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The Molecule

Conjugated linoleic acid, better known as CLA, is a fatty
acid derived from the required nutrient, linoleic acid. The
major structural difference between linoleic acid (an 18 car-
bon, polyunsaturated fatty acid) and CLA, is that linoleic acid
has double bonds at carbons 9 and 12 in a cis configuration
(methylene interrupted), while CLA has numerous isomers
without methylene interrupted conjugated dienes. The two
predominant isomers contained in biologically active prepa-
rations contain approximately equal proportions of 9 cis, 11
trans and 10 trans, 12 cis. It is essential that the reader not
confuse these non-hydroxylated conjugates with hydroxylated
dienes found in the literature. The relevant biological activity
of each of these CLA isomers will be reported within the next
year.

The existence, both naturally and synthetically, of these
fatty acids has been known for over 40 years. Early work with
these conjugated dienes involved studies in tracing fatty acid
metabolism, since they possess a unique ultraviolet absorp-
tion pattern relative to fatty acids without conjugated double
bonds.

However, the research involving these fatty acids failed to
reveal the biological activity that is known today
(www.poultry.wisc.edu/cla). The reisolation as a naturally oc-
curring bioactive fatty acid by the laboratory of Dr. Michael
Pariza (University of Wisconsin) opened the door to a wide
array of discoveries of great potential economical value to
the poultry and livestock industries.

The Rediscovery of Conjugated Linoleic Acid.
Anticancer Activity.

In the 1970s, Pariza and coworkers were trying to identify
carcinogenic compounds in grilled hamburger meat. During
these early investigations, they observed the presence of mu-
tagenic modulation activity in hamburger (Pariza et al., 1983).
They isolated the activity into the lipid portion of the ham-

burger meat (Ha et al., 1987) and went on to show it had
potent anticarcinogenic activity (Pariza and Hargraves, 1985).
Pariza’s collaborators in the early 1990s repeatedly showed
anticancer effects in other models as well: forestomach (Ha
et al., 1990), colon (Liew et al., 1995), and mammary (Ip et
al., 1991). Today, CLA is widely recognized as a potent anti-
cancer fatty acid in many systems. This is in sharp contrast to
the procancer activity associated with feeding linoleic acid
(Ip and Smimeca, 1997).

In a quest to explain CLA’s biological regulation of cancer,
Pariza’s group pursued the potential role of CLA as an anti-
oxidant. Indeed, under a certain set of condition, CLA has
antioxidant activity (Ha et al., 1990). However, to this date,
the biological significance of the antioxidant capacity of CLA
is disputed.

A Collaboration Begins

Another research group on the Madison campus was in-
dependently investigating methods to prevent weight loss due
to immune stimulation. During the immune response,
cytokines (i.e. interleukin-1) are released from the macroph-
age to stimulate lymphocytes to proliferate (Figure 1). A body
of literature was accumulating from the laboratory Klasing
(UC-Davis) that showed that whenever an animal is immune
stimulated (i.e. disease, vaccination, or unsanitary conditions),
these immune hormones (cytokines) also cause animals to
increase skeletal muscle catabolism and decrease food in-
take (Klasing et al., 1987) (Figure 2).
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Using Klasing’s models, Cook’s group went on the search
for compounds found in nature which would prevent growth
depression due to immune stimulation. While several mecha-
nisms were discovered, the search was problematic in that
the most potent mechanism to prevent immune induced wast-
ing was through immune suppression. This solution was
viewed as unacceptable by Cook’s group.

In a chance meeting in early 1990, Pariza introduced Cook
to his discovery of CLA. The two exchanged interests, and a
collaboration was formed. Pariza’s laboratory synthesized 50
grams of CLA from 95% linoleic acid. The isomers predomi-
nantly found were cis 9, trans 11 (43%) and trans 10 cis 12
(44%) conjugated octadecadienoate. Cook’s group fed the iso-
mer mixture (.5% of diet) or control (.5% linoleic acid) to chicks
for the three weeks and injected them with phosphate buffered
saline (control) or lipopolysaccharide (LPS) from E. coli (immune
stimulant) and monitored changes in body weight. The results
of this first study were published in 1993 (Cook et al., 1993).
The control fed LPS injected chicks lost weight over 24 hours
(as was expected by Klasing’s work), but those fed CLA contin-
ued to grow even though immune stimulated. The study was
repeated in mice and rats (Miller et al., 1994) showing that CLA
protected against immune stimulation across animal species.

Postulated Mechanism in Protection against
Immune-Induced Weight Loss.

After the initial studies, Cook and Pariza quickly attempted
to define the mechanism of protection of weight loss during
the immune stimulation. Research had shown that during the
immune response, macrophages release the cytokines
interleukin-1 and tumor necrosis factor. These cytokines in
turn induce the degradation of skeletal muscle and decrease
muscle synthesis (Klasing et al., 1987). Research in other labo-
ratories were beginning to make a connection between fatty
acid metabolism and cytokine induced muscle wasting. It
became apparent that interleukin-1 stimulated the produc-
tion of prostaglandin E2 (PGE2) in muscle (Hellerstein et al.,
1989). When PGE2 was directly applied to muscle, it would

begin a wasting process (Rodemann and Goldberg, 1982) (Fig-
ure 3).

PGE2 is an elongated desaturated product of the fatty acid,
linoleic acid. In 1993, Cook et al., (1993) hypothesized that
CLA was protecting against cytokine-induced muscle wast-
ing by altering the eicosanoid (prostaglandin) pathway. In-
deed, today it is known that CLA decreases prostaglandin pro-
duction in a number of tissues (Whigham et al., 1998;
Cunningham et al., 1997).

Role of CLA in Immune Function

Since the most effective means of preventing immune in-
duced wasting is by immune suppression, it was essential to
determine if CLA protected against immune-induced wasting
by suppressing the immune system. A study was conducted
in chicks to determine if CLA influenced the antibody response.
It did not. Splenocytes (lymphocytes) were harvested from
CLA fed mice to determine if it affected lymphocyte blastoge-
nesis (proliferation). The lymphocytes from CLA-fed and lym-
phocytes treated in culture with CLA, had enhanced prolif-
eration when stimulated (Miller et al., 1994). In addition, it
was found that CLA increased CD4 and CD8 lymphocyte
populations under certain conditions as well as increasing
natural killer cell function and number (DeVoney et al., 1997).
Hence CLA was not acting by suppressing the immune re-
sponse, it actually enhanced the immune response. This find-
ing was consistent with the hypothesis that CLA was affecting
eicosanoid production. Prostaglandin E2 can actually suppress
immune reactivity. Therefore, if CLA suppressed PGE2 pro-
duction, particularly in nonlymphoidal tissue, it would pre-
vent nonlymphoidal down-regulation of the immune response
during immune stimulation. Studies have continued to define
the role of CLA in the immune response. Recent reports have
suggested that CLA decreases the allergic reaction (Whigham
et al, 1998). It appears that CLA drives the immune reaction
toward a TH2 type of immune response, thereby decreasing
allergies (Sugano et al., 1998).
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Other Biological Responses in CLA Fed Animal

Several groups have now shown that CLA reduced fatty
streak formation in the aortas of arteriosclerosis models (Lee
et al., 1994). There is also evidence that CLA may reverse the
process after its initiation.

Cook and Pariza (Chin et al., 1994) have also reported that
CLA improves feed efficiency. This discovery was the result of
the observation that CLA fed animals consumed less feed, but
often grew at the same rate as their control counterparts.

The improved feed efficiency prompted Cook and Pariza
to investigate the effects of CLA on body composition in mice.
They recently reported (Park et al., 1997) that CLA decreased
body fat in mice over 50% and increased body protein, ash,
and water. In this study, it was shown that CLA decreased
lipoprotein lipase activity in the adipocyte (the enzyme re-
sponsible for the uptake of fat by the adipocyte) and increased
carnitine palmitoyltransferase in muscle (the enzyme respon-
sible for the transfer of fatty acids to the mitochondria for
energy generation).

The observed increase in total body ash prompted Cook
and Pariza to investigate the role of CLA on bone ash. Chicks
fed CLA had enhanced bone ash (Cook et al, 1997). Addi-
tional studies were carried out to determine if CLA prevented
estrogen depleted bone loss in adult ovarectomized rats. It
did not. However, CLA reduced the incidence of valgus/varus
leg deformities in young growing chicks. Hence, CLA appears
to play an important role in bone development.

Commercialization of CLA

The availability of CLA throughout most of the early 1990s
amounted to only gram quantities synthesized by a few labo-
ratories. However, in the mid 1990s several companies be-
gan synthesizing CLA from sunflower oil for the human supple-
ments industry. This provided the first source of CLA that could
be used to investigate its value in livestock and poultry feeds.

Initial studies by Cook and Pariza showed CLA had limited
value in broiler feeds. With the exception of decreased leg
deformities (which have been controlled by genetic selection
in modern strains) there was little evidence that CLA enhances
growth or improved feed efficiency in broilers.

Cook and Pariza completed the first pig trial in 1997 (Cook
et al., 1998). Pigs fed CLA from 26 kg to market weight had
over a 20% reduction in backfat and about a 7% increase in
lean mass. In addition, significant improvements in subject
meat color score and firmness of fat were observed.

Dugan and coworkers (1997) published a short communi-
cation showing similar findings (improved feed efficiency,
decreased subcutaneous fat, and increased lean mass). Many
trials have now been completed by industry and other univer-
sities that support these two studies.

A turkey trial is currently underway at the University of
Wisconsin and should be completed by the end of 1998.

Conclusion

Conjugated linoleic acid is a previously unrecognized
nutrient that significantly protects nonlymphoidal tissues from
lymphoid events associated with immune stimulation. This
protection is through the regulation of lipid eicosanoid me-
diators. It is believed that protection of nonlymphoidal tis-
sues prevents their negative feedback on the immune response.
Concurrent with lipid mediator modulation is enhanced im-
munity, improved efficiency of feed use, changes in body com-
position, and decrease in diseases associated with the im-
mune response.
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