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Summary

The aim of this research is to determine the anti-peroxidative potential of Spirulina
fusiformis in adjuvant-induced arthritis with respect to lipid peroxidation, and antioxidant
status. Arthritis was induced by intradermal injection of Complete Freund’s Adjuvant
(0.1 ml) into the right hind paw of Swiss albino mice. Spirulina fusiformis
(800mg/kg/day) and Indomethacin (3mg/kg/day) were orally administered for 8 days
(from 11" to 18™ day) after adjuvant injection. The lipid peroxide level, enzymic and
non-enzymic-antioxidants status were measured in blood, liver and spleen of control and
arthritic animals. In arthritic animals, the lipid peroxidation was found to be increased,
whereas the decreased activities of antioxidant enzymes superoxide dismutase, catalase
and glutathione peroxidase and non-enzymic antioxidant levels (Glutathione, vitamin C,
and thiol groups), were observed. These observed alterations were significantly
modulated to near normal levels by oral administration of Spirulina fusiformis
(800mg/kg/day) in arthritic animals. In conclusion, the present study provides evidence
that it may have a promising anti-arthritic role against rheumatoid arthritis. However,
biochemical and metabolic analysis of the constituents of Spirulina fusiformis is on
underway to investigate its mechanism of action.
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Introduction

Rheumatoid arthritis (RA) is the most common form of inflammatory arthritis, a systemic
autoimmune disease that primarily presents as a chronic symmetric polyarthritis
associated with inflammation and cartilage destruction, affecting 1% of the world
population (1). Despite extensive research, the pathogenesis of rheumatoid arthritis
remains incompletely understood. However, in recent years increasing experimental and
clinical data have provided evidences for the involvement of free radicals in rheumatoid
arthritis (2). Free radicals are formed during normal aerobic metabolism in all cells (e.g.
via leakage from the mitochondrial electron transport chain) followed by phagocyte
activation during infection/inflammation. Due to the process of evolution, mammalian
cells have developed antioxidant defense systems like endogenous free radical
scavenging proteins, enzymes and chemical compounds for survival in an aerobic
environment (3). The failure of antioxidant defence system may either due to decrease in
antioxidant defense or increased generation of oxidants. Although a number of drugs

(non-steroidal or steroidal anti-inflammatory agents and immunosuppressant) used in the

treatment of rheumatoid arthritis have been developed over the past few decades, there is

still an urgent need for a more effective drug capable of preventing disease progression or
reverting joint destruction.

Spirulina is blue green algae of the Oscillateriaceae family which grows naturally in
countries which have a warm climate and has been considered as supplement in human
and animal food (4). They have been found to be a rich source of vitamins, minerals,
essential fatty acids and antioxidant pigments such as carotenoids (5)

In addition, several studies have shown that Spirulina species exhibit various
biological activities such as antitumour (6), antimicrobial (7), strengthening immune
system (8), radio protective (9), and metalloprotective effect (10).

Our preliminary studies confirm its anti-inflammatory and lysosomal membrane
stabilizing effect on adjuvant-induced arthritis in mice (4). In the current study, the anti-
arthritic effect of Spirulina fusiformis was investigated using adjuvant-induced arthritis, a
well known experimental model for rheumatoid arthritis in mice. The anti-arthritic effect
of Spirulina fusiformis was assessed by measuring changes in lipid peroxidation, and
antioxidant status in plasma, liver and spleen of arthritic animals. The standard non-
steroidal anti-inflammatory drug, Indomethacin, was used as a reference drug for
purposes of comparison.
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Materials and methods
Animals

The study was performed with Swiss albino mice, 25-30g, of either sex. The mice were
brought from the Tamil Nadu Veterinary College, Chennai, India. The mice were
acclimatized for a week in a light and temperature —controlled room with a 12 hr dark-
light cycle. The mice were fed commercial pelleted feed from Hindustan Lever Ltd.
(Mumbeai, India) and water was made freely available.

Drug

The commercially available Spirulina fusiformis (a fine dark blue-green spray-dried
powder) was obtained from, RECON Ltd, Bangalore, India and was dissolved in 2% gum
acacia solution to give aqueous suspension. This aqueous suspension of Spirulina
fusiformis was used as an oral dose of 800 mg/kg/b.wt, orally. All other reagents used
were standard laboratory reagents of analytical grade which were purchased locally.

Dosage

Based on our preliminary studies with different dosages (200mg, 400mg, 600mg, 800mg)
of this drug, it was found that 800mg/kg b.w dosage produced significant anti-
inflammatory effect by reducing paw swelling in adjuvant — induced arthritic animals.
Hence 800mg/kg b.w dosage was considered for this study.

Experimental protocol

The mice were divided into six groups each comprising six animals. Group 1 served as
controls. In Group II, arthritis was induced by intra dermal injection of Complete Freund’s
Adjuvant (CFA) (0.1ml) into the right hind paw (11). The adjuvant (Tuberculosis
Research Center, Chennai, India) contained heat-killed Mycobacterium tuberculosis (H37
RA) (10mg) in paraffin oil (1ml). Group III and IV were treated with Spirulina fusiformis
and Indomethacin, respectively, for 8 days from the 11™ to the 18" day of the
experimental period. Groups V and VI comprised of arthritic mice were treated with
Spirulina fusiformis and Indomethacin, respectively, from day 11" to 18" after the
administration of Complete Freund’s Adjuvant (CFA).

On the 19 ™ day, at the end of the experimental period, the animals were sacrificed by
cervical decapitation and the blood was collected. The liver and spleen were immediately
dissected out and homogenized in ice-cold 0.01 M, Tris HCL buffer, pH 7.4 to give a
10% homogenate. Tissue homogenates and plasma were used for assaying the following
biochemical investigations.
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Biochemical estimations

Lipid peroxidation in plasma was estimated by the method of Ledwozy et al (12). Liver
and spleen lipid peroxidation were carried out by the procedure of Hogberg et al (13)
using thiobarbutric acid (TBA) as the colouring agent. Malonaldehyde (MDA) produced
during peroxidation of lipids served as an index of lipid peroxidation. Malonaldehyde
reacts with thiobarbutric acid to generate a colour product, which absorbs at 532 nm.
Liver and spleen lipid peroxidation with inducer system namely, 10mM FeSo4 / 0.2
ascorbate /10mM H,0, was measured by the method of Devasagayam (14). The
Malonaldehyde contents of the samples were expressed as nmoles of MDA
formed/mg/protein.

Superoxide dismutase (SOD) activity in liver and spleen was determined by the method
of Marklund and Marklund (15). The degree of inhibition of the auto-oxidation of
pyrogallol at an alkaline pH by SOD was used as a measure of the enzyme activity.
Catalase and glutathione peroxidase activities in liver and spleen were estimated by the
method of Sinha (16) and Rotruck et al (17). The activity of catalase was expressed as pg
of Hy0, consumed/mn/mg protein. Glutathione peroxidase was expressed as pg of
glutathione utilized /minute/mg/ protein. Non enzymic antioxidants, glutathione (18),
ascorbic acid (19), total suphydryl (TSH) and non protein sulphydryl (NPSH) groups (20)
were estimated in the liver and spleen.

Statistical analysis

Results were expressed as mean + S.D. and a statistical analysis was performed using
ANOVA to determine significant differences between groups, followed by Student’s
Newman-Keul’s test. P< 0.05 implied significance.

Results

Table 1 represents the levels of lipid peroxide in plasma, liver, and spleen of control and
arthritic animals. In group II arthritic mice, basal lipid peroxide levels were elevated in
plasma, liver and spleen. In presence of inducers like ascorbate, fesos, and H,O,, liver
and spleen lipid peroxide levels were found to be increased significantly compared to
control group, whereas the administration of Spirulina fusiformis to arthritic mice altered
the above changes by regulating the lipid peroxide level to nearly that of normal levels.
Table 2 and 3 depicts the activities of enzymic (SOD, GPx and Catalase) and levels of
non-enzymic antioxidants in spleen and liver of control and experimental animals
respectively. The enzymic and non-enzymic antioxidants were significantly decreased in
group II arthritic mice when compared to control mice. These changes highlight the
deteriorating antioxidant status in the arthritic mice. Furthermore, administration of
Spirulina fusiformis increased the both spleen and liver enzymic and non-enzymic
antioxidant levels in arthritic mice considerably, which indicates its antiperoxidative
action.
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Table 1. Effect of Spirulina fusiformis and Indomethacin on basal and induced lipid peroxidation in control and experimental

animals
Parameter Group | Group 11 Group 111 Group IV Group V Group VI
Control Arthritis Spirulina Indometha  Arthritis + Arthritis+
fusiformis  cin Spirulina Indomethacin
fusiformis

2.75+0.18 545+ 0.34a*  2.65+0.14 272+ 034 2.85+0.15a*b*  3.20+ 0.20a*b*
Plasma
Spleen
Basal 2.65+0.16 5.75+0.44 a* 2.50+0.10 2.62+ 0.18  2.95+£0.20 a*b* 3.75+ 0.22 a*b* c*
FeSOy4 3.1+£0.23 5.50+0.32 a* 3.15+£0.16 3.16 £ 0.18 3.75+0.26 a*b* 3.50+0.21 a*b*
Induced
Ascorbate 3.25+£0.20 6.50+ 0.40 a* 3.05+£0.15 326+ 0.19 3.82+0.28 a*b* 435+ 0.25 a*b* c*
Induced
H,0, 245+0.18 4.1+ 0.22 a* 2.40+0.10 2.50+ 0.13  3.15+0.18 a*b* 3.1£0.17 a*b*
Induced
Liver
Basal 1.85+0.15 3.13+0.03a* 1.92+0.20  1.90+0.15  1.96 £0.17 a*b*  2.50+ 0.22 a*b*c*
FeSO4 5.06+0.52 6.57+0.23 a* 5.02+0.53  5.12£0.44  575+0.55a*b*  5.45+0.65a* b*
induced
Ascorbate 4.58+0.45 6.85+ 0.56 a* 4.85+£0.42 4.64+ 0.30 495+ 041 a*b*  5.70+£0.56 a*b* c*
induced
H,0, 2.30+£0.20 3.61 £0.15 a* 2.50+£0.20 2.55+£0.22 2.50+0.21 a*b* 2.78+0.31 a*b*
induced

Treatment of groups are as follows : Group I-Control; Group II-Arthritic mice; Group III-Control mice treated with Spirulina fusiformis (800mg/kg b.wt) for 8
days from 11 ™ to 18 ™ day ; Group IV- Control mice treated with Indomethacin (3mg/kg b.wt) for 8 days from 11 " to 18 ™ day ; Group V —Arthritic mice treated
with Spirulina fusiformis (800mg/kg b.wt) from 11 ™ to 18 ™ day post adjuvant; Group VI- Arthritic mice treated with Indomethacin (3mg/kg b.wt) from 11 " to
18™ day post adjuvant. Comparisons are made as follows: a — Group I vs groups II, III, IV, V, and VI; b - Group II vs group V, and VI

Each value represent meant SD (n=6). Values are expressed as: nanomoles of malonaldehyde formed /mg protein; plasma-mg/dl. The symbols represent
statistical significance at: * p <0.05.
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Table 2. Effect of Spirulina fusiformis and Indomethacin on the enzymic and nonenzymic antioxidant levels in spleen of control
and experimental animals

Group | Group Il Group |11 Group IV Group V Group VI

Parameter Control Arthritis Spirulina Indomethacin  Arthritis + Arthritis+
fusiformis Spirulina Indomethacin
fusiformis

Superoxide 1.50+ 0.10 0.90 £+ 0.05a* 1.55 £0.08 1.55+0.12 1.35 £0.15 b* 1.60+ 0.12a*b*
Dismutase
(SOD)
Glutathione 322+ 0.18 2.54 + 0.16a* 3.25 £0.15 325+ 0.20 3.01 £0.14 a*b* 3.19+0.19a* b*
peroxidase(Gpx)
Catalase (CAT) 15.50+ 1.29  10.50+ 0.80 a* 16.50+ 1.78 15.80+ 1.05 13.05+ 0.72 a*b*  13.70+ 1.05 a*b*
Glutathione 1.76 + 0.05 1.23 + 0.08a* 1.95 £0.10 1.70 +0.05 1.50 £0.10 a* b* 1.65+ 0.10a*b*
Total 750+ 046 436 + 0.27a* 7.60+0.55 7.65+ 0.58 6.40 +£0.50a* b* 7.10+ 0.47 a* b*
sulphydryl
(TSH)
Non-protein 1.85+ 0.14 135 +£ 0.07a* 1.80 +1.01 1.82 £0.16 1.60 £0.01 b* 1.73£0.10 a*b*
sulphydryl
(NPSH)
Vitamin C 2.05 + 0.12 1.25 £ 0.07a* 2.10 £0.18 1.90 £0.15 1.70 £0.09 a*b* 1.88+0.13 a*b*

Treatment of groups are as follows : Group I-Control; Group II-Arthritic mice; Group III-Control mice treated with Spirulina
fusiformis (800mg/kg b.wt) for 8 days from 11 ™ to 18 ™ day ; Group IV- Control mice treated with Indomethacin (3mg/kg b.wt) for 8
days from 11 " to 18" day ; Group V —Arthritic mice treated with Spirulina fusiformis (800mg/kg b.wt) from 11 ™ to 18 ™ day; Group
VI- Arthritic mice treated with Indomethacin (3mg/kg b.wt) from 11 ™ to 18 ™ day.
a— Group I vs groups II, II1, IV, V, and VI

Comparisons are made as follows:

b - Group II vs group V, and VI

Values are expressed as meanz SD (n=6). Enzyme units are expressed as; SOD-units/mg protein (unit-Amount of enzyme
required to inhibit the auto-oxidation reaction by 50 %); Gpx-pg of GSH utilized / min/mg protein; Catalase- pmol of H,0, consumed
/min/mg protein. Glutathione, Total sulphydryl (TSH), Non-protein sulphydryl (NPSH), Vitamin C- pg/mg protein. The symbols
represent statistical significance at: * p < 0.05.
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Table 3. Effect of Spirulina fusiformis and Indomethacin on the enzymic and nonenzymic antioxidant levels in liver of control
and experimental animals

Group | Group 11 Group Il Group IV Group V Group VI

Parameter Control Arthritis Spirulina Indomethaci  Arthritis + Arthritis+
fusiformis  n Spirulina Indomethacin
fusiformis

Superoxide 2.10£ 0.10 1.20 + 0.05 a* 1.95 £0.10 2.15+0.12 1.80 £0.11 b* 1.65+ 0.12a*b*
Dismutase
(SOD)
Glutathione 522+ 0.18 3.54 + 0.16 a* 5.35 £0.38 525+ 0.20 475 £0.24 a*b* 4.39+ 0.22a* b*
peroxidase(Gpx)
Catalase (CAT) 5.50+ 0.29 3.75+ 0.40 a* 570£0.31  5.80+1.05 490+ 0.24 a*b*  4.70+ 1.05 a*b*
Glutathione 576 £ 025 235 + 0.05a* 580 +£0.32 5.70 £0.35 4.85 £0.21 a*b* 4.65+0.10a*b*
Total 6.50+ 046 3.56 + 0.25a* 6.75+0.53  6.65+0.41 52 +£0.36a*b*  5.10+0.35 a* b*
sulphydryl
(TSH)
Non-protein 585+ 024 335 + 0.25a* 5.95 £0.59 5.82 +£0.36 4.85 +0.21 b* 4.73+ 0.20 a*b*
sulphydryl
(NPSH)
Vitamin C 255 £ 0.12  1.20 + 0.05a* 2,65 £0.23 2.70 £0.15 2.15 £0.11 a*b* 2.25+0.12 a*b*

Treatment of groups are as follows : Group I-Control; Group II-Arthritic mice; Group III-Control mice treated with Spirulina
fusiformis (800mg/kg b.wt) for 8 days from 11 ™ to 18 ™ day ; Group IV- Control mice treated with Indomethacin (3mg/kg b.wt) for 8
days from 11 ™ to 18 ™ day ; Group V —Arthritic mice treated with Spirulina fusiformis (800mg/kg b.wt) from 11 ™ to 18 ™ day; Group
VI- Arthritic mice treated with Indomethacin (3mg/kg b.wt) from 11 ™ to 18 ™ day.
a — Group I vs groups II, III, IV, V, and VI
b - Group II vs group V, and VI
Values are expressed as meanz SD (n=6). Enzyme units are expressed as; SOD-units/mg protein (unit-Amount of enzyme
required to inhibit the auto-oxidation reaction by 50 %); Gpx-pg of GSH utilized / min/mg protein; Catalase- umol of H0, consumed
/min/mg protein. Glutathione, Total sulphydryl (TSH), Non-protein sulphydryl (NPSH), Vitamin C- pg/mg protein. The symbols
represent statistical significance at: * p <0.05.

Comparisons are made as follows:
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Discussion

Rheumatoid arthritis is a debilitating autoimmune disease and has a substantial social effect in terms of
cost, disability and lost productivity. Although the precise mechanisms responsible for the differential
pathogenesis of rheumatoid arthritis remain unknown, some investigators have focused on oxidative
stress in rheumatoid inflammation. A free radical is any atom, molecule, or ion that contains one or
more unpaired electrons that might be formed during a number of physiologic or pathologic reactions.
These unmapped electrons can initiate destructive reactions against proteins or lipids and nucleic acid
in the body, which reactivates the free radicals and increases the essence of these radicals in pathology
of many diseases including rheumatoid arthritis. In the previous studies, we found that Spirulina
fusiformis effectively suppressed the release of lysosomal acid hydrolases in adjuvant-induced arthritic
mice (4). Here in the present study, we have evaluated the effect of Spirulina fusiformis on lipid
peroxidation and antioxidant status in adjuvant-induced arthritis in mice; an experimental model of
arthritis, which resembles several aspects of human rheumatoid arthritis (21).

In our study, the increased lipid peroxide observed in arthritic animals may be due to its release from
neutrophils and monocytes during inflammation. It is an accepted fact that rheumatoid arthritis is
accompanied by abnormalities in body iron metabolism. At the onset of inflammation, it was observed
that there was a rapid fall in the ‘total iron’ content of blood plasma followed by an increased
deposition of iron proteins in the synovial fluid. The drop in plasma iron correlates closely with the
activity of the inflammatory process (22). In the synovial fluid of inflamed joints, the iron released
during necrosis, might catalyze the formation of hydroxyl radicals from H,O,, thus contributing to an
increase in inflammation. It was observed that Spirulina fusiformis administration significantly decline
lipid peroxide content in adjuvant-induced arthritic animals. The augmented lipid peroxidation
observed in adjuvant arthritic animals might be compromised and counterbalanced by the several
active components like B-carotene (5), vitamin C and E (23), enzyme super oxide dismutase (24),
selenium (25) and brilliant blue polypeptide pigment phycocyanin (10) present in Spirulina fusiformis.

In our present study, the concentration of enzymic and non-enzymic antioxidants was significantly
decreased in arthritic mice (Group II), as compared to normal control mice. Researchers namely as
Heliovaara et al (26), Geetha et al (27), and Ram prasath et al (28) have suggested that enzymatic
and/or nonenzymatic antioxidant systems are impaired in theumatoid arthritis. Super oxide dismutase,
zinc and copper-containing metalloenzyme, is a primary defense element against oxygen-derived free
radicals, which catalyzes the dismutation of the superoxide anion into hydrogen peroxide. Then
hydrogen peroxide can be transformed to H,O and O, through catalase. The lowered levels of SOD
activity observed in arthritic mice may be due to the inhibition of the enzyme by hydrogen peroxide,
which might be an indicator of high degree of superoxide anion production. The increased rate of free
radical production frequently results in a decrease in the level of antioxidant enzymes and the enzyme
activities are reduced thereby leading to autocatalysis of oxidative damage process. Glutathione
peroxidase is located in the cytoplasm and mitochondria of cells. It catalyzes the degradation of
various peroxides by oxidizing glutathione with formation of its conjugates (29). Catalase is an another
enzyme that functions together with super oxide dismutase and glutathione peroxidase through
enzymic antioxidant defense system and catalyses the decomposition of hydrogen peroxide to water
and oxygen to protect cells against O, toxicity and lipid peroxidation (28).

307



Pharmacologyonline 1: 300-310 (2008) Rasool and Sabina

In our study, glutathione peroxidase and catalase were found to be reduced in arthritic mice, similar
supporting evidences of low glutathione peroxidase and catalase activity in arthritic animals were
reported by Vijayalakshmi et al (30), and Shah and Vohra (31). Due to increased lipid peroxidation in
arthritic mice, the levels of free radicals overcome the saturation level. The high concentrations of free
radicals inhibit the activity of antioxidants and hence the activities of these enzymes appear to be
reduced in arthritic animals. Enzymic antioxidants are inactivated by the free radicals and hence the
presence of non-enzymic antioxidants is presumably essential for the removal of these radicals.
Vitamin C, glutathione and other thiols are water soluble antioxidants that remove free radical from
cytosol by reacting directly with them (32). In the present observation, non-enzymic antioxidants were
found to be significantly decreased in arthritic animals. The observed non-enzymic antioxidants
depression in adjuvant-induced arthritis is associated with the protracted inflammatory phase of the
disease. Glutathione acts as a substrate for glutathione peroxidase and glutathione-s-transferase during
the breakdown of H,O; and lipid peroxides (33). The concentration of glutathione is regulated through
glutathione synthetase, glutathione peroxidase and glutathione reductase (34). Thus, the depletion of
glutathione observed in group II arthritic mice will render the enzyme, glutathione peroxidase inactive
and it is evident from the decreased activity of glutathione peroxidase in arthritic animals. Depletion of
—SH groups observed in arthritic animals might be due to the glutathione depression and also due to
oxidation of protein thiols (35). Vitamins C was significantly reduced in arthritic mice. This reduction
was due to increased oxidative stress, which leads to damage of the membranes of various cell
organelles.

In our study, it was observed that Spirulina fusiformis protects the arthritic animal from lipid
peroxidation and increases the enzyme activities of superoxide dismutase, glutathione peroxidase,
catalase, and non-enzymic antioxidant levels, which suggests that Spirulina fusiformis prevents the
oxidative damage due to its preventive and protective effect. The antiperoxidative role of Spirulina
fusiformis observed in this study may be attributed due to the presence of natural antioxidants like B-
carotene, vitamin C and E, enzyme superoxide dismutase, selenium, and blue pigment phycocyanin
(10). Most of these compounds have been reported to be a potent inhibitor of lipid peroxide formation,
a scavenger of hydroxyl and superoxide radicals, and to increase the antioxidant enzyme (36), (37),
(38), (39). Thus the modifying role of Spirulina fusiformis observed in our study may be due to the
antiperoxidative action of its components that was reported earlier.

To conclude, by considering its antiperoxidative potential, Spirulina fusiformis has been regarded to be
useful for the treatment of rheumatoid arthritis. However, biochemical and metabolic analysis of the
constituents of Spirulina fusiformis is on underway to investigate its mechanism of action.
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