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ABSTRACT

Parkinson disease is a progressive disorder that impacts the central
nervous system and the component that are controlled by nerves. Major
pathological hallmark of Parkinsonism is the presence of anomalous
aggregates of o-Synuclein protein. Several experimental and
pathological studies explain the other key involvement in PD
pathogenesis like; loss of dopaminergic neurons is mid brain, Chronic
microglial and astrocyte’s activation, mitochondrial dysfunction, brain
inflammation and oxidative stress. Parkinsonism indicates the several
motor and non-motor symptoms like bradykinesia (slowness and
stiffness in movement), tremor and resting tremor. There is no known
permanent treatment of Parkinson disease, yet certain drugs are
effective on symptoms. Blue green algae such as spirulina is a
unicellular species and economically distributed as nutritive food
supplements. Spirulina is one the influential source of natural nutrient
and many experimental studies informed about the antioxidant and anti-
inflammatory properties of spirulina in parkinsonism. Spirulina contain
multiple nutrients like vitamins, protein and essential fatty acid.
Phycocyanin; colour pigment protein of spirulina algae which is
playing a crucial role in brain inflammation and certain PD related
pathogenesis oxidative stress, microglial cell activation, cytotoxicity.
KEYWORDS: Parkinson’s disease, Oxidative stress, Microglial cell
activation, Mitochondrial dysfunction, Spirulina plantensis.
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1. INTRODUCTION

Parkinson is one of the most challenging progressive neurodegenerative disorders and it’s
characterized by bradykinesia, tremor, resting tremor, motor and non-motor symptoms.
Several reports of PD explained about the non-motor symptoms like; Depression and anxiety.
Interestingly few reports revealed that non motor symptoms are more pronounced in PD
patient (Leite Silva et al., 2023). Lewy bodies which are the pathological hallmark of PD
contain a-Synuclein (a-Syn) aggregates, play a determining role in Parkinsonism
(Wakabayashi et al., 2007a). Alongside, as per the neurohistological and neuroimaging
studies, PD effects peripheral organs and central nervous system as well which plays a crucial
role in brain inflammation (Cimar et al., 2022). Also, microglial cell activation leads to brain
inflammation. This activation is controlled and expressed by CX3CL1 (Fractalkine, FKN)
and belongs to chemokine family is expressed by neurons in CNS (central nervous system)
and its receptor CX3CR1 abundantly expressed by microglial cell. Evidently disruption of
CX3CLI1-CX3CRI signalling leads to inflammatory response in human brain. (Helmke et al.,
2019) Similarly, 6-OHDA neurotoxicity leads to production of Oxidative species and brain
inflammation into the CNS are the dominant features of PD (Simola et al., 2007). Parkinson
disease protein 7, also known as DJ1 (PARK?7) is potent biomarker for Parkinson and also
serve the essential function for neurons like neutralization of reactive oxygen species
(Bonifati et al., 2003). Mutation in DJ1(PARK?7), leads to the deleterious effect on brain
health. DJ-1 protein is playing crucial role in the oxidative stress as well mitochondrial
functional protein (Ariga et al., 2013). Spirulina plantensis serves as nutrition aid in most of
the countries from last few decades and also spirulina used as supplement food for the
astronaut by NASA. Because it delivers high protein and vitamin rich supplement without
any adverse effect on the health, this alga is considered one of the valuable foods for human
diet (Karkos et al, 20Ila). Certain important biochemicals component includes
carbohydrates polymer unit (polysaccharides), Provitamins (b-carotene), Fatty acid
(Linolenic acid), colour pigment protein (Phycocyanin). Phycocyanin is a most valuable
biochemical compound is widely used in cosmetics industry for colouring and it has certain
neuroprotective property like; Anti-inflammatory, antioxidant and hepatoprotective as well
(Su et al., 2014). From last few years, several experimental research revealed that the intake
of spirulina manifest positive effect and outcomes on human brain health. Spirulina is known
as a valuable source in supplements and therapeutic medicine and shows the neuroprotective
activity in PD and increase the expression of Fractalkine receptor (cx3crl) to generate
positive effect in rat model and 6-OHDA model of PD (Pabon et al., 2012) (Lima et al.,
2017a). Experimental studies also support that Spirulina alga reduce the apomorphine
induced rotation behaviour in rat model, although the response of recovery of DA neurons is
not well understood but the partial recovery of DA and DOPAC depletion is observed.
Similarly, Loss of DA neurons in the substantia nigra compacta is the major hallmark of
parkinsonism but for Parkinson patient, the partial reversal of DA depletion in SPI may
support some neuroprotection. Spirulina plantensis also support the blockade of oxidative
stress as well as ROS (Reactive oxygen species) production in PD (Lima et al., 2017b).
Hence the aim of this review is to provide a brief explanation of therapeutic role of spirulina
in Parkinson disease.
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2. PARKINSON: A NUERODEGENERATIVE DISORDER

Parkinson is a progressive degeneration of dopaminergic neuron in mid brain. This
progressive loss of dopaminergic neuron in substantia nigra which is portion of midbrain, is
manifested by symptoms like; tremor, bradykinesia, and other motor and non-motor
symptoms (Hayes, 2019). Tremor is the most common indication of Parkinson disease and
progressive loss of the dopaminergic neuron in the dorsal and posterior region of substantia
nigra (SN) supported into certain PD pathophysiology studies. Although certain dopamine
precursor drugs and synergy drugs are employed in tremor symptoms as a first line of
defence but none of these are completely effective in dopaminergic loss in CNS (Abusrair et
al., 2022). Bradykinesia is combination of two words i.e. akinesia (Failure in movement of
muscle voluntarily) and hypokinesia (Motor control disability). Bradykinesia could be the
connecting link of creating the instruction (programming) and their execution. Muscle
weakness, Rigidity, Rest and action tremor, movement variability can be secondary root
cause of bradykinesia (Berardelli et al., 2001). PD is the secondary quotidian
neurodegenerative disease after Alzheimer. The key neuropathological diagnostic features of
Parkinson disease are modest to severe degeneration or loss of neurons in the substantia nigra
which is the portion of midbrain (Kim et al., 2018). Lewy body which is the major hallmark
of Parkinson is discovered by Friedrich Heinrich Lewy in 1912 in the brain of a patient who
had suffered from parkinsonism and initially they found neuronal inclusion in the brain of
patient but later they named Lewy body after the discovery (Rodrigues E Silva et al., 2010).
Cellular events like inclusion body formation and the aggregation of protein (a-Synuclein)
are related to Parkinson disease. Protein aggregation of a-Synuclein is the main pathological
hallmark or characteristics of parkinsonism’s. Lewy bodies broadly distributed in the most of
the part of CNS like; substantia nigra. This broad distribution of Lewy body pathology might
help to understand the array of motor and non-motor symptoms of Parkinson disease.
Researchers explain the a-Synuclein oligomers and protofibrils are possibly cytotoxic but on
the other hand fibrillar @-Synuclein may serve as the certain neuroprotective mechanism in
Parkinson’s disease. Another possibility if host cell continues create toxic protein and in
response LB continuously degrade those protein, leading to the excessive build-up of protein
aggregation into the host cell and eventually cell will die (Wakabayashi et al., 2007b).
Postmortem studies addressed early postural instability and inability or freezing in walk
(Gait), the motor symptoms and similarly other motor and cognitive studies are addressed
(Barbosa et al., 2016). Other motor symptoms like slowness in voluntary movement and
speech (bradykinesia) with muscular rigidity, shaking or trembling in movement (tremor or
postural inability, sleeping disturbance and dementia (Sveinbjornsdottir, 2016).
Neuropathological studies also revealed that prolonged activation of microglial cell play a
detrimental role in Parkinson disease (Béraud et al., 2012).

3. C-PHYCOCYANIN; APIGMENTED PROTIEN

Prokaryotic, photosynthesis-dependent microorganisms called algae are able to adapt a wide
range of external circumstances. Spirulina is a string and spiral algae with soft membranes
that is easy to digest and rich in essential amino acids, vitamin B12 and GLA (Izadi & Fazilati,
2018) Spirulina species provide vitamins, minerals, and Carotenoids that are beneficial



Page 2058 of 20
Moin Khan / Afr.J.Bio.Sc. 6(9) (2024)

against hypercholesterolemia, oxidative stress, and hyperglycaemia and have
antihypertensive qualities. They also boost probiotic development and demonstrate
antibacterial activity (Grover et al., 2021). Both people and animal ingest Spirulina, a
nutritional supplement, which is a biomass of Cyanobacteria (blue-green algae)(Karkos et al.,
2011b). The Phycobiliprotein, a key fluorescent protein involved in light acquisition and
categorized based on pigment, is found in Spirulina and it is divided into Allophycocyanin,
Phycocyanin and Phycoerythrin. Spirulina was primarily concerned in producing high- value
proteins, such as Phycocyanin (blue pigment). The pale blue substances known as
Phycocyanin, which are present in Cyanobacteria and blue-green algae, occupy orange and
red light at 620nm and emits illumination at 650nm (Ratha & Prasanna, 2012) Phycobilisomes
are the specific location of Phycocyanin(Fernandes et al., 2023). Food products and
cosmetics are colored using C-Phycocyanin, a vivid blue protein derived from Spirulina (Liu
et al., 2016). Like biliverdin, Phycocyanin is a naturally occurring peptide inhibitor that
effectively inhibits NADPH oxidized, a key component in oxidative stress-related illnesses,
affecting organ development, inflammatory processes, and immunological responses (Izadi &
Fazilati, 2018). Cyanobacteria may produce C-PC through cell wall disruption and water -
soluble phycobiliprotein extraction, with factors like solvent type, biomass ratio, and biomass
type influencing extraction methods (Pan-utai & lamtham, 2019). The C-PC amino acid
composition of S.Platensis reveals that a majority of strains share similar compositions,
consisting of alpha and beta subunits with 162 and 172 amino acids, respectively (Liu et al.,
2016). Additionally, C- Phycocyanin has been used as a food additive, fluorescent dye,
medication, and colorant. It has been demonstrated to have antioxidation, inflammatory,
anticancer and immunity-boosting properties and can also be processed to create fluorescent
reagents, probes, and traces for use in medical research and diagnosis (Liu et al., 2016).
When coupled with He-Ne light, C-Phycocyanin functions as a photosensitive agent in
photodynamic treatment, which enhances tumor treatment. Its particular propensity towards
macrophages linked to tumors (TAMs) boots the drug’s efficacy as a cancer treatment. It also
contains anti-inflammatory properties that support leukocyte function or the regenerating of
mammalian blood cells (Jiang et al., 2017). Assay level C-Phycocyanin at 3.9, or exceedingly
pure C-Phycocyanin at above 4.0, is equivalent to meal quality C-PC with a quality of 7.0.
The authenticity of C-PC is crucial for both industrial and medical applications (El-Mohsnawy
& Abu-Khudir, 2020) The latest nanotechnology assures the stability of C-PC, a naturally
occurring anti-inflammatory drug with antioxidant properties that has potential use in cancer
therapy because of its ability to decrease the production of COX-2, reduce epidermal ageing,
and activate pro-apoptotic pathways (Dranseikiené et al., 2022). The effect of C-PC on MCF-
7 cells from breast cancer patients and people’s basic fibers revealed that C-PC had a
comparatively low 24-hour death rate, with more than 90% of basic cell types of fibroblasts
being viable (Safaei et al., 2019).

Table 1. Various method of cell disruption techniques used in Spirulina extraction.

1. Freeze and thaw process By repeating Freezing and thaw cycles leads
to the cell lysis and membrane disruptions.
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2. Mixing and homogenization | Squeezing of cell by physically, like using of
mortar and pestle.

3. Bead milling Mechanical cell disruption technique which
leads to direct damage to cell wall.

4. High pressure | Using  pressurized  homogeneity  with
homogenization lysosomal treatment.
5. Ultrasonic method Ultrasonic waves are used to disrupt the

biological membrane.

6. Electric field Electric pulse is used to remove Phycocyanin
from Spirulina.

7. Enzyme assisted method Used of various enzyme with the required
conditions and PH.

8. Microwave Environment friendly method, used of little
input of energy

e Chemical assays show C-PC inhibits a-synulein fibril nucleation and elongation,
potentially preventing toxicity in the Parkinson’s disease yeast model, reducing
inclusions and cytotoxicity, and mitigating oxidative stress and proteostasis
deregulation (Penton-Rol et al., 2021).

4. EFFECT OF MICROGLIAL CELL ACTIVATION IN BRAIN HEALTH

Microglial cells are the main resident cell of the mid brain, which is derived from the myeloid
lineage by hematopoietic cytokines expression. Microglial cell is the main cellular network
of CNS which maintain the neuronal network and response rapidly in the brain injury repair
mechanism. Microglial response against the toxin, free radicals and soluble antigens are
extremely controlled regulated, because over activation or prolonged activation of microglial
cell leads to the deleterious for the CNS.

The main job role of microglial cell is elimination of pathogen and bacteria, response against
protein aggregation and other soluble antigen in the CNS. Additionally microglial cell is the
main cell which support the apoptosis during the brain injury and secrets numerous
chemoattracts and cytokines, which contribute the influential immune response against the
soluble antigen and tissue repair in CNS (Colonna & Butovsky, 2017a). These cells are the key
component of immune cells and abundantly found in the CNS (Central nervous system).
Microglial cells are said to be resting (Ramified morphology) in a healthy brain but once they
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disturbed by any signalling event, they become activated. Activated microglial (ameboid
morphology) rapidly migrate to the site of Lewy bodies in PD, where they proliferate and
release of multiple cytokines and pro-inflammatory (Farber & Kettenmann, 2005).

4.1. Cross talks of CX3CL1/CX3CL1 in microglial cell activation; As we know that the
immune response is a pivotal role of homeostasis because it provides the boundary against
the outer pathogen as well as internal tissue/cellular damage, however prolonged activation of
immune cell leads to unfavourable rather than defensive (Lotz et al., 2021). Microglial cell,
which contribute the 10% of CNS resident cell are mononuclear and quite dynamic in
structure (Colonna & Butovsky, 2017b). Fractalkine (FKN, CX3CL1) is a chemokine which is
expressed copiously in neurons. Chemokines are the small proteins which are help in recruit
the inflammatory cell on the site of action. Chemokines having four subclassed C, CC, CXC,
CX3C .CX3C are followed by its receptor “R” and a specific number (e.g., CX3CRI1) and
“L” for ligand (e.g., CX3CLI1). This expression induces microglial cell by its specific
receptor (CX3CR1) (Jones et al., 2010),(Pawelec et al., 2020). CX3CL1 could found in
membrane bound glycoprotein which serve as cell adhesion either they can be found in
soluble form after proteolytic cleavage. Proteolytic cleavage can proceed by
metalloproteinases (protease whose catalytic mechanism involves a metal) ADAMI10 and
ADAMI17 (Hundhausen et al., 2003). The CX3CL1 and its receptor present on the microglial
cell (CX3CR1) allows the bridge of communication between neurons and microglial cell,
also the study of substantia nigra compacta (SNc) suggest that abundantly expression of
CX3CL1 which is inhibits the activation of activation of microglial cell (Pawelec et al.,
2020).

4.2. Role of Spirulina in Microglial activation: Microglial activation against the
neurotoxicity is the main protective unit or first line of defence in the CNS. However
prolonged activation of microglial cell is not favourable for the neuron’s survival in the
Parkinson disease. In the review we explain that the a-Synuclein aggregates are the main
cause of PD and serves as the major hallmark in the patient of parkinsonism. Scientific
studies suggest that the there is an increase in activated microglial cell population where the
expression of the a-Synuclein aggregates are seen. Various approaches like; a-Synuclein rat
model for Parkinson is used to investigate that how a-Synuclein effects the activation of
microglial cell (Joers et al., 2017). Spirulina rich diet on rat model of a-Synuclein
demonstrate spirulina is play a neuroprotective role against the a-Synuclein which is directly
linked to the reduced the number of microglial MHC-II activation. Proinflammatory
cytokines and microglial MHC-II activation are the potent biomarkers for the m1 microglial
cell activation. Another aspect of microglial cell activation is Fractalkine (CX3CL1) An
inherent signal to aimed the reduce microglial activity is expressed by neurons and their
receptor (CX3CR1; GPCRs) which is present on the microglial cell. The study indicates that
spirulina significantly enhanced the expression of CX3CRI1, irrespective of the treatment of
thea-Synuclein (Pabon et al., 2012). As descried above that microglial cell is the main
cellular network which has been involved by the production of certain proinflammatory
cytokines. Several studies suggest that synergically effect of spirulina with other antioxidants
like; blueberry induce a brief rise in 0X-6 positive microglial cell the area of CNS injury or
inflammation area. Certain animal model of PD demonstrated that animal fed with
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antioxidant diet such as spirulina and blueberry normalized the level of OX-6 positive
microglial cell but on the other hand control diet fed animal are indicate increase/spike in the
level of microglial cell. Although effect of spirulina and blueberry are not completely
effective for the dopaminergic neuron recovery in the area of mid brain but certain marker
and studies support that the spirulina rich diet are shoeing the beneficial result in the patient
of PD and rat model (Stromberg et al., 2005). Experimental studies also explain the Spirulina
plantensis also reduce the microglia cell activation and toxicity, induced by LPS- induced
treatment (Chen et al., 2012).

5. 6-OHDA-AN OXIDATIVE NUEROTOXIN

There are several facts that the 6-OHDA has been significantly used as Parkinson In-Vivo
model.

e Production of Reactive oxygen species (ROS) that can cause neuronal
damage.

e When 6-OHDA breaks it can generate the Free radicals that can react with
oxygen species and produce hydrogen peroxide, super oxide and, Hydroxyl
radicals and many more.

¢ An exceedingly reason of mitochondrial dysfunction.

e Oxidative stress.

e Modified essential functional of protein (Vareslija et al., 2020).

6-OHDA a potent oxidative neurotoxin, serves as a valuable tool in the Parkinson model of
rat. 6-Hydroxydopamine is showing the structural resemblance of dopaminergic and
catecholaminergic neurons that’s why widely used in the neuropathological and substantial
studies of neurodegeneration. (Simola et al., 2007). 6-OHDA and LPS are the neurotoxins
which induce chronic microglial activation by changing their morphology and 6-OHDA is
also the primary factor for inflammatory process in PD model(Parra et al., 2020). 6-OHDA
direct administration couldn’t cross the blood brain barrier, Therefore Neurotoxin like 6-
OHDA is directly delivered to CNS by directly injection (Stereotaxic surgery)(Glinka et al.,
1997). Although 6-OHDA couldn’t mimic the all aspect and hallmark of PD but it can reduce
almost 60% dopaminergic neurons. It can enter into the neurons and accumulate there, Entry
of 6-OHDA is permitted by transporter of catecholamines which is present in membrane
(Salari & Bagheri, 2019). Hypothetically studies explains that administration of 6-OHDA
produces delayed Production of Oxidant species (after 1 hour) under the physiological PH,
however some studies also revealed that ROS production is rapid (within minute) to 6-OHDA
by using the other assay. As per the time-based study, ROS production is depending on the
aconitase activity, which is an iron-sulphur complex (Prominently found in mitochondria as
well as cytosol) and its activity is a potent indicator and involve in the production of oxidant.
B65 cell with 6-OHDA treatment also revealed that 6-OHDA persuade the mitochondrial
ERK activation, which can lead to the reason of protein dysfunction as mentioned
above(Kulich et al., 2007). Catalase enzyme, which is majorly found in the peroxisomes of
mammals which is known as the removing hydrogen peroxide decomposition which is
generated by 6-OHDA. MTT and LDH release assay confirmed that the H202 decomposition
which is generated by 6-OHDA is partially abolished by catalase not completely. 6-
Hydroxydopamine is can also trigger the programmed cell death which is known as
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Apoptosis mechanism by activating the Endo proteases protein. Such apoptosis is regulated
by the cascade protein caspase3/7 in mammalian cell line. This caspase is activated by the
cytochrome ¢, which is present in intermembrane/intercristae space of mitochondrion cell
(Hanrott et al., 2006; Saito et al., 2007). Additionally, SOD2 (superoxide dismutase); an
enzyme which change superoxide form into the hydrogen peroxide (H202). Hydrogen
peroxide is a less reactive form which may travel easily out to the mitochondrial membrane.
Several studies suggested that mutation loss of functionality of SOD2 may trigger the
neurodegenerative disorder like PD (Flynn & Melovn, 2013).

5.1. Role of Spirulina in 6-OHDA; Microscopic cyanobacterium spirulina is rich source of
multiple beneficial biomolecules and considered as a safe diet food. Microalga spirulina
gained deep attention by people and researcher because of protein rich pigmented protein. In
cosmetics and food industries Widley used phycocyanin, a blue colour natural pigment
protein which is significantly used as antioxidants, anti-inflammatory and anti-cancer therapy
source (Lupatini et al., 2017). In most of the neurodegenerative disease like Parkinson,
marked by neuroinflammation and mitochondrial dysfunction may result in increase in
oxidative stress. This oxidative stress might release the reactive oxygen (ROS) and nitrogen
species. Similarly, iron is the most important transient metal elements in our physiological
system because it involves in multiple pathways of growth and development of cell. Adverse
effect of iron interaction with certain chemical and biological processes can leads to
detrimental. This may trigger the oxidative stress and reactive oxygen species production
which can cause the membrane alteration and cytotoxicity. In addition, iron cytotoxicity
induced LDH release, which catastrophically harms the neuroblastoma cellular network
(Bermejo-Bescos et al., 2008).
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Figure 1. 6-OHDA mimics natural pattern of neurotoxicity. 6-OHDA (into green) directly
inserted into the host and then it enters into dopaminergic neurons via DAT (Dopamine
transporter). Inside the neurons oxidation of 6-OHDA produces several cytotoxic species like
oxygen and nitrate. Such Reactive cytotoxic species may impact to nucleus, protein
inactivation (PDI), mitochondrial dysfunction and activation of glial cell.
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The 6-OHDA model of Parkinson or hemi Parkinsonism is help to understand the
neuroprotective quality of spirulina platensis (SPI). Spirulina platensis appreciably lowered
the nitrate and lipid peroxidation content with in the right striatum of 6-OHDA group
indication the role of oxidative stress in Parkinson and other neurodegenerative disease.
Several studies are also supported the spirulina play’s a beneficial role in KA mediated
oxidative stress, which are the reason of neuronal death in neurodegenerative disorder.
Degradation or Disruption of mitochondrial function may occur through KA release of lactate
dehydrogenase (LDH) in MTT toxicity assay of neurovegetative disorder, so spirulina play a
key role in mitochondrial stability and help of maintenance the cellular network (Zhang &
Zhu, 2011)(Lima et al., 2017b). Experimental studies of synergic effect of spirulina fusiform
with Amantadine (antidyskinetic medicine, used in the treatment of Parkinson) manifested the
valuable result in the 6-OHDA rat model of Parkinson. Positive response of spirulina with
amantadine like; locomotor activity, muscle coordination and distance travelled are also seen
(Chattopadhyaya et al., 2015). As mentioned above down regulation of SOD2 leads to
deleterious is PD, however spirulina polysaccharides complex enhances the expression of
SOD2 enzyme, which can restore the normal function of mitochondria (Machihara et al.,
2023).

6. MUTANT DJ1 PROTIEN FORM; A POTENT BIOMARKER OF PARKINSON
DISEASE

DJ-1 protein superfamily, which is marked or known as the Parkinson disorder protein 7 is a
potent biomarker. In 2003, physiological role and its studies suggest that the mutation in DJ-1
gene linked with the oxidative stress response of Parkinsonism (Bonifati et al., 2003). DJ-1
Parkinson model is the widely accepted model, which can describe the genetic studies of
Parkinson disease. Several monogenic gene for parkinsonism is SNCA (PARK1-4), LRRK2
(PARKS), Parkin (PARK2), DJ-1 (PARK7). Mutation of these gene leads to autosomal-
dominant parkinsonism (Klein & Westenberger, 2012). DJ-1 (PARK?7) is present in most of the
mammals and bacteria too. Human DJ-1 superfamily of protein is extensively studies model
because of its principal role in multiple disease including neurodegeneration. Researcher
Explanation suggest over last few years DJ-1 superfamily homologues are significantly
reduced the production of ROS (Reactive oxygen species) (Smith & Wilson, 2017). DJ-1
activity regulates multiple functions like; Regulates transcription, mitochondrial function,
neutralization of reactive species and free radicals. Cell growth and regulation have several
pathways, one of best known is phosphoinositide-3 kinase pathway that minimize cellular
death and increase cellular development when encounter stimulus of epidermal growth factor
(EGF). PTEN which is present on chromosome 10 is deleted is a oncogene and act as a
negative regulator for PI3 K/Akt pathway by limiting PI3 K. PTEN’s activity is directly
hindered by DJ-1 protein through binding. In DJ-1 model of PD, after inducing oxidative
stress in rat Akt pathway is switched on simultaneously PTEN is inactivated and DJ-1
knockout mice, exhibit decrease level of Akt phosphorylation, which is the major reason of
neuronal death. In mitochondria DJ-1 protein binds to mitochondria complex I and control
the activity of mitochondria. Rat and flies model studies of PD demonstrated that fragmented
mitochondria are found in neurodegenerative condition, however there is a controversy on
DJ-1’s autophagy function (Ariga et al., 2013).
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6.1. Role of Spirulina in DJ-1 mutation; Drosophila melanogaster, a key model to
understand the physiopathology of neurodegenerative disease like PD. For understanding the
role of DJ-1 in PD chemical induced and genetic mutation-based model are developed in
Drosophila. DJ-1B2% is flies model of parkinsonism (Solana-Manrique et al., 2022). DJ-1p*%
is used in survival and ageing studies in neurodegenerative disorder. Spirulina and its
compound C-phycocyanin and certain vitamin derivatives are works as defence system in
Neurodegeneration. In DJ-1p2° model survival assay studies explained that intake of
spirulina in drosophila PD model improve life span of organism. This improve may the
reason of antioxidant and antiaging properties of super food spirulina. Spirulina is also
reduced the Hsp70 and JNK signalling in PD model of drosophila. In several other model like
C. elegans, yeast, rats and flies JNK signalling effect life span and on the other hand Hsp70
serves as cellular stress marker. Spirulina intake in several model studies revealed the benefits
effect on brain health (Kumar et al., 2017).

7. CONCLUSION

Spirulina serves as the revolutionary role in the malnutrition (Nutrition deficiencies) burden.
Spirulina is microscopic, multicellular algae which is rich in nutrition. Spirulina used as
dietary supplement because of its unique biochemical properties such as significant amount
of protein component, vitamins precursor and derivatives like beta-carotene, minerals and
most importantly low-cost dietary food. Because of it contain natural colour compound,
spirulina serves as important role in the cosmetics industry too. Spirulina are also used as the
placental developmental because it contains rich protein source food during the pregnancy of
women’s. SPI and its synergic effects with other drugs such as amantadine, blueberry source
as employ the neuroprotective role in the certain neurodegenerative disease like PD (Sinha et
al., 2018). Parkison disease is a neurodegenerative disorder, which is characterized by the
gradual or progressive loss of neurons in the substantia nigra compacta (a portion of mid
brain). Parkinsonism is identified by various symptoms like; irregularities or slowness in
movement including Bradykinesia, resting tremor, dementia and muscle stiffness.
Pathophysiological studies of Parkinson disorder demonstrated that, continues depletion of
dopaminergic neurons in the CNS is the major hallmark of PD. Another aspect of PD like a-
Synuclein misfolded, chronic or prolonged activation of microglial, Lewy bodies, oxidative
stress and mitochondrial dysfunction may involve in the PD neurodegenerations (Haider et
al., 2023). Prolonged activation of microglial cells is the marker of neuroinflammation in PD
because when they activated, they release nitrogen and oxygen reactive species.
Proinflammatory cytokines like; TNF-a, IL-1B, and IL-6 they further lead to activation of
astrocytes. Spirulina’s biomolecules phycocyanin protects microglial cell from the different
pro-inflammatory cytokines and LPS induced cytotoxicity (Chen et al., 2012). CX3CL1
Fractalkine signals, which is induces by neurons continuously and its receptor present on
microglial cell as CX3CR1 (G-protein coupled receptor). This pathway of fractalkine
mediates the cell development communication between neurons and microglial cell. This
pathway flows normally in health individual but during the neurovegetative disease it may
decreases. Surprisingly spirulina enhance the level of CX3CR1 in Several rat model of PD
and play a beneficial role between the cross talk to neurons and microglial cell (Pabon et al.,
2012). 6-OHDA is widely accepted tools used to investigate the neuron degeneration and
motor symptoms of Parkinson model. 6-OHDA enters into the neurons through DAT; which
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is dopamine transporters into the dopaminergic neurons and mimic natural pattern of
Parkinson disease. Spirulina alone and with the combination of other neuroprotective drugs
like amantadine are showed protective effect into several PD model. In rat brain damaged
which is caused by 6-OHDA, Spirulina with the combination of amantadine improve
neuroprotective activity and restoration of dopamine level in striatum portion
(Chattopadhyaya et al., 2015). Another cause of cell damaged and neurodegeneration is
increase in ROS (Reactive oxygen species) production within the cellular compartment. Iron
toxicity may induce the oxidative stress and ROS production in the neuroblastoma cell (SH-
SYSY cell). Spirulina imputed the strong antioxidant activity because of certain active
component like phycocyanin, b-carotene and vitamins (Bermejo-Bescos et al., 2008).
According to the pathogenic mechanism in Parkinson disease, Mitochondrial dysfunction and
oxidative stress are the main factors in pathogenesis of PD. Spirulina polysaccharides
complex restore the function of mitochondria by upregulating the expression of SOD2
enzyme. SOD2 is an enzyme which covert superoxide into the less reactive form which can
easily diffuse to the mitochondrial membrane. Hence, by reviewing the role of spirulina in
certain neuroprotective parameters, we may state that the spirulina and its bioactive
components acting beneficial role in Parkinson disorder.
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Figure 2. Spirulina role as neuroprotective agent. Spirulina has been determined anti-
inflammatory/ neuroprotective properties in neurodegeneration. Intake of spirulina
employ neutralise the reactive oxygen species, reduced activated microglial cell,
reduce cellular toxicity and inflammatory cytokines.
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Table 1. Various method of cell disruption techniques used in Spirulina extraction.

1. Freeze and thaw process By repeating Freezing and thaw cycles
leads to the cell lysis and membrane
disruptions.

2. Mixing and homogenization | Squeezing of cell by physically, like

using of mortar and pestle.

3. Bead milling Mechanical cell disruption technique
which leads to direct damage to cell wall.

4. High pressure Using pressurized homogeneity with
homogenization lysosomal treatment.
5. Ultrasonic method Ultrasonic waves are used to disrupt the

biological membrane.

6. Electric field Electric pulse is used to remove
Phycocyanin from Spirulina.

7. Enzyme assisted method Used of various enzyme with the
required conditions and PH.

8. Microwave Environment friendly method, used of
little input of energy
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Figure 1. 6-OHDA mimics natural pattern of neurotoxicity. 6-OHDA (into green) directly
inserted into the host and then it enters into dopaminergic neurons via DAT (Dopamine
transporter). Inside the neurons oxidation of 6-OHDA produces several cytotoxic species like
oxygen and nitrate. Such Reactive cytotoxic species may impact to nucleus, protein
inactivation (PDI), mitochondrial dysfunction and activation of glial cell.
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Figure 2. Spirulina role as neuroprotective agent. Spirulina has been determined
anti- inflammatory/ neuroprotective properties in neurodegeneration. Intake of
spirulina employ neutralise the reactive oxygen species, reduced activated
microglial cell,

reduce cellular toxicity and inflammatory cytokines.
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inserted into the host and then it enters into dopaminergic neurons via DAT (Dopamine
transporter). Inside the neurons oxidation of 6-OHDA produces several cytotoxic species like
oxygen and nitrate. Such Reactive cytotoxic species may impact to nucleus, protein
inactivation (PDI), mitochondrial dysfunction and activation of glial cell.
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