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Regulation of Eicosanoid Pathways: A Pathway to Health and Development
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There are few biological pathways that are more central to overall
human and animal health than the eicosanid pathway. The
eicosanoids are central not only to the inflammatory pathway, but
metabolic diseases such as obesity, arteriosclerosis, autoimmunity,
cancer, growth, pain, and development. Tools for the regulation
of this pathway have always been with us, but have been
neglected and ignored. In this short summary, a description of the
eicosanoid pathway, diseases related to the pathway, and a
method to manipulate the pathway will be presented. Manipulation
of the eicosanoid pathway provides a potential mechanism for the
replacement of antibiotics in animal feeds for improving growth
and feed efficieny.

Eicosanoid Pathway: Eicosanoids are a family of lipid mediators
regulating numerous physiological processes (Hwang, 1989).
Theses lipid mediators are derived from the fatty acid, linoleic acid
(18:2, cis 9, cis 12), which is an essential nutrient for all animals.
Linoleic acid is inserted into the sin 2 position of phospholipids that
make up cell membranes. It is modified by desaturase and
enlongase enzymes which converts it to arachidonic acid (AA)
(20:4). Under the action of numerous stimuli (such as endotoxin,
cytokines, hormones, and other cellular stimuli), an enzyme,
known as phospholipase A, cleaves arachidonic acid from the sin
2 position of phospholipids in the cell membrane. The released AA
is converted, depending on cell type, to prostaglandins (PGs) (via
cyclooxygenase, or COX) or leukotrienes (LTs) (via lipoxygenase,
or LOX). The PGs and LTs signal autocrine, paracrine, and perhaps
even endocrine metabolic processes in the host. For example,
inhibition of COX is well know to prevent pain, and is the basis for
acetylsalicylic acid (aspirin). The discovery of two COX isoforms,
COX-1 and COX-2, has shown that basal levels of COX lipid
mediators (COX-1 products) are essential to normal health,
whereas the products of the COX-2 (which is an inducible enzyme)
may have adverse health implications. Recent data on COX-2
knockout mice has shown that many inflammatory processes,
such as arthritis, are greatly reduce by specifically inhibiting the
COX-2 pathway (Myers et al., 2000). Hence, there has been an
intensive effort by pharmaceutical companies to design specific
drugs that inhibit the COX-2 pathway, without having adverse
effects on the constitutive and maintenance pathway of COX-1
(Riendeau et al., 2001).

One of the problems of selective inhibition of inducible COX
products is that AA cleavage by PLA, results in substrate
availability for the LOX pathway (Van Wauwe and Goossens,
1983). It is now well recognized that inhibition of COX results in
the over production of LOX products (LTs). One of the classical
disease situations in which this occurs is aspirin-induced asthma.
By the inhibition of the COX pathway, substrate is available for
the synthesis of LOX products that are well know to enhance the
inflammatory process of the disease. In the case of asthma, an LT
antagonist has been developed to inhibit the adverse effects of
LTs in the inflammatory process. Hence, regulation of the
eicosanoid pathway must consider both COX and LOX regulation.

Eicosanoids in Disease: There is clear evidence that the eicosaniod
pathway is involved in many metabolic diseases of animals and
humans. Some forms of cancer appear to evade the immune
defenses by the over production of prostaglandins, which in turn
inhibit immune defense against malignant cell development ( PGs
are well known immune suppressants) (Marnett, 1992; Thun et al.,
1993; Hansen Petrik et al., 2000; Liu et al., 2002).The role of PGs
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in cardiovascular disease is best shown by the benefits of the use
of COX inhibitors. Central in the pathway of fat accretion and
metabolism are both the leukotrienes and prostaglandins (Forman
et al., 1995; Sessler and Ntambi, 1998). Inhibition of COX
products is known to prolong the life and improve the quality of
life of patients with arthritic and lupus autoimmune disorders
(Yang et al., 2000), and there is limited evidence that inhibition of
the general eicosanoid pathway may improve animal growth and
feed efficiency.

If the ecosaniod pathway is important in the regulation of normal
physiological processes, what are the consequences of regulating
it, and how should it be regulated? Is there the possibility that
modern animal and human conditions have put abnormal pressure
on the eicosanoid pathway? If one were to regulate the eicosanoid
pathway, how would they do it and what would be the
unintended consequences and benefits?

A great deal can be written about the consequence and benefit of
this pathway. A few comments will be made with regard to select
animal health issues.

There are considerable cost in maintaining the interface between
the microbial world and the animal. To put it simply, the
microbial/animal interface cost, in an animal production context,
over $1 billion in production per year, in the absence of overt
disease (Cook, 2001; Lev and Forbes, 1959). This loss is mainly in
the form of reduced growth and poorer feed efficiency. The loss
of productivity (growth and feed efficiency) is not due to the
microbial world, but due to the animals’ immune defense against
the microbial interface. During an immune challenge, the immune
cells release a plethora of cytokines, two most notably,
Interleukine 1 (IL-1) and tumor necrosis factor (TNF), which
directly causes decreased weight gain and decreased feed
efficiency (Cook and Pariza, 1998). The adverse effects are due to
the eicosanoid pathway (Cook et al., 1993). Cytokines such as IL-1
and TNF stimulate cells to produce lipid mediators (eicosanids) that
in turn cause the collateral damage associated with the immune
reaction. The consequence of immune stimulation is, hence,
decreased growth, weight loss, and decreased appetite (cachexia).
The eicosanoid products are well known to suppress immune
function (Cook et al., 1993). The success of aberrant tumor cells,
in some cases, is via the over production of select lipid mediators.
By the over production of select prostaglandins, tumor cells can
suppress immunological rejection of the mutated tissues and thus
thrive in the host.

On occasion, the immune system turns against the host. As with
any defense system, the host is not always protected from the
collateral damage of its defense. One of the major vehicles of
collateral damage during autoimmunity are lipid mediators, or
eicosaniods. For example, during the autoimmine disease, lupus,
where the immune system begins to make antibodies against ones
own DNA, immune complexes form that filtrate on the basement
membrane of the kidney. Complement is activated, inflammatory
eicosanoids are released, attracting inflammatory white blood cells,
which in an attempt to eliminate the stimulant, cause damage to
the basement membrane. The basement membrane becomes
damaged and begins to leak plasma protein in the urine
(proteinuria) and the animal eventually dies from kidney failure.
There is evidence that the eicosanoid pathway plays an intimate
role in growth and development. This link has been discussed in a
number of reviews (Cook, 2001). Briefly, select cytokines from the
macrophage cell lineage, induce muscle wasting via prostaglandins,
during immune stimulation. The result of eicosasnoid-induced
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weight loss is evidenced by reduced performance post
vaccination, where decreases in performance are directly linked to
cytokine production during immune stimulation. Hence, if one
could decrease eicosanoid release during the immune response,
one should increase animal growth and decrease the age to sexual
maturity.

Regulation of the Eicosaniod pathway as an alternative to
antibiotics

Conjugated Linoleic Acid (CLA): In order for a product to
successfully prevent the adverse health effects of the eicosanoid
pathway, ideally it must allow for basal production of
prostaglandins and leukotrienes for house keeping purposes,
inhibit inducible eicosanoids, particularly during the inflammatory
process, and inhibit both the lipoxygenase and cyclooxygenase
pathway in a similar manner, since the inhibition of only one
pathway results increased substrate flow to the other pathway.
Since linoleic acid (18:2, cis 9, cis 12) is the precursor for both the
LOX and COX enzymatic pathways, we believed that an analogue
of linoleic acid would be potentially beneficial in the regulation of
eicosanoids. CLA is also an 18-carbon fatty acid with two double
bonds. Unlike linoleic acid, the double bonds in CLA are in a
geometrical and positional configuration that is unlike linoleic acid.
The two major isomers of CLA are cis 9, trans 11, and trans 10,
cis 12. Hence, either the 12 carbon double bond of linoleic acid is
move to position 11 on the carbon chain in a trans geometry, or
the 9 carbon double bond is move to carbon 10, also in a trans
geometry. These subtle changes in the precursor (linoleic acid) for
eicosanoid biosynthesis were found to have dramatic effects on
eicosanoid biosynthesis, and animal health and disease (See
www.wisc.edu/cook for CLA bibliography).

CLA was shown to have potent inhibitory effect on antigen-
induced eicosanoid release from several smooth muscles without
inhibiting basal eicosanoid production (Whigam et al., 2001;
Whigham et al, 2002). Both leukotrienes and prostaglandins were
similar in trachea, bladder and lung from antigen sensitized guinea
pigs fed either a control or CLA supplemented diet prior to tissue
challenge with antigen. Following antigen challenge of the tissues,
ex vivo, LTs and PGs increased in tissues from control fed animals,
but release was inhibited in CLA fed animal.

The regulation of eicosanoid biosynthesis is believed to be the
central pathway by which CLA has its effects on a wide range of
biological activities. CLA was shown to reduce lipopolysaccharide
and autoimmune-induced cachexia (Cook et al., 1993; Miller et al.,
1994; Yang et al., 2000). CLA was also shown to be a potent
inhibitor of cancer of the prostate (Visonneau et al., 1997), colon
(Liew et al., 1995), breast (Ip et al., 1991, 1994, 1995) as well as
cancer in several other tissues (Pariza et al., 1999). CLA was
shown to extend the longevity of the lupus autoimmune mouse
model 1.5 to 1.7 fold (Yang et al., 2000), and enhance immune
function (Cook et al., 1993; Miller et al., 1994: Sugano et al.,
1998). Several unexpected discoveries were that CLA enhanced
animal growth and improved feed efficiency (Chin et al., 1994),
reduced the clinical signs of arteriosclerosis (Lee et al., 1994;
Nicolosi et al., 1997), and reduced body fat (Park et al., 1997).
Hence, in some animal species, CLA is a possible candidate for
antibiotic replacement with added agronomical and health benefits.

Anti- PLA,: Another strategy we had to enhance growth and
improve feed efficiency in growing livestock was to develop a
method to inhibit the enzyme Phospholipase A, (PLA,), which is
responsible for the release of substrate for LOX and COX
enzymatic pathways. As previously mentioned, linoleic acid is
elongated and desaturated into arachidonic acid in the sin 2
position of phospholipid. During select immune stimulation, PLA,
cleaves AA from phospholipid, where it is in turn converted to LTs
and PGs by their respective enzymes (Balsinde et al., 1999). PLA,
is also an enzyme that bacteria produce as an invasive factor that
allows bacteria to gain entry through the intestinal mucosal
interface.
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The strategy employed was based on some prior work involving
the synthesis of egg yolk antibody. We had previously shown that
antibody to a neuropeptide, cholecystokinin, was effective in
improving animal growth and feed efficiency, and could be used
as a replacement for antibiotics (Cook and Jerome, 1998; Cook et
al., 1998a; 1998b; 1999). The laying hen is very efficient in
transferring antibodies into egg yolk, and was hence immunized
with PLA,. Egg yolks were collected as a source of antibody, dried,
and fed to chicks. In a number of trials we found that chicks fed
the antibodies to PLA; had over a 5% improvement in growth and
feed efficiency when compared to control fed chicks (Cook, 2001).

Conclusion: The regulation of inflammatory eicosanoids, both of
the lipoxygenase and cyclooxygenase pathways, represents a
possible mechanism by which animal growth and feed efficiency
can be improved. Unlike antibiotics which target the microbial
ecosystem, which induces immune stimulation, and hence the
inflammatory response, targets involving how the host responds
to the inflammatory response provide an alternative to antibiotics
for the purpose of improved growth and feed efficiency. These
new targets should focus on providing a buffer between the host
and immunological reactivity. By protecting the host from the
negative consequence of the immune response (Cook, 1999), we
can maintain enhanced productivity without a concern of creating
resistant organism, and maintain the integrity of the animal’s
immune defense. Regulation of the eicosanoid pathway is one
mechanism by which this can be accomplished.

References

Balsinde, J., M. A. Balboa, P. A. Insel and E. A. Dennis, 1999.
Regulation and inhibition of phospholipase A,. Annu. Rev.
Pharmacol. Toxicol., 39:175-189.

Belury, M.A., K.P. Nickel, C.E. Bird and Y.M. Wu, 1996. Dietary
conjugated linoleic acid modulation of phorbol ester skin tumor
promotion. Nutr. Cancer, 26:149-157.

Chin, S.F., W. Liu, J.M. Storkson, Y.L. Ha and M.W. Pariza, 1992.
Dietary sources of conjugated dienoic isomers of linoleic acid,
a newly recognized class of anticarcinogens. J. Food Compos.
Anal., 5:185-197.

Chin, S.F., J.M. Storkson, K.J. Albright, M.E. Cook and M.W.
Pariza, 1994. Conjugated linoleic acid is a growth factor for
rats as shown by enhanced weight gain and improved feed
efficiency. J. Nutr., 124:2344-2349.

Cook, M.E., C.C. Miller, Y. Park and M. Pariza, 1993. Immune
modulation by altered nutrient metabolism: nutritional control
of immune-induced growth depression. Poult. Sci., 72:1301-
1305.

Cook, M.E. and D.L. Jerome, 1998. Method of improving the
growth or the efficiency of feed conversion of an animal and
compositions for use therein. US Patent, 5,725,873.

Cook, M.E., C.C. Miller and J.L. Pimentel, 1998a. Novel
compound to mimic a naturally occurring peptide effect. U.S.
Patent, 5,814,316.

Cook, M.E., C.C. Miller, and J.L. Pimentel, 1998b. CCK antibodies
used to improve feed efficiency. US Patent, 5,827,517.
Cook, M.E. and M.W. Pariza, 1998. The role of conjugated linoleic

acid (CLA) in health. Int. Dairy J., 8:459-462.

Cook, M.E., Cheryl C. Miller and Julio L. Pimentel, 1999. CCK
antibodies used to improve feed efficiency. U.S. Patent
5,989,584.

Cook, M.E., 1999. Nutritional Effects on Vaccination. In:
Veterinary Vaccines and Diagnostics (ed. R. D. Schultz).
Advances in Vet. Med., Vol. 41: 53-59.

Cook, M. E., 2001. Method of using anti-phospholipase A2
antibodies to enhance growth or improve feed efficiency. U.
S. Patent, 6,213,930 B1.

Forman, B. M., P. Tontonoz, J. Chen, R. P. Brun, B. M. Spiegelman
and R. M. Evans, 1995. 15-deoxy-delta 12, 14-prostaglandin
J2 is a ligand for adipocyte determination factor PPAR gamma.
Cell, 83:803-812.



Cook: Regulation of Eicosanoid Pathways: A Pathway to Health and Development

Hanse Petrik, M. B., M. F. McEntee, B. T. Johnson, M. G.
Obukowicz and J. Whelan, 2000. Highly unsaturated (n-3)
fatty acids, but not (alpha)-linolenic, conjugated linoleic or
(gamma)-linolenic acids, reduce tumorigenesis in
APCmin/+mice. J. Nutr., 130:2434-2443.

Hwang, D., 1989. Essential fatty acids and immune response. Fed.
Am. Soc. Exp. Biol. J., 3:2052-2061.

Ip, C., S.F. Chin, J.A. Scimeca and M.W. Pariza, 1991. Mammary
cancer prevention by conjugated dienoic derivative of linoleic
acid. Cancer Res., 51:6118-6124 .

Ip, C., J.A. Scimeca and H.J. Thompson, 1994, Conjugated linoleic
acid. A powerful anticarcinogen from animal fat sources.
Cancer, 74:1050-1054.

Ip, C., J.A. Scimeca and H. Thompson, 1995. Effect of timing and
duration of dietary conjugated linoleic acid on mammary
cancer prevention. Nutr. Cancer, 24:241-247.

Lee, K.N., D. Kritchevsky and M.W. Pariza, 1994. Conjugated
linoleic acid and atherosclerosis in rabbits. Atherosclerosis,
108:19-25.

Lev, M., and M. Forbes, 1959. Growth response to dietary
penicillin of germ-free chicks with a defined intestinal flora. Br.
J. Nutr., 13:78-84.

Liew, C., H.A.J. Schut, S.F. Chin, M.W. Pariza and R.H. Dashwood,
1995. Protection of conjugated linoleic acids against 2-amino-
3-methylimidazo[4,5-f]quinoline-induced colon carcinogenesis
in the F344 rat -- a study of inhibitory mechanisms.
Carcinogenesis, 16:3037-3043.

Liu, C. H., S. H. Chang, K. Narko, O. C. Trifan, M. T. Wu, E. Smith,
C. Haudenschild, T. F. Lane and T. Hla, 2002. Over-expression
of cyclooxygenase (COX-2) is sufficient to induce
tumorgenesis in transgenic mice. J. Biol. Chem., in press.

Marnett, L. J., 1992. Asprin and the of prostaglandins in cancer.
Cancer Res., 52:5575-5589.

Miller, C.C., Y. Park, M.W. Pariza and M.E. Cook, 1994. Feeding
conjugated linoleic acid to animals partially overcomes catabolic
responses due to endotoxin injection. Biochem. Biophys. Res.
Commun, 198:1107-1112.

Myers, L. K., A. H. Kang, A. E. Postlethwaite, E. F. Rosloniec, S. G.
Morham, B. V. Shlopov, S. Goorha and L. R. Ballou, 2000. The
genetic ablation of cyclooxygenase 2 prevents the
development of autoimmune arthritis. Arthritis Rheumatism,
43:2687-2693.

Nicolosi, R.J., E.J. Rogers, D. Kritchevsky, J.A. Scimeca and P.J.
Huth, 1997. Dietary conjugated linoleic acid reduces plasma
lipoproteins  and early  aortic  atherosclerosis in
hypercholesterolemic hamsters. Artery., 22:266-277.

Pariza, M.W., Y. Park and M. E. Cook, 1999. Conjugated linoleic
acid and the control of cancer and obesity. Toxicol. Sci.,
52(Suppl.):107-110.

105

Park, Y., J.K. Albright, W. Liu, J.M. Storkson, M.E. Cook and
M.W. Pariza, 1997. Effect of conjugated linoleic acid on body
composition in mice. Lipids, 32:853-858.

Riendeau, D., M. D. Percival, C. Brideau, S. Charleson, D. Dube, D.
Ethier, J. P. Falgueyret, R. W. Frisen, R. Gordon, G. Grieg, J.
Guay, J. Mancini, M. Ouellet, E. Wong, L. Xu, S. Boyce, D.
Visco, Y. Girard, P. Prasit, R. Zamboni, |. W. Roder, M. Gresser,
A. W. Ford-Hutchinson, R. N. Young and C. C. Chan, 2001.
Etoricoxib (MK-0663): Preclinical profile and comparison with
other agents that selectively inhibit cyclooxygenase-2. J.
Pharma. Exptl. Thera., 296:558-566.

Sessler, A. M. and J. M. Ntambi, 1998. Polyunsaturated fatty acid
regulation of gene expression. J. Nutr., 128:923-926.

Sugano, M., A. Tsujita, M. Yamasaki, K. Yamada, I. Ikeda and D.
Kritchevsky, 1997. Lymphatic recovery, tissue distribution,
and metabolic effects of conjugated linoleic acid in rats. J.
Nutr. Biochem., 8:38-43.

Sugano, M., A. Tsujita, M. Yamasaki, M. Noguchi and K. Yamada,
1998. Conjugated linoleic acid modulates tissue levels of
chemical mediators and immunoglobulins in rats. Lipids,
33:521-527.

Thun, M. J., M. N. Nambooodiri, E. Calle, W. D. Flanders and C. W.
Heath, Jr., 1993. Aspirin use and risk of fatal cancer. Cancer
Res., 53:1322-1327.

Van Wauwe, J. and J. Goossens, 1983. Effects of antioxidants on
cyclooxygenase and lipoxygenase activities in intact human
platelets. Prostaglandins, 26:725-730.

Visonneau, S., A. Cesano, S.A. Tepper, J.A. Scimeca, D. Santoli
and D. Kritchevsky, 1997. Conjugated linoleic acid suppresses
the growth of human breast adenocarcinoma cells in scid
mice. Anticancer. Res., 17:969-973.

Whigham, L. D., E. B. Cook, J. L. Stahl, R. Saban, D. E. Bjorling, M.
W. Pariza and M. E. Cook, 2001. CLA reduces antigen-induced
histamine and PGE; release from sensitized guinea pig trachea.
Am. J. Physiol. Regulatory Integrative Comp. Physiol.,
280:908-912.

Whigham, L. D., A. Higbee, D. E. Bjorling, Y. Park, M.W. Pariza and
M. E. Cook, 2002. Conjugated linoleic acid reduces anti-
induced prostaglandin and luekotriene release from sensitized
guinea pig lung trachea, and bladder as measured by HPLC-
tandem mass spectrometry. Am. J. Physiol. Regulatory.
Integrative Comp. Physiol., In press.

Yang, M., M. W. Pariza and M. E. Cook, 2000. Conjugated linoleic
acid protects against end stage disease of systemic lupus
erythematosus in the NZB/W F1 mouse. Immunopharma.
Immunotox., 22:433-44.



