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Abstract: Humans are increasingly exposed to heavy-metals from food, water, medicine, vaccines, and cosmetics. The toxicity
of heavy-metals in humans is briefly summarized, links the possible causal relationships between a high heavy-metals body
burden and a number of neurological disorders including Alzheimer’s, Parkinson and Autism disorders. This study aimed to
assess the antioxidant properties of Astaxanthin (ASTA) to determine the effect of orally administered ASTA capability of
restrict accumulation and toxicity of heavy-metals in brain of rats. It also, assess against Hydrogen peroxide induced oxidative
stress and antioxidant potential properties of ASTA with comparing the affectivity of 5% and 10% of ASTA in increased
glutathione-recycling enzymes (GPx oxidation). A significant change was observed as increased glutathione-recycling
enzymes (GPx oxidation) of rats and showed a protective effect against accumulation of Aluminum(AL) in rat’s brain tissues.
The results of this in-vivo study demonstrated that ASTA 10% is more can affective in restriction of accumulation and toxicity

of Al'in rate brain and its contented can protects against oxidative-stress.
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1. Introduction:

Long-term dialysis using fluids containing aluminum has been associated with encephalopathy
(Alfrey etal., 1976)1, osteomalacia, Parkinson’s disease and anemia (Elliott et al., 1978)2, due to aluminum
toxicity. Dialysis dementia is characterized by speech disorders, myoclonus, coma and possibly death
(McMillan et al., 1993)3. In experimental models of aluminum toxicity, encephalopathy, nerve cell
degeneration, demyelination of the brain stem cells and impaired motor co-ordination are observed (Perl
Dp et al, 1980)4. Cerebral accumulation of aluminum has also been reported in several other neuro-
pathological disorders including Alzheimer’s disease (Blaurock et al 2011)5, Down’s syndrome (Crapper et
al., 1973)6, amyotrophic lateral sclerosis (Gadjusek and Salazer, 1982)7; and the dementia of Parkinson’s
disease (Hirsch et al., 1991)8. Toxic levels of heavy-metals and low levels of essential minerals have been
suggested to play a critical role in the pathogenesis of autism spectrum disorders (ASD). Few studies have

explored the levels of heavy metals and essential minerals among children diagnosed with ASD in Arabian
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Gulf countries (Al-Aayadhi et al 2005)9, Preliminary surveys have suggested that this region has a significant
number of children with ASD; the rate has been shown to range from 29/10,000 in the United Arab Emirates
(Eapen et al, 2007)10, to 1.4/10,000 in Oman (Al-Farsi et al 2011)11. The role of aluminum in these
disorders is less clear, however high concentrations of aluminum are found in certain regions of the brains
of patients with Alzheimer’s disease (Crapper et al., 1976)12.

There is also an epidemiological association between aluminum in drinking water and the

incidence of Alzheimer’s disease (Martin et al., 1986)13. Histological analysis has also revealed high
concentration of aluminum in the nuclei of neurons associated with neurofibrillary tangle in Alzheimer’s
disease, and senile plaques (Candy et al.1 986)14. Despite the ample clinical and experimental data, the
mechanisms of aluminum toxicity remain largely unknown. /n vitro and in vivo experimental studies have
implicated the formation of reactive oxygen species in the potential neurotoxic effect of aluminum,
particularly in Alzheimer’s disease (Halliwell, 1992)15; (Evans, 1993)16 and (Zaman et al 1994)17 they
showed that Al stimulates NADPH oxidation and takes part in the process of free radical formation.
Experimental animal models and cell culture studies reveal that aluminum affects the expression of
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase and glutathione (GSH) possibly
leading to membrane fragility as a consequence (Julka and Gill, 1996)18; (Campbell et al., 7999)19.
Food, drinking water, air and medicines are considered to be sources of the aluminum load for humans.
With the utilization of aluminum growing and bioavailability is increasing continuously. In 1950 this dietary
aluminum load was thought to be approximately 1 mg per day, it is estimated to be 100 mg in 2050 (Exley
etal 2013)20. Aluminum is excreted primarily via faces and urine, with skin, hair, nails, sebum, semen, and
sweat also having been described as excretion routes (Exley et al 2013)20. Neurodegenerative effects due
to increased concentrations of aluminum have been demonstrated in senile plaques in the brains of
Alzheimer patients.

The property of aluminum to produce amyloid-beta and cause damage to neurons, as well as
epidemiologic connections, have been indicative of a relationship between aluminum and Alzheimer’s
disease for decades. Current reviews cite respective, but sometimes contradictory, studies (Ohyagi et al
2013)21, to summarize the current state of knowledge (Bondy et al2014)22. Lipid oxidation, resulting from
free radical—initiated reactions, is linked to the occurrence of degenerative pathological conditions in
humans and other animals (Halliwell and Gutteridge 1989)23.

There by impacting on speed of signal transduction and effectiveness of neurotransmission
(Cunnane etal., 2009)24. Consequently, neuronal membrane becomes more sensitive to oxidative injury if
not properly counterbalanced by antioxidant defenses that sustain the optimal dose— response hermetic
ratio (Calabrese etal., 2010)25. These data support the role of oxidative stress in aluminum induced cellular
dysfunction and if this is indeed the case, antioxidants, such as astaxanthin, may be protective. The aim of

the present study was to investigate the effect of administering high doses of aluminum on indices of
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oxidative stress in the rat and their modulation by dietary astaxanthin and to demonstrate that it can restrict

accumulation according to their effects as protects against oxidative stress.

2. MATERIALS AND METHODS

Chemicals and supplies:

All chemicals and supplies, unless otherwise specified, were purchased from Sigma Chemical Co
(St Louis, MI, USA) and Changsha Huakang biotechnology development CO., LTD (HUNAN, CHINA).
Animals:

54 Male Sprague—Dawley rats, aged 3 months were used in this experiment. The rats were housed
in individual polypropylene cages and were provided with standard laboratory chow diet (Oman Mills,
Muscat, Oman) and normal tap water ad-libitum. Rats were kept under standard conditions (i.e.
temperature 22 + 2°C, relative humidity 60%) and a 12-hour light: dark cycle. The protocol used in this study
was approved by the Animal Ethics committee at the Sultan Qaboos University and was conducted in
accordance with international laws and policies (McPherson et al 1980)26. It has been divided in to two
divisions. 24 rats in first division were randomly divided to 3 groups (n=8 rats/group) G1: untreated control
rats and G2 group treated with astaxanthin 5%. The G3 group treated with astaxanthin 10%.

The 2" division 30 rats were randomly divided in to 3 groups (n=10 rats/group) G1: control (C)
group rats. G2: control group that received oral feeding AICI; of 2 ml extract/kg BW 2 day in a week. G3: rats
treated with ALCL3+ ASTA 10% oral dose of 2 ml extract/kg BW two days a week.

Animals sacrifice and samples collection:

At the end of the 12 weeks’ treatment, after an overnight fasting animals were anesthetized with a
lethal dose of a cocktail containing ketamine (1 mg), xylazine (5 mg), and acepromazine (0.2 mg). For the
1% division the whole pancreas tissue from each rat was removed and used for: (I) Homogenization (~50
mg in 5 ml of 100 mm potassium phosphate buffer, pH 7.2) by a Glass-Teflon Homogenizer with an ice-
cold jacket and centrifuged at a speed of 4,000 g for 20 minutes at 4°C. The resulting supernatant was used
for biochemical antioxidant markers and protein content measurements.

The 2" division sacrificed by decapitation under diethyl ether anesthesia and the brain was
immediately homogenized in 5 mL of 100 mm potassium phosphate buffer (pH 7.2) with a Glass-Teflon
homogenizer with an ice-cold jacket and centrifuged at 10,000 g at 4°C for 60 minutes. The resulting

supernatant was used for biochemical measurements.

Biochemical measurements:
Protein content:
Protein content of pancreas tissue homogenates was assayed by the method of Lowry eral, (1951)

using bovine serum albumin as standard and protein content was expressed as mg/ml of sample.

Astaxanthin as Potential Antioxidant Agent (1 6) Al-Bulish et al.



Journal of Agricultural, Environmental and Veterinary Sciences — AJSRP - Issue (2) 1 — June 2017

Oxidative stress biomarkers assays:

The biochemical parameters (Glutathione peroxidase (GPx) were measured according to the
manufacturer’s instructions (Bio Vision Incorporated, Milpitas, CA USA) parameters were assayed in 96
wells plates and measured using Biochrom EZ Read 400 Micro plate Reader (Biochrom Ltd, England).
Heavy metal measurement in rat brain:

The Heavy metal concentrations (g g-") of brain samples were determined using an Inductively
coupled Plasma-Atomic Emission Spectroscopy ICP-AES) method. One gm of each sample was digested by
analytical grades of 36% HNO3 (50mL) and 30% H202 (50mL) at a temperature of 1 20°C for 2 h. Then the
samples were cooled and filtered through Whatman Glass fiber filters 110mm in diameter. The standard
solution of 1000 mg L-" Plasma/free stock was used to calibrate the analysis. The intermediate and working
standards were prepared by serial dilution immediately before use.

Statistical Analysis:

Statistical analysis was performed using GraphPad Prism (version 5.03; GraphPad Software Inc,,
San Diego, CA, USA). The results are expressed as Means + Standard Error of Means (SEM). Comparisons of
groups were performed using one-way analysis of variance, followed by Tukey’s test. The Student’s
unpaired t-test was used for pair wise comparisons. The values at the level of p<0.05 were considered to be

significantly different.

3. RESULTS:

The findings of this study revealed that oral administration of Astaxanthin has protective effect
against the oxidative stress and it improves the antioxidant defense in the brain as it showed by marked
increase in Al concentration in rat brain tissues and with treatment of rats Astaxanthin decreased the
observed Al cellular insult and restricted AL accumulation in the brain. Moreover, the results are presented
essential minerals concentration in rat brain tissues, as its shows improvement in the treated case rat with
astaxanthin as will in pancreatic tissue as evidenced that 10% of astaxanthin has the significant increase in
GSH comparing to 5%.

Oxidative status and the antioxidant potential of ASTA in Pancreatic tissues:

Administration of ASTA caused replenishment for the depleted glutathione in the group. By
contrast, oxidative stress indices (glutathione peroxidase) were significantly increased in the treated group
G2 and G3 compared to control group. Glutathione peroxidase is an important enzyme in cellular
antioxidant defense systems, detoxifying peroxides and hydroperoxides. As a component of the glutathione

cycle, it protects the liver from reactive oxygen metabolites.
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Figure 1: Oxidative status of 5% AST and 10%AST and the antioxidant potential of astaxanthin in Pancreatic,
Glutathione peroxidase. Pvalue of less than 0.05 is considered significant.

The antioxidant potential properties from (figure1) of astaxanthin in pancreatic tissues of the rats showed
significant results in concentration compering the 5% and 10% in treated group when compared also to
non- treated group. Results showed that treated groups with ASTA 5% have significantly lowered
glutathione peroxidase as compared to 10% treated rats. Oxidative stress plays a significant role in the
pathogenesis and the complications of many diseases, and GSH as an intracellular antioxidant is crucial for
the detoxification of ROS and lipid hydro-peroxides (Brenna et al, 2007)26. The observed depletion of GSH
content in the tissues of rats and its normalization with Astaxanthin suggested its potent antioxidant
properties and we hypothesized that ASTA as a functional food supplement decreases oxidative stress /n-
vivo due to both of improved antioxidant activities and decreased peroxidation processes. Another
mechanism that was suggested is that ASTA via its antioxidant properties prevents the death of [3 pancreatic
cells, allowing healing of partially destroyed cells as an oxidizing agent mellitus (Haghani et al, 2016) 27.
Comparison of levels of heavy metals and essential minerals in brain samples of cases with
Astaxanthin and controls (Table 1):

This study examined and compared the levels of essential minerals and heavy metals among rat
treated with Astaxanthin and those without. Biochemical analysis of heavy metal levels in brain revealed
statistically significant differences for each of the metals analyzed (p<0.001), When compared to controls,
rat had significantly higher levels of several essential minerals (copper, magnesium and zinc) in their brain
samples (Table1).Where in groups non- treated with Astaxanthin, there were an increase in the level of
heavy-metals in brain as compared to control group but the levels were less than the groups treated with

Astaxanthin to AICl; compared to case Rats (figure 2).
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Table 1: Comparison of levels of heavy metals and essential minerals in brain samples of Cases with

Astaxanthin and controls:

Element Controls Astaxanthin and

Cases
Copper 0.1736 0.16841 0.2055
Manganese 0.1616 0.06307 a 0.060 b
Zinc 13.926 11.8858 a 7.893 b
Cadmium 14.5942 14.9787 8.23625a
Cobalt 9.1400 6.5202 -
Chromium 0.2512 0.25318 0.25325
Molybdenum 0.1422 0.05298 0.0480
Lead 0.1836 0.11804 0.1952 b

The results are presented of heavy metals concentration in rat brain tissues a Compared to the control group. b Compared to

the ASTA+Cases group. (p <0.0001).
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Figure 2: The results are presented as mean * SD of aluminum concentration in rat brain tissues.
Compared to the control group. ASTA+Cases group and Cases. (P <0.0001).

Moreover, our results showed a significant reduction of AL levels in the brain as compared with
control (figure2) and increase in same essential minerals witch will be helpful for brain. This can be
explained the fact that once Aluminum (Al) is a trivalent cation, and has a high affinity for negatively charged
groups it has been proposed that Al preferentially interacts with phosphate groups, such as nucleic acids
and phosphorylated proteins. So, Al remarkably decreases DNA and RNA synthesis (Nicholis et all 1995)28;

(Yumoto et al 2001)29 and inhibits embryonic cell proliferation and protein synthesis.
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4. DISCUSSION:

Aluminum exposure enhanced the neuronal lipid perooxidative damage with concomitant
alterations in the enzymatic antioxidant defense status (savory et al 2003)30 and (Johnson et al 2005)31.
This having serious bearing on the functional and structural development of the central nervous system
(Dua et al 2001)32. Similar data recorded a decrease in the antioxidants such as GSH (Wu et al 2003)33 in
the brain of aluminum exposed rats and human (Flora et al 2003)34. Moreover, such results are consistent
with the studies indicated that aluminum intake produced an oxidative stress-related change, contributed
to its neurotoxicity (Gomez et al 2005)35. However, in rats a significant relationship between aluminum
exposure and the presence of oxidative stress was established also (Gomez et al 2005)36. This could be
caused by inflicting damage to membrane lipids, proteins and anti-oxidative enzyme defense system (Jyoti
et al 2007)37. The increased aluminum concentration could deleteriously affect the neurons, leading to
depletion of antioxidants and metal ions (kumar et al 2008)38. Alternatively, the decreased enzyme
activities could be related to a reduced synthesis of the enzyme proteins as a result of higher intracellular
concentrations of aluminum (Albendea et al 2007)39. DNA fragmentation and increase in the appearance
of comets have also been reported in other studies as a consequence of aluminum exposure (Lima et al
2007)40. Aluminum is known to increase the levels of reactive oxygen species (Bondy et al 1996)41 and
(Bondy et al 1998)42 which is known to cause damage to various macromolecules and also to DNA. By the
results obtained in the present study we conclude that properties as significant neuron protection it
decreasing level of Aluminum. It is a ubiquitous metal and has been implicated in the etiology of
neurodegenerative disorders and cognitive dysfunction, where it exacerbates brain oxidative damage
(Kumar et al 2009)43, causes neuronal inflammation and induces impairment in working memory, visual-
perception, attention and semantic memory (Platt et al 2001)44. Aluminum also functionally alters the
blood brain barrier and produces changes in the cholinergic and noradrenergic neurotransmission (yokel et
al 2000)45. As oxidative damage is mediated by free radicals, it was necessary to investigate the status of
endogenous antioxidant enzymes like catalase, superoxide dismutase and glutathione, which are the first
line of defense against free radical damage under oxidative stress conditions. In the present study, rat’s
exposure to aluminum chloride increased aluminum concentrations in the brain of the rats. Increased
concentrations of aluminum have also been observed in the brains of Alzheimer’s disease patients who
present declines in visual memory, attention concentration, frontal lobe function and vocabulary scores.
The results presented here showed that Astaxanthin was able to reduced concentration of aluminum in the
brain of rats. Therefore, the present study highlights thatimproved biochemical function in the treated rats,
an effect that could be partially correlated with its anti-oxidant properties. However, further cellular studies

are required to understand the effect of Astaxanthin on oxidative stress in different experimental systems.
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Astaxanthin decreased the observed of AL mediated cellular insult and restricted AL accumulation in the
brain moreover the essential minerals concentration in rat brain tissues its show improvement in the treated
case rat with astaxanthin. ASTA supplementation can be suggested as a nutritional additive to human life,
with other putative health benefits associated, especially against ROS/RNS-related and diseases (Barros et
al 2011)46. The “neurohormesis” principle, supported by accurate physiological information from
(preferably non-invasive) redox biomarkers may thus dictate pharmacological strategies to create specific
formulations that could group all these relevant factors for the efficient treatment of neuronal diseases.
Further studies are necessary to better identify the hallmarks of brain redox impairment at different stages

of progressive neurodegenerative disease.

5. CONCLUSION:

This study strongly suggests beneficial effects of ASTA supplementation for immune competence,
based on the redox balance in non-activated neutrophils (increased glutathione-recycling enzymes GPx)
and neutrophils of rats. Moreover, ASTA better offered antioxidant. The bulk of data reinforces the
hypothesis that habitual consumption of astaxanthin is strongly associated with human health, in particular
with improvement of immune response, Neurotoxicity related and lower risks for vascular and infectious

pathologies (Lara et al 2007)47.
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Astaxanthin as Potential Antioxidant Agent ¢ 24y Al-Bulish et al.



