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Abstract:

Microalgae are an assorted group of both single-celled and multiple-celled microorganisms which
have survived all sorts of harsh environmental conditions to become the oldest surviving
organisms on earth. They have been used to provide nutrition to humans and animals for
centuries. Chlorella is one such single-celled algae which have huge nutritional value as it is
enriched with proteins, minerals, lipids, etc. The focus on Chlorella as a nutritional source has
increased just a few decades back as research proved that chlorella has a range of health benefits-
ranging from hypertension to fibromyalgia. The market of chlorella is bound to increase in the
years to come as more and more people become aware of its health benefits.
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Introduction:

Previous studies reported that chlorellin, amixture of fatty acids from Chlorella vulgaris showed
inhibitory activity against both Gram-positive and Gram-negative bacteria (1). Linolenic acid in
ethanolic extracts of Chlorella vulgaris also exhibited antibacterial activity against Staphylococcus
aureus (a common cause of skin infections) and Salmonella typhi the causative agent for typhoid
or enteric fever in humans. This property enables Chlorella vulgaris to be used as a natural
antibiotic as a promising alternative to the conventional synthetic drugs with a broader spectrum
of activities against pathogenic infections (2). Microalgae secrete certain compounds that inhibit
viral attachment and bacterial growth (3).

Polysaccharides in Chlorella vulgaris also display other health-promoting effects, such as
antitumor, antiviral and potent immunomodulation, indicating the potential for medical uses (4).
B-1,3-glucan, one of the most important polysaccharides found in Chlorella vulgaris, has been
gaining popularity in recent years due to its dietary qualities and therapeutic values in enhancing
human health such as free radicals scavenging and reduction of blood lipids (5).

Studies showed that chlorophyll has tissue-stimulating properties and was found to accelerate
wound healing. As chlorophyll has a similar chemical composition and structure to hemoglobin,
involved in oxygen and CO2 interchange, thus aiding the healing process through good
oxygenation (6). Similarly, the tissue stimulating properties of Chlorella vulgaris also have
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immense potential in cosmetic and skin care products, as the extract was found to stimulate the
production of skin collagen, reducing wrinkles and slowing down the ageing process (7).
Extracellular polysaccharides produced by chlorella vulgaris caused significant antitussive effect,
anti-inflammatory and bronchodilator in test animals, also seem to be an effective agent to
prevent chronic inflammation of the airway, which is the predominant symptom of certain
respiratory diseases including bronchial asthma (8).

Benefits of Chlorella Products:
Cardiovascular effects:

Elevated total cholesterol and triglycerides and abnormal metabolism of lipoproteins
and apolipoproteins are responsible for an increased risk of cardiovascular disease.Chlorella
supplementation decreases serum cholesterol levels in model animals (9, 10).

Shibata et al. (11) reported that the indigestible fraction of Chlorella possesses
hypercholesteromic activity, which improves cholesterol catabolism via the upregulation of
hepatic cholesterol 7a-hydroxylase expression.

Chlorella administration resulted in marked changes in total cholesterol, triglycerides,
lutein, zeaxanthin, and «a-carotene levels as well as asignificant decrease in very low-density
lipoprotein, cholesterol, apolipoprotein B, and high-density lipoprotein/triglyceride levelsin
hypetlipemia and mild hypercholesterolemic patients in a small, open-label trial (12).

Studies were investigated the effects of dried Chlorella powder on blood pressure,
cerebral stroke lesions, and the life span of a stroke-prone spontaneously hypertensive (SHRSP)
rat model. In SHRSP rats fed Chlorella (5%, 10% and 20%) for 13 weeks, elevated blood
pressure significantly decreased in thel0% and 20% Chlorella groups compared with the
untreated controls (13).

Arterial stiffness is a well-established risk factor of cardiovascular disease (14). Previous
studies have reported that antioxidants, potassium and n-3 unsaturated fatty acids decrease
arterial stiffness (15). Nitric oxide (NO), detived from arginine in the vascular endothelium is an

important modulator of arterial stiffness (16).

Chlorella products contain antioxidants, vitamins, potassium, arginine and n-3 unsaturated
fatty acids.
TheefficacyofChlorellasupplementationinreducingcardiovascularriskfactorswasassessedin a meta-
analysisof19randomizedcontrolledtrialsincluding797subjects. This study concluded that Chlorella
supplementation improves total cholesterol levels, low-density lipoprotein, systolic blood
pressure, diastolic blood pressure and fasting blood glucose levels (17).

Antidiabetic effect:

Chlorella supplementation improves glycemic control in obesity and diabetes via the
activation of protein kinase B phosphorylation in skeletal muscle which increase the expression
of glucose transporter 4 leading to decrease insulin resistance. Chlorella supplementation

combined with aerobic exercise training showed more pronounced effects on the improvement
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of glycemic control via increased activation of muscle phosphorylation signaling in type 2-
diabetic rats (18).

Oral administration of Chlorella 60 min before glucose administration (0.5 g/kg body
weight) resulted in a transient hypoglycemic effect at 90 min after glucose administration without
an increase in insulin secretion. Chlorella supplementation increased 2-deoxyglucose uptake in
the liver and soleus muscles of streptozotocin-treated mice and was likely the cause of the

observed hypoglycemic effects (19).

Chlorella supplementation is beneficial for preventing diabetes complications such as
cataracts by feeding a diet containing 7.3% (w/w) Chlorella powder toll-week old rats with
streptozotocin-induced diabetes, possibly due to the activity of its antioxidant compounds (20).

Antioxidant effect:

Microalgae have powerful antioxidant properties, which could be due to interactions of
several biomolecules with various antioxidant capabilities. Chlorella vulgaris is one of the
microalgae with the highest antioxidant activity (3, 21).

Bioactive compounds from phenolic origin and carotenoids could be the possible biomolecules
that account for antioxidant and radical scavenging activities of microalgae (21, 22 (GSH) (23).
Chlorella exhibit a better lipid peroxidation inhibitory activity than glutathione (24). Chlorella
vulgaris enhances vitamin C and E concentrations in hepato-pancrease as well as muscle tissues

(25).

Chlorella aqueous extract containing substantial amounts of antioxidants also exhibit
anti proliferative activity in human hepatoma cells (26). Chlorella vulgaris hot-water extract and
acetone extract are reported to have antitumor activity (27). Lipophilic pigments, including
carotenoids, antherxanthin, zeaxanthin, and lutein, extracted from Chlorella cells were observed
to significantly inhibit the growth of human colon cancer cells (28). Chlorella supplementation
can modulate immunomyelopoietic activity and disengage tumor-induced suppression of various
cytokines and related cell activities in tumor-bearing mice (29).

Alzheimer’s disease is a severe neurodegenerative condition affecting humans, the
erythrocytes of Alzheimer’s disease patients are known to be in an excessively oxidized state
(30). Alpha- Tocopherol and carotenoids such as lutein are important lipophilic antioxidants in
human erythrocytes (31). Erythrocyte lutein levels were found to be significantly lower in
Alzheimer’s disease patients than in normal subjects (32). Chlorella supplementation
maintaining the normal function of erythrocytes and has beneficial effects on Alzheimet’s
disease-related dementia in humans as chlorella products contain substantial amounts of lutein
(approximately 200 mg/100 g dry weigh). So, Chlorella improving and maintaining erythrocyte
antioxidant status and lutein levels in humans (33).

Major depressive disorder is a widespread mental disorder that greatly impairs the quality
of life of humans. Approximately 12% of people experience at least one episode of depression
during their lifetime (34). The therapeutic effect of dried Chlorella vulgaris extract administration
(1.8 g/day) for six weeks was evaluated in patients with major depressive disorder, after
treatment, the participants exhibited improvements in physical and cognitive symptoms of
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depression (35). As oxidative stress is an important pathophysiological mechanism underlying
major depressive disorder, major depressive disorder has been effectively reversed via
antioxidant therapy (36). These observations suggest that the therapeutic effectiveness of
Chlorella supplementation may result from the action of its antioxidant nutrients and
compounds (37).

Hepatoprotective effect:

Studies indicate that Chlorella extract has a protective effect on carbon tetrachloride-
induced acute hepatic injury in mice, presumably due to the inhibition of carbon tetrachloride-
induced cytochrome P450 activation and the activation of antioxidant enzymes and free radical
scavengers (38).

Non-alcoholic fatty liver disease (NAFLD) is a group of metabolic disorders that involving
abnormal fat accumulation of more than 5-10% in hepatocytes, it affects 10-35% of the world
population (39). It includes steatosis, non-alcoholic steatohepatitis, fibrosis, cirrhosis, and
hepatocellular carcinoma (40). Chlorella supplementation have beneficial effects on reducing

weight and serum glucose levels and improving inflammatory biomarkers as well as liver function
in NAFLD patients (41).

Detoxification effect:

Chlorella has long been associated with detoxification of toxic heavy metals. It binds and
eliminates different radioisotopes of strontium, technetium, uranium, cobalt and thalium.
Chlorella vulgaris can remove toxic metals from the body due to its adsorption properties (42).

Dioxins are a group of polychlorinated dibenzo-p-dioxin and dibenzofuran-related compounds
that are industrial contaminants and ubiquitous environmental pollutants (43). These
compounds are easily absorbed in the mammalian gastrointestinal tract and then stored in the
liver, adipose tissue, and breast milk due to their lipophilic properties (44).Chlorella
supplementation significantly inhibited the gastrointestinal absorption of dioxins (approximately
2-53% decrease), indicating that Chlorella supplementation might be useful in promoting dioxin
excretion (45).

Heterocyclic amines have been established as carcinogenic chemicals that form when
amino acids, sugars, and creatine in muscle meats (beef, pork, fish, and poultry) react with one
another during cooking at high temperatures (46). Chlorella supplementation decreased urinary
excretion of the predominant metabolite of carcinogenic heterocyclic amines, suggesting that
Chlorella either inhibits the intestinal absorption of heterocyclic amines or inactivates
carcinogenic compounds (47).

Methyl mercury is a neurotoxic metal compound that is converted from inorganic mercury
by microorganisms in aquatic environments and is then accumulated in fish and shellfish through
marine food chains. So, the major route of human exposure to methyl mercury is the
consumption of sea food. Chlorella consumption is reported to increase the excretion of methyl
mercury and lower tissue mercury levels in methyl mercury-treated mice (48, 49). As well as
lowering of hair and blood mercury levels in Chlorella-treated participants may result from the
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promotion of fecal methyl mercury excretion via accelerated bile secretion, the binding of methyl
mercury to dietary fiber in the intestinal tract and increased feces production (50).

Immunomodulatory effect:

Allergic disease is a prevalent aberrant immune responsive against innocuous
environmental proteins (antigens) (51). Chlorella hot-water extract supplementation useful for
suppressing allergic responses with a predominant type 2 helper T-cell response (52).

Chlorella supplementation increases salivary immunoglobulin-A secretion and improves
mucosal immune function in humans (53). Chlorella supplementation increases natural killer cell
activity, produces interferon-y, intetleukin-12, and intetleukin-1B, in a randomized, double-
blinded, placebo-controlled trial conducted in healthy adults ingested with Chlorella vulgaris (5
g/day) or placebo (54).

Stress is well known to disturb homeostasis and impaired immunological functions.
Chlorella supplementation reportedly stimulates the pool of hematopoietic stem cells and
activates leukocytes. Also Chlorella supplementation is an effective tool for the prophylaxis of
myelo suppression caused by single or repeated stressors (55).

Chlorella supplementation produced a significant reduction in stress-related hypothalamic—
pituitary—adrenal axis activation due to decreased corticotrophin releasing factor gene expression
in the hypothalamic paraventricular nucleus and a lower adrenocorticotropic hormone response.
The hyperglycemia induced by the stressor was similarly reduced (56).

Safety:

Foods derived from microalgae are included in the definition of novel foods in the novel
food regulation (NFR) (57).

Several microalgae including Chlorella vulgaris are commercialized and used mainly as
nutritional supplements for both terrestrial and aquatic animals (2).

Many researchers found that the levels of heavy metals in Chlorella vulgaris does not
exceed the maximum levels as established in their jurisprudence.There are no indications of
significant adverse effects related to Chlorella vulgaris consumption, therefore Chlorella vulgaris
is generally recognized as safe (58).

The safety of consuming the microalga and its products is generally considered safe if
cultivated in a proper way and non-contaminated environment (59).
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