SEM) and 9.6 = 0.2 (SEM) for the fré&&®d 7% and 3.5% tuna oil
diets respectively. This was followed by the pmoai colon with figures of 16.4
+ 0.3 (SEM), 10.7 £ 0.1 (SEM) and 4.1 + 0.3 (SElsind then the distal colon
which measured 15.8 £ 0.7, 8.7 £ 0.3 and 3.5 H{8BM). Only the 15% tuna
oil diets in all 3 tissue types reached signifiandth regard to total omega-3

incorporation into the phospholipid.

All three tissues had higher DHA: EPA ratios, wWiRA being detected at a dose
of 3.5% tuna oil in the diet and above. When cammgathe groups containing
equivalent doses of either free or microencapsdlait all samples had very
similar levels of DHA and EPA. The long chain Yathcid profile of the
phospholipid membrane of the small intestine, pr@ti and distal colon of
animals fed the ME product were not different taraais fed a diet containing

the equivalent dose of free oil.
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Adipose Tissue

Table 13: Fatty acid Profile from phospholipid of adipose tissue in rats fed different
experimental diets.

% FA
Diet SFA MUEA n6é PUFA n3 PUFA
20% SO 45.7+15 178+1.0 36.4+13 0.0+0.0
3.5% MESO 41.0+0.4 21.7+0.2 37.2+05 0.0+0.0
7% MESO 47.5+1.3 199+3.1 324+45 0.0+0.0
0.5% METO 429+21 22415 33.8+4.7 0.7+£3.7
1% METO 36.4+4.2 22925 39.4+5.6 1.2+3.9
2% METO 37.8+0.5 26.6+0.5 33.9+0.1 15+0.0
3.5% METO 35.1+0.8 29.4+0.9 33.8+x04 16+0.1
7% METO 36.8+0.9 239+17 329+20 6.2+3.1
3.5% ME+TO 314+438 249+3.2 38.2+54 52+3.6
3.5% TO 34.9+0.3 27.1+0.5 36.8+£0.2 1.0+0.1
7% TO 41.8+29 195+ 3.6 349+0.7 3.7x0.2
15% TO 42.1+1.2 16.0+2.2 35.6+24 6.1+0.8

All data expressed as means + SEM for 60 rats (n=5).

Percentages calculated from full long chain fatty acid profile.

4p< 0.05, b p< 0.01 represents means significantly different from 20% SO control group by Tukey’s
ANOVA.

Figure 44: DHA and EPA levels in Adipose phospholi  pid
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All data expressed as means + SEM for 60 rats (n=5).
EPA and DHA levels calculated from full long chain fatty acid profile.
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Small Intestine

Table 14: Fatty acid Profile from phospholipid of small intestine in rats fed different
experimental diets.

% FA

Diet SFA MUFA né PUFA n3 PUFA
20% SO 57.4+1.6 8.2+0.2 32.4+1.7 1.9+0.1
3.5% MESO 53.3+25 81+1.8 37.2+1.3 1.2+0.1
7% MESO 54.8 +0.9 8.3+0.4 34.8+0.7 1.9+0.0
0.5% METO 47.7+2.7° 122+1.6 33.8+2.3 6.1+3.1
1% METO 36.3+0.8° 12.9+0.3% 456 +0.7° 50+0.2
2% METO 34.7+0.7° 13.0 £0.9° 443 +0.6" 7.9+0.3
3.5% METO 36.2+1.0° 13.0 + 0.4° 41.6+3.8 9.0+1.7%
7% METO 48.4 +2.2° 8.7+0.4 31.6+2.0 10.1 +0.3%
3.5% ME+TO 36.2+1.1° 13.4 +0.4° 40.0+2.0 10.2 +0.3%
3.5% TO 49.1+0.6% 8.3+0.3 32.8+0.5 9.6 +0.2°
7% TO 48.8 +1.4% 8.9+0.3 31.4+1.2 10.7 £0.2°
15% TO 40.6 +1.6% 8.8+0.2 327+1.0 17.7+0.9°

All data expressed as means + SEM for 60 rats (n=5).

Percentages calculated from full long chain fatty acid profile.

#p<0.05, b p< 0.01 represents means significantly different from 20% SO control group by Tukey's
ANOVA.

Figure 45: DHA and EPA levels in Small Intestine p  hospholipid
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All data expressed as means + SEM for 60 rats (n=5).
EPA and DHA levels calculated from full long chain fatty acid profile.
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Proximal Colon

Table 15: Fatty acid Profile from phospholipid of proximal colon in rats fed different
experimental diets.

% FA
Diet SFA MUFA n6 PUFA n3 PUFA
20% SO 50.0 + 1.0 11.9+0.1 36.8+0.9 1.1+0.0
3.5% MESO 50.5 + 8.0 12.6 +4.3 36.5+1.3 02+4.5
7% MESO 475+2.6 13.3+1.3 373+24 1.6+35
0.5% METO 50.3+0.6 14.8+3.5 220+1.1° 0.1+0.1
1% METO 50.4 +0.4 13.3+2.0 20.9+0.1° 04+0.1
2% METO 40.5+5.6 13.7+2.4 27.6+3.8 0.7+0.2
3.5% METO 42.3+4.0 14.4+2.6 24.9+2.0° 45+0.5
7% METO 482 +1.0 12.2+0.3 30.5+0.6 9.0+0.3
3.5% ME+TO 35.1+3.7 18.3+2.6 29.1+2.3 46+0.5
3.5% TO 69.6 +5.1° 8.0+6.7 18.1 +4.0° 41+0.3
7% TO 482 +1.3 6.3+0.7 34.6+0.9 10.7+0.1
15% TO 458 +0.5 12.3+0.1 25.2 +0.3° 16.4 +0.3°

All data expressed as means + SEM for 60 rats (n=5).

Percentages calculated from full long chain fatty acid profile.

4p< 0.05, b p< 0.01 represents means significantly different from 20% SO control group by Tukey’s
ANOVA.

Figure 46: DHA and EPA levels in Proximal Colonic phospholipid
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All data expressed as means + SEM for 60 rats (n=5).
EPA and DHA levels calculated from full long chain fatty acid profile.

LS. Nyskohus, Ph.D. Thesis, 2009 153 of 233



Consequences of the regulation of DNA damage dmef tipst responses by fish oil for colorectal omtesis.

Distal Colon

Table 16: Fatty acid Profile from phospholipid of distal colon in rats fed different
experimental diets.

% FA
Diet SFA MUFA n6 PUFA n3 PUFA
20% SO 52.0+0.8 12.1+0.3 35.3+0.5 0.4+0.2
3.5% MESO 46.1+5.2 16.2 +1.5% 37.1+0.7 05+4.4
7% MESO 51.6+0.7 12.1+0.2 357+0.5 0.4+0.2
0.5% METO 445 +0.5 16.4 +0.4° 36.6+0.3 24+0.1
1% METO 456 +2.0 16.2 +0.9" 315+24 6.4+3.3
2% METO 44.0+1.8 15.9+0.7% 36.2+1.4 3.7+0.2
3.5% METO 42.4+0.5 15.9 +0.4% 36.8+0.5 47+0.2
7% METO 48.4 +0.8 11.9+0.3 31.0+0.7 8.5+0.3
3.5% ME+TO 52.2+3.7 140+1.1 27.2+0.6° 6.4+3.0
3.5% TO 56.4 + 0.6 12.8+0.3 27.1+05" 3.5+0.0
7% TO 47.1+0.8 12.1+0.2 32.0+0.8 8.7+0.3
15% TO 473+ 1.4 12.0+0.1 247 +1.7° 15.8 +0.7°

All data expressed as means + SEM for 60 rats (n=5).

Percentages calculated from full long chain fatty acid profile.

4p< 0.05, b p< 0.01 represents means significantly different from 20% SO control group by Tukey’s
ANOVA.

Figure 47: DHA and EPA levels in Distal Colonic ph  ospholipid
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All data expressed as means + SEM for 60 rats (n=5).
EPA and DHA levels calculated from full long chain fatty acid profile.

LS. Nyskohus, Ph.D. Thesis, 2009 154 of 233



Consequences of the regulation of DNA damage dmef tipst responses by fish oil for colorectal omtesis.

Long chain fatty acid profiles were also completedthe plasma (table 17 and
figure 48) and faecal samples (table 18 and fig@ecollected from each group.
The total omega-3 content in plasma followed a lsinpath to all other tissues
measured, with a clear dose-response pattern emyefigim the data and total
omega-3 content increasing to a percentage off8.6 (SEM) in animals fed a
15% tuna oil diet. Levels of DHA alone correspade total omega-3 in terms
of the dose- response pattern, though only anifealgiets containing 7% and

15% tuna oil had substantial traces of EPA in thiEsma samples.

When analysing the level of omega-3 oils found @&eckes, no clear dose-
response pattern was observed and amounts of DidABRA were inconsistent
when comparing between groups. Though the faegapkes from the 7% and
15% free tuna oil groups still recorded the highlestel of DHA and total

omega-3 PUFA, there was no clear trend observel tvé remaining groups.
Furthermore, the free and microencapsulated greopgaining the equivalent

dose of 7% oil gave differing levels of DHA presensamples.
In all, no significant changes were observed wétard to the level of omega-3

PUFA measured in faeces with regard to either a@dgena oil or the form of

tuna oil used.
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Plasma

Table 17: Fatty acid Profile from phospholipid of plasma in rats fed different
experimental diets.

% FA
Diet SFA MUFA n6 PUFA n3 PUFA
20% SO 29.0+1.1 139+ 1.4 57.0+1.1 0.0 +0.0
3.5% MESO 40.2 +2.8 12.1+1.0 474+2.7 01+0.1
7% MESO 28.0+1.9 145+ 1.4 57.0+2.3 0.3+0.2
0.5% METO 20.8+2.9 17.3+2.0 60.0+ 1.9 1.7+0.3
1% METO 252 +4.2 155+ 1.4 53.4+6.8 57+3.5
2% METO 20.9+2.2 15.3+1.3 60.2+1.2 3.4+0.3
3.5% METO 28.7+4.1 159+1.1 51.6 +3.3 3.7+0.3
7% METO 29.5+2.4 18.6+1.5 43.1+1.4° 8.6 +0.3"
3.5% ME+TO 40.3£3.0 14.7+1.0 409+1.9° 3.9+0.2
3.5% TO 41.4+1.4 14.8+0.9 40.1+0.9° 35+0.2
7% TO 34.6+0.8 141+1.1 41.1+0.9° 10.0 +0.2°
15% TO 33.6+0.6 16.7 +0.9 30.9+1.3° 18.6 + 0.5°

All data expressed as means + SEM for 60 rats (n=5).
Percentages calculated from full long chain fatty acid profile.

4p< 0.05, b p< 0.01 represents means significantly different from 20% SO control group by Tukey’s
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Figure 48: DHA and EPA levels in Plasma
15 B era [ DHA
10+
5_
O_
20% 35% 7% 05% 1% 2% 35% 7% 35% 3.5% 7%TO 15%
SO MESO MESO METO METO METO METO METO ME + TO TO
TO
Diet

All data expressed as means + SEM for 60 rats (n=5).
EPA and DHA levels calculated from full long chain fatty acid profile.
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Faecal matter

Table 18: Fatty acid profile from faecal matter in rats fed different experimental diets.

% FA
Diet SFA MUFA n6 PUFA n3 PUFA
20% SO 64.3 + 3.0 14.3 +0.6 17.8 £1.9 35 +1.1
3.5% MESO 71.1+1.1 13.6 +0.6 12.4+1.0 27+0.7
7% MESO 67.0+1.4 14.3+0.6 15.3+0.9 32+04
0.5% METO 755+2.2 12.1+0.5 10.0 +1.2° 23+1.0
1% METO 729+1.4 12.4+0.9 11.6 +1.0% 2.9+0.4
2% METO 72.8+2.8 114+1.1 12.6 +1.9 3.2+0.3
3.5% METO 73.6+1.5 129+2.0 11.0 £ 0.6° 23+0.5
7% METO 69.9 + 6.3 20.8+6.2 6.5+0.7b 2.7+0.4
3.5% ME+TO 71.3+2.3 142+ 1.4 11.6 +1.0% 27+0.1
3.5% TO 74.0+0.9 125+1.1 10.6 +0.5° 27+0.4
7% TO 76.0+1.6 11.5+15 8.2+0.3° 40+0.1
15% TO 78.3+1.5% 9.1+1.7 7.0+0.6° 54+1.4

All data expressed as means + SEM for 60 rats (n=5).
Percentages calculated from full long chain fatty acid profile.

4p< 0.05, b p< 0.01 represents means significantly different from 20% SO control group by Tukey’s

ANOVA.

Fiaure 49: DHA and EPA levels in Faeces
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All data expressed as means + SEM for 60 rats (n=5).
EPA and DHA levels calculated from full long chain fatty acid profile.
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5.1.4.6. Omega-6: omega-3 ratio

Figure 50 summarises the omega-6:0mega-3 PUFA iragach dietary groups
for all tissue types and samples collected. A d@esponse relationship can be
seen for each tissue with regards to both the l@lwse ME diets and the higher
dose free oil diets. The phospholipid membranethef heart most readily
incorporated omega-3 PUFA in exchange for omegdJ&AR, leading to a
considerable decrease in the omega-6:0mega-3wétioa lower dose tuna oil
diet, while also effectively resulting in an omegfamega-3 of 1:1 ratio in
animals fed 15% tuna oil. Adipose tissue was #astl affected tissue, while the
omega-6: omega-3 ratio in colonic tissue was mifstizd in animals fed a diet

of 7% tuna oil and above.

Figure 50: Polyunsaturated n6/n3 ratio across all diets in all samples measured
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Data expressed as a percentage of n3 (red) and n6 (blue) PUFA for each dietary group (n=5).
Data separated into 9 rows summarising ratio results for each tissue type and sample measured.
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5.1.5. Discussion

This chapter described the effects of the novermeiccapsulated product when
tested in the rat-AOM model. The safety of thisduct was established as no
negative effects, such as weight or hair loss, wbserved in animals fed a diet

of either the microencapsulated sunflower or tuha o

The microencapsulated oil did not have any substagffects on the short chain
fatty acid profile when consumed in the diet aéwel of 3.5% or lower. A diet

containing 7% microencapsulated oil however, didehan affect on the SCFA
profile of both the caecum and faeces. Butyratel$ein particular increased
significantly in these animals. It was hypothegdisieat the outer capsule of this
ME product, which was designed from a specific @rotand carbohydrate
complex, was the dietary component that was méstylito be contributing to

this butyrate increase.

Carbohydrates such as resistant starch are knownflteence fermentation

variables in the colon and increase butyrate lef@&$] and butyrate promotes
colonocyte health and has pro-apoptotic propefiiés 195, 196]. This result is
therefore an important detail to consider wheningsthe chemoprevention
properties of the encapsulated product. If modudadf apoptosis or other acute
endpoints is observed, the effect of butyrate aa thsponse will have to be

considered as well as the products direct delicapabilities.

Increases in levels of branched-chain fatty adB{SHAs) such as isobutyric and
isovaleric acids are indicative of an increasernotgin fermentation [197]. As
no changes were observed in the trace amountesé tharticular BCFAs, it can
be implied that the microencapsulated product didsignificantly alter the rates

of protein fermentation in the caecum or colon.
The primary reason for testing this microencapsdlairoduct was to determine

if the in vitro results showing direct delivery of oil to the aol@ould be
replicated in ann vivo model. Following the analysis of the long chaittyfa
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acid profiles it was apparent that microencapsdlatea oil did not increase the
omega-3 PUFA content in the phospholipid of anthefkey tissues tested.

It was initially hypothesised that a potential ®&se in omega-3 would
preferentially occur in the distal colon as a resiltuna oil being delivered
directly to the colonic epithelium via the ME pradu This hypothesis was not
supported as the LCFA profile of the colonic phadjgid were comparable in
groups fed either free or microencapsulated tuha 6et the concept of direct
delivery to the colon using the ME product can yeitbe dismissed.

It was decided that the LCFA profiles would be meead in order to
demonstrate any differential effects of deliveryuptake of omega-3 caused by
the ME product. However, analysing these profdfter 4 weeks of feeding may
have masked the potential of the microencapsulatediuct to deliver oll
directly to the colon. It is possible that in theveek feeding time frame, lipid
levels may have been equilibrated throughout thedykssues of the animals.
This may have effectively masked any differencalatvery between the two

different forms of dietary oil.

The only way to avoid this issue is to perform argdr feeding experiment or
carry out a timed experiment that measures thaselef oilin vivo throughout
the digestive tract. Nevertheless, even if thegpeements support the
suggestion of direct oil delivery to colon one aarestion the effectiveness of
this product if within a short period of time lipigvels simply equilibrate
throughout the body.

Regardless of this products ability to alter theggholipid membrane it is still
possible that microencapsulated tuna oil still nieawe protective properties
against the initiation of carcinogenesis. It issgble that such effects occur
through mechanisms other than an influence on teenlmnane phospholipid.
Therefore, the effect of encapsulating fish oiltbe acute host responses to a

genotoxin will still be explored in chapter 6.
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Regardless of the effect of microencapsulationimtl |profiles, a clear dose-
response pattern was observed in all tissues neghsiirwas clearly evident that
an increase in tuna oil in the diet correspondedrntaoncrease of total omega-3
levels in the phospholipid membrane of tissues @rd in the individual DHA

and EPA fatty acids. This relationship was obsgrie all samples with the

exception of the faecal samples.

It is possible that this relationship is not asdewit in faecal matter, however,
given the strong relationship shown in all othengkes, it is also likely that the
process of faecal collection may have altered tesulThough fresh faecal
samples were collected and frozen as quickly asilples there is a chance that
lipids in these samples in particular may have badnected to the process of
oxidation. In addition, it is also possible thaetmethod of extracting and
analysing the lipid content of faecal matter may mere difficult when

compared to tissues. As a result this protocol rhaye to be refined

accordingly.

Other general observations made with regard tdissae type and the readiness
in which they incorporated omega-3 PUFAs showedtti@heart was the organ
that incorporated the highest levels of both DHA &PA. This was followed
by the liver and digestive organs including the lsrdestine, proximal and
distal colon. While relatively lower amounts of ega-3 PUFAs were in
incorporated into kidney tissue, this organ wagpartticular interest in that the
EPA levels were almost equivalent to the tissued\Dd¥els. This suggests that
the conversion rate from EPA to DHA is not as &t in the kidney when

compared to other organs.
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