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CHAPTER 6

Study of the regulatory effects on acute apoptosis, cell proliferation and
colonic O°medG by dietary fish oil

6.1. Dietary intervention study

6.1.1. Aims

The following study explores the potential chemwpreative properties of the
experimental diets outlined in chapter 5. Dietstaming free and encapsulated
tuna oil were tested for their ability to regulateariety of acute endpoints in the
rat AOM model. These endpoints are indicativeabrectal cancer initiation in
the colon and include the measuremen®¥hedG adduct formation, apoptosis
and cell proliferation.

The aim of this particular study is as follows;

1. To measure the effect of free tuna oil and encapsdltuna oil at a
variety of doses in the diet on the acute apoptotisponse, cell
proliferation rates and th@®medG DNA damage load in the distal colon

of rat.

2. To determine whether free tuna oil or encapsulaied oil regulate any
of these acute host responses in the rat- AOM mindgliggest possible
protective properties against the early initiatistages of colorectal

oncogenesis.

6.1.2. Experimental Rationale

This chapter explores questions that are centrtilisothesis. It brings together
the concept of using both fish oil and the micragsulated fish oil product as
dietary regulators of the acute responses to AOth ss50°medG and apoptosis.

Therefore, not only is the concept of using fishagi a chemopreventative agent
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explored, but the mechanism of this potential mite effect is also

investigated.

The modulation of both the acute apoptotic resp@mO°’medG formation is
recognised as having an affect on the eventuallolewent of colorectal cancer.
The time course experiment in chapter 4 of thisithhas demonstrated that the
formation of O°medG DNA damage and the acute apoptotic resporele e

after an insult of carcinogen.

If the O°medG load is decreased or the apoptotic responsehianced at this
time, the overall level of damage that contributesnutational events and then
potential cancer initiation can be significanthdueed (figure 51). Therefore,
any dietary agent that achieves this type of mdutiuiacan be considered to have

protective properties against the early initiatstages of carcinogenesis.

Figure 51: Modulation of AARGC and O°medG contributing to a reduction in CRC
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The incidence of CRC in the rat can be effectively reduced by agents that either decrease the
formation of 0°medG DNA damage or increase the AARGC

Though various long term cancer studies have idghat a diet containing fish
oil does have protective properties against cotafecancer as described in
1.4.5.2, studies carried out using ianvivo model and measuring such acute

responses to a carcinogen are minimal.

A lone study by Honget al. suggests that a diet of 15% fish oil is protextiv
against colonic tumourigenesis as a result of loatheasing the AARGC in the
top third of the colonic crypt and reducing B&medG load following an AOM
insult [69].
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This thesis chapter aims to provide further evigefur or against this idea by
testing a range of tuna oil diets and microencated| tuna oil diets on these

same acute endpoints.

AARGC, cell proliferation and0®medG data were all gathered using small
sections of the distal colon taken from experimemt@imals as outlined in
chapter 5. Hence, the reason for choosing theifgpdetary regime of each

group is explained in 5.1.2.

We hypothesised that a tuna oil diet high in om@&datty acids would reduce
the O°medG level in the distal colon of rats and incretieapoptotic rate. |f
this were to be the case, this would support thea idhat the reported
chemopreventative effect of fish oil may be theulesf its early modulation of
O°medG DNA damage and removal in the colon. Furtbeemthe range of fish
oil doses being trialled would allow us to takesthivestigation to another level
and hopefully allow us to establish an optimal fshdosage that corresponds to
any maximal protective effects observed.

Initially it was also hypothesised that any possiptotective effect observed in
the fish oil groups may be enhanced in groups iedticroencapsulated fish oil
product. This thought initially evolved from thggdothesis that the ME product
may deliver fish oil directly to the colon and irese the omega-3 content in the
phospholipid of the colon. Though this theory waé$ supported, as shown in
5.1.4.5, these acute endpoints were still measumethese groups fed the
microencapsulated tuna oil product as modulatiothese responses are still

feasible through other unforseen mechanisms.

The effect of fish oil on the repair protein, MGMWas also of interest. As any
measured increase of this enzyme level could alsaetated to a possible
protective effect against CRC. However, this asiglyvas not possible with the
available tissues. All tissue samples collectedhfthe dietary intervention study
were taken 6h post AOM administration. Data sutggtgt the MGMT enzyme
is completely depleted in rat tissues followingiasult of an alkylating agent,

only appearing once again in tissues after 48h p@ administration (see
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section 1.3.3.2). This was confirmed by analy$iitGMT enzyme using a 32P
mitrotitre oligonucleotide assay on colonic samgtesn rats killed 6h after the
AOM insult (performed by PICR). No traces of theGMT enzyme were
detected in any samples tested and hence, analyis repair protein was not
included among the endpoints.

6.1.3. Study Design

This study used tissues collected from the die¢mgapsulation study, therefore,
for detailed experimental conditions, diet and pcot please refer to 5.1.3. A
small section of distal colon from each animal wamoved at the time of Kill.
These tissue samples were immediately fixed in 1b@ffered formalin
overnight, processed through an ethanol and xyjeaeient and then embedded
in paraffin. Tissue sections were cut using a atame at a thickness ofuh
and stained with the appropriate protocol for thalgsis of either apoptosis, cell

proliferation orO°’medG DNA adduct formation.
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6.1.4. Results

6.1.4.1. Dietary effect on apoptosis

No clear trend was observed between the experitngmaps and there were no
significant differences found for any group whemmgared to the 20% SO
control which measured an apoptotic count of 2.90.%9 (SEM) as shown
below in figure 52. The highest apoptotic count3#® + 0.36 (SEM) was

measured in the 7% TO group and this was closdligwed by the 7% METO,

2% METO and the 1% METO groups at 3.84 + 0.47, 38430 and 3.74 £ 0.33
(SEM) respectively. The lowest count measured 2vaé + 0.20 (SEM) in the
3.5% METO group. Inconsistencies in the apoptobants between groups
suggest that the experimental diets, containindieeitfish oil alone or

microencapsulated fish oil did not have any impawtthe total number of
apoptotic cells per crypt in response to the AOBuIh

Figure 52: Number of apoptotic cells per crypt

# Apoptotic cells per crypt

20% 35% 7% 05% 1% 2% 35% 7% 35% 3.5% 7% TO 15%
SO MESOMESO METO METO METO METO METO ME & TO TO
TO

Diet
No significant differences were found between any of the dietary groups when compared to the
20% SO control group. Data are means = SEM for 144 rats (n=12 rats per group).
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6.1.4.2. Dietary effect on crypt celularity and the apoptotic index

No trends or significant differences were observedrypt cellularity between
groups (figure 53). Counts from all groups feltiwim a close range of 34.1 and
35.4 cells per crypt. As a result the apoptotaei (% apoptotic cells per crypt)
for all groups were comparable to the number ofpsgia cells counted in each
crypt (figure 54).

Figure 53: Crypt cellularity
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20% 35% 7% 05% 1% 2% 35% 7% 3.5% 3.5% 7% TO 15%
SO MESOMESO METO METO METO METO METO ME & TO TO
TO

Diet
No significant differences were found between groups. Data are means = SEM for 144 rats (n=12
rats per group).

Figure 54: Apoptotic Index

Mean Apoptotic index (%)

20% 35% 7% 05% 1% 2% 35% 7% 3.5% 3.5% 7% TO 15%
SO MESOMESO METO METO METO METO METO ME & TO TO
TO

Diet
No significant differences were found between groups. Data are means + SEM for 144 rats (n=12
rats per group).

LS. Nyskohus, Ph.D. Thesis, 2009 167 of 233



Consequences of the regulation of DNA damage amet dtost responses by fish oil for colorectal orcasgis.

6.1.4.3. Dietary effect on cell proliferation and the proliferative index

Cell proliferation rates were measured using ki-@he control 20% SO group
had 5.67 + 0.36 (SEM) or 17.04% of actively pralifieng cells per crypt.
Again, no trend or significant differences were effved between groups when
compared to the control as shown below in figure(fidmber of proliferating
cells per crypt) and figure 55 (percentage of pedditing cells per crypt).

Figure 55: Number of proliferating cells per crypt

# Proliferating cells per crypt

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

No significant differences were found between grola'pest. Data are means + SEM for 144 rats (n=12
rats per group).

Figure 56: Cell proliferative index
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Mean cell proliferation index (%)

20% 35% 7% 05% 1% 2% 35% 7% 35% 3.5% 7% TO 15%
SO MESOMESO METO METO METO METO METO ME & TO TO
TO

S . Diet
No significant differences were found between groups. Data are means = SEM for 144 rats (n=12
rats per group).
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6.1.4.4. Dietary effect on 0°medG DNA adduct

The sunflower oil control diets regardless of dosdorm all measured similar
levels of theD’medG DNA adduct, being 12.93 + 1.1, 13.05 + 2.1 Hod + 1.0
(SEM) for 20% SO, 3.5% MESO and 7% MESO respedtiveAll remaining
groups fed on the various fish oil diets had lowerels of O°medG than all

sunflower oil controls.

There was no dose-response relationship or signifidifferences observed with
regard to the lower dose microencapsulated fisigroiips ranging from 0.5% to
3.5% tuna oil. The 3.5% TO group and its equival®&b% METO and 3.5%

ME & TO groups were similar in adduct load measyidi.59 + 1.1, 11.16 + 2.3
and 9.95 + 1.9 (SEM). The 7% TO group also hadmparable level at 10.04 +
1.0 (SEM).

The 7% METO and the 15% TO diets recorded signitigalower levels
(p=0.01 and p=0.003) @°medG damage in the colonic epithelium at 7.39 + 1.0
and 5.92 + 1.2 (SEM) (see figure 57).

Figure 57: Total O°medG adduct load over 48h
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20% 35% 7% 05% 1% 2% 35% 7% 3.5% 3.5% 7% TO 15%
SO MESOMESO METO METO METO METO METO ME & TO TO
TO

Diet
The 7% encapsulated fish oil and 15% fish oil groups had significantly reduced 0°medG adduct
loads in the distal colon when compared to the 20% sunflower oil control diet * p<0.01 (ANOVA,
Tukey). Data are means + SEM for 144 rats (n=12 rats per group).
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6.1.4.5. Dietary effects on the distribution of apoptosis, cdl
proliferation and O°’medG throughout the colonic crypts.

As in section 4.1.4.9, the distribution of the mead host responses for each
dietary group was analysed along the length ottlpt. This data is
summarised in the following three graphs for themptic response, the cell
proliferation rate and the averaGémedG load in each of the lower, middle and

upper crypt thirds.

As shown in chapter 4, the apoptotic response piiynaccurred to epithelial
cells in the lower third of the colonic crypts (fig 58). The change in total
apoptosis rates, while not significant, did seemeftect a change in the rate of
apoptosis in the lower third of the crypt as opjlosethe other two zones.
While no notable difference was observed betweerigtary groups with
respect to the distribution of the number of peatiting cells along the crypt
length (figure 59).

The general pattern @°medG levels in the three compartments, as shown in
figure 60, is similar for each dietary group, wmedG levels decreasing from
the lower to the upper compartments. This grapb shows us that 7% METO
and the 15% TO groups which had a significantlydototalO°medG loads,
were lower than all other groups in both the loaed middle compartments,

with no obvious change being observed in the uppgat compartment.
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Figure 58:; Effect of diet on the apoptotic respons e by crypt compartment
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This graph displays the mean number of apoptotic cells per crypt for each of the 3 compartments
of a colonic crypt for each dietary group. ‘Lower’ represents the mean count for cell positions 1-
12, ‘middle’ represents the mean count for cell positions 13-24 and ‘upper’ represents the mean
count for cell positions 25-37.

Figure 59: Effect of diet on cell proliferation ov  er time by crypt compartment
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The graph above displays the mean number of proliferating cells per crypt for each of the 3
compartments of a colonic crypt for each dietary group. ‘Lower’ represents the mean count for
cell positions 1-12, ‘middle’ represents the mean count for cell positions 13-24 and ‘upper’
represents the mean count for cell positions 25-37.
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Figure 60: Effect of dieton O°medG load over time by crypt compartment
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The graph above displays the mean 0°medG load per crypt for each of the 3 compartments of a
colonic crypt for each dietary group. ‘Lower’ represents the mean count for cell positions 1-12,
‘middle’ represents the mean count for cell positions 13-24 and ‘upper’ represents the mean count
for cell positions 25-37.
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6.1.5. Discussion

This particular study was designed to; 1) inveséighe affects of tuna oil on

early biomarkers of cancer initiation and 2) inigste the affects of

microencapsulated tuna oil on early biomarkersasfcer initiation. This was

completed by measuring the AARGO®medG load and cell proliferation rates
in the rat-AOM model.

A study carried out by Hongt al has previously shown modulation of these
biomarkers using a high fish oil diet [69]. Givémis information and the
reported anti-tumourigenesis properties that fighhas, we hypothesised that
tuna oil in the diet will reduce th@®medG load and increase apoptosis in the

colon.

The modulation of apoptosis by fish oil was notmaped by our findings. Fish
oil either free or encapsulated in the diet didinotease the number of apoptotic
cells in the colon. Additionally, no clear trencdasvnoted with regard to the

different doses of fish oil and the level of apganeasured.

The modulation of0°medG was supported however by a high fish oil diet.
Animals fed a 15% tuna oil diet had significantigwer levels of colonic
O°medG across both the lower and middle compartmehtbe crypts. The
mechanism by which tuna oil helps to reduce col@fimedG remains unclear,
though one would suggest as a result of the digtdb data that the mechanism

appears to be affecting cells within the bottom thiods of the colonic crypt.

A number of mechanisms may be attributed to thisbitory effect ofO°medG
by tuna oil. Firstly, it is possible that the lawlevels of O°medG in colonic
cells are the result of the repair of damage viaMAGor the removal via
apoptosis in particular. However, the fact thétei total apoptosis or apoptosis
in the lower third of the crypt did not increaser@sponse to the addition of tuna
oil in the diet suggests that the reduction08medG as a result of apoptosis is
unlikely.
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It is possible however, that the reduction@fmedG as seen in animals fed the
high fish oil diets may be in part due to an inse¢he cells capacity to repair
this type of damage. The role of the MGMT repaiotgin is to specifically
remove theOPmedG lesion from double stranded DNA. As one MGMT
molecule can only remove only o@medG lesion, the level @°medG repair

is dependent on the amount of MGMT present in celfssh oil may enhance
levels of this enzyme in colonic epithelial celielaherefore the cellular capacity
to repair O°’medG may be increased which in turn leads to ardesel of
damage.

Studies show that MGMT levels are depleted follayvan insult of alkylating
agent. Our pilot investigations also showed th&NT levels in colonic tissue
6h post AOM were not detectabable, therefore, rgymir endpoint could not be
measured on the available samples. However, thssilplty of MGMT
modulation by fish oil is still feasible. Thereéorthe study of the effect of a high
dose fish oil diet on MGMT levels is recommendékchis can be accomplished
by either measuring MGMT levels prior to an insofitcarcinogen or at a later

time point when cellular MGMT levels have recovered

It is also possible that the higher incorporatidnomega-3s into membrane
phospholipids resulting from a high tuna oil dietuld simply promote the
formation of more favourable omega-3 derived einogds that promote bowel
health (as discussed in 5.1.4.5). The uptake oégas8 PUFAs into the
phospholipid membrane may also have an affect ate wariety of enzymes,
transcriptions factors or genes that may help p@tEen this reduction of
O°medG.

Alternatively, if one is to question the effectmhega-3 on the general workings
of the cell, the question also must be asked ofpthtential interplay between
omega-3 PUFAs and the AOM carcinogen used in tloudeh It is possible that
the increase in omega-3 PUFAs in tissues can asge hn effect on a range of
other enzymes and these may include those respeisitihe metabolism of the
carcinogen used to induce the DNA damage in thenbeg. This area is
explored further in section 6.2.
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Animals fed the 7% microencapsulated tuna oil diete the only other group to
have significantly lower levels of coloni®®medG. This reduction in total
O°medG levels was not seen in the 7% free tuna olgr One may presume
then, that in this case, the tuna oil when encapsdlis more beneficial in
reducing the level of acute DNA damage in the colon

The reason as to why the microencapsulated oVelslimore promising results
Is unclear. Long chain fatty acid analysis ofteues in both the 7% free and
encapsulated tuna oil groups shows that the omelgaeds were equivalent
across all samples measured. Therefore, an omegHe®t on tissue

phospholipid is not likely to be the reason forsthiifferential effect between

groups.

It may be the case that the method of encapsul#ting oil is in fact reducing
the total level of colonic damage through meangrmthan its potential mode of
direct delivery to the colon. As a significant iease in caecal butyrate levels
were observed with this group it is feasible tha teduction if0°medG may
have been the result of a synergistic effect ohhibie 7% tuna oil and the

butyrate enhancing outer capsule.

Ideally, the separation of oil and capsule in thet ds done in the 3.5% group
would have been of great use if carried out atseds 7%. If this was the case,
an insight may have been gained into what mechamsam have contributed to
this result; the delivery of the oil or simply thbembination of the dietary oil and

capsule components?

Following on from this, it could also be assumedttAn increase in apoptosis
should also be seen animals fed this 7% microentatesl diet. Butyrate is
more predominately recognised for its pro-apoptqtialities [77] and therefore,
if levels were significantly high enough to contrib to the reduction of colonic
O°medG, in theory the number of apoptotic cells pgptcshould have also
increased. This is supported ioyvitro studies that show that a combination of
both DHA and purified sodium butyrate potentiates thpoptotic effect in cells

[119, 150]. However, significant changes were observed in any of the
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encapsulated tuna oil groups with regard to apoptesd therefore this

synergistic effect was not supported by our finding
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6.2. N7meG study

6.2.1. Aims

The objective of the following additional study wasdetermine whether a diet
high in omega-3 PUFAs can influence the metabokidnrAOM in thein vivo
model of colorectal carcinogenesis. While it wagdthesised that omega-3
PUFAs would not interfere with the metabolism of MOn the rat, this study
was needed in order to help determine whether ¢dection inO°medG, as
observed in animals fed the high dose tuna oil dies a true and direct effect of
the experimental diet and not the result of anyadjeinterference with the rat-
AOM model itself.

The specific aims of this particular study include;

1. To measure the N7meG DNA adduct load in the distédn of AOM
injected rats fed a control diet and compare thed¢/meG levels in rats
fed a 15% tuna oil diet.

2. To then relate levels of N7meG DNA damage to leo&l®°medG DNA
damage and establish whether a diet high in tuhanay affect the

metabolism of AOMn vivo.

6.2.2. Experimental Rationale

Data from the previous acute dietary interventitndg showed that a diet
containing either 7% microencapsulated tuna oill 5% free tuna oil, can lower
the totalO’medG DNA adduct load in the distal colon of ratss the amount of
acuteO’medG damage in the colon has been shown to beaiidioof eventual
tumour formation [62, 66], these findings imply thegh dose tuna oil may also

have chemopreventative properties against the fiwmmaf CRC.

While this mechanism by which omega-3 PUFAs acethuce thed’medG load
still remains unclear, it is important to validater findings as a direct effect of
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omega-3 or0®medG formation rather than a potential indirecefifgrence on

the metabolism of the carcinogen used.

The majority of chemical carcinogens must be mdisdd by a family of P450
enzymes to reactive electrophiles in order to resth DNA and initiate a
carcinogenic response. Therefore, the relativeusmsoof these enzymes play an
important role in determining the potency of a gawvgen [198]. It has been
shown that the uptake of omega-3 PUFAs into livesue as a result of
consuming fish oil influences these types of dragvating enzymes in rats.
Yao and colleagues [199] demonstrated the inlpigdfects of both EPA and
DHA on a series of CYP enzymes involved in drug abetism, including
CYP1A2, 2C9, 2C19, 2D6, 2E1 and 3A4.

Of particular interest is cytochrome P450 2E1, otliee known as
chloroxanzone 6-hyroxylation. This CYP enzyme bagn shown to play a
significant role in the metabolism of AOM by catsiyg the oxidative
conversion of AOM into the ultimate chemical caogen in both the liver and

colon of rats [157].

The importance of this enzyme in the process of A@fivation and its ability
to affect the workings of the rat-AOM model hasrbsapported by work carried
out by Sohn and colleagues [200]. Using a CYP2#lmice model, AOM was
administered to these null mice and a wild typetimdrgroup. Results clearly
verified that a CYP2E1 deficiency can affect thévation of AOM in rats as
reflected in the significant reduction of acutearot O°medG by 87% and also
long term ACF formation by 70% in the CYP2EL nullcen Additionally,
agents deemed to have chemopreventative propeties as disulfiram have
since been identified as inhibitors of CYP2E1 [201]

Knowing that omega-3 PUFAs may have an inhibitdifge on CYP2E1 and
that the inhibition of this enzyme can result ire tinterference of AOM
metabolism, it is then important to ask the questioWas the reduction of
O°medG observed in animals fed 15% tuna oil the tesfuin inhibitory effect
on the metabolism the carcinogen AOM?
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To test this, it was decided that another DNA adddamown as N7meG, which is
also formed as a result of AOM administration wobkl measured in the liver

tissue of selected rats from the previous dietatgrvention study.

N7meG is an alkylating DNA adduct which is formesl aresult of a methyl
group attaching to the nitrogen at position 7 irgwanosine base in DNA.
N7meG is the most readily formed adduct when DNAsidjected to an
alkylating agent however, unlikeD’medG, the N7meG adduct has no
carcinogenic or mutational properties [54]. Italso repaired at an extremely
low rate and it can therefore, be a good indicatiothe approximate tissue

exposure to a carcinogenic insult, in this caseA@&! insult.

As a result, liver N7meG levels from selected dietgroups were analysed.
With this information, it can then be establishetiether the metabolism of
AOM in the rat model is inhibited by the additiohanega-3 in the diet. And
furthermore, whether the reduction ©®medG DNA damage as observed in the
15% tuna oil diet is in fact an accurate chemopn&atere effect and not simply a

product of an altered AOM metabolism.

6.2.3. Study Design

The N7meG levels of 3 groups were analysed. Fjraticontrol group fed the
standard 20% sunflower diet and administered watime was tested to establish
a baseline level of N7meG in the tissue of untikatds. N7meG levels were
then measured in rats administered with 10mg/kg. lA®M and fed the

standard 20% sunflower oil control diet and als®1B% tuna oil diet.

The liver tissue from 4 randomly selected rats freach group were prepared
and assayed for N7meG levels using an immunoslo#dsay at PICR. It was
decided that liver tissue would be analysed, asgh@ degree of local activation
of AOM is believed to occur in colonic epitheliaklks, the liver contains

significant amounts of CYP 2E1 and is the primaiyam at which the oxidation

of AOM occurs [202].
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6.2.4. Results

6.2.4.1. N7meG DNA adduct levels

Control animals that were administered a salinecteid recorded baseline levels
of 0.46 =+ 0.1 (SEM) of the N7 DNA adduct as showrfigure 58 and table 19.
Animals injected with 10mg/kg b.w. AOM and on th&22 control sunflower oil
diet had the highest level of N7meG formation ie flver at 334.21 + 21.8
(SEM). While rats fed the 15% tuna oil diet hagn#icantly lower (p=0.003)
N7meG formation in DNA at 157.72 + 30.0 (SEM).

Fiaure 61: N7meG levels in Liver DNA
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All data expressed as means + SEM for n=4 rats. The 15% fish oil group had significantly lower
levels of N7meG in the liver when compared to the control group (p=0.003).

Table 19: N7meG Levels in Liver DNA

Diet Treatment N7/ug DNA n
Control Saline 0.46 £0.1 4
Control AOM 334.21+21.8 4
15% Tuna oil AOM 157.72 £30.0 4

Experimental summary for each group including diet, treatment, mean N7meG level and rat
number. N7 data expressed as means + SEM for n=4 rats.
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6.2.5. Discussion

As previously shown, animals fed a diet contairiibbo tuna oil had
significantly reduce®’medG levels in the colon. The purpose of this timlukl
study was to determine whether this result may teen influenced by an
impaired AOM metabolism caused by a diet high iregat3 PUFAs.

Using the N7meG as a biomarker of AOM activatitiis DNA adduct was
measured in the liver tissue of animals on botbrdrol diet and a 15% tuna oll
diet. A significant reduction of N7medG levels w@bserved in the liver tissue
of animals fed a 15% tuna oil diet.

If one accepts the N7medG adduct as an accuratenwarthe quantity of AOM
that has been catalysed into the final active nagen, these findings suggest
that animals fed a diet of 15% tuna oil were ndifjscted to the same dose of
carcinogen as animals which were fed a control diébreover, it can then be
implied that a diet high in omega-3 PUFA interfeneth the metabolism of
AOM. This interference may possibly occur as altesf the inhibition of the
enzyme CYP 450 2E1 [199].

With this said, thé©°medG data from the various tuna oil fed groups rthest
be cautiously interpreted. An accurate comparizstween the endpoints
measured in these groups can not necessarily be ifntheg exact dose of final

carcinogen delivered to each animal was interfenglal and therefore unknown.

The different N7meG levels in both the tuna oil @odtrol groups imply an
altered AOM metabolism. Yet it is important to enstand that further work is
needed to confirm these results and an array dilpiises have yet to be
examined. It has been established that AOM is gmilsnmetabolised in the liver
[158]. However, analysing the N7meG load in thimeiz tissue of these
animals would also be of great value. Especialtgmvconsidering that the
endpoints measured in this study pertain to an At specifically on

colonic tissue.
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Not only can colonic tissue be analysed for N7mexels, but tissue samples
from the various tuna oil fed animals could als@abealysed. If a dose-response
relationship was found between the N7meG valuedtamdmount of omega-3
in the diet or alternatively in the tissue phosghidimembrane, support for the
idea that omega-3 PUFAs do affect AOM metabolismlmastrengthened.

However if one was to accept the idea that the NI heeels represent the
amount of carcinogen metabolised, one pertinensteqpreremains. Why then,
was this effect not also represented in the apapdata?

While no information could be found regarding tliieet of different doses of
carcinogen on the AARGC response, one may assuahé thlower level of
carcinogen was metabolised in the high dose turfadgroups, then the
apoptosis rates in these groups may also be lowewever, this was not the
case, with the number of apoptotic cells per chgihg similar in both the 20%
sunflower oil control group and the 15% tuna oduyp (as shown in 6.1.4.1).
An extended study observing the effects of diffedoses of AOM on the
AARGC may be helpful in exploring this issue funthe

It may also be the case that a diet high in omeB&BAs simply enhances the
function or metabolism of repair proteins spedifidN7meG. It is accepted that
the N7meG lesions repair capability is minimal anttemely slow in tissues
[54]. However, it is possible that a diet contaga high dose of fish oil may
activate or induce repair enzymes to such an exttabthe lower N7meG level

is not indicative of AOM metabolism but rather acreased repair capacity.

This experiment still poses a number of questios@erhaps the method best
suited to investigate this further involves the sweament of the AOM
activating enzymes themselves. By assaying theZEYRenzyme in both the
liver and colon of rats, one does no have to relynéerred information and any
influence of omega-3 PUFAs on the metabolism of A€ be analysed. The
measurement of CYP2E1 by immunoassay has beeropsdyioutlined [203]
and conducting this assay on the samples gendratadhis dietary intervention

study would be my primary recommendation for takimg hypothesis further.
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