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Gamma-LinolenicAcid (GLA)

Introduction

Gamma-linolenic acid (GLA) is an important conditionally essential fatty acid (EFA). GLA isan
omega-6 polyunsaturated fatty acid (PUFA). Thefatty acid molecule is comprised of 18 carbon atomswith
three double bonds. It is also known as 18:3n-6; 6,9,12-octadecatrienoic acid; cis-6, cis-9, cis-12-
octadecatrienoic acid; and gamolenic acid.

GLA isfound naturaly in the fatty acid fractions of some plant seed oils. M ost notably, sources of
GLA include evening primrose oil (EPO), borage ail, black currant oil, and hemp seed oil. GLA is present
in EPO at concentrations of 7-14 percent of total fatty acids; in borage seed oil at 20-27 percent; and in
black currant seed oil at 15-20 percent. GLA isalso found in some fungal sources, and aminimal amount is
produced in the body as a downstream metabolite of the delta-6-desaturase induced conversion from the
EFA linoleic acid. Under certain conditions, such as decreased enzymatic activity of delta-6-desaturase,
GLA may become conditionally essential. GLA isaso present naturally in the form of triglycerides.
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Biochemistry

The stereospecificity of GLA varies from source to source. In EPO and black currant oil GLA is
concentrated in the n-3 position, while in borage oil it is concentrated in the n-2 position. GLA is concen-
trated evenly in both the n-2 and n-3 positions of fungal oils.* Conversion of linoleic acid to GLA isinduced
by the enzyme delta-6-desaturase. Linoleic acid is converted first to GLA then to arachidonic acid by an
aternating sequence of delta-6-desaturation, chain elongation, and delta-5-desaturation, in which hydrogen
atoms are selectively removed to create new double bonds. Dietary GLA supplementation bypasses the
rate-limiting step of delta-6-desaturation and isquickly elongated to dihomo-gamma-linolenic acid (DGLA).
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GLA formation is dependent on the ac-
tivity of the delta-6-desaturase enzyme, which is
hindered by numerous factors, including aging,
nutrient deficiency, trans-fatty acids, hydrogenated
oils, smoking, and excessive a cohol consumption.
Unopposed omega-6 supplementation may cause
an increase in arachidonic acid and the undesir-
able, pro-inflammatory, 2-series prostaglandins.
A combination of alpha-linolenic acid (or
ei cosapentaenoic (EPA) and docosahexaenoic
(DHA)) with GLA may antagonize conversion to
arachidonic acid.? The result will be more favor-
able, with an increase in anti-inflammatory and
antithrombotic effects.

Phar macokinetics

Although the ingestion of GLA-enriched
oils results in the accumulation of DGLA in tissue
phospholipids and triglycerides, the absolute level
of GLA intheail may not bethe sole determinant of
biologica efficacy. Precisetriglyceride stereospecific
composition and cellular kinetics of phospholipases
and acyltransferases may also influence GLA
bioavailability. Although GLA concentrationin bor-
ageoil istwo-fold higher thanin EPO, GLA-related
effects, such asthe formation of PGEL, are compa-
rable for both dietary oils on a per gram basis* The
intake of both fat and proteininthe diet can affect an
individual’s essential fatty acid status. High intake
of certain saturated fatty acids may increase the re-
quirement for EFAsdueto adecreasein essentia fat
production and decreased bioavailability.®

A randomized, double-blind trial on the
pharmacokinetics and tolerability of essentia fatty
acids demongtrated that fasting plasma GLA levels
plateaued within seven days of beginning treatment,
regardless of dose.® This suggests therapeutic levels
of essentid fatty acidscan beachieved within aweek.

GLA ismetabolized to the 20-carbon poly-
unsaturated fatty acid DGLA, which is
cyclooxygenated to prostaglandin E1 (PGEL). PGE1
elicits biologic activities by binding to surface re-
ceptors on smooth muscle cells, increasing intracel -
lular cAMP. GLA and DGLA arenot normaly found
in the free state, but occur as components of phos-
pholipids, triglycerides, neutra lipids, and choles-
terol esters, mainly in cell membranes. PGELisme-
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tabolized to smaller prostaglandin remnants — pri-
marily dicarboxylic acids. The mgjority of metabo-
lites are excreted in the urine.

M echanism of Action

GLA, via conversion to PGEL, exhibits
anti-inflammatory, antithrombotic, antipro-
liferative, and lipid-lowering potential. It also en-
hances smooth muscle relaxation and vasodil ation.
In addition, EFAs including GLA are important
constituents of membrane phospholipids, includ-
ing the mitochondrial membrane, where they en-
hance the integrity and the fluidity of the mem-
brane.”

Deficiency States

Infants appear to lack sufficient delta-6-
desaturase activity. Whereas breast milk is high
in GLA and DGLA, infant formula is not. This
can lead to a deficiency state in formula-fed in-
fants, particularly skim milk-based formula.®
GLA-deficient infants present with dryness,
desquamation and thickening of the skin, and
growth failure.%°

Subclinical deficiency of essential fatty
acids has been studied in pre-term and term in-
fants. The fatty acid composition of structural
membrane lipids can impact membrane function
by modifying overall membrane fluidity, affect-
ing membrane thickness, or by influencing the
interaction of fatty acidswith membrane proteins.
Changesin neuronal membranesthat affect mem-
brane excitability have also been noted.'*

In a screening study on a Japanese popu-
lation with high rates of atrophic gastritis, indi-
vidualswith gastritis had significantly lower GLA
level sthan individual swithout gastritis. Addition-
aly, the sameindividuals also had elevated levels
of DHA when compared to healthy subjects who
had lower levelsof DHA.*2 Studies also show dis-
turbancesin linoleic acid metabolism in obesein-
dividuals, particularly children. 4
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Clinical Indications

Rheumatoid Arthritis

A seriesof clinical trialshas measured the
efficacy of various GLA dosages and sources on
the progression of rheumatoid arthritis. Two pla-
cebo-controlled studieswere conducted using bor-
ageseed ail. Inasix-month study using daily doses
of 1.4 g GLA from borage oil or cottonseed oil as
placebo, the borage-treated group showed signifi-
cant improvement (36.8%) compared to the pla-
cebo group (5.6%).%° Improvement was measured
by joint tenderness counts and scores, joint swell-
ing scores, physician global assessment, and pain.
No patients went into remission. In the second
study, 56 patients received 2.8 g GLA from bor-
age seed or placebo for six months.’® A greater
percentage of the borage-treated group showed
improvement (64%) than did the placebo group
(21%), defined as a 25-percent improvement in at
least four measures, including tender joint counts,
swollen joint counts, tender joint score, visual
analogue score, and the Heal th A ssessment Ques-
tionnaire Score.

Three trials have been conducted using
EPO for rheumatoid arthritis. In the first trial, 40
patients took either 6 g EPO daily or placebo (ol-
ive ail) for six months.'” The EPO group revealed
a significant improvement in morning stiffness,
but not overall stiffness, whereas, the olive oil
group experienced no changein morning stiffness,
but an improvement in overall stiffness. A second
study examined an EPO/fish oil combination,
EPO, or placebo for a one-year period.*® Forty-
nine patients were randomized to receive either
EPO capsules providing 540 mg GLA or EPO/
fish oil capsules containing 450 mg GLA and 240
mg EPA. A significant percentage of treated indi-
viduals reported subjective improvement com-
pared to placebo (94% versus 30%). In addition,
73 percent of EPO patientsand 80 percent of EPO/
fish oil patients reduced or stopped non-steroidal
anti-inflammatory drugs (NSAIDS) therapy com-
pared to 33 percent of the placebo group. In the
thirdtrial, no significant changes occurred foll ow-
ing three months of 20 mL/day of EPO.*°
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Inasix-monthtrial, 34 patientstook daily
doses of 10.5 g black currant seed oil (containing
2.0 g GLA) or placebo (soybean oil).? Patients
maintained NSAIDS and/or corticosteroid treat-
ment throughout the study. Those in the treatment
group who compl eted the study demonstrated sig-
nificant improvement in joint tenderness scores
compared to those on placebo who experienced
no change.

Atopic Eczema

Alterationsinlinoleic acid metabolism have
been demonstrated in atopic conditions such as
eczema.?! Conversion of linoleic acid to gammar
linolenic acid isinhibited in individuals with atopic
dermatitis. During the past two decades several
studies have reported mixed results on the use of
GLA-containing oils, particularly EPO, for atopy.?
5 Thesestudiesreveal subtleimprovements, such as
decreased inflammation and itching; however, overall
numbersfailed to reveal significant change.

Inamulticenter trid, 179 patientswith atopic
dermatitiswere trested with 4 g EPO daily. After 12
weeks, 62 percent of patients demonstrated a Sig-
nificant clinical response based on a standardized
clinica assessment form.?

Wright and Burton treated 60 adults and 39
children with atopic eczema with EPO or placebo
for 12 weeks.? Adults received either 1.44 g EPO
(180 mg GLA) or two times or four timesthat dose.
Children received either 0.72 g EPO (90 mg GLA)
or two times that dose. A moderate improvement in
clinical sgns, includingitching, followed supplemen-
tation, particularly at the highest doses of EPO.

Most recently adouble-blind, randomized,
placebo-controlled tria was conducted on 118 for-
mula-fed infants who were a high familial risk of
developing atopic dermatitis.?® Infants with amater-
nal history of atopic disease received a borage oil
supplement (100 mg GLA) or placebo (sunflower
oil) daily for the first six months of life. Outcome
was based on incidence and severity of atopic der-
matitis as well as total serum immunoglobulin E
(IgE). Clinically, severity of atopic dermatitis was
decreased favorably intheborage-oil group, although
atopy was dtill present. Additionaly, GLA had no
effect on IgE levelsduring thefirst year. The authors
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concluded the constant dose of GLA givenovertime
was possibly insufficient with progressing age and
body weight.

Acute Respiratory Distress Syndrome

The anti-inflammatory mechanism of
GLA has successfully been evaluated in treating
critically ill patients suffering with acute
respiratory distress syndrome. Results of a
randomized, double-blind, controlled, multicenter
trial found that, compared to acontrol diet, enteral
nutrition supplemented with EPA, GLA, and
antioxidants for at least 4-7 days significantly
reduced pulmonary neutrophil recruitment and
inflammation in 146 patients.*® The EFAs and
antioxidants also benefited the amount of gas
exchange, requirement for mechanical ventilation,
length of intensive care unit stay, and reduction of
new organ failure. Other clinical trials have
demonstrated similar results.203!

Asthma

A randomized, double-blind, placebo-
controlled tria in patients with mild-to-moderate
asthma examined the effectiveness of supplement-
ing an EPA/GLA combination to stimulate
leukotriene biosynthesis.®? Forty-three patients
were randomized to receive either 10 g (0.75 g
GLA +05gEPA) or 159 (1.13g GLA +0.75g
EPA) of an EPA/GLA emulsion or placebo (olive
ail). After being followed for four weeks, patients
leukotriene biosynthesiswas significantly reduced
in the treatment group compared to placebo. In-
haler use also decreased. No other clinically sig-
nificant changes were noted in four weeks, sug-
gesting the need for longer patient follow-up.

Premenstrual Syndrome

A preparation containing nine-percent
GLA (Efamol®) was used in the treatment of 68
women, ages 21-48, with severe cases of PMS.*
Subjectswere given two capsules of Efamol twice
daily three daysbefore the expected onset of symp-
toms until the start of menstruation. At the con-
clusion of the study, 61 percent experienced com-
plete relief of symptoms, 23 percent had partial
relief, and 15 percent reported no relief.
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Cardiovascular Disease

Given the role of blood lipidsin the pro-
gression of cardiovascular disease, recent research
has focused on the effects of combined fatty acid
supplementation. Dietary supplementation with
GLA aone has yielded variable results on circu-
lating lipid levels.3+%

A study of 32 women, ages 36-68, as-
sessed the effects of different combinations of
EFAs on serum lipids.®” Subjects received either
4gEPA + DHA; 4g EPA + DHA plus1 g GLA
(4:1); AgEPA + DHA plus2g GLA (4:2);or4g
EPA + DHA plus4 g GLA (4:4) daily for 28 days.
At the end of the 28-day period, the ratio of total-
to-HDL cholesterol was significantly reduced in
al four groups, by 11-, 9.6-, 14-, and 14.7 per-
cent, respectively. Mean group reductions in
LDL:HDL ratiosfrom days0-28 were stetistically
significant inthe4:1-, 4:2-, and most dramatically
in the 4:4 group, with a 19.9-percent reduction.
Triglyceride concentrations were most predomi-
nantly lowered in the 4:2 group. In general, the
study demonstrated a combination of GLA and
marine oils may be beneficial in improving lipid
profiles.

Ulcerative Calitis

A randomized, double-blind, placebo-
controlled study measured the efficacy of fatty acid
supplementation in maintaining remission of ul-
cerative colitis.® Sixty-three patients were given
EFAs(1.62gGLA, 270 mg EPA, and 45 mg DHA)
or placebo (500 mg sunflower oil) for 12 months.
The study did not reveal a significant difference
in relapse rates between active medication and
placebo (placebo, 38%; EFAS, 55%). The study
concluded that a different ratio of oils or larger
doses may prove more beneficial.
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Attention Deficit/Hyperactivity

Disorder

In asmall (n=18) double-blind, placebo-
controlled, crossover trial, boys ages 6-12 with a
clinical diagnosis of attention deficit/hyperactiv-
ity disorder (ADHD) were randomized to receive
d-amphetamine or Efamol.* Zinc nutritional sta-
tus was analyzed with regard to drug efficacy. In
children with adequate zinc levels, d-amphetamine
appeared to have the most profound effect based
on the Conners Teacher Hyperactivity Index, while
children with borderline-low zinc levels showed
a profound improvement from Efamol. Results
from this study indicate zinc nutrition may be an
important factor in the treatment of ADHD. In
children with borderline zinc status, EPO canim-
prove or compensate for amild deficiency, possi-
bly because zinc isa cofactor in the conversion of
linoleic acid to GLA.

Cancer

GLA has shown promisein the treatment
of cancer, both as a cytotoxic agent and as an ad-
junct to chemotherapy. In the treatment of breast
cancer, GLA, when used in combination with
tamoxifen, was found to down-regulate estrogen
receptor expression, both in an animal“ and clini-
cal* trial. In the latter trial, 38 breast cancer pa-
tientsweregiven 2.8 g GLA plus 20 mg tamoxifen
daily and compared to matched controls who re-
ceived only tamoxifen. GLA combined with
tamoxifen was found to enhance the efficacy of
tamoxifen and increase response rate— evident by
the sixth week. There was a greater reduction in
estrogen receptor expression in the combination
group than the group taking only tamoxifen.

Additionally, animal studies have shown
GLA, specifically in the form of borage ail, can
inhibit a mammary tumorigenic response by in-
creasing the activity of ornithine decarboxylase
in mammary tumors.*? In vitro studies demonstrate
various EFAS, particularly GLA, can enhance the
effect of paclitaxel, achemotherapy drug used for
breast and ovarian cancers.*®

EFAs may also be effective in the
treatment of certain cancers resistant to other
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treatment.* In a small trial on human gliomas, a
moderate improvement in patient survival was
observed after 1 mg GLA was administered via
cerebral reservoir for seven days.®® GLA also
demonstrated asynergistic effect with gemcitabine
against pancreatic adenocarcinoma cell lines.*
Intravesicular GLA hasbeen shown to be cytotoxic
in superficial bladder cancer, with aresponse rate
of 43 percent, demonstrating a cytotoxic effect
against transitional cell carcinoma.*’

Abnormal fatty acid concentrations have
been detected in mononuclear blood cells from
patients with lymphoblastic leukemia. In acute
lymphoblastic leukemia, abnormal PUFA cells
result from an increase in delta-6-desaturase, in-
creasing production of tumor-promoting prostag-
landin E2 (PGE2). In contrast, patients with my-
eloid leukemias do not show any significant dif-
ferences.® An in vitro study demonstrated GLA
induces apoptosisin isolated B-cells cultured from
patients with chronic lymphocytic leukemia*

Dry Eye Syndrome

In a recent randomized, double-blind,
clinical trial, 20 individuals with diagnosed kera-
toconjunctivitissicca (dry eye syndrome) received
either an oral dose of 28 mg linoleic acid plus 1
mg GLA twicedaily in addition to atear solution
or atear substitution and placebo for 45 days.*®
Statistically significant changes occurred in the
treated group with a reduction in ocular surface
inflammation and improvement in dry eye symp-
toms. Theseresults are somewhat surprising given
the small dosage size.

Osteoporosis

A placebo-controlled trial examined the
effect of either acombination of GLA/EPA or pla-
cebo (coconut oil) for 18 months on 65 elderly
women with senile osteoporosis.® In addition, all
women were given 600 mg calcium carbonate
daily. During the first eighteen months, lumbar
spine density remained the same in the treatment
group, but decreased 3.2 percent in the placebo
group. Femoral bone density in the treated group
increased 4.7 percent, but did not change in the
placebo group.

Alternative Medicine Review O Volume 9, Number 1 O 2004
Copyright©2004 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission



Diabetic Neuropathy

GLA has shown promising results in the
treatment of diabetic complicationsin several hu-
man and animal studies.>% In adouble-blind, pla-
cebo-controlled, parallel trial of 111 patientswith
mild diabetic neuropathy, patients were given ei-
ther 480 mg GLA or placebo daily.® After one
year, GLA-treated patients showed favorable im-
provement in all parameters, including hot and
cold threshold, sensation, tendon reflexes, and
muscle strength compared to placebo.

In a smaller, double-blind, placebo-con-
trolled trial of 22 patientswith distal diabetic neu-
ropathy, similar results were achieved at a dose of
360 mg GLA daily for six months.>

Other Indications

A large cross-sectional Japanese study
demonstrated a positive association between im-
provement in seasonal allergic rhinoconjunctivitis
and GLA supplementation.®® GLA supplementa-
tion has also been shown to provide benefit for
insomnia, tardive dyskinesia,% and uremic skin
symptoms in hemodialysis patients.®* A recent
clinical trial found GLA (1.5gborageoil) and EPA
(1.5 g fish oil) daily benefited adults with peri-
odontitis.®?

Nutrient-Nutrient I nteractions

Zinc, ascorbic acid, and vitamin B6 regu-
late delta-6-desaturase activity and aid in the con-
version of GLA to PGEL.%® Deficiencies of these
vitamins and minerals may contribute to low lev-
els of EFAs. Optimal absorption and activity of
vitamin D and calcium is dependent on sufficient
fatty acidsinthediet. GLA and EPA enhance cal-
cium absorption and activity with a correspond-
ing decrease or reversal of bone loss.%

Drug-Nutrient Interactions

GLA has shown promising results when
combined with the anticancer drugs tamoxifen®4
and paclitaxol .
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Research demonstrates that some indi-
viduals on NSAIDS, as well as patients on corti-
costeroids, have been able to decrease dosages or
even discontinue medications completely after
supplementation with GLA.*8

Side Effects and Toxicity

Dietary and supplemental sourcesof GLA
have been reliably investigated and have been
found to be nontoxic. Limited cases of soft stool,
belching, and abdominal bloating have been re-
ported.® Several long-term studies have demon-
strated upto 2.8 g GLA daily iswell tolerated.!6

Dosage

Dose is dependent on age and the condi-
tion being treated. Children with eczema are of-
ten given 2-4 g GLA-containing oil daily (90-100
mg GLA). Rheumatoid arthritisin an adult is of -
ten treated with 5-10 g GLA-containing oil daily
(2 g GLA), athough some studies reveal higher
dosages. Supplementation should be given with
food to avoid gastrointestinal distress.
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