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ABSTRACT

Conjugated linoleic acids are naturally occurring fatty acids that are found predominantly in
ruminant meat, milk and dairy products. They are composed mainly of two isomers: cis-9, trans-11
and trans-10, cis-12 fatty acid. Their synthesis occurs mainly by the action of ruminal bacteria,
Butyrivibrio Fibrisolvens, and a host of lactic acid bacteria, which isomerize linoleic acid to CLA
or by synthesis via 09-desaturase of 11-trans octadecanoic acid, and, through desaturation of free
linoleic acid or other unsaturated fatty acids. Although cis-9, trans-11 and trans-9, trans-11 CLA
isomers have consistently shown anti-carcinogenicity on animal models and on cancerous human
cells, results from clinical trials are inconclusive and conflicting. Despite most of the data on
humans being mainly from epidemiological studies, a few clinical studies with breast and
colorectal cancer sufferers have shown some promise. Controlled, long-term, racial and gender
diverse, geographically spread clinical studies are required to understand the link between CLA

intake and incidence of human cancers.
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INTRODUCTION

Conjugated linoleic acids (CLAs) are a family of
about 28 positional and geometric isomers of
linoleic acid (LA) found mainly in meat, milk and
dairy  products  derived from = ruminants
(Shokryazdan et al., 2015; Fuke & Nornberg,
2016). CLAs can be either cis, cis or cis, trans or
trans, trans-fatty acids, whose double bonds are
conjugated and therefore separated by a single bond
between them, instead of methylene interruption.
They are composed of two main isomers: c9, tl1
(cis-9, trans-11 fatty acid), which comprises about
80-90 % of total conjugated linoleic acid (CLA)
and t10, c12 (trans-10, cis-12 fatty acid), which
comprises about 3-5 % of total CLA of foods that
are good sources of the fatty acid (Wang & Lee,
2013). There are also a few other types, but they
have rarely been studied (Subbaiah et al., 2010).

The discovery of CLA and its health benefits came
when Pariza et al. (1979) reported that grilled
ground beef contained both bacterial mutagens and
a substance that inhibited mutagenesis. The finding

of mutagens in grilled beef was confirmatory, but
evidence of a mutagenesis inhibitor was a novel
discovery that had not been previously reported.
Subsequently, Pariza and Hargraves (1985)
established that the speculation that the mutagenic
activity would inhibit carcinogenesis was indeed the
case and Ha et al. (1987) identified the new anti-
carcinogen as conjugated linoleic acid.

Recognizing CLA’s anti-cancer effects, the National
Academy of Science’s publication entitled
"Carcinogens and Anti-carcinogens in the Human
Diet” stated that "conjugated LA is the only fatty acid
that has been shown unequivocally to inhibit
carcinogenesis in experimental animals (National
Research Council, 1996)." It went on to state that
“much of the research to date has been with
laboratory animal models, but CLA can reduce new
tumor growth and destroy existing tumor cells. CLA
has killed existing cancer cells in colon, ovarian and
prostate carcinoma, leukemia, melanoma, and breast
tumors”. Also, CLA-enriched butter inhibited rat
mammary tumor yield by 53%, clearly showing the
cis-9, trans-11 isomer was anti-carcinogenic”. Thus
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the centrality of CLA in cancer research from then on
was established.

LA, an omega-6 polyunsaturated, essential fatty acid,
provides support, flexibility and integrity to cell
membranes (Subbaiah et al., 2010). It is a naturally
occurring trans saturated fatty acid that is found
mainly in animal products-meat, milk and their
derivative  products from grass-fed animals
(Nuernberg et al., 2005; Churruca, et al., 2009). When
animals on pasture eat the omega-3 lipids in grass and
other green plants, their gut flora convert the
polyunsaturated fatty acids (PUFA) including LA into
CLA. In milk, there’s also an additional source-an
enzyme in the cow’s mammary gland that converts the
fatty acid, vaccenic acid, into CLA (Banni et al.,
2011). Although CLA is produced naturally and
mainly in the digestive tract of ruminants such as
cattle, goats, sheep, buffalo, it is also produced to a
lesser degree in pigs, chickens and turkey (s, and the
synthesis occurs mainly due to fermentative bacteria,
Butyrivibrio Fibrisolvens, which isomerize LA to CLA
or by synthesis via a9-desaturase of 11-trans
octadecanoic acid by desaturation (Kishino et al.,
2002). Other bacteria notably Lactobacillus strains
(Lactobacillus  acidophilus, Lactobacillus casei,
Lactobacillus delbruechii, Lactobacillus paracasei,
Lactobacillus pentosus, Lactobacillus plantarum, and
Lactobacillus  reuteri), Streptococcus salivarius,
Bifidobacterium breve, Bifidobacterium dentium, and
rumen bacteria (e.g., Butyrivibrio fibrisolvens) have
been shown to have the ability to produce CLA from
LA or other unsaturated, free fatty acids (Ogawa et al.,
1998;0gawa et al., 2001; Kishino et al., 2005;
Macouzet et al., 2009).

Diet may influence CLA accumulation in the animal
body and endogenous CLA production (Dhiman et al.,
2005). Although it may be possible to increase CLA
concentrations in animal tissues by increasing dietary
CLA and other PUFAs in the animal diet, long-term
CLA-supplemented  feeding, may have an
unfavourable cost-to-benefit ratio.

As many people eat meat from animals raised in
factory farms, our diet is much lower in CLA as has
been shown in laboratory analyses of diets in some
parts of the World (Ip et al.,, 1994; Freitsche &
Steinhart, 1998; Aro et al., 2000; Rizenthaler et al.,
2001), and yet any modern animal feeding practices
would benefit human health if they raised the level of
CLA in animal food products. In the USA, the
average intake was 151mg/day for women and 212 for

men (Ritzenthaler et al., 2001). The intake was 0.35
mg/day in women and 0.43 mg/day in men in
Germany (Freitsche & Steinhart, 1998), 97.5 mg/day
in the UK (Mushtaq et al., 2010), and 310 and 90 mg/
day in adults with high and low dairy products
consumption in Finland, respectively (Salminen,
1998). However, Aro (2000), estimated the intake in
adult women to be higher at 132 mg/day in Finland.
Generally, these levels are much lower than the
current level of 3-3.5 g/day that seems to confer
health benefits in experimental animal models. It has
been established in clinical trials that the dose of 3 g/
day is relatively safe for humans such that the FDA of
the US has conferred GRAS status on it (Benjamin et
al., 2015). A dose of > 6 g/day, has exhibited
undesirable side effects including deposition of fat in
the liver (van Wiljen, 2011), increased insulin
resistance (Riserus et al.,, 2002), lowered HDL
cholesterol and diarrhoea (Jadszus et al., 2010; van
Wiljen, 2011).

CLA has been shown to be anti-carcinogenic (Banni
et al., 2011), anti-obesity (Chin et al., 1994), and anti-
diabetic (Baumann, 1996), thus implying potential
effectiveness in preventing lifestyle diseases. Also,
reports suggest that physiological effects of CLA are
different between the isomers, for example the
10t,12¢ isomer promoted mammary tumour growth
and therefore raised the risk of breast cancer in
overweight individuals with type 2 diabetes
(Baumann, 1996), whereas the 9c,11t isomer was
shown to be anti-carcinogenic (Banni et al., 1999;
Beppu et al., 2007).

In this review, the anti-carcinogenicity of CLA and
the possible mechanisms of action are discussed.
However, most of the works discussed are on the rat,
mice and hamsters. Although human clinical trials are
increasingly being conducted, the few trials continue
to yield conflicting and inconclusive results (Aro et
al., 2000; Chajes et al., 2003; McCann et al., 2004;
Chajes et al., 2009). This may in part be due to the
small number of experiments, the difficulty
experienced in obtaining accurate estimates of dietary
CLA intake, studies being carried out in small
populations and even if large, for short periods of
time; small populations may lack the diversity in food
habits (Benjamin et al., 2015). The chemical nature of
the pure isomers that are often used in research may
not also be in the form and proportions in which they
exist in natural foods, where other biological agents
may modulate their environment and actions.
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CLA: SYNTHESIS, SOURCES AND EFFECTS OF PROCESSING

The fat in beef contains about 1.7 to 10.8 mg CLA/g
of fat depending on the nature of the animal’s diet,
with 9-cis and 1l-trans isomer predominating
(Dhiman et al., 2005; Campbell et al., 2008). CLA is
transferred naturally to meat, milk and dairy
products through the lipids in food (Oliveira et al.,
2008). In an experiment, Ogawa et al. (2005)
established that due to the diversity of strains of
lactic acid bacteria, the CLA produced comprised a
mixture of cis-9, trans-11-octadecadienoic acid
(18:2) and trans-9, trans-11-18:2. Lactobacillus
plantarum AKU 1009a was a potentially good CLA
producer, with the CLA production from LA
reaching 40 mg/ml under the optimized conditions.
The CLA-producing reaction was found to consist of
two successive reactions-hydration of LA to 10-
hydroxy-12-octadecenoic acid and dehydrating
isomerization of the hydroxy fatty acid to CLA.
Based on these results, Lactic acid bacteria were
found to transform ricinoleic acid (12-hydroxy-cis-9-
octadecenoic acid) to CLA (a mixture mainly of cis-
9, trans-11-18:2 and trans-9, trans-11-18:2). Castor
oil, which is rich in the triacylglycerol form of
ricinoleic acid, was found to act as a substrate for
CLA production by lactic acid bacteria with the aid
of lipase-catalyzed triacylglycerol hydrolysis. L.
plantarum AKU 1009a produced conjugated trienoic
fatty acids from alpha- and gamma-linolenic acid.
The trienoic fatty acids produced from alpha-
linolenic acid were identified as cis-9, trans-11, cis-
15-octadecatrienoic acid (18:3) and trans-9, trans-11,
cis-15-18:3, while those produced from gamma-
linolenic were cis-6, cis-9, trans-11-18:3 and cis-6,
trans-9, trans-11-18:3.

CLA can be obtained by means of the enzyme 09-
desaturase which promotes the desaturation of the 11
-trans octadecanoic acid (Griinari et al., 1997).
Several different isomers of CLA including 11-trans
and 9-cis are the best known because they are found
in animal foods (Churruca et al., 2009), but a few
others such as trans-9, trans-11 isomer are found
predominantly in vegetable oils (Ecker et al., 2010).
This later isomer has also been shown to have anti-
cancer properties on human colon cancer cells
(Beppu et al., 2007). It has also been shown that it is
possible to obtain CLA in an industrial form,
through the partial hydrogenation of linoleic acid or
by thermal treatments, aiming to produce a

compound with maximum biological activity and
with a defined chemical composition (Blankson et
al., 2000). However, the chemical forms which are
often used as supplements may not have the
proportion of isomers and the effectiveness of the
natural CLA as found in foods (Chin et al., 1992;
Bissonauth et al., 2006). In healthy humans, CLA and
the related conjugated linolenic acid (CLNA) isomers
are bioconverted from LA and alpha-linolenic acid,
respectively, mainly by Bifidobacterium strains
inhabiting the gastrointestinal tract (Nieuwenhove et
al., 2007). However, this bioconversion may not
occur at any significant level in those suffering from
a digestive disease, gluten sensitivity, and/or
dysbiosis, due to the reduced gut microbial
populations (de Vrese & Schrezenmeir, 2008).
Although food products from ruminants are the
richest source of CLA (Fuke & Nornberg, 2016), it is
possible to enhance the CLA content of foods from
non-ruminants by supplementing CLA with CLA-
rich sources in their diets (Aydin, 2005; Bourre,
2005), but the effect ceases on removal of the
supplementary feed source, thus underlining the
importance of maintaining the natural sources of the
fatty acid for optimal human nutrition. Chin et al.
(1994) investigated the ability of non-ruminants (rats)
to produce CLA. They supplemented the diet with
5% free linoleic acid or 8.6% corn oil (equivalent to
5% free LA as triglyceride) and observed higher
tissue CLA concentrations in rats fed free LA than in
control animals. These investigators concluded that
the intestinal bacterial flora of rats can convert free
LA, but not LA esterified in triglycerides, to cis,
trans, C18:2 n-9, n-11 and trans, cis C18:2 n-9, n-11.
The CLA content in milk, meat, or egg varies greatly
from a low of 0.1% or less to a high of 2% or more of
the milk, tissue, or egg yolk lipids, with milk lipids
from ruminants having the highest concentrations.
The CLA content in meat from ruminants is higher
than in the meat of non-ruminants (e.g., 1.20% in
lamb and 0.12% in pork). In the case of non-
ruminants, CLA may originate from dietary sources
such as powdered meat and tallow (Freitsche &
Steinhart, 1998). A host of factors appear to affect
the CLA content in milk, meat, and other food
products from various species of animals, which
could be broadly classified into diet, animal, and
post-harvest related factors (Khanal & Olson, 2004).
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Of all these factors, animal diet is the primary one and could be manipulated for enhancing the concentration
of CLA in food products, both from ruminants and non-ruminants (Aydin, 2005). While animal-to-animal
variation is also of great significance, post-harvest related factors appear to be of minor importance (Khanal &

Olson, 2004).

Variability of CLA in Food Sources and Effect of Processing

Food products from grass-fed ruminants are good
sources of CLA and contain much more of it than
those from grain-fed animals (Nuernberg et al.,
2005), though consumers can obtain the same
nutritional benefits from consuming high fat, grain-
fed food portions of the same products (Daley et
al., 2010). It has been demonstrated that meat and
dairy products from grass-fed animals can produce
more CLA than those of cattle fed different
supplementary diet ratios (Dhiman et al., 1999).
Eggs from chicken that have been fed CLA and
CLA-rich feeds are also rich in CLA (Suksombat et
al., 2006). Interestingly, CLA in eggs has been
shown to survive the temperatures encountered
during frying, but in the presence of antioxidants
(Ren et al., 2013), implying that the major route of
destruction is likely to be oxidation. The CLA in
milk and cheese heated by conventional processing
methods is generally stable and may even be
enhanced (Herzallah et al., 2005), while that in hard
cheese is reduced proportionate with the severity of
heating (Herzallah et al., 2006). Some mushrooms,
such as the Agaricus bisporus and Agaricus
subrufescens, are rare non-animal sources of CLA
(Chen et al., 2006).

The average content of CLA found in milk samples
from the Azores in Portugal varied from 1.45 +
0.21 mg/g fat in raw milk, 1.44 + 0.06 mg/g fat in
thermized milk, and 1.40 + 0.11 mg/g fat in milk
samples when pasteurized. The CLA varied
between 9.6 £ 0.5 mg/g, in pasteurized cheeses and
10.8 + 4.2 mg/g in raw-milk cheeses (Kongo et al.,
2014). These values agree with those reported by
Pestana et al. (2009) and Regula et al. (2005) who
reported that pasteurization, causes different
changes in the free fatty acid profiles of ewes’ milk,
which in general has a higher content of CLA than
cows’ milk. However, Shantha et al. (1992) and
Garcia-Lopez et al. (1994) reported that the
application of heat enhanced the formation of
linoleic acid radicals and increased CLA content
during the production of natural and processed
cheeses, though this may partly be contributed by

the concentration of the solids content including lipid
fractions as % of serum (by dehydration through
pressing and ripening under low relative humidity
conditions). Although processing factors such as
heating and ripening affect the CLA contents of a
dairy product, the major source of its variation
among products is the intrinsic amount of CLA
present in the raw milk (Kongo et al., 2014), which
varies with the livestock species (Pestana et al., 2009;
Regula et al., 2005), as well as the nature of feed
(Nuernberg et al., 2005). In a study in Argentina,
Niuwenhove et al. (2008) found that CLA averaged
0.85 and 0.96 in milk and 0.76 and 1.04 g/100 g of
fatty acids in cheese of cow and goat, respectively,
which seemed lower than values reported elsewhere
(Ponnampalam et al., 2006). Cis-9, trans-11 was the
major isomer present in both animal species in the
Argentine study. In bovine raw milk, the CLA values
vary from 0.2% to 3.7% of total milk fat, depending
on animals’ diet (Dhiman et al., 1999), its
physiological state and season (Kelsey et al., 2003),
with cheeses generally have much higher values than
other dairy products (Shantha et al., 1992). The
manner of processing of the cheese also influences
the amount (Boylston et al., 1999). Milk from
ruminants fed predominantly on pasture is known to
be richer in CLA. Ponnampalam et al. (2000)
reported higher values of CLA in milk and meat
products from Australia and New Zealand than the
equivalent products from elsewhere (Niuwenhove et
al., 2008). This was attributed to the greater access to
lush pasture, throughout the year by Australasian
cattle. Similarly, in the Azores islands, where dairy
cows are essentially pastured-fed all year round,
Pestana et al. (2009), reported higher contents of
CLA in milk as compared to similar milk and dairy
products from mainland Portugal. Good fatty acid
profiles were also established for cow and goat
cheeses, from animals fed on natural pasture during
spring and summer in Argentina (Nieuwenhove et al.,
2009). The fat content of raw milk and species
therefore largely determine the amount of CLA in
derivative food products.
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FUNDAMENTALS OF CANCER

Cancer, an affliction that has over 100 different
types, which are classified mainly by the type of
body cell that is initially affected, is characterized
by out-of-control cell growth (National Cancer
Institute, 2018). Cancer harms the body when
altered cells divide uncontrollably to form lumps or
masses of tissue called tumours (except in
leukemia, where cancer prohibits normal blood
functioning by abnormal cell division in the blood
stream). Tumours can grow and interfere with the
digestive, nervous, and circulatory systems, and
often release hormones that alter body function
(Grundker & Emons, 2017), especially when they
metastasize and move round the body.

The WHO estimates that, worldwide, there were 14
million new cancer cases and 9.6 million cancer-
related deaths in 2018 (WHO, 2018), with 30% of
them from smoking, the probable cause of lung
cancer, the leading cause of deaths from cancers
worldwide. About 70% of global cancer-deaths
occurred in low and middle income, and
industrializing countries. The commonest cancer
types globally are: anal, bladder, bone, breast,
cervical, colon, colorectal, endometrial, kidney,
leukemia, liver, lymp432homa, ovarian, pancreatic,
prostate, stomach, thyroid, oesophageal, vaginal

Cancer Risk Factors

Cancer i1s ultimately the result of cells that
uncontrollably grow and do not die, unlike normal
cells in the body which follow an orderly path of
growth, division, and death. Programmed cell death
is called apoptosis, and when this process breaks
down, cancer begins to form, leading to a mass of
abnormal cells that grows out of control.

Cells can experience uncontrolled growth if there
are mutations to DNA, and therefore, alterations to
the genes involved in cell division. Four key types
of genes are responsible for the cell division
process: oncogenes tell cells when to divide,
tumour suppressor genes tell cells when not to
divide, suicide genes control apoptosis and instruct
the cell to kill itself if something goes wrong, and
DNA-repair genes instruct a cell to repair damaged
DNA. Cancer occurs when a cell's gene mutations
make the cell unable to correct DNA damage and

and vulvar cancer, but not in the order of prevalence
(WHO, 2018). Currently lung, stomach, liver, colon
and breast cancer cause the most cancer-deaths each
year globally (MoH, 2013). In the past, cancer has
received low priority in healthcare services in Sub-
Saharan Africa, the reason partly being the
undoubtedly overwhelming burden of communicable
diseases. In Kenya, cancer is the 3™ most prevalent
cause of death (after infectious diseases and
cardiovascular disease) and accounts for an estimated
22,000 deaths annually, out of a reported prevalence
rate of 28,000 cases annually, though increasing
prevalence is evident (MoH, 2013). The commonest
types of cancers in Kenya are oesophageal, prostate
and Kaposi in men, while breast, oesophageal and
cervical cancer are common in women, in declining
order of prevalence in those affected, reported to
medical facilities and diagnosed appropriately
(MoPHS & MoMS, 2013). Cancer is responsible for
7% of the total national mortality each year in Kenya
(MoH, 2013).

Cancer results from internal and external risk factors
working together and/or in sequence to trigger the
affliction. People may be exposed to risk factors or
cancer-causing agents in their environment and/or

from their lifestyles.

unable to commit suicide. Also, cancer is a result of
mutations often due to carcinogens that inhibit
oncogene and tumour suppressor gene function,
leading to uncontrollable cell growth.

Carcinogens are directly responsible for damaging
DNA, promoting or aiding cancer. Tobacco, asbestos,
arsenic, radiation such as gamma and x-rays,
exposure to excessive ultraviolet (UV) radiation from
the sun, and a host of lab chemicals are all examples
of carcinogens (American Cancer Society, 2019).
When our bodies are exposed to carcinogens, free
radicals affect the body’s ability to function
normally.

Cancer seems also to be the result of a genetic
predisposition that is inherited from family members
(American Cancer Society-ACS, 2019). It is possible
to be born with certain genetic mutations or a fault in
a gene that makes one statistically more likely to
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develop cancer later in life.

As we age, there is an increase in the number of
possible cancer-causing mutations in our DNA
(WHO, 2018). This potential makes age an
important risk factor for cancer. Several viruses
have also been linked to cancer including: human
papillomavirus (a cause of cervical cancer),
hepatitis B and C (causes of liver cancer), and
Epstein-Barr virus (a cause of some childhood
cancers) (ACS, 2019). Human immunodeficiency
virus (HIV)-and anything else that suppresses or
weakens the immune system, inhibits the body's
ability to fight infections and increases the chance
of developing cancer (ACS, 2019), as it is for many
other ailments. Other risk factors that predispose
one to cancer include: inactivity, race (related to
DNA and heredity), pollution (chemical
carcinogens), inappropriate diet, chemicals from
other sources other than pollution.

The WHO's International Agency for Research on
Cancer (IARC) has now placed dirty air in the same

category of carcinogens such as tobacco smoke,
ultraviolet radiation and plutonium (WHO, 2018).
IARC estimates that about 223,000 lung cancer
deaths globally, can be blamed on exposure to air
pollution (WHO, 2018).

However, experts estimate that at least a third of
adult cancer cases are linked to lifestyle (National
Cancer Institute, 2018), which is within one’s
control. It would therefore follow that with every
healthy choice one makes, and every unhealthy habit
one drops, cancer risk drops. Eight factors that are
regarded as the healthiest habits that one can develop
to help prevent cancer include: staying tobacco-free,
maintaining an appropriate body mass index,
increasing the proportion of plant foods in diets,
cessation of alcohol abuse, planned and frequent
screening, daily physical activity, shaking off stress,
and heredity. In relation to food, certain bioactive
compounds including CLA, have been linked mainly
in causal studies on animal models to the reduction or
at the best, prevention of cancer initiation.

POTENTIAL ROLE OF FOODS IN CANCER PREVENTION

Although several cancers are influenced by
lifestyle, delaying or preventing disease onset
seems to be considerably influenced by diet
(Donaldson, 2004), and more so by diets in which
fruits, vegetable foods (Freudenheim et al., 1996)

and CLA (Ip et al, 1994) are significant
components. However, other studies have not
established any positive or strong inverse

correlation between fruit, dietary fibre, vegetable
intake or the specific vitamins (A, C, E) and/or
supplements or food and supplements considered
together and the risk of cancer initiation or
prevention (Kushi et al.,, 1996; Fairfield et al.,
2001; Botterweck et al., 2000) and yet the
encouraging results of the anticancer effects of
CLA in animal models (Ip et al., 1994; Ip et al.,
1999; Banni et al., 2001), have over the last few
years stimulated further investigations through
human clinical trials.

Research has generally shown that fruits and
vegetables contain a variety of bioactive
compounds (Singh et al., 2016). These include
insoluble fibre, a variety of polyphenols, organic
acids, etc. with the level of antioxidant activity

(measured by ABTS- 2,2’-azino-bis(3-
ethylbenzthiazoline-6-sulphonic acid)) and DPPH-
2,2-diphenyl-1- picrylhydrazyl) being indicative of
bioactivity. Gallic acid, protocatechuic acid,
catechins, caffeic acid, ferulic acid, sinapic acid,
quercetin, resveratrol and kaempferol are detectable
in different fruits and vegetables, with fruit peels also
having high antioxidant activity and therefore
promising as valuable sources of minerals and
polyphenols (Singh et al., 2016). In a UK study,
Proteggente et al. (2002), showed that fruits and
vegetables that appeared to be rich in anthocyanins
(e.g. strawberry, raspberry and red plum)
demonstrated the highest antioxidant activities,
followed by those rich in flavanones (e.g. orange and
grapefruit) and flavonols (e.g. onion, leek, spinach
and green cabbage), while the hydroxycinnamate-rich
fruit (e.g. apple, tomato, pear and peach) consistently
elicited the lower antioxidant activities. The
antioxidant capacities of aqueous/methanolic extracts
were comparatively assessed using the TEAC
(Trolox Equivalent Antioxidant Capacity), the FRAP
(Ferric Reducing Ability of Plasma) and ORAC
(Oxygen Radical Absorbance Capacity) assays,
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which comprise contributions from polyphenols,
simple phenols and the ascorbate component. The
TEAC, FRAP and ORAC values for each extract
were shown to be relatively similar and well-
correlated with the total phenolic and vitamin C
contents (Proteggente al., 2002). The same study
established that the antioxidant activities (expressed
as TEAC) in terms of 100 g fresh weight uncooked
portion size were in the order: strawberry>>
raspberry = red plum >> red cabbage >>>grapefruit
= orange > spinach > broccoli > green grape
approximately/= onion > green cabbage > pea >
apple > cauliflower tomato approximately/=
peach=leek > banana approximately/= lettuce. In an
earlier study, Paganga et al. (1999) showed that the
major phenolic antioxidant components of egg-
plant were chlorogenic acid in the flesh and a
delphinidin conjugate in the skin. In the case of
apple, the major phenolic antioxidants detected
were chlorogenic acid, procyanidins/catechin
compounds, rutin and phloridzin, while quercetin
glycosides were the major phenolic components of
onion. The highly significant correlation between
consumption of fats and oils and death rates from
leukemia and malignant neoplasia of the breast,
ovaries, and rectum among persons over 55 years
of age seemed to reflect greater lipid peroxidation
(Lea, 1966). Studies on atherosclerosis reveal the
probability that the disease may be due to free
radical reactions involving diet-derived lipids in the
arterial wall and serum to yield peroxides and other
substances. These compounds induce endothelial
cell injury and produce changes in the arterial walls
(Harman, 1992). Brown and Rice-Evans (1998)
found that luteolin-rich artichoke extract protected
low-density lipoprotein from oxidation in vitro. In
two reviews, Devasagayam et al. (2004) and
Dillard and German (2000) discuss the beneficial
effects of antioxidants and nutraceuticals in disease
prevention. Weisburger (1999), concluded that
most chronic diseases, including coronary heart
disease and many types of cancer depend on the in
vivo conversion of cellular macromolecules or of
carcinogens to specific reactive, oxidized forms.
Therefore, health promoting nutrition recommends

the daily intake of five to ten servings of vegetables
and fruits, fruit juices, red wine and tea which are
rich sources of micronutrients with antioxidant
properties, including the antioxidant vitamins C, E
and Dbeta-carotene. While tomatoes contain
lycopene, a stable, active antioxidant, many
vegetables  contain  quercetin  and  related
polyphenolic compounds. Green tea is a source of
epigallocatechin gallate, while black tea is
associated with theaflavin and the associated
thearubigins (Lin et al., 1998). Red wine contains
resveratrol (Das et al.,, 1999), while ruminant
meats, milk and dairy products contain CLA
(Bolylston et al., 1995). The diverse antioxidants in
foods, red wine and tea provide the necessary
antioxidant resources for the body to control
oxidation reactions in the body, which if not
controlled would result in possible adverse health
consequences. For example, the oxidation of LDL
cholesterol yields a product that damages the
vascular system (Harman, 1992). Cancers of the
stomach seem to be caused by the consumption of
salted, pickled foods yielding direct-acting
carcinogens, whose formation is inhibited by the
antioxidant vitamins C and E (Glatthaar et al.,
1986; Rock et al., 1996). Cancer in the colon,
breast, prostate and pancreas may be caused by a
new class of carcinogens, the heterocyclic amines
(Grieswold et al., 1968; Butler et al., 2003), formed
during the broiling or frying of creatinine-
containing foods, including fish and meats. Their
formation and action was shown to be inhibited by
antioxidants in soy, tea, vitamin C and by the
synthetic antioxidants BHA and BHT (Chung,
1999; Rock et al., 1996). The growth, proliferation
and development of abnormal preneoplastic and
neoplastic cells also involves oxidation reactions,
including the formation of active oxygen or peroxy
compounds (Lea, 1966). Such reactions were found
to be inhibited by antioxidants in tea, tomatoes or
vegetables (Weisburger, 1999). CLA has been
shown to prevent cancer in animal models and
cancerous human cell lines (Ip et al., 1991, 1994,
1999; Banni et al., 2001).
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Potential Role of CLA in Cancer Prevention

Very few clinical studies have been conducted to
relate CLA consumption with the incidence of
different cancer types, as the data available is
mainly from epidemiological studies. However,
many researchers have recently focused on human
breast and colorectal cancer; in an elaborate follow-
up study using Cox proportional hazards models,
Larsson et al. (2009) showed that the dietary intake
of CLA showed no evidence for a protective role
against breast cancer development in women. Also,
Chajes et al. (2002) conducted a case-control study
among 297 women treated for breast cancer or
benign breast disease to evaluate the hypothesis
that CLA protects against breast cancer. They could
not show a link for the negative association
between adipose tissue CLA (predominantly 9-
CLA) and the risk of breast cancer. However, high-
fat dairy food and CLA intake were examined in
60,708 women of age 40 to 76 (the Swedish
Mammography Cohort Study) with 14.8-year
follow-up. It was found that women who consumed
four or more servings of high-fat dairy foods daily
(including whole milk, full-fat cultured milk,
cheese, cream, sour cream and butter) showed half
the risk of developing colorectal cancer, compared
to women who consumed less than two servings per
day (Larsson et al., 2005). The study established
that the consumption of CLA was associated with
an almost 30 percent reduction in the risk of
colorectal cancer. In another study (the Western
New York Exposures and Breast Cancer Study,
WEB), McCann et al. (2004) demonstrated that

although there was no clear protective effect of 9-
CLA in premenopausal or postmenopausal women
with a higher intake, i.e., the number of oestrogen
receptor (ER)-negative cells to ER-positive cells, the
ratios decreased in the premenopausal women in the
higher quartile. The authors concluded that, although
CLA intake was not related to overall breast cancer
risk, there may be associations with tumor biology at
least among premenopausal women. But another
epidemiological study (the Netherlands Cohort
Study) with 6.4-yr of follow-up evaluated the
relationship between the intakes of CLA and other
fatty acids. The study failed to confirm the anti-
carcinogenic property of CLA in humans with breast
cancer incidence (Brown, 2008). A study by Aro et
al. (2000) examined the relationship between dietary
or serum CLA in women and the risk of breast
cancer. The study found an inverse association
between dietary and serum CLA and risk of breast
cancer in postmenopausal women. But in contrast,
the adipose tissue extracts from a population of
French patients with invasive breast carcinoma,
failed to reveal any positive correlation between
adipose tissue CLA and the incidence of breast
cancer (Chajes et al., 2003). A study by Hoffmann et
al. (2006), examined the polyunsaturated fatty acid
profile of healthy renal tissue and cancerous renal
parts. Although it revealed differences in CLA
content, the design of the experiment could not reveal
the role of CLA in renal carcinoma. In conclusion,
the available human clinical studies are conflicting
and have not convincingly established the anti-cancer
property of CLA.

PROBABLE MECHANISMS OF ACTION OF CLA IN CANCER PREVENTION

It seems likely that CLA exerts inhibitory
properties in carcinogenesis via one or more
pathways with some tissue specificity. A study by
Agatha et al. (2004), showed that CLA isomers are
converted by the leukemia cells into conjugated
diene fatty acids as linoleic acid into non-
conjugated PUFAs. The growth inhibitory effects
of CLA (with 30-120 microM) on leukemia cells
were dependent upon the type and concentration of
CLA isomers present. CLA-supplemented cells
with low concentrations (<60 microM) were not
sufficient to impair cell proliferation. Nevertheless,
higher amounts of CLAs (>60 microM) had the

CLA type dependent anti-proliferative effects. The
authors thus concluded that the 9 cis,11 trans- and the
9 cis,11 cis-CLA isomers regulate cell growth and
survival in different leukemia cell types through their
existence alone and/or by their inhibitory effects of
desaturase activity. A study by Beppu et al. (2006),
compared the growth inhibitory effects of pure CLA
isomers cis 9, cis 11-CLA, ¢9, t11-CLA, t9, tl1-
CLA, and t10, ¢c12-CLA on human colon cancer cell
lines (Caco-2, HT-29 and DLD-1). The strongest
inhibitory effect was shown by t9, t11-CLA,
followed by t10, c12-CLA, ¢9, c11-CLA and ¢9, t11-
CLA, respectively. The order of the inhibitory effect
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of CLA isomer was confirmed in the presence of 1%
FBS. CLA isomers supplemented in the culture
medium were readily incorporated into the cellular
lipids of Caco-2 and changed their fatty acid
composition. The CLA contents in cellular lipids
were 26.2+/-2.7% for 9, t11-CLA, 35.9+/-0.3% for
c9, t11-CLA and 46.3+/-0.8% for t10, c12-CLA,
respectively. DNA fragmentation was clearly
recognized in Caco-2 cells treated with t9, t11-CLA.
This apoptotic effect of t9, t11-CLA was dose- and
time-dependent. DNA fragmentation was also
induced by 9¢,11t-CLA and t10, c12-CLA. However,
fragmentation levels with both isomers were much
lower than that with t9, t11-CLA. t9, t11-CLA
treatment of Caco-2 cells decreased Bcl-2 levels in
association with apoptosis, but Bax levels remained
unchanged. These results suggest that decreased
expression of Bcl-2 by t9, t11-CLA might increase
the sensitivity of cells to lipid peroxidation and to
programmed cell death, apoptosis. In another study,
Huang et al. (2007), investigated the anti-
proliferative effects of two isomers of CLA (c9, t11-
CLA; 19, t11-CLA) and their mixture on the human
colon adenocarcinoma cell line Caco-2, incubated in

SUMMARY AND CONCLUSION

CLA, a naturally occurring mixture of positional
and geometric isomers is found mainly in animal
food products from grass-fed animals. It is
synthesized mainly by ruminal bacteria, although
an enzyme in the mammary gland also synthesizes
it. The isomers, cis-9, trans-11 and trans-10, cis-12
CLA, are the main components; it has been shown
in most studies that the cis-9, trans-11 and trans-9,
trans-11 isomers are anti-carcinogenic, but others
such as linoleic acid, and a mixture of the isomers
have also shown marked bioactivity in cancerous
tissue studies. The mechanism of action which
continues to evolve, seems to be a combination of
anti-proliferation, apoptosis, immune modulation,
and DNA fragmentation, with different target cells
and mechanism of action for different CLA

serum-free medium. The anti-proliferative effects of
different concentrations (0, 25, 50, 100, 200
micromol/L) of linoleic acid, c9, t11-CLA, t9, t11-
CLA (the purity of LA and CLA was 96%) and a
mixture of ¢9, t11-CLA and t9, t11- CLA (1:1 v/v) on
caco-2 in various action time (1d, 2d, 3d, 4d) were
tested in the study. The anti-proliferative effects of
the four substances in the same concentration and
with the same action time were compared. All
substances tested could inhibit Caco-2 cell
proliferation. The higher anti-proliferative activity in
the four materials was: the mixture of CLA, then t9,
t11-CLA, ¢9, t11-CLA, and linoleic acid,
respectively. The activity was closely related to
treatment time and concentration. The authors
concluded that the isomer t9, t11-CLA has
considerable anti-proliferative activity. Mechanisms
of inhibition of carcinogenesis therefore include
reduction of cell proliferation, alterations in the
components of the cell cycle and induction of
apoptosis (Belury et al., 2002; Miller et al., 2003). In
addition, CLA modulates markers of immunity and
eicosanoid formation as well as lipid metabolism and
gene expression (Yamasaki et al., 2000; O’Shea et
al., 2004).

1somers. As most research work to the present has
been done with animal models, and whatever work
has been done on humans has mainly been of
epidemiological nature, more clinical trials on
humans need to be undertaken to establish the
benefits of CLA in cancer prevention, as the few
clinical trials have given conflicting and therefore
inconclusive results. It is thus imperative that
controlled studies be carried out with large
populations of different gender and racial groups, of
diverse dietary habits and in different geographical
locations. Future research should also seek to
establish methods for controlling the amount of CLA
and CLA isomers in animal products and to
determine the CLA amount that must be consumed to
improve human health.
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