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Abstract

The human body needs essential nutrients in order to function, grow, and stay
healthy. Our bodies cannot make these nutrients, so get them from our diet.
On the other hand, some diet-related diseases can be caused by certain improper
food ingredients and body inability of absorbing them. Then the idea of purifying
beneficial ingredients formed. Poly-unsaturated fatty acid such as gamma-linoleic
acid (GLA) is a group of essential fatty acids particularly favorable for its applica-
tion in nutraceutical and pharmaceutical industries. GLA plays significant roles in
improving human body functions. It has gained its importance in the last four
decades for having a positive effect on the most of the chronic diseases of modern
society, including cancer, diabetes, heart disease, arthritis, Alzheimer's disease, etc.
Then, it has been used as a dietary supplement for the treatment of various health
problems and have inflammatory component. One of the richest sources of GLA is
a kind of microalgae; Spirulina. Spirulina is a blue-green alga primarily originated
from two species of cyanobacteria and is believed to be the first form of plant life
on the earth. This article reviews GLA applications and properties; favorable condi-
tions for increasing its amount within Spirulina; and how to extract it from the al-
gae.
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Introduction

Structure of y-linolenic acid (GLA)

Among Poly-unsaturated fatty acid (PUFAs), one of the
important essential fatty acids (EFA) from omega-6 series
is y-linolenic acid (GLA). The name of EFA was intro-
duced in 1929 and refers to the fatty compounds important
for functioning of the human body. GLA or “cis 6, 9, 12-
octadecatrienoic acid”’18:3 n-6 belongs to tri unsaturated
acids (triene) which contain three double bonds. Figure 1
shows the y-linolenic acid structure [1].
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Figurel. Structure of y-linolenic acid.

Biosynthesis and mechanisms of GLA

GLA is formed in the pathway of metabolic transformations
of linoleic acid (LA , all cis 6,9-octadecadienoic acid), as a
result of delta-6-desaturase enzyme [1]. This reaction is
very slow and further restricted during nutritional defi-
ciencies of vitamins and minerals (zinc, cobalt, etc.). GLA
is further metabolized to Dihomo-y-linolenic acid (DGLA
20:3 n-6) which undergoes oxidative metabolism by cyc-
looxygenases and lipoxygenases to produce eicosanoids
and prostaglandins [2]. y-linolenic acid is the first interme-
diate in the bioconversion of linolenic acid to long-chain
polyunsaturated fatty acid, arachidonic acid (AA, 20:4 n-6)
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[3]. Studies by Hassam et al., (1975) have shown that the
desaturation steps tend to be very slow but the elongation
steps are rapid. Their results also suggest that the conver-
sion of LA to GLA by 66 desaturases is the rate-limiting
step in the conversion of LA to AA in vivo [4].
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Figure 2. Biosynthesis of y-linolenic acid [12].
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The role of GLA in Medicine

v-linoleic acid is absorbed easily by human cells and helps
in energy release [5]. GLA also helps in different defense
mechanisms including killing of invading microorganisms,
damaged cells, wound healing, tissue repair, etc. Also, in
the last five decades, inflammation has been confirmed in
various chronic diseases and GLA has shown anti-
inflammatory actions [2]. Because of its metabolism to
dihomo-y-linolenic acid dietary, GLA has the potential to
prevent the formation and therefore the negative inflamma-
tory effects of arachidonic acid [6]. There are promising
studies which suggest that supplementation with GLA and
particularly combining it with (n3) long chain-PUFAs
have great potential to dampen inflammatory processes
[7]. GLA improves the processes of B-oxidation of free
fatty acids in fatty liver and facilitates reduction of body
weight by increasing the activity of carnitine palmitoyl and
intensification of peroxisomal B oxidation [8]. y-linolenic
acids are physiological components in inner and outer cell
transport complexes of cell membranes or mitochondria
membranes for transmission of signals in the neuronal lat-
tice of brain in human [1]. GLA plays an important role in
the treatment of wide variety of pathologies such as athe-
rosclerosis, normalizes nerve conduction velocity, sciatic
endoneurial blood flow, atopic eczema, Parkinson’s dis-
ease, premenstrual syndrome, multiple sclerosis, lowers
low-density lipoprotein, cardio-circulatory, diseases coro-
nary, heart diseases, arthritis and zinc deficiency [9, 10,
11]. Treatment with 2.8 g of GLA per day (as the free fatty
acid) for 6 months resulted in clinically relevant and statis-
tically significant reduction in the signs and symptoms of
disease activity in patients with rheumatoid arthritis [12,
13, 14].

Immune cells including lymphocytes, polymorphonuclear
leukocytes, monocytes, splenocytes, kuppfer cells, etc,
have a high content of polyunsaturated fatty acids in their
membrane phospholipids. GLA is taken up by inflammato-
ry cells and is rapidly elongated to DGLA. In some
species, it can be desaturated to AA; but, in human
immune cells, it is not desaturated probably because of
very limited to any presence of delta-5-desaturase in im-
mune cells. Dietary administration of GLA-rich oils has a
potential in modulating immune function. Several in vitro
and in vivo studies have investigated the effect of GLA on
immune functions.

GLA and DGLA inhibit protein kinase C (PKC) activity in
PMA-stimulated T-lymphocytes; however, only GLA
inhibit basal PKC activity. In the same study, both fatty
acids stimulated translocation of PKC from cytosol to
membrane. GLA and DGLA inhibited early and late rise in
intracellular calcium induced by anti-CD3 monoclonal
antibody in T cells and also inhibited a rise in inositol-
1,4,5-triphosphate (IP3) production [15].

Source of GLA

v-linolenic acid have been reported to be produced by sev-
eral families principally Boraginaceae, as well as Caryo-
phyllaceae, Scrophulariaceae,Cannabinaceae, Saxifraga-
ceae, Onagraceae,Liliaceae, Aceraceae, Scrophularia-
ceae, Ranunculaceae, Primulaceae, Asteliaceae and also
Evening-primerose (Oenotherabiennis L.) and Black-

current (Ribesnigrum L.) [3, 15]. The level of gamma-
linolenic acid in Evening-primrose oil varies from 7 to
10% of total fatty acids, whereas in borage oil it ranges
from 17 to 25%, and in biotechnology-derived safflower it
is 35%, in canola oils about 36-40% and hemp seed oil
~15%. GLA is also found in some fungal sources i.e. Mu-
cor javanaicus and Mortierella isabellina.

On the other hand, a minimal amount is produced in the
body as a downstream metabolite conversion from the
EFA linoleic acid. GLA is also present naturally in the
form of triglycerides. Cyanobacteria are also included in
microorganisms that produce GLA (Spirulina maxima and
Spirulina platensis) [8, 16].

Microalgae and GLA

GLAs and their limited availability triggered the search for
the potential new sources of these fatty acids [17]. The
cyanobacteria (blue—green algae) are capable of accumu-
lating 1% of GLA in the dry cell mass. Under certain
environmental conditions, viz, high intensity and low tem-
perature, the GLA to total fatty acid ratio could be
enhanced up to 31% [18]. The first use of microalgae by
human dates back to 2000 years ago from the Chinese who
used Nostoc to survive during famine [19]. Microalgae are
considered a potential source of a wide spectrum of long-
chain PUFAs [20]. For instance, arachidonic acid (AA,
20:4w6) from Porphyridium, eicosapentaenoic acid (EPA,
20:5w3) from Nannochloropsis, Phaeodactylum, Nitz-
schia, Isochrysis, Diacronema, and docosahexaenoic acid
(DHA, 22:6w3) from Crypthecodinium, Schizochytrim has
been detected [21].

The production of highly purified y-linolenic acid from a
microalgal source would be promising. The advantages of
these strains include their higher oil productivity, fast
reproduction, and non-food source. They are economically
cultivable, as they require only light energy, air, and min-
erals to grow. They require much less land areas compared
to conventional crops and could be simultaneously used
for the extraction of biotin, vitamin B-12, folic acid, other
vitamin B complexes, phycobili proteins, and other pro-
teins [22, 23]. Also, added to these advantages, the isomer
of GLA (a-linolenic acid) is found to be absent in total
fatty acids of the cyanobacterium. The absence of the fatty
acid isomer makes purification much more simple when
GLA is the fatty acid of interest [24].

Spirulina, a source of GLA

Microalgae Spirulina is rich in fatty polyunsaturated acids,
mainly y-linolenic acid [25] and can be considered as a
source of y-linolenic acid [26]. Semih Otle and Ruhsen
Pire [11] experimented on three samples of Spirulina and
expressed that although high proportions of GLA were
found, no ALA was found in these samples. Half of the
total Spirulina lipids are fatty acids, the rare polyunsatu-
rated fatty acid y-linolenic acid with putative medicinal
properties represents 10-20% of the fatty acids in S. max-
ima, compared to 49% in S. platensis [27]. The oil of
Evening-primrose is currently the major source of GLA
which may be safely used for supplement diets, but it is by
far the most expensive edible oil of commerce. Since it has
frequently been claimed recently, Spirulina seems likely
would turn out to be a less expensive source of GLA [28].

Journal of Applied Biotechnology Reports, Volume 3, Issue 4, Autumn 2016 484



Ali Choopani, et al. Spirulina a Source of Gamma-linoleic Acid

Spirulina microalgae

Spirulina, newly named Arthrospira, are filamentous cya-
nobacteria, a microscopic photosynthetic bacterium, that
derives its name from the spiral or helical nature of its fi-
laments [27]. It is found in warm water alkaline volcanic
lakes and possesses an amazing ability to live in extremely
harsh conditions [29]. Two species of Spirulina that are
most commonly used in nutritional supplements are Spiru-
lina platensis and Spirulina maxima [30]. Arthrospira pla-
tensis is found in Africa, Asia and South America, whereas
Arthrospira maxima is confined to Central America [31].
As early as over 400 years ago, Spirulina was eaten as
food by the Mayas, Toltec’s, and Kanembu in Mexico dur-
ing the Aztec civilization [32]. The first documented report
on spirulina dates back to the 16th century, when Spanish
invaders Mexico, and discovered that the Aztecs use a blue
green cake known as tecuitlatl as food. Spirulina was dis-
covered in the mid-1960s, when a french botanist, Jean
Leonard, described a blue-green cake sold in the food
market of Fort Lamy, Chad. In the local dialect,it was
called as Dihe [33].

-

Figure 4. Microscopic view of Spirulina.

Medical and dietary forms of spirulina

Spirulina is a source of nutraceutical, with antioxidants,
probiotics properties and biological activities such as
prevention of anemia (due to high iron and vitamin con-
tents), also it is an important source of the protein C-
phycocyanin, which has antioxidant and anti-inflammatory
properties [34], but, the phycocyanin isolated from Spiru-
lina platensis extract is capable of binding to ferrous and
ferric ions, probably causing decrease in the absorption of
iron from food [35]. Recently, large studies have been
devoted to therapeutic benefits of Spirulina on various
diseased conditions including hypercholesterolemia, hy-
per- glycerolemia, cardiovascular diseases, inflammatory
diseases, cancer, and viral infections hypolipidemic [36].
The safety of Spirulina consumption for human has been
established through toxicological studies and sold as a
health drink or pills in tablet form for more than 10 years
without any undesirable effect. A hot water extract of Spi-
rulina has been orally administered to patients as an anti-
cancer and antiviral agent. The molecular mechanism and
experimental immunomodulatory function of Spirulina
have been first reported in mice, 1994 [37]. Spirulina can
improve hemoglobin, protein, and vitamin levels in mal-
nourished children, alleviate vitamin-A deficiency through
provision of bioavailable B-carotene, and favorably effect
on antioxidant capacity, immune function, and anemia

status. Positive health influences of cyanobacteria, includ-
ing Spirulina, have been attributed to its fiber components,
phycocyanin, y-linolenic acid, vitamins, phenolic com-
pounds, and minerals [38].

Figure 5. Medical and dietary forms of Spirulina.

Spirulina profile

we can conclude that the advantages of Spirulina are mul-
tiple: its high nutritional value, the availability of its
nutrients, it’s simple production method due to its mod-
erate requirements for growth, its excellent conservation
after recollection, and its security in relation to consump-
tion (no toxicities), to name a few [39]. Spirulina platentis
is rich in proteins, carotenoids, essential fatty acids, vita-
min B complex, vitamin E, and mineral such as copper,
manganese, magnesium, iron, selenium and zinc [40].

Table 1. Nutritional profile of spirulina powder
(composition by 100 g) [14, 27].

Component Value Level
Moisture content 6-7 ar
protein 60-70 ar
Fatty acid 4-5 gr
carbohydrate 15-18 ar
chlorophyll 1-2 gr

Mixed carotenoid ~ 350-450 mg
Beta carotene 180-190 mg

phycocyanin 8-12 ar
GLA 1-2 ar
calcium 400-600 mg
iron 50-100 mg
potassium 200-2000 mg
magnesium 200-300 mg
zinc 1.0-2.0 mg
Vitamin Al 100-200 mg
Vitamin B1 1.5-4.0 mg
Vitamin B2 3.0-5.0 mg
Vitamin B6 0.5-0.7 mg
Vitamin B12 0.05-2.0 mg
Vitamin E 5.0-20 mg
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Table 2. Fatty acid composition of 35 Arthrospira strains grown
under standard conditions [43].

Fatty acid Value
C16:0 42.3-47.6%
Cl6:1 2.4-5.4%
C18:0 0.0-2.1%
C18:1 2.9-11.8%
C18:2 13.1-31.5%

y -C18:3 12.9-29.4%

Review and enrich gamma from Spirulina

Ciferri was the first who suggested that Spirulina can be
used as a source of PUFAs, especially GLA. It is well
known that some environmental parameters such as tem-
perature, light intensity, nitrogen cell concentration,
growth phase, light/dark cycle, and outdoor cultivation
strongly influence lipid production of Spirulina. Light
plays an important role in the cultivation of photosynthetic
microorganisms. When using mixotrophics, lipid content
and GLA level was higher, that is, when both light and
carbon source are provided to the microorganism [41].

The production of purified GLA is costly but Olguin et al.,
in a study on the effect of low light flux and nitrogen defi-
ciency on Spirulina obtained 26-31% of gamma-linolenic
acid but temperature was more important parameter than
sodium nitrate (greater amounts of GLA obtained at 30°C)
[42]. The results of some researchers from England on the
composition of the 10 Spirulina strains showed highest y-
linolenic acid, and linoleic acid contents were generally
found in cultures grown at 20°C and 10 pmol photon m
s~' [43]. Japanese researchers found out that in Spirulina
platensis, higher y-linolenic acid could be effectively
obtained by culturing under light and then leaving in the
dark for a week. Also, decreasing the culture temperature
from 30°C to 20°C had no significant effect [44]. Addi-
tionally, when the cellular mechanisms for photosynthesis
are active and light and carbon sources are available,
nitrogen and phosphorus limitation is an efficient trigger to
increase lipid content. Brahmdutt & Pabbi (India) [45]
studied three Spirulina strains and showed that nitrogen
limitation was more effective in increasing total lipid con-
tent, but phosphorus limitation had more effect on the fatty
acid profile. Under phosphorus limitation reduction in the
fatty acid content occurred in all three strains. Rijn & Shilo
[46] studied the fatty acid content and nitrogen source in
the culture medium Spirulina. They showed that reserve
compounds are accumulated during nitrogen depletion.
Under phosphorus limitation, an increase mainly in trigly-
ceride levels occurs. Also, in KL University (India) re-
searcher’s studies on Algal cultivation in bicarbonate
enriched medium under static, continuous, and periodic
operation of air exhibited that periodic sparging is suitable
for GLA production. They illustrated that the commercial
exploitation of Spirulina for GLA production can be
achieved by shortening the harvesting time (between day 6
and 8) at optimum aeration rates. To understand the role of
dissolved oxygen on GLA content, studies on the enzyme
regulatory mechanism is necessary [47]. The common
methods of producing PUFA concentrates including urea

adduct formation, solvent winterization (to separate TAG,
diacylglycerols, fatty acids, esters and other lipids that are
soluble in organic solvents), fractional distillation, high-
performance liquid chromatography, and the scalability of
HPLC for purifying large quantities of fatty acids are ex-
pensive and impractical [4, 48]. Other purification
processes includes crystallization method at low tempera-
ture and lipase catalyzed enzymatic purification. Although,
pure GLA can be achieved by above mentioned methods
but those methods are expensive and very tedious. Sajilata,
et al., [9] employed argentite silica gel column chromato-
graphy for GLA purification. Silica gel column chromato-
graphy has been shown to be suitable for the isolation of
GLA methyl ester from S. platensis. Using argentite silica
gel chromatography was obtained GLA methyl ester with
over 96% purity [48]. The simplest and most efficient
technique for obtaining a GLA concentrate is urea com-
plexation. It requires no organic solvent except than etha-
nol [4]. Japanese researchers concluded that urea addition
step is effective for obtaining highly pure GLA, when the
ratio of GLA in total fatty acid is considerably high, but
the ratio of oleic or linoleic acid, which may give unfavor-
able effect on the concentration of 7-1linolenic acid, is rela-
tively low. Results get better by repeating the urea addition
twice [43]. An increased lipid and TFA in the solvent from
biomass were observed when the extraction temperature
was raised. Time and the optimum number of extraction
stages were also reduced when extraction was carried out
at 60°C, therefore the best procedure for extracting lipid
from Spirulina, recommended for industrial scale-up was
three-stage extraction (20 min/stage) using a sample sol-
ventratio of 1:5 at 60 °C [9]. Researchers in JSS College of
Pharmacy (India) investigated a new method for producing
higher concentrations of y-linolenic acid and its ester
forms from Spirulina platensis. The fatty acid methyl es-
ters (FAME) were prepared from the freeze dried biomass
of Spirulina platensis. The FAME fraction was subjected
to urea fractionation by extraction with n-hexane (enriched
GLA-ME fraction) and was found 57.62 % w/w of GLA-
ME by using HPTLC. GLA-ME was isolated by flash
chromatography system from the Spirulina platensis and
the percentage yield is found to be 71 % [49]. Another
novel method for performing preparative chromatographic
separation is using Cyclograph Centrifugal Chromatogra-
phy System (CCCS) [50]. The methodology of Supercriti-
cal Fluid Extraction with carbon dioxide (SC-CO,) could
be considered as a promising technique in producing sol-
vent-free extracts of S. platensis. This method is non-toxic,
non-flammable, non-explosive, cost-efficient and readily
available. In Chiayi University (Taiwan), researchers dem-
onstrated the capability of using SC-CO, in supercritical
flow fractionation to continuously prepare GLA from S.
platensis. Findings from this study showed that the extrac-
tion of GLA from S. platensis was optimized at 60°C at a
pressure of 30 MPa and a flow rate of 3 ml/min [51].

Conclusion

Based on the result obtained, y-linolenic acid has many
medical and dietary applications. One of its rich
resources is Spirulina microalgae. Due to the simple algae
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culture conditions and also because algae are not food
source, it is a better candidate than plants. The results
show high efficiency gamma can be achieved of Spirulina
by optimizing the culture conditions. But yet it is needed
to search for better methods of extraction and purification
of fatty acid.
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