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Background: Inflammation and pain triggers several pathological illnesses. Synthetic drugs used for the
controlling of inflammatory conditions convey significant toxic effects. Global scientific community
continually attempt to improve effective, economic and harmless naturally derived remedies against
inflammation and pain. The present study aimed to quantify the phytochemical constituents of the freshly
cultivated Spirulina and targeted to examining the anti-inflammatory and analgesic activity of Spirulina
extract (SE) derived from Arthrospira platensis.
Methods: The anti-inflammatory effect of SE was evaluated in animal models including carrageenan-
induced rat hind paw oedema, and cotton pellet-induced granuloma formation. Analgesic effects of SE
were evaluated by acetic acid induced writhing response and hot plate test.
Results: Phytochemical quantification guided to identify seven carbohydrates, thirteen amino acids,
eleven fatty acids and polyphenolic compounds respectively. The results indicated that SE significantly
attenuated carrageenan-induced hind paw oedema, and cotton pellet-induced granuloma. Preliminary
molecular mechanistic studies established that SE decreased the productions of TNF-«, IL-1(3, IL-6, PGE2
and NO, and suppressed the activities of COX-2 and iNOS.
Conclusion: These results provide a strong scientific foundation for the anti-inflammatory and analgesic
activities of SE against different studies in animal models.
© 2019 The Authors. Published by Elsevier Limited on behalf of King Saud Bin Abdulaziz University
for Health Sciences. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction it has been used as a stable food and important ingredients in

many biologically important food products and pharmaceutical

Cyanobacterium (microalgae) or Spirulina belonged to photo-
synthetic group of prokaryotic bacteria are commonly occurred as
filamentous and multicellular microorganisms are typically grown
in water and commonly cultivated in lakes and ponds with suf-
ficient amount of sunlight. Spirulina required minimal nutrients
for its growth and also grow under high salinity, and increased
level of carbonates. The genus of the Spirulina namely Arthrospira
platensis, Arthrospira fusiformis and Arthrospira maxima were com-
mercially produced in Central Africa, Asia and America. Because of
its wide level of nutrient contents and beneficial effects to humans
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components. Spirulina contains pharmaceutically important pri-
mary and secondary metabolites in its composition. Inaddition,
the wide level of nutrients such as carbohydrates (30%), protein
(55-70%), fat (8%) [linoleic, oleic, y-linolenic, eicosapentaenoic,
stearidonic, arachidonic acids, and docosahexaenoi], essential
amino acids (lysine methionine and cysteine), vitamins (<1%) [vita-
min B, vitamin D, vitamin E, ascorbic acid], sugars (3%), minerals
(potassium, iron, zinc, calcium, selenium, magnesium, chromium,
copper, phosphorus, manganese, and sodium), dietary fibers (3%),
and phytochemicals (chlorophyll-a, diatoxanthin, xanthophyll,
zeaxanthin, echinenone, 3’-hydroxyechinenone, beta-carotene,
canthaxanthin, beta-cryptoxanthin, Spirulina extract, myxoxan-
thophyll, phycobiliproteins oscillaxanthin and allophycocyanin)
respectively [1-3]. Food and Drug Administration (FDA) authenti-
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cated and issued GRAS certificate to spirulina products when grown
under approved conditions. Due to the presence of enriched phy-
tochemicals, Spirulina is widely known for its various biomedical
applications such as antigenotoxic, anti-inflammatory, antidia-
betic, antioxidant, anti-cancer, hepatoprotective neuroprotective
activities [4-8]. Deng and Chow claimed that regular consump-
tion of Spirulina tablets effectively decreased the antiinflamatorry
related diseases [9]. Pham and Lee reported that intake of Spir-
ulina rich products reduces the risk of inflammatory and obesity
related diseases by enhancing the metabolic process of macrophage
infiltration [10]. The organic extracts obtained from the Spirulina
samples suppressed the proinflammatory cytokine expression
and retarding the translocation of NF-kB thereby minimizing the
chances of spreading inflammatory disorders [11]. Recent report
claimed that the consumption of Spirulina regulates the hormonal
imbalances in women especially in premenstrual periods. Consid-
ering the multilevel advantages of the spirulina, many companies
were produced wide level of spirulina products such as tablets, pas-
tries, health drinks and fermented foods. However, the nutritional
content of each spirulina products were varied. In the present study,
the nutritional profile of the spirulina was characterized and inves-
tigated the anti-inflammatory and analgesic effects in mice model.

Materials and methods
Cultivation and phytochemical composition

Spirulina was cultivated in a 3-L glass bioreactor using F/2 Guil-
lard medium under controlled conditions (pH 9 and temperature
25°C). 3.5L/min carbon dioxide was sparged to maintain the culti-
vation conditions and light sources were provided using LED lamps
(12V/24W) under an irradiance of 108 mmol. photons.m 251,
After 10 days of incubation, the cells were harvested and air-dried
for the determination of the nutritional compositions. Carbohy-
drates were quantified by calorimetric methods [12], free amino
acids extracted and quantified by HPLC method [13], polyphenols
present in the Spirulina samples were quantified by the method of
Lin and Tang [14]; and lipids composition were determined by the
method of Mossoba et al. [15]. The pure powdered Spirulina sam-
ples (250 g) was mixed with 1000 ml of ethyl acetate and kept in
the orbital shaker for 2 days. After that the dry materials were sep-
arated by centrifugation and the crude extracts were obtained by
vaccume evaporator. The crude organic extracts were used for the
animal studies.

Animals

Adult Wistar albino rats (200-220g) and mice (24-28¢g) of
either sex were used for the experiments. The animals were
accustomed for at least two weeks before the experiments. All
experiments were carried with six animals in each group. All the
animal experiments were conducted according to the ethical norms
approved by Ministry of Social Justice and Empowerment, Govern-
ment and Institutional Animal Ethics Committee guidelines.

Carrageenan-induced paw oedema in rats

SE (200mg/kg) and indomethacin (10 mg/kg) were treated
orally 1h before carrageenan application. After that, 0.1 ml of car-
rageenan (1%) injected subcutaneously into the rat right hind paw.
Hind paw thickness was tested initially (Oh) and thenat3 and 5h
after the carrageenan injection with digital vernier caliper [16].

End of the experiment, animals were sacrificed, and the right
hind paws were collected. The right hind paws were immediately
placed in cold PBS and homogenized. The homogenate was incu-
bated on ice for 15 min and centrifuged at 10000 xg for 15 min at

4°C. Then the supernatants were collected and stored at —80 °C for
the analysis of NO, TNF-q, IL-1(3, IL-6, and PGE2 levels.

Nitric oxide assay

The nitrite content is an indicator of NO production. Nitrite level
in supernatant was measured based on the Griess reaction method
described by Xianetal.[17]. Concisely, supernatant was mixed with
the same volume of Griess reagents and incubated at room tem-
perature for 10 min in dark place; the absorbance was measured at
540 nm using a microplate spectrophotometer.

TNF-, IL-1B, IL-6, COX-2 and PGE2 assay

The levels of TNF-a, IL-13, IL-6, COX-2 and PGE2 in the hind paw
tissue supernatants were measured using enzyme-linked immune
sorbent assay (ELISA) kits (R&D Co. Ltd., Abingdon, UK) according
to the manufacturer’s instructions.

Quantification of iNOS, COX-2, TNF-o, and NF-xB (p50) mRNA
expression in rat hind paw tissue via RT-PCR

Trizol reagent (Gibco BRL, Gaithersburg, MD) was used for
the extraction of total RNA from the thawed hind paw tissues.
Briefly, 1 g of the tissues was homogenized under ice-cold condi-
tions using the liquid nitrogen. After extraction of the total RNA,
complimentary DNA was prepared for the gene expression stud-
ies. Complementary DNA (cDNA) was synthesized from 1 g of
total RNA with cDNA synthesis kit (TAKARA, Shiga, Japan). The
qRT-PCR was conducted using an ABI Step One Real-time PCR Sys-
tem (Applied Biosystems, Warrington, UK) and a reaction mixture
comprised of SYBR Green 2 x PCR Master Mix, a cDNA template,
and forward and reverse primers. The PCR protocol enclosed of 40
cycles of denaturation at 95°C for 15s, followed by 60°C for 30s
for extension and amplification of the target sequence. The relative
expression levels of iNOS, COX-2, TNF-«, and NF-kB (p50) were
normalized to that of glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) using the SQ means method. The primer sequences used
in this study are shown in Table 1.

Cotton pellet-induced granuloma in rats

Cotton pellets (3541 mg) induced granuloma was created on
the axilla region of the rats after anaesthetized using organic
ether [18]. Organic ether solvents were administered by mouth
using the 1ml syringe. After administration, SE (200 mg/kg) and
indomethacin (10 mg/kg) was treated once a day upto seven days
from the day of cotton pelletimplantation. On the eighth day, cotton
pellets were removed and granuloma level was measured.

Analgesic tests

Acetic acid-induced abdominal constriction response in mice

Mice weighing 28-30g were used for this experiment. Each
mouse was injected with 0.75% acetic acid aqueous solution
(0.1 ml/10g body weight) into the peritoneal cavity and mice were
located in a transparent box. The number of abdominal constric-
tions was counted. Test drugs SE (200 mg/kg) and indomethacin
(10 mg/kg) were administered 1 h before the acetic acid injection
[19].

Hot-plate test in mice

Hot-plate test was conducted according to previous method of
Antonisamy et al. [20]. Briefly, the mice were located on a hot plate
at the temperature of 55+ 5°C. The time that elapsed until either
licking of hind paw or a jump off from the surface was noted as the
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Table 1
Nucleotide sequences of primers used in real-time qRT-PCR.

Gene Forward (5' +3) Reverse (5’ +3')

iNOS 5'-GGAATCTTGGAGCGAGTTGT-3’ 5'-CCTCTTGTCTTTCACCCAGTAG-3’
COX-2 5'- GAAGATTCCCTCCGGTGTTT-3’ 5'-CCCTTCTCACTGGCTTATGTAG-3’
TNF-a 5" - TGCTCAGAAACACACGAGACGC-3' 5'-TTCAGCAGCCTTGTGAGCCAGA-3’
NF-kB (p50) 5'- AACGCATCCCAAGGTGCTGGAA-3’ 5'- GCAGCTGGAAAAGCTCAAGCCA-3’
GAPDH 5-AGGAGCGAGACCCCACTAACA-3’ 5-AGGGGGGCTAAGCAGTTGGT-3'

Fig. 1. Macroscopic images of carrageenan-induced hind paw oedema and the effects of SE (200 mg/kg) and indomethacin (10 mg/kg). (A) Normal; (B) control; (C) SE

(200 mg/kg); (D) Indomethacin (10 mg/kg b.w.).

hot plate latency. After the initial reaction time (0-10 min), mice
were treated with SE (45 mg/kg p.o.), and morphine (05 mg/kg s.c.)
followed by final reaction time measurement at 30 min.

Result and discussion
Quantification of nutrient composition

The nutritional and phytochemcial compositions of the
cultivated Spirulina samples were quantified by HPLC analy-
sis. The results indicated that t the Spirulina extracts con-
tained different sugars such as glucose (170 mg/100g), fructose
(35mg/100 g) xylose (21 mg/100 g), galactose (19 mg/100 g), ribose
(12mg/100¢g), sucrose (54 mg/100¢g) and rhamnose (21 mg/100g)
respectively. Amino acids profiles documented as aspartate
(1.37mg/100 g fresh weight), asparagines (0.25), serine (1.7), glu-
tamine (0.84), glycine (2.53), threonine (1.54), arginine (2.81),
GABA (0.38), tyrosine (2.98), valine (2.34), isoleucine (1.08), leucine
(1.77) and lysine (1.58) respectively. The poly phenols contents
of the Spirulina were determined by quantification of the gal-
lic acid level. The results indicated that average 22 mg/g of gallic
acid equivalents were noted in the spirulina samples. Quantifi-
cation results confirmed that the spirulina samples contained
different fatty acids namely muyristic acid (0.01g/100g), sapi-
enic acid (1.97 g/100 g), palmitoleic acid (0.11 g/100 g), stearic acid
(0.34¢g/100¢), elaidic acid (0.01¢g/100¢g), oleic acid (0.11g/100g),
vaccenic acid (0.05g/100 g), linolelaidic acid (0.04 g/100 g), linoleic
acid (0.75g/100g), eicosenoic acid (0.01g/100g) and v, linolenic
acid (0.67 g/100 g) respectively.

Carrageenan-induced hind paw oedema

Carrageenan-induced hind paw oedema is a conventional pre-
liminary screening examination for anti-inflammatory activity of
natural and synthetic drugs [19]. Carrageenan able to induced hind
paw oedema through bi-phasic manner. The initial phase start-
ing from 0-2.5h, releases histamine, serotonin and bradykinin.
Conversely, the later phase of inflammation is mediated by COX
enzyme by converting arachidonic acid into prostaglandins. COX
is considered as a target enzyme for a variety of NSAIDs, includ-
ing indomethacin, aspirin and diclofenac sodium, which inhibit
rat hind paw oedema at the later phase following carrageenan
injection [20-24]. In the present study, intraplantar injection of
carrageenan in rats headed to a significant increases of hind paw
thickness in a time-dependent manner, and this increase was max-
imal at 5 h after carrageenan injection (Fig. 1). The administration
with SE (200 mg/kg) and indomethacin (10 mg/kg) significantly
inhibited the carrageenan induced hind paw oedema in all phases
of the test when compared with the vehicle group. Paw edema was
suppressed by SE and indomethacin, with inhibitory rates of 54.04%
and 57.53%, respectively (Fig. 2).

Further examination into the activity of SE on the productions
of inflammatory cytokines was carried out. As shown in Fig. 3, the
levels of pro-inflammatory cytokines such as TNF- « (Fig. 3A), IL-6
(Fig. 3B), and IL-1 (Fig. 3C) were significantly (p <0.05) increased
in the vehicle group to 1.90-, 3.22-, and 2.75-fold, respectively,
when compared to the normal group. However, treatment with SE
(200 mg/kg) and indomethacin (10 mg/kg) significantly (p <0.05)
reduced the levels of TNF-¢, IL-18, and IL-6.

As presented in Fig. 4A, compared with the normal group,
the PGE2 level was increased markedly (p<0.05) in the vehicle
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group. However, the treatment of SE (200 mg/kg) and indomethacin
(10 mg/kg) significantly decreased the PGE2 level, with inhibitory
rates of 1.6-fold (p<0.05) and 1.54-fold (p<0.05), respectively.
As displayed in Fig. 4B, nitrite production was also significantly
(p<0.05) increased in the vehicle group when compared with the
normal group. By contrast SE (200 mg/kg) significantly suppressed
the nitrite production with inhibitory rate of 7.26-fold (p <0.05).
Similarly, indomethacin also significantly suppressed the releases
of nitrite, with inhibitory rate of 11.00-fold (p <0.05). COX-2 level
significantly inhibited by SE (1.5 fold) compared to carrageenan-
induced control paw oedema group (Fig. 4C).

As shown in Fig. 5, induction of inflammation by carrageenan
intensely (p <0.05) increased iNOS, COX-2, TNF-« and NF-«kB (p50)
mRNA expression as compared to the normal group. However, this
effect was significantly (p <0.05) suppressed by SE (200 mg/kg) and
indomethacin (10 mg/kg).

Investigation of the activity of SE (200 mg/kg) on the prolifera-
tive phase of inflammation indicated that significant inhibition of

granuloma tissue formation. The effects of SE and positive control
(indomethacin (10 mg/kg) against cotton pellet induced granuloma
in rats are shown in Fig. 6A. Both SE (200 mg/kg) and indomethacin
(10 mg/kg) significantly inhibited the formation of granuloma com-
pared with control group.

Results showed that SE (200mg/kg) significantly (p<0.05)
reduced the number of abdominal constriction response induced
by administration of acetic acid solution. The inhibitory effect of
indomethacin (10 mg/kg) was non-significantly different from the
activity revealed by SE (200 mg/kg) (Fig. 6B). In hot plate assay,
SE (200 mg/kg) showed significant increases of latency time and
inhibited sensation of pain in a pattern similar to standard drug
(morphine 5 mg/kg) (Fig. 6C).

Conclusion

To conclude, that the Spirulina extract (SE) derived from A.
platensis was supported as a natural harmless remedy for the treat-
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ment of inflammation and pain. Interestingly the outcomes that
SE displayed significant anti-inflammatory effect along with both
peripheral as well as central analgesic effect provide a foundation
for developing opioids alternative drugs, which lead to nausea and
vomiting.
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