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Gamma Linolenic Acid: An Antiinflammatory Omega-6 Fatty Acid
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Abstract: Inflammation plays an important role in health and disease. Most of the chronic diseases of modern society, in-
cluding cancer, diabetes, heart disease, arthritis, Alzheimer’s disease, etc. have inflammatory component. At the same
time, the link between diet and disease is also being recognized. Amongst dietary constituents, fat has gained most recog-
nition in affecting health. Saturated and trans fatty acids have been implicated in obesity, heart disease, diabetes and can-
cer while polyunsaturated fatty acids (PUFAs) generally have a positive effect on health. The PUFAs of omega-3 and
omega-6 series play a significant role in health and disease by generating potent modulatory molecules for inflammatory
responses, including eicosanoids (prostaglandins, and leukotrienes), and cytokines (interleukins) and affecting the gene
expression of various bioactive molecules. Gamma linolenic acid (GLA, all cis 6, 9, 12-Octadecatrienoic acid, C18:3, n-
6), is produced in the body from linoleic acid (all cis 6,9-octadecadienoic acid), an essential fatty acid of omega-6 series
by the enzyme delta-6-desaturase. Preformed GLA is present in trace amounts in green leafy vegetables and in nuts. The
most significant source of GLA for infants is breast milk. GLA is further metabolized to dihomegamma linlenic acid
(DGLA) which undergoes oxidative metabolism by cyclooxygenases and lipoxygenases to produce anti-inflammatory ei-
cosanoids (prostaglandins of series 1 and leukotrienes of series 3). GLA and its metabolites also affect expression of vari-
ous genes where by regulating the levels of gene products including matrix proteins. These gene products play a signifi-
cant role in immune functions and also in cell death (apoptosis). The present review will emphasize the role of GLA in
modulating inflammatory response, and hence its potential applications as an anti-inflammatory nutrient or adjuvant.

INTRODUCTION

Inflammatory response is a friend and a foe. Acute in-
flammatory response is essential for survival of host as it
plays an important role in host defense mechanisms (in kill-
ing of invading microorganisms, damaged cells, wound heal-
ing, tissue repair, etc.). Chronic/uncontrolled inflammatory
response, on the other hand, leads to self tissue damage,
causing chronic diseases like arthritis, psoriasis, etc. Re-
search in last five decades has confirmed involvement of
inflammation in various chronic diseases like heart disease,
cancer, diabetes, Alzheimer’s disease, parkinsonism, multi-
ple sclerosis, and lupus nephritis, etc. [1-6]. The cause-effect
relationship of inflammation in these diseases is not estab-
lished yet. Of these, heart disease, cancer and diabetes are
major diseases of industrialized world that account for over
50% of death from all causes.

In recent years, the understanding of role of diet in health
and disease is being advanced at a rapid rate. Epidemiologi-
cal studies have linked the diet with various chronic diseases
(heart disease, diabetes, cancer, metabolic syndrome, etc.).
Diets can modulate the inflammatory processes and also af-
fect the gene expression in the body and hence, are linked to
various disease incidences. The proper diet can therefore,
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play a significant role in prevention of disease and hence,
maintenance of good health. Of many dietary constituents,
fat has gained most importance in affecting health. Fatty
acids play an important role in mediation of inflammatory
responses, in addition to being a energy dense nutrient and a
carrier of fat soluble vitamins.

The present review outlines the status of our current un-
derstanding on gamma linolenic acid in health and disease
and its applications in prevention and treatment of diseases
and to improve the efficacy of therapeutic agents.

GAMMA LINOLENIC ACID (GLA)

GLA (cis 6, cis 9, cis 12-Octadecatrienoic acid) is pro-
duced in the body as an intermediate in the metabolism of
linoleic acid (LA), an essential fatty acid of omega-6 series
by the action of enzyme delta-6-desaturase. This reaction is
very slow and is further restricted during nutritional defi-
ciencies of vitamins, minerals (zinc, cobalt, etc.), and also
during inflammatory conditions like arthritis, psoriasis. Hy-
pertension, diabetes, and several other diseases also impair
the activity of this enzyme, leading to insufficient production
of GLA in the body. Life style factors like stress, smoking,
and alcohol, saturated and trans fats and preformed arachi-
donic acid and eicosapentaenoic acid also inhibit the en-
zyme. Once formed or administered, GLA is rapidly elon-
gated to dihomogamma linolenic acid (DGLA) which is in-
corporated into the cell membrane phospholipids following
acylation reaction catalyzed by acyl transferases. DGLA is
the active form produced from GLA that mediates most of
the physiological actions of GLA. A small amount of DGLA
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can also be converted to arachidonic acid (AA) by the en-
zyme delta-5-desaturase. However, this reaction is slow and
the extent of formation of AA from DGLA is dependent on
the dietary and environmental factors. Preformed AA (from
meat and dairy) [7], eicosapentaenoic acid (EPA, from fish)
[8], and sesamin {9] (from sesame seeds) inhibit the enzyme
and thereby prevent formation of AA.

Membrane bound DGLA is released by the action of en-
zyme phopholipase A; (PL A;). Once released, it is competes
with AA for enzymes cyclooxygenases (COX) and lipoxy-
genases (LOX) to produce short lived second messengers
that are responsible for cell — cell communications and me-
diation of physiological effects of these fatty acids. The cy-
clooxygenase products of DGLA include prostaglandins of
series 1 (PGE) and thromboxane A, (TxA,). These products
of COX action exert anti-inflammatory, vasodilatory and
anti-aggregatory actions. DGLA produces 15-hydroxyeico-
satrienoic acid (15-HETTE) by the action of 15-LOX. 15-
HETIE is a strong inhibitor of 5-lipoxygenase, whereby it
inhibits production of leukotriene B, (LTB,) from inflamma-
tory cells including neutrophils [10,11]

GLA has gained importance in last four decades for its
anti-inflammatory [12-16] and anti-cancer [17-22] actions. It
also improves nerve conduction velocity in diabetic patients
[23,24], leading to improved blood flow and reduced tingling
of extremities. Due to these actions of GLA, many sources of
GLA have been commercialized.

The significant commercial sources of GLA include the
oils of, borage (Borage officinalis, 20 — 26% GLA), black
current (Ribes nigrum, 15-18%) and evening primrose (Oe-
noethera biennis L, 8 — 12% GLA). The other sources in-
clude echium (Echium plantagineum), hemp (Cannabis sa-
tiva), fungus (Mortierella isabellina, Mucor fragilis).

GLA AS AN ANTIINFLAMMATORY NUTRIENT
GLA and Inflammation

GLA exerts antiinflammatory activity through formation
of DGLA. DGLA is a substrate for COX and LOX enzymes.
As discussed above, both COX and LOX products of DGLA
exert anti-inflammatory activities. These actions may help in
prevention/treatment of inflammation induced diseases in-
cluding rheumatoid arthritis, psoriasis, atopic dermatitis, etc.
In rheumatoid arthritis patients, GLA alone is not suffi-
ciently potent to relieve pain and inflammation acutely. It
requires a longer period of administration for a clinical re-
sponse [7,25,26]. Several clinical trials have confirmed that
GLA reduces inflammation, tender joint scores, morning sti-
ffess [14,15,26-28] and reduces the requirement for NSAIDs
[27]. When combined with anti-inflammatory drugs, it sup-
plements the anti-inflammatory actions of drugs. Due to this
reason, it is also called as Non-steroidal anti-inflammatory
drugs (NSAID) sparing fatty acid in arthritic patients [27].
NSAIDs inhibit the COX enzyme non-selectively, whereby,
they also prevent the formation of anti-inflammatory and
vasodilatory PGE1. Due to inhibition of COX enzymes,
NSAIDs stimulate the production of LOX products from
arachidonic acid (AA) [29,30] which cause vasoconstriction.
Due to reduced production of PGE1 and increased produc-
tion of LOX products in patients taking NSAIDs chronically,
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gastric mucosa may suffer ischemic insult due to reduced
blood supply. This may be responsible for gastric side effects
of NSAIDs like gastric ulcers, and perforation [30,31]. On
the other hand, DGLA acts as a synergistic molecule with
NSAIDs by producing anti-inflammatory prostaglandins and
leukotrienes. By inhibiting the production of LTB4, and
stimulating the production of PGE1, DGLA maintains the
normal circulation to gastric mucosa, preventing the gastric
side effects of NSAIDs [32].

In Sjogren's syndrome patients, oral administration of
GLA was shown to reduce ocular discomfort by reducing the
inflammation and increasing the tear content of PGE1 [33]
and in patients suffering from acute lung injury, GLA in
combination with EPA improved gaseous exchange [34]. In
a model of multiple trauma, parenteral administration of
GLA was shown to increase survival [35] . Topically applied
GLA was shown to relieve symptoms of uremic pruiritis
[36], a common problem in hemodialysis patients.

GLA and Cancer

Cancer represents the second leading cause of death in
industrialized countries. Anticancer drugs show significant
toxicity as these drugs are non-selective in exerting toxic
effects on cancerous and normal cells. GLA has been shown
to exert tumoricidal activity against a variety of cancers in-
cluding cancers of breast, pancreas, colon, brain, etc.
[17,21,22,37,38]. GLA also inhibits metastasis of cancer
cells [22,39-41]. The inhibition of metastasis is mediated
through a combination of mechanisms. GLA has been re-
ported to inhibit excessive expression of osteonectin (or
SPARC), a protein involved in cancer cell migration [22]
while it stimulates expression of metastasis suppressor genes
that produce proteins that are involved in suppression of me-
tastasis [39]. The anticancer actions of GLA are mediated
through direct cytotoxic action of GLA on cancer cells [21],
inhibition of angiogenesis in tumor cells [42], stimulation of
apoptotic cell death [43] and gene activation and also
through conversion to eicosanoids via DGLA. Studies have
shown that when combined with anticancer agents, GLA not
only improved the efficacy of anticancer drug, but also re-
duced the side effects. In in-vitro studies, GLA has been
shown to improve the efficacy of anticancer drugs like pacli-
taxel, vinorelbine, doxorubicin, epirubicin, mitoxantrone and
idarubicin, 5-fluorouracil, and germcitabine [44-47]. These
actions are mediated through several mechanisms including
down regulation of estrogen receptors [20,48], inhibition of
Sa-reductase enzyme, inhibition of cell adhesion molecules
like vCAM, ICAM, E-selectin, and urokinase type plasmi-
nogen activator, etc. Clinical trial in breast cancer patients
has confirmed that when given in combination with ta-
moxifen, GLA improved the efficacy of tamoxifen, reduced
the side effects and time to response to therapy [20]. GLA
has been shown to improve the transcutaneous absorption of
tamoxifen [49,50]. This strategy can be employed for local
delivery of tamoxifen to the cancerous breast tissue and
hence avoiding the side effects of the drug. GLA in itself
being a tumoricidal compound will synergistically act with
tamoxifen.

In one study, lithium salt of GLA was conjugated to io-
dized lymphographic oil (LGIOC) and injected intra-arteri-
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ally at a site close to the tumor feeding vessel in 4 patients
suffering from stage 4 cancers [38]. Of these patients, 2 were
suffering from hepatocellular carcinoma, one giant cell tu-
mor of the bone, and one with renal cell carcinoma. The in-
jection of GLA derivative caused permanent occlusion of
blood vessel feeding to the tumor, resulting in reduction in
the size of tumor. The treatment was well tolerated. In an-
other study, when GLA was injected into tumor cells in pa-
tients suffering from advanced glioma, it caused significant
reduction in tumor mass, and improved the survival in these
patients over 2 years [51].

INSULIN RESISTANCE AND DIABETES

Insulin resistance is a major problem as it occurs before
clinical onset of diabetes. Insulin resistance also plays a sig-
nificant role in metabolic syndrome. The exact cause of insu-
lin resistnace development is not well understood. Several
drugs have been known to cause impairment of insulin ac-
tion. Glucocorticoids, in particular cause insulin resistance
and can also show the cardiac side effects. It was shown that
dexamethasone induced insulin resistance was associated
with reduced cardiac DGLA levels and increase AA levels
[52]. These changes in cardiac fatty acids may contribute to
cardiac side effects of glucocorticoids. A recent analysis of
plasma of diabetic children during and after diabetic ketoaci-
dosis revealed that GLA levels were lower during ketoacido-
sis but were brought to normal levels following successful
treatment [53]. The earlier studies have shown that treatment
with GLA improves the nerve conduction velocity in dia-
betic patients and animals. These data suggest that GLA can
be an important nutrient and also as adjuvant in the preven-
tion of complications of diabetes.

SUMMARY

The above discussion highlights the physiological and
pharmacological roles of GLA in regulating inflammatory
responses. The data presented above suggest that GLA can
be effectively used in combination with various pharmaceu-
tical agents to improve the efficacy of these drugs and also to
reduce the side effects, which is a serious concern affecting
the quality of life of the patients. GLA can be used as a car-
rier for these medicines or can be co-administered.

REFERENCES

[1 Wersinger, C., Sidhu, A. (2006) Curr. Med. Chem. 13, 591-602.

[2] Stenvinkel, P. (2006) Nephrology (Carlton) 11, 36-41.

[3] Donoso, L.A,, Kim, D., Frost, A., Callahan, A., Hageman, G.
(2006) Surv. Ophthalmol. 51, 137-52.

4] Savoia, C., Schiffrin, E.L. (2006) Curr. Opin. Nephrol. Hypertens.
15, 152-58.

[51 Libby, P. (2006) Am. J. Clin. Nutr. 83, 4565-60S.

[6] Haffner, S.M. (2006) Am. J. Cardiol. 97, 3A-11A.

71 Cho, H.P., Nakamura, M., Clarke, S.D. (1999) J. Biol. Chem. 274,
37335-39.

[8] Barham, J.B., Edens, M.B., Fonteh, A.N., Johnson, M.M., Easter,
L., Chilton, FH. (2000) J. Nutr. 130, 1925-31.

9] Fujiyama-Fujiwara, Y., Umeda-Swada, R., Kuzuyama, M., Igara-
shi, O. (1995) J. Nutr. Sci. Vitaminol. 41, 217-25.

[103 Chilton, L., Surette, M.E., Swan, D.D., Fonteh, ANN., Johnson,
M.M., Chilton, F.H. (1996) J. Immunol. 156, 2941-47.

[11] Ziboh, V.A., Miller, C.C., Cho, Y. (2000) Am. J. Clin. Nutr. 71,
361S-6S.

{123
[13]
[14]
(1]
[16]
(17]
(18]
[193

[20]

{21]
[22]

[23]

[24]
(23]

[26]
[27]
[28]
[29]

[30]
[31]

[32]
[33]
(34}

[33]

[36)
(37]
(38}
[39]
[40)
[41]
[42]
[43]
[44)
[45)

[46]

[47]

Current Pharmaceutical Biotechnology, 2006, Vol. 7, No. 6 533

Gillis, R.C., Daley, B.J., Enderson, B.L., Karlstad, M.D. (2004)
JPEN J. Parenter. Enteral. Nutr. 28, 308-14.

Ziboh, V.A., Naguwa, S, Vang, K., Wineinger, J., Morrissey,
B.M., Watnik, M. et al. (2004) Clin. Dev. Immunol. 11, 13-21.
Brzeski, M., Madhok, R., Capell, HA. (1991) Br. J. Rheumatol.
30, 370-72.

Calder, P.C., Zurier, R.B. (2001) Curr. Opin. Clin. Nutr. Metab.
Care 4, 115-21.

DeLuca, P, Rossetti, R.G., Alavian, C., Karim, P., Zurier, R.B.
(1999) J. Invest. Med. 47, 246-50.

Sagar, S., Das, U.N,, Koratkar, R., Ramesh, G., Padma, M., Kumar,
G.S. (1992) Cancer Letr. 63, 189-98.

Jiang, W.G., Hiscox, S., Horrobin, D.F., Hallett, M.B., Mansel,
R.E., Puntis, M.C. (1995) Anticancer Res. 15, 2569-73.

Hrelia, S., Bordoni, A., Biagi, P., Rossi, C.A., Bernardi, L., Hor-
robin D.F. et al. (1996) Biochem. Biophys. Res. Commun. 225, 441-
47.

Kenny, F.S,, Pinder, SE., Ellis, LO., Gee, J.M,, Nicholson, R,
Bryce R.P. et al. (2000) Int. J. Cancer 85, 643-48.

Mainou-Fowler, T. (2001) Leuk. Lymphoma 40(3-4), 393-403.
Watkins, G., Martin, T A, Bryce, R, Mansel, RE., Jiang, W.G.
(2005) Prostaglandins Leukot. Essent. Fatty Acids 72, 273-78.
Coste, T., Pierlovisi, M., Leonardi, J., Dufayet, D., Gerbi, A, La-
font, H. et al. (1999) J. Nutr. Biochem. 10, 411-20.

Jamal, G.A. (1994) Diabetic Med. 11, 145-49.

Zilberberg, M., Levine, C., Komaroff, E., Guldin, M., Gordon, M.,
Ross S. Clinical Uses of Gamma-Linolenc Acid, A Systematic Re-
view of the Literature, In, Huang Y-S, Ziboh, V.A., editors.
Gamma linolenic acid, Recent Advances in Biotechnology and
Clinical Applications. Champaigne) IL, AOCS Press, 2000, pp. 90~
104,

Zurier, R.B., Rossetti, R.G., Jacobson, E.W., DeMarco, D.M., Liu,
N.Y., Temming, J.E. et al. (1996) Arthritis. Rheum. 39, 1808-17.
Belch, J.J., Ansell, D., Madhok, R, O'Dowd, A, Sturrock, R.D.
(1988) Ann. Rheum. Dis. 47, 96-104.

Leventhal, L., Boyce, E., Zurier R.B. (1993) Ann. Internal. Med.
119, 867-73.

Gaddi, A, Cicero, A F., Pedro, E.J. (2004) Arch. Gerontol. Geriatr.
38, 201-12.

Halter, F. (1988) Scand. J. Rheumatol. Suppl. 73, 16-21.

Abraham, N.S_ Graham, D.Y. (2005) Expert. Opin. Pharmacother.
6, 2681-89.

Huang, Y.S., Drummond, R., Horrobin, D.F. (1987) Digestion 36,
36-41.

Aragona, P., Bucolo, C., Spinella, R., Giuffrida, S., Ferreri, G.
(2005) Invest. Ophthalmol. Vis. Sci. 46, 4474-79.

Singer, P., Theilla, M., Fisher, H., Gibstein, L., Grozovski, E.,
Cohen, J. (2006) Crit. Care Med. 34, 1033-38.

Efstathopoulos, N., Bathrellos, E., Giamarellos-Bourboulis, E.J.,
Lazarettos, J., Papalois, A., Grecka, P. et al. (2005) Prostaglandins
Leukot. Essent. Fatty Acids 72, 357-62.

Chen, Y.C., Chiu, W.T., Wu, M.S. (2006) Am. J. Kidney Dis. 48,
69-76.

Menendez, J.A., Colomer, R., Lupu, R. (2004) Int. J. Cancer 109,
949-54.

Das, U.N. (2004) Prostaglandins Leukot. Essent. Fatty Acids 70,
23-32.

Jiang, W.G., Hiscox, S., Bryce, R.P., Horrobin, D.F., Mansel, R.E.
(1998) Br. J. Cancer 77, 731-38.

Jiang, W.G., Bryce, R.P., Mansel R.E. (1997) Prostaglandins Leu-
kot. Essent. Fatty Acids 56(4), 307-316. Ref Type, Abstract

Jiang, W.G., Hiscox, S., Horrobin, D.F., Bryce, R.P., Mansel, R.E.
(1997) Biochem. Biophys. Res. Commun. 237, 639-44.

Cai, J., Jiang, W.G., Mansel, RE. (1999) Prostaglandins Leukot.
Essent. Fatty Acids 60, 21-29.

Menendez, J.A_, Vellon, L., Colomer, R., Lupu, R. (2005) J. Natl.
Cancer Inst. 97, 1611-15.

Davies, C.L., Loizidou, M., Cooper, A J,, Taylor, I. (1999) Eur. J.
Cancer 35, 1534-40.

Menendez, J.A., Barbacid, M.D., Montero, S., Sevilla, E., Escrich,
E., Solanas, M. et al. (2001) Eur. J. Cancer 37, 402-13.

Menendez, J.A., Ropero, S., del Barbacid, M.M., Montero, S.,
Solanas, M., Escrich, E. et al. (2002) Breast. Cancer Res. Treat.
72, 203-19.

Whitehouse, P.A., Cooper, A.J., Johnson, C.D. (2003) Pancreatol-
ogy 3, 367-73.



534 Current Pharmaceutical Biotechnology, 2006, Vol. 7, No. 6

{48]
[49]
{50]

(511

Davies, C.L., Loizidou, M., Cooper, A.J,, Taylor, 1. (1999) Eur. J.
Cancer 35, 1534-40.

Heard, C.M., Gallagher, S.J., Congiatu, C., Harwood, J., Thomas,
C.P., McGuigan, C. et al. (2005) Int. J. Pharm. 302, 47-55.

Karia, C., Harwood, J.L., Morris, A.P., Heard, C.M. (2004) Int. J.
Pharm. 271, 305-09.

Das, UN,, Prasad, V.V.S K., Reddy, D.R. (1995) Cancer Lett. 94,
147-55.

[52]

(53]

Kapoor and Huang

Qi, D, An, D., Kewalramani, G., Qi, Y., Pulinilkunnil, T., Abra-
hani, A. et al. (2006) Am. J. Physiol. Endocrinol. Metab. 291,
E420-E427.

Decsi, T., Szabo, E., Kozari, A, Erhardt, E., Marosvolgyi, T.,
Soltesz, G. (2005) Acta Paediatr. 94, 850-55.



Copyright of Current Pharmaceutical Biotechnology is the property of Bentham Science Publishers
Ltd. and its content may not be copied or emailed to multiple sites or posted to a listserv without
the copyright holder's express written permission. However, users may print, download, or email
articles for individual use.






