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ABSTRACT

Spirulina is free-floating filamentous microalgae consumed as food and widely used as a nutraceutical food supplement worldwide. The
nutritional value of Spirulina is well recognized with its unusually high protein and richness in vitamins, minerals, essential fatty acids, and other
nutrients. Recently, great attention and extensive studies have been devoted to evaluating its therapeutic benefits on an array of diseased
conditions including hypercholesterolemia, Preclinical studies with various animal models consistently demonstrate the hypolipidemic activity
of Spirulina. Similarly, some plants have a hypocholesterolemic response which Ginger is well known. In the present investigation, Spirulina
(microalga) and Ginger (plant) both alone and in combinations were evaluated against the HFD-induced hypercholesterolemic rat. Experiments
were conducted in classified eight groups as n=4. Hypercholesterol induced on 40 days HFD administration and treatment was done through
prepared individual and Spirulina and Ginger extract combination. GSH, SOD, TBARS, and Catalase antioxidants were examined from
collected blood samples.

Spirulina exhibited a maximum decline of lipid per oxidation among individual therapies and in combinations, Ginger and Spirulina
showed (13.63%), (21.05%) recovery action of Reduced Glutathione (mg/ml.), in combination 16.74% increasing response was accounted.
Ginger (27.78%), Spirulina (31.6%), and a combination of both showed (22.37%) declined in beneficial response of Thiobarbituric acid
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(g/ml). Likewise the SOD (unit/min/mg protein) level increases with Ginger (50%) and Spirulina (44.23%) and (18.75%) in combination.
Catalase (mol/min/mg protein) increased the recovery response of Ginger (23.23%), Spirulina (21.95%), and in combination was shown
(31.38%). The finding of the experiment suggested a potential free radical scavenging response of Spirulina with a combination of Ginger
against HFD-induced hypercholesterolemia through alone and in combination therapy.

Key words: Antioxidant enzymes, Spirulina, Ginger, HFD, Hypercholesterol, and combination therapy
Introduction

Spirulinais free-floating filamentous microalgae consumed as food and widely used as a nutraceutical food supplement
worldwide. Among functional foods, Spirulina, blue-green filamentous cyanobacteria of the genus Arthrospira, where A. platensis and A.
maxima are the most common species cultured worldwide [1], has been considered by various international health organizations as one of “the
greatest food on earth [2]. The nutritional value of Spirulina is well recognized with its unusually high protein content and its richness in
vitamins, minerals, essential fatty acids and other nutrients. It has a well-balanced distribution of essential amino acids [3], Spirulina contain
antioxidant and most of the organic compounds and enzymes that slow down oxidative damage, which results primarily from decreased oxygen
states. This leads to the production of reactive oxygen species like superoxide radical anion, hydrogen peroxide, the hydroxyl free radical, and
singlet oxygen [4]. The foremost enzymes that restrict oxidative damage are superoxide and catalase which are present in Spirulina along with
polyphenols which act as superior antioxidants [5]. Some of the other antioxidants include water soluble ascorbate (vitamin C) and lipid-soluble
a-tocopherol (vitamin E) and carotenoids such as astaxanthin.

The blue-colored pigment phycocyanin has been reported to have significant antioxidant, anti-inflammatory, hepatoprotective and broad-
spectrum radical scavenging properties. This pigment can be easily extracted out from the cell and can be incorporated into food products. Pure
phycocyanin can have higher therapeutic value for treatment of various disorders. Besides, being a natural compound it is least toxic. Studies
show that phycocyanin stimulates production of white blood cells and red blood cells [6]. Carotenoids are the second most important group of
pigments found in algae. They play a role as lipophylic antioxidants and they are thought to be responsible for the therapeutic property of
carotene as anticancer agent [7]. Other species found are glutathione peroxidase. Mycosporine like amino acids, mainly considered as UV
screening compounds, are also antioxidants that act as scavengers and quenchers of reactive oxygen species in algae [8].
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Ginger

Recently, great attention and extensive studies have been devoted to evaluating its therapeutic benefits on an array of diseased conditions
including hypercholesterolemia, Data from preclinical studies with various animal models consistently demonstrate the hypolipidemic activity
of Ginger. hypoglycemia, hypolipidemia and  hypocholesterolaemia  properties In  vivo clinical studies concerned to
combined Garlic and Ginger impact showed hypolipidemic response [9]. Dyslipidemic actions of Ginger studies in case of induced diabetes
through the preparation of water extract [10]. Crude extracts of Ginger rhizome were reported for potential antibacterial action [11].
Hypolipidaemic properties of Ginger in streptozotocin-induced diabetic conditions were reported [12]. Antioxidant properties studies with
various ginger preparation [13, 14]. Antithrombotic and antiinflammatory action of ginger suggested a potential response through decreasing the
status of lipid profile [15, 16]. In the present investigation Spirulina (microalga) and Ginger (plant) both alone and in combinations were
evaluated against the HFD-induced hypercholesterolemic rat.

Material and Methods
Source of Spirulina and Ginger

Exponentially growing cells of S. platensis were harvested by filtration (screen-printing filter with pore size 305 nm (1400 pore/cm?) and the
biomass was oven dried at 55°C. The dried biomass was collected, weighed, and used to feed the rats.

Ginger (rhizome) was collected from the Department of Aromatic and Medicinal plants, Jawaharlal Nehru Agriculture University, Jabalpur,
India. The ginger was washed several times with tap water (Potable water). Then, it was peeled, rewashed using tap water, sliced into small sizes
of 2-3mm diameter thick, and dried in a vacuum oven at 60-65°C for 72hrs [17]. The dried ginger was blended into powder using a kitchen
blender. The powder obtained was then sieved using a sifter of pore size < 300um. The sieved ginger powder was put in plastic bags and stored
at room temperature. Ginger extracts was obtained from ginger powder and ginger paste by modified methods [18].

Preparation of individual Spirulina, Ginger and their combination
Individual Spirulina prepared by mixing of 25g of Spirulina powder with 250ml of water to make a concentration of 100mg/ml solution.

Suspension of Ginger was prepared with certain modify method [15]. 500g of fresh Ginger was dried in shade and used for the aqueous
extraction. Ginger rhizome was peeled on crushed ice and 25g was cut into small pieces and homogenized in 100ml cold (4°C) distilled water.
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Homogenization was carried out in blender at high speed (3000rpm) for 2-3min. The homogenized mixture was filtered through cheese cloth.
The concentration of Ginger preparation was considered to be 250mg/ml on the basis of the weight of starting material (25g/100ml).

Combination of Spirulina with Ginger prepared through mixing of 25¢g of Spirulina powder with 100ml of aqueous extract of Ginger. Both were
mixed with 400ml of distilled water to make a concentration of 50mg/ml each. Prepared suspensions and combination were stored (4°C) in
sterilized brown glass bottles tightly fixed and well labelled.

Source of experimental animals:

Healthy male Wistar albino rats, Rattus norvegicus (strain 2187), weighing about 180-200gm, age 6-8 week, brought from animal section of
DRDE (Defence Research Development and Establishment), Gwalior, India.

Experimental groups:

Following eight groups of animals were subjected to different treatment schedules. Each group consisted of four animals (n=4).

Group | : Normal Control

Group 1l ; Animals with continuous HFD

Group 11 ; HFD Control

Group IV : Daily treatment of 250mg Spirulina/kg body weight.
Group V : Daily treated by 250mg Spirulina along with HFD.
Group VI : Daily treated by 250mg Ginger plant/kg body weight.
Group VII : Daily treated by 250mg Ginger plant/kg body weight

along with HFD
Group VIII : Daily treated by 250mg Combination of Spirulina with Ginger/kg body weight.

Experimental normal and High Fat Rich Diets:

Two varieties of diet were used in the present part of study. The composition of both diets Control or Normal diet (NC) and High Fat Rich Diet
(HFD) (Table 1)
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Experimental conditions:

Table 1: Constituents % in Normal control and high fat rich diet

Constituents

Wheat flour

Roasted Bengal gram
powder

Skimmed milk powder
Casein
Refined oil

Salt mixture with
starch

Choline mixture
Coconut oil

Cholesterol

gm/Kg Normal Control
diet

225

600

50
40
40

40

gm/Kg High fat
Rich Diet

205

526

50
40
40

40

40

Complete process of investigation approved through the departmental animal ethical committee. All animals were housed in group of six and
maintained under standardized condition (12/12 hour’s light and dark cycle at 24°C with free access to pellet feed (Hindustan Liver Limited
Mumbai, India) and water, adlibitum.

Induction of hypercholesterol and collection of blood sample:

Hypercholesterol induced in the course of regular 40 days administration of HFD, which comprised cholesterol, refined oil, skimmed milk
powder, casein, coconut oil etc. The blood was drawn from the retro-orbital bleeding. The animals in all groups were kept on 4-5h fasting
periods before collections of blood samples. The blood was collected by heparinised capillaries kept on heparinised tubes and in tubes containing
EDTA (an anticoagulant, 2mg mlt) and without EDTA. Collected blood samples were centrifuged for 10min at 5000rpm at 4°C. The serum
were collected and stored at 4°C for further exploration.
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Antioxidant enzymes:

Enzymatic and non enzymatic antioxidant both were examined after haemolysate preparation which was clearly free from plasma and buffy coat
through removal of whole blood with centrifugation at 2000rpm for 10min, at 4°C. Haemolysate was prepared by mixing 1.9ml of cold distilled
water to 0.1ml of PCV suspension. Prepared haemolysate was used for estimation of TBARS and Catalase, while for the estimation of SOD, the
residual red cells were also haemolysed in adding 1.5 volume of cold distilled water. The lipids were removed by chloroform-ethanol extraction.
The assessment of Reduced Glutathione (GSH) was performed [19]. TBARS was estimated [20]. Catalase and SOD were estimated through
standard method [21,22].

Chemicals and Regents:

Epinephrines, Tetra Ethoxy Propane (TEP), NADPH, BSA, TBA, DTNB, Sodium metasulphate, Reduced Glutathione were purchased from
Sigma Chemical Company (St. Louis, USA). Analytical grade of Phenazine metasulphate, Sodium azaide, Sodium hydroxide were used from
Sisco Research Lab, Mumbai, India.

Result and Discussion:

The present investigation deals with the antioxidant status of combination and individual action of Spirulina and ginger on normal and
hypercholesterolemic rats. Herbal drugs or formulations containing number of free radical scavenging agents are well known for their
therapeutic activity. Prepared combination showed different levels of protection which is slightly differentiated from each other.

Combination impact of SP+GN on TBARS activity of HFD induced hypercholesterolemia

Free radicals are known to be generated during period of hypercholesterolemia. Changes in status of antioxidants in
hypercholesterolemic state and their response provide a new insight about the pathogenesis. Antioxidant enzymes TBARS, GSH, SOD and
CAT were studied before and after the therapy. A significant increase in TBARS levels were observed in all experimental subjects.
Independently Spirulina, and combined treatment SP+GN significantly brought down the TBARS levels in same experimental treated groups.
TBARS levels increased 57% from base line with continue consumption of HFD, which was decreased by about 33.8% via administration of
Spirulina, 27.82% through Spirulina along with HFD.

Spirulina contain active ingredients, notably phycocyanin and -carotene that have potent antioxidant and anti-inflammatory activities
[23]. Phycocyanin has the ability to scavenge free radicals, including alkayl hydroxyl and perxyl radicals. It also decreases nitric production,
suppresses inducible nitric oxide syntheses expression, and inhibits liver microsomal lipid per-oxidation [24]. Treatments along with HFD
showed only marginal changes in TBARS activity as compared to individual treatment GN and Spirulina. The therapy of Ginger and Spirulina
and their impact on TBARS level was also shown decreasing impressive results which was slightly differentiated. Administration of Ginger
showed 27.78% reduction; while Ginger therapy with HFD gave 23.15% result whereas 22.3% decreased level of TBARS was observed by
treatment of SP+GN (Table-1).
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A marked decrease in lipid per-oxidation accompanied with an increase in endogenous TBARS levels [25]. In 250mg/kg dose of
individual plants and combination showed a significant decrease in the level of TBARS, and it showed better recovery profiles in all
experimental treated groups.

Table 1. Effect of Spirulina, Ginger and combination on TBARS activity in HFD induced hypercholesterolemic rats.

Thibarbituric acid (ng/ml.)
Groups
Initial After Induction After Treatment
GP-1 (NC) 12.35 + 0.48% 11.40 £ 0.442 (-7.69%) 11.75 £ 0.722 (+2.95%)
GP-11 (C-HFD) 11.18+ 0.432 15.50 + 0.62° (+38.64%) 19.40 + 0.16° (+25.16%)
GP-1ll (HFD-C) 13.60 + 0.17° 17.42 + 0.57° (+28.08%) 20.30 + 0.12° (+16.53%)
GP-1V (SP) 11.50 + 016% 17.84 + 0.25" (+55.13%) 12.20 £ 0.40? (-31.6%)
GP-V (HFD + SP) 12.78 + 0.62% 18.33 + 1.09° (+43.42%) 13.44 + 0.35% (+26.67%)
GP-VI (GN) 13.34 £ 1.05% 18.28 + 0.56° (+37.03%) 13.20 £ 0.812 (-27.78%)
GP-VII (HFD + GN) 12.46 +0.672 16.50 + 1.34° (+32.42%) 12.68 + 0.372 (-.23.15%)
GP-VIII (SP + GN) 12.44 + 1.05% 18.32 + 0.23° (+47.26%) 14.22 + 1.35% (-22.37%)
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Thibarbituric acid (ug/ml.)

25
c
2
g
€20
(&)
c
o
O
=15
E
Ed = Initial
% 1 — mAfter Induction
2 After Treatment
3 - —
£
S
©
o]
£ 0

GP-1(NC) GP-1l (C- GP-1Il  GP-IV (SP) GP-V (HFD GP-VI (GN) GP-VIl GP-VIII (SP
HFD) (HFD-C) +SP) (HFD + GN)  +GN)
Experimental Groups

Combination impact of SP+GN on SOD activity of HFD induced hypercholesterolemia

The SOD activities were considerably decreased in HFD induced rats. The significant decrease in SOD activity due to HFD indicates
inefficient scavenging of reactive oxygen species which might be implicated to oxidative inactivation of enzymes [26] SOD activities were
increased significantly (p<0.05) about 44.23% by Spirulina. Results indicated that treatment of individual Spirulina provided better comeback as
compared to individual Ginger. B-carotene, vitamin E and selenium worked as the membrane antioxidants and protected against single oxygen
mediated lipid per-oxidation [27,28]. The Ginger treated hypercholesterolemic subject was shown 50% increasement, 30% enhancement was
observed by Ginger along with HFD, whereas 18.7% increase SOD activity was recorded with SP+GN action. SOD is believed as a front of
protection alongside the possible free radicals that grounds oxidative stress. Present learning highlighted that rats which accepted regular HFD
till one month be evidence for a significant diminish in the SOD activity; the results validate with evidences [29].

Ginger alone may exhibit activity of blocking oxidative damage through hydroxyl lipid per-oxidation and protein oxidation which must have
avoided the loss of membrane permeability and dysfunction of cellular protein and in turn a decline in the endogenous stage of hydroxyl radical
[30, 31]. SOD detoxifies superoxide radicals and converts them to H>O> which is additional converted to H20 as a result of action of CAT or
GSH peroxides. The observed results indicated, the occurrence of potential comprising constituents may be responsible to scavenge the super
oxide anion radicals and thereby maintain the high activity of SOD (Table 2).
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Table 2: Effect of Spirulina, Ginger and combination on SOD activity in HFD induced hypercholesterolemic rats.

Superoxide dismutase (unit/min/mg protein)

Groups
Initial After Induction After Treatment

GP-1 (NC) 1.50 + 0.242 1.20 + 0.07° (-20%) 1.31 £ 0.19? (+9.16%)
GP-II (C-HFD) 1.47 +£0.122 0.70 £ 0.03? (-52.3%) 1.10 £ 0.212 (+57.14%)
GP-Ill (HFD-C) 1.68 +0.18?2 0.69 + 0.04? (-58.92%) 0.45 +0.032 (-34.78%)
GP-1V (SP) 1.21 +0.112 0.52 + 0.04% (-57.02%) 0.75 + 0.45% (+44.23%)
GP-V (HFD + SP) 1.55+0.282 0.71 + 0.06? (-54.19%) 0.72£0.17% (+1.40%)
GP-VI (GN) 1.43 +0.212 0.40 + 0.122 (-772.02%) 0.60 £ 0.05? (+50%)

GP-VII (HFD + GN) 1.43 +0.212 0.52 +0.08? (-63.63%) 0.68 + 0.02° (+30.76%)
GP-VIII (SP + GN) 1.48 +0.152 0.48 + 0.10? (-67.56%) 0.57 £ 0.03? (+18.75%)
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Superoxide dismutase (unit/min/mg protein)

u Initial
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| After Treatment

GP-1 (NC) GP-II (C- GP-l1Il  GP-1V (SP) GP-V (HFD GP-VI (GN) GP-VII GP-VIII (SP
HFD) (HFD-C) +SP) (HFD+GN) +GN)
Experimental Groups

1.8

Concentration

Superoxide dismutase (unit/min/mg protein)

Combination impact of SP+GN on CAT activity of HFD induced hypercholesterolemia

The CAT activity was diminished by means of the consumption of HFD in experimental hypercholesterolemia. CAT activity was
elevated in all hypercholesterolemic groups, except normal control following different therapy. The levels were increased significantly to 21%
by Spirulina, 5.9% via Spirulina along with HFD. Ginger treated group was shown 23% increase in CAT activity, 31% raised level of CAT was
establish via Ginger by way of HFD while 16% raised level was observed by the action of GN+SP (Table-3). Catalase is vital enzyme that
functions together with super oxide dismutase and glutathione per-oxidase from side to side enzymatic antioxidant defense management,
catalyses the disintegration or decomposition of hydrogen peroxides to water and oxygen to defend cells against O. toxicity and lipid per-
oxidation [32, 33]. These compounds supported in the reduction of spontaneous lipid per-oxidation. Hypercholesterolemia impairs systemic
vascular reactivity in response to endothelium-dependent vasodilators, which may be mediated partly through increased formation of lipid
peroxides [34]. Decreased activities of Catalase in vital organs have been observed in rats, and this activity may result in a number of deleterious
effects due to accumulation of superoxide radicals (O2-) and hydrogen peroxide [35]. Administration of Ginger and combination with Spirulina
increases the activities of Catalase in rats. The results of increased Catalase activity of Ginger clearly shows that a free radicals scavenging
activity, which could exert a beneficial action against pathological alteration caused by the presence of O2- and OH™ [36]. The scavenging
components from natural sources are promising candidates for drugs of hypercholesterol, depending on their reactivity toward free radicals,
localization, mobility in lipoprotein and fate of its radicals. Groups of rats which received Ginger or Spirulina for a period of 5 weeks showed
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significant elevation in CAT activity which indicates the antioxidant properties of Ginger as well as Spirulina with due to their potential free
radicals scavenging activity.

Table 3: Effect of Spirulina, Ginger and combination on Catalase activity in HFD induced hypercholesterolemic rats.

Catalase (umol/min/mg protein)
Groups
Initial After Induction After Treatment

GP-1 (NC) 77.70 + 1.35° 66.10 + 0.5° (-14.92%) 67.16 + 0.37¢ (+9.61%)
GP-I1 (C-HFD) 77.44 + 7582 4550 + 1.07¢ (-41.2%) 32.60 + 0.16? (-28.35%)
GP-I1l (HFD-C) 85.58 + 2.51° 38.16 £ 0.43° (-55.4%) 34.30 £ 0.35% (-10.11%)
GP-1V (SP) 87.94 + 0.63? 34.35 + 0.31* (-62.1%) 41.55 + 0.80° (+21.95%)
GP-V (HFD + SP) 83.42 + 0.26° 39.17 + 0.25° (-53.0%) 4151 + 0.84° (+6%)
GP-VI (GN) 82.86 + 0.50° 35.51 + 1.27° (-58.65%) 42.22 +.0.30° (+23.23%)
GP-VII (HFD + GN) 82.50 + 0.24° 32.28 + 0.30* (-60.64%) 39.20 +0.222 (+21.43%)
GP- VIII (SP + GN) 83.03 + 0.51" 32.88 +0.11? (-60.3%) 43.20 + 0.46" (+31.38%)
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Catalase (umol/min/mg protein)
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Impact of Combination of SP+GN on GSH activity of HFD induced hypercholesterolemia

The GSH activity is noteworthy affected in all experimental HFD induced hypercholesterolemic rats. Enzymatic antioxidants are
inactivated via free radicals. Vitamin C, reduced glutathione and other thiols are water soluble antioxidants that eliminate free radicals from
cytosol via reacting with them. Glutathione acts as a substrate for Glutathione per-oxidase and Glutathione-s-transferase and Glutathione oxidase
during the breakdown of H2O2 and lipid per-oxidation. Attention of glutathione is regulated through Glutathione synthetase, Glutathione per-
oxidase and Glutathione reductase [37, 38]. GSH protects the cell against oxidative stress by reacting with peroxides and hydro-peroxides. The
GSH activity was elevated in all groups following different therapy. The levels were increased significantly by about 21% by Spirulina, 22.5%
by Spirulina along with HFD. Selenium of Spirulina provided glutathione per-oxidase activity and causes reduction of hydrogen peroxide to
toxic elements. Observations also reported in Spirulina and other related algae [39,40]. Hypercholesterol increases the oxidative stress and
decreased the level of GSH in rats may increase their susceptibility to oxidative injury. Ginger treated hypercholesterolemic rats were shown
13.6% increase GSH activity, 14% raised level of GSH was observed by Ginger along with HFD whereas 16% raised level was observed with
Spirulina with Ginger action (Table-4). Ginger showed strong in-vitro and in-vivo antioxidant properties performed a major possible mechanism
for the protective actions against toxicity of free radicals [41]. The reduction of oxidized form of glutathione requires NADPH, as a cofactor and
enzyme glutathione reductase. The reduced availability of NADPH, which could be either due to reduced synthesis or increased metabolism of
NADPH through some other pathway, could be also responsible for less range of GSH in HFD induction. Selenium is a main component of
glutathione per-oxidase present in Spirulina (GPx) causes reduction of H2O. to nontoxic elements. Spirulina carotenoids and phycocyanin are
well known antioxidants and performed mechanisms for hepatoprotective activity [42]. Spirulina phycocyanins express potent peroxyl radical
scavenging response in case of both in vitro and in vivo observation [43,44]. Reduction in TBARS level In this study the results was showed the
activity of GSH was significantly decreased with HFD consumption, the reduction in GSH activity may be implicated to either free radical
dependant inactivation of enzyme or depletion of its co-substrate i.e. GSH and NADPH. Antioxidant also supported to exogenous cholesterol
inhibition activity and the up regulating expression of 3-hydroxy-3-methyl glutaryl coenzymes A reductase activity [45,46].
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Table 4. Effect of Spirulina, Ginger and combination on GSH (Reduced Glutathione) level in HFD induced hypercholesterolemic rats.

Reduced Glutathione (mg/ml.)

Groups
Initial After Induction After Treatment
GP-I (NC) 2.36 + 0.22° 2.78 £0.72% (+17.7%) 2.96+ 0.72% (+6.47%)
GP-11 (C-HFD) 2.44 +0.39° 1.26 + 0.10 (-48.36.%) 1.14 + 0.10* (-7.93%)
GP-I1l (HFD-C) 2.49 +0.32° 1.82 + 0.64% (26.90%) 1.71 + 0.64% (-6.04%)
GP-IV (SP) 2.52 +0.33 1.86 + 0.23% (-26%) 2.28+ 0.23% (+21.05%)
GP-V (HFD + SP) 2.59 +0.16° 1.70 + 0.28 (-35.76%) 2.43+ 0.14% (+22.54%)
GP-VI (GN) 2.10+0.18 1.76 + 0.09% (-16.19%) 2.0 +0.09% (+13.63%)
GP-VII (HFD + GN) 2.32+0.12 1.82+0.07° (-21.55%) 2.08 +0.31% (+14.28%)
GP VIII (SP + GN) 2.18 +. 0.14° 1.70 + 0.11° (-22%) 1.98 + 0.31% (+16.47%)

Abbreviations: (GP) - Group, (NC) - Normal Control, (C-HFD) - Continuous High Fat Diet, (HFD-C) - Control High Fat Diet, (SP) -
Spirulina, (HFD + SP) Spirulina along with High Fat Diet, (GN) - Ginger, (HFD + GN) Ginger along with High Fat Diet, (SP +GN)
Spirulina with combination of Ginger. (Unit: mg/ml) Values are expressed as mean + SE, n=4. The same letters are not significantly
different (P<0.05) by Tukey test.
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Reduced Glutathione (mg/ml.)
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The activity of GSH was significantly increased with Spirulina, and Ginger alone and with combination. In this respect, used of
medicinal plants and Spirulina may be a particularly useful agent, as it could enhance endogenous antioxidants without producing any cytotoxic
effects. Spirulina have a synergistic effect, so their antioxidant effects increase. As a result, we can say that, combined therapy decreases
oxidative or free radicals damages with the balancing of enzymatic and non-enzymatic antioxidant status.

(4). Conclusion

Spirulina exhibited maximum decline of lipid per-oxidation among individual therapies and in combinations, In case of Reduced
Glutathione (mg/ml.) individually action of Ginger and Spirulina was showed (13.63%) and (21.05%) recovery action whereas in combination
therapy was shown 16.74% increasing response. Ginger (27.78%), Spirulina (31.6%) and combination of both were showed (22.37%)
decreasing beneficial Thibarbituric acid (ug/ml.) response. Likewise the level of Superoxide dismutase (unit/min/mg protein) increase with
Ginger (50%) and Spirulina (44.23%) and in combination therapy (18.75%). Catalase (umol/min/mg protein) increasing recovery response of
Ginger (23.23%), Spirulina (21.95%) and in combination was shown (31.38%). The above facts concludes that even every constituents have
their own antioxidant values when tested individually, also shows potential free radical scavenging properties in combination too. Spirulina
found to be effective formulating with medicinal plants like Ginger and boosting them to maintain such property in a synergistic way. Spirulina
may increase safety and efficacy in combinational therapies which can’t be gained through individual treatment. Further studies are needed to
elucidate the exact cooperative action of various constituents present in combinations acting for the antioxidant status. Present study reveals that
combination shows potential antioxidant activity.
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