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ABSTRACT 

Objective: This study was planned to assess the efficacy of Haematococcus pluvialis in the regression of Alzheimer’s disease (AD). 

Methods: Fifty rats were divided into five groups. Positive control group orally received aluminium chloride in a dose 100 mg/kg to induce AD: AD 
induced rats were orally treated with H. pluvialis extract (150 mg/kg) and rivastigmine standard drug (4.6 mg/kg/day) for 30 d. Brain acetylcholine 
esterase (AchE), acetylcholine (Ach), dopamine (DA), adrenaline (A), noradrenaline (NA), oxidative stress biomarkers and superoxide dismutase 
(SOD) were determined. Further, adrenocorticotropic hormone (ACTH) and cortisol (CORT) levels were evaluated. Also, brain histopathological 
investigation was examined. 

Results: AD induced rats recorded a significant increase in the brain AchE, concomitant with a significant decrease in Ach, DA, NA, A and SOD levels. 
While, a significant increase in NO and H2O2, CORT and ACTH was recorded. Moreover, brain histopathological investigation in AD rats showed the 
formation of amyloid plaques and necrosis of neurons. Treatment of AD induced rats with extract of H. pluvialis or standard drug resulted in an 
improvement in the most of the all studied biochemical parameters. Also, AD groups treated with extract or standard drug showed great 
improvement in the brain morphological structure with normalisation of cerebral cortex and hippocampus, though, necrosis of some cerebral 
neurones was detected.  

Conclusion: This current study indicated that H. pluvialis extract and drug significantly ameliorates the neurotransmitters level, oxidative damage 
as well as pituitary function due to their anticholinesterase activity, antioxidant efficacy, beside the anti-inflammatory effect. 
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INTRODUCTION 

The most well-known type of neurodegenerative dementia in elderly 
is Alzheimer’s disease (AD) which approximately 60% of patients 
with dementia [1]. AD is a disease that affects memory, thought, 
reasoning and language as well as serious cognitive disability and 
death of nerve cells. Memory is an organism's mental ability to store, 
retain and recall information. Pathologically, AD is characterised by 
senile plaques due to abnormal accumulation of extracellular amyloid 
β (Aβ) and the intracellular neurofibrillary tangles (NFTs) which are 
responsible for the neuronal loss, degeneration of cholinergic system 
[1], oxidative damage, synaptic dysfunction and inflammation [1]. The 
major risk factors for AD are advancing age, cardiovascular diseases, 
diabetes; obesity, cancer, low educational levels, head trauma and 
exposure to heavy metals such as aluminium (Al), cupper, iron and 
zinc [2]. Al has neurotoxic effect by many mechanisms; promoting 
formation and accumulation of senile plaques and neurofibirally 
tangles leading to progressive neuronal degeneration and death [3]. 
Cerebral inflammation, as well as systemic immunological alterations, 
has been reported in the pathogenesis of AD [1].  

Epidemiological and pathological studies suggested a role for 
aluminum in neurological disorders like Alzheimer’s and 
Parkinson’s diseases [4]. Therefore, aluminum-induced biochemical 
changes that lead to behaviour and pathological disorders have 
become more interesting for researchers [4]. A number of enzymes 
and pathways have been introduced as aluminum targets based on 
its biological effects on the central nervous system [4]. In 
extrapyramidal motor activity disorders such as Parkinson’s disease, 

dopamine and norepinephrine concentrations and also activity 
levels of their synthesising enzymes decrease in basal ganglia and 
some other regions of the brain like hypothalamus. In addition, the 
levels of copper ions are higher than zinc in brain and plasma of 
these patients [4]. It is suggested that alteration in catecholamine 
concentrations is responsible for neurological symptoms in this type 
of disorders [5]. On the other hand, concentrations of catecholamine 
are mostly regulated by the activity levels of their synthesising 
enzymes. One such enzyme is dopamine β-hydroxylase that 
catalyzes the final stage of norepinephrine synthesis from dopamine 
in the both medulla vesicles of the adrenal glands and synaptic 
vesicles of the noradrenergic neurological system [5].  

Dopamine is one of the most important catecholamine 
neurotransmitters in the mammalian central nervous system. 
Several important diseases of the nervous system are associated 
with dysfunctions of the dopamine system [4].  

It was evidenced that the increased secretion of glucocorticoids 
and/or prolonged exposure to hypercortisolism can damage the 
hippocampal neurones [6]. The hippocampus is the site of early 
pathological lesions of AD. This brain region, critical for memory 
performance, mediates the inhibition of glucocorticoid secretion 
arising at the end of the stress. Since hyperactivity of the 
hypothalamic-pituitary-adrenal (HPA) axis has been described in AD 
patients' [7], hippocampal degeneration has been proposed as either 
the cause or the effect of HPA hyperactivity. Adrenal hyperactivity in 
AD patients is not universally accepted, however, normal activity of 
HPA axis has been reported [7].  
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On the other hand, H. pluvialis is a common single-cell Chlorophyte 
algae species, found worldwide. A growing body of the scientific 
literature indicated that H. pluvialis species is well known for its high 
content of the strong antioxidant astaxanthin. Aastaxanthin is a 
more powerful antioxidant than other carotenoids and vitamin E 
and may confer numerous health benefits [8]. Further, astaxanthin, a 
powerful antioxidant, is a good candidate for the prevention of 
intracellular oxidative stress [9]. Animal and cell culture studies 
have also indicated that astaxanthin can be protective against 
several kinds of oxidative damage and may have beneficial health 
effects. These include protection from ultraviolet light-induced skin 
damage and certain cancers, amelioration of age-related macular 
degeneration, increased high-density lipoproteins (HDL) and 
decreased low-density lipoproteins (LDL), and enhancement of the 
immune system [10].  

So, the present study was undertaken to declare the potential effect 
of H. pluvialis extract to modulate oxidative damage associated-AD in 
experimental rat’s model. 

MATERIALS AND METHODS 

Chemicals  

Rivastigmine, reagents and kits were purchased from Sigma 
Chemical Company (USA), while Aluminium chloride (CDH, India). 
TRIzol reagent was bought from Invitrogen (Germany). The reverse 
transcription and PCR kits were obtained from Fermentas (USA). 
SYBR Green Mix was purchased from Stratagene (USA).  

Cultivation of H. pulivialis 

H. pluvialis (strain No. CCAP 34/7) was isolated by spreading 0.1 ml 
of water samples collected from Nile River phytoplankton using 
BG11 media for algal isolation [9] into Petri dishes containing 1.5% 
agar for solidification. Then, single colonies of algae were re-
cultivated in the specified liquid media as non-axenic batch cultures 
(50 ml) at 25±2 °C and 24 h with continuous white fluorescent lamp 
intensity ≈2500 Lux. Cultivation was carried out on an open pond 
with a capacity of 70 l containing 55 l of growth media. After 
cultivation, the biomass was initially separated from the water by 
gravitational settling and then further concentrated by 
centrifugation [10], then dried at 40 °C. 

Ethanolic extract preparation of H. pulivialis 

100 g of H. pluvialis powder was soaked in ethanol (80%) and 
shacked on a shaker (Heidolph UNIMAX 2010) for 48 h at 150 rpm. 
The extract was filtered using a Buchner funnel and Whatman No. 4 
filter paper and the algal residue was re-extracted with the addition 
of fresh ethanol for another two times. Combined filtrates were 
concentrated using Rotary evaporator (Heidolph-Germany) at 40 °C 
under vacuum. The resulting dry extract was evaporated on a rotary 
vacuum evaporator to dryness. The dry extract was stored at-20˚C in 
a freeze and kept for further analysis [11].  

Experiment 

Animals  

Male Wistar rats (180–200 g) procured from Central Animal House; 
National Research Centre was used. Animals were acclimatized to 
the laboratory conditions at room temperature prior to the 
experimentation. Animals were kept under standard conditions of a 
12 h light/dark cycle with food and water ad libitum in plastic cages 
with soft bedding. All the experiments were carried out between 
9.00 and 15.00 h. The study was approved by the NRC animal Ethical 
Committee Guidelines (approval no: 0112459) for the use and care 
of animals. 

Drugs and treatment schedule 

Aluminium chloride (CDH, India) solutions were made freshly at the 
beginning of each experiment. For oral administration, aluminium 
chloride was dissolved in drinking water and administered in a dose of 
100 mg/kg, p. o. to rats daily for 6 w 0.5 ml/100 g body weight [12].  

Rivastigmine standard drug was daily administrated for one month 
in a dose 4.6 mg/Kg body weight [13]. Animals were randomised 

divided into five groups of ten rats each based on their body weight. 
Each group is having ten numbers of animals. The groups were as 
follows:  

Group one: Normal control rats 

Group two: Normal control rats treated with H. pluvialis ethanolic 
extract  

Group three: Serving as AD rats, where rats were orally 
administered with aluminium chloride (AlCl3). 

Group four: AD rats treated orally daily with H. pluvialis ethanolic 
extract for 4 w in a dose of 150 mg/Kg body weight [14].  

Group five: AD rats orally treated daily for 4 w with a standard drug. 

Brain tissue sampling and preparation 

At the end of the experiment, the rats were fasted overnight, 
subjected to anaesthesia with diethyl ether and sacrificed. The 
whole brain of each rat was rapidly dissected, washed with isotonic 
saline and dried on filter paper. Each brain was divided sagittal into 
two portions. The first portion was weighed and homogenised in ice-
cold medium containing 50 mmol Tris/HCl and 300 mmol sucrose at 
pH 7.4 to give a 10 % (w/v) homogenate [14]. This homogenate was 
centrifuged at 1400 × g for 10 min at 4 °C. The supernatant was 
stored at–80 °C and used for biochemical analyses that included 
oxidative stress biomarkers (NO and H2O2), enzymatic antioxidant 
(SOD), cholinergic markers acetylcholine esterase (ACHE), 
acetylcholine (ACH),neurotransmitters dopamine, adrenaline (AD) 
and noradrenaline (NA), The second portion of the brain was fixed 
in 10 % formalin for histological investigation.  

Biochemical analyses 

Oxidative stress biomarkers 

Brain nitric oxide (NO) level was assayed by the spectrophotometric 
method according to Berkels et al. [15]. Brain hydrogen peroxide 
(H2O2) level was determined by the spectrophotometric method 
according to Aebi [16].  

Antioxidant enzymes activity 

Brain superoxide dismutase (SOD) activity was determined 
colorimetrically according to the method of Nishikimietal [17]. Brain 
ACHE was determined colorimetrically according to the method of 
Den Blaauwen et al. [18]. Brain ACH level was measured 
calorimetrically according to the method of Oswald et al. [19]. The 
assay method is based on oxidation of free choline to betaine via the 
intermediate betaine aldehyde. The reaction generates products 
which can be measured at 570 nm. 

Brain catecholamine (NA, AD, and DA) 

Frozen brain samples were homogenised in 30 ml butanol for 
catecholamine extraction as described by Brownlee and Springgs.25 
This extraction was then transferred to a 125 ml bottle and 2 ml of 
0.01 N HCI and 5 g sodium chloride were added. The bottle was then 
shaken at room temperature with a speed of 50 strokes per minute 
for one hour. The mixture was then centrifuged at 2000 rpm for 5 
min. After extraction, the fluorimetric technique was used for 
estimation of neurotransmitters (NA, AD and, DA) levels at 
excitation and emission wavelength on spectrophotometer as 
described by Ciarlone [20].  

Hypothalamus pituitary–adrenal gland function  

ACTH and Cortisol are measured by radioimmunoassay 
measurements according to Talbot et al. [21] and Lindsay et al. [22]. 

Histopathological examination 

The brain tissue was fixed in 10 % formalin for one week, washed in 
running tap water for 24 h and dehydrated in ascending series of 
ethanol (50–90 %), followed by absolute alcohol. The samples were 
cleared in xylene and immersed in a mixture of xylene and paraffin 
at 60 °C. The tissue was then transferred to pure paraffin wax of the 
melting point 58 °C and then mounted in blocks and left at 4 °C. The 
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paraffin blocks were sectioned on a microtome at a thickness of 5 
μm and mounted on clean glass slides and left in the oven at 40 °C to 
dryness. The slides were de-paraffinized in xylene and then immersed 
in descending series of ethanol (90–50 %). The ordinary haematoxylin 
and eosin (H and E) stain was used to stain the slides [23].  

Statistical analyses 

Statistical analysis is carried out using SPSS computer program 
(version 8) combined with Co-State computer program, where 
unshared letters are significant at p ≤0.05. 

RESULTS  

Acetylcholine level and acetylcholine esterase activity in 
different experimental groups  

Table (1): demonstrated the insignificant difference between normal 
control and treated control with H. pluvialis extract. AD induced rats 
showed a significant decrease in Ach with percent 37.19%. While a 
significant increase in AchE with percent 64.91%. Treatment of AD 
rats with H. pluvialis extract declared a significant increase in Ach, 
while a significant reduction in AchE with the percent of 
improvement 19.14 and 44.03%, respectively comparing with 
rivastigmine anti-Alzheimer drug which revealed improvement 
percentages 21.86 and 53.10 %, respectively. 

Catecholamine levels in different experimental groups  

Table (2): showed an insignificant change in normal control rats 
treated with H. pluvialis as compared to normal control untreated rats. 
AD induced rats exhibited a significant reduction in DA, NA and AD 
levels in AD induced rats with reduction percent 40.44, 50.35 and 
47.43%, respectively. Treatment of AD induced rats with H. pluvialis 
showed improvement in DA, NA and AD levels with percentages 20.59, 
33.31 and 25.43% respectively, compared to a standard drug which 
revealed improvement with percentage 25.73, 40.34 and 34.02%, 
respectively.  

Antioxidant enzyme and oxidative stress biomarkers levels in 
different experimental groups  

Table (3): recorded the insignificant change in SOD activity, H2O2 and 
NO levels in normal rats treated with H. pluvialis as compared to 

untreated control rats. AD induced rats showed a significant reduction 
in SOD activity (57.59%), while a significant increase in NO (157.80%) 
and H2O2 (235.56%) levels was demonstrated. Treatment of AD 
induced rats with H. pluvialis recorded amelioration percent in SOD 
activity, H2O2 and NO levels 30.00, 159.11 and 128.57 %, respectively 
comparing to standard drug 34.48, 191.11 and 146.00 %, respectively. 

ACTH and cortisol levels in different experimental groups  

The insignificant change was recorded in ACTH and CORT levels in 
normally treated rats with H. pluvialis. While a significant increase in 
ACTH and CORT levels was detected in AD induced rats with 
percentage increase 144.03 and 107.08 %, as compared to normal 
control rats. Treatment of AD induced rats with H. pluvialis showed 
amelioration percent in ACTH and CORT levels 118.66 and 92.61 % 
respectively (table 4). 

Histopathological examination  

Microscopically, cerebral cortex of control, untreated rats revealed 
no histopathological changesas compared to normal control rats 
(Photomicrographs 1). Also, the cerabral cortex of treated rats with 
H. Pluvialis showed no histopathological changes(Photomicrographs 
2,3) comparing to normal control rats. Meanwhile, cerebral cortex of 
rat treated with Al showed congestion of cerebral blood vessel 
(Photomicrograph 4), necrosis of neurons (Photomicrograph. 5) and 
multifocal cerebral haemorrhage (Photomicrograph 6). Examined 
sections from rats treated with rivastigmine revealed 
neuronophagia of sporadic necrotic neurons (Photomicrograph 7) 
and necrosis of some neurons (Photomicrographs 8).  

Some examined sections from rats treated with H. Pluvialis extract 
showed no histopathological changes (Photomicrograph 9), 
whereas, other sections revealed necrosis of neurons 
(Photomicrograph 10). In addition, the hippocampus of control, 
untreated rat revealed no histopathological changes 
(Photomicrographs 11 and 12). However, the hippocampus of rat 
treated with Al showed necrosis of pyramidal cells 
Photomicrograph. 13). Some examined sections from a rat treated 
with rivastigmine showed no histopathological changes 
(Photomicrograph14), whereas, other sections from this group 
revealed necrosis of some pyramidal cells (Photomicrograph 15).  

 

Table 1: Acetylcholine andacetylcholine esterase levels in different experimental groups 

Groups/Parameters  Ach (u mole/mg protein) AChE (U/mg protein) 
Normal control 89.87±2.56 540.22±11.20a a 
H. pluvialis treated normal control 
%Change  

92. 00±5.10a 

2.370 
544.12±13.21a 

0.72 
AD 
%Change  

56.45±2.56b 
37.19 

890.86±23.20b 

64.91 
H. pluvialis treated AD rats  
%Change  
% Improvement  

73.65±4.21c 

18.04 
19.14 

653.00±12.90c 

20.88 
44.03 

Standard Drug-treated AD rats 
%Change  
%Improvement  

76. 10±4.50c 

15.32 
21.86 

604.00±11.20c 

11.81 
53.10 

Data are means±SD of ten rats in each group. Unshared letters between groups are the significance value at p≤ 0.05. 
 

Table 2: Catecholamine levels in different experimental groups 

Groups/Parameters  DA(ng/gm brain tissue) NA (ng/gm brain tissue) AD (ng/gm brain tissue)) 
Normal control 66.00±819ef 198.90±13.10b 300.12±5.10e 
H. pluvialis treated normal control 
%Change 

67. 19±7.20ef 

1.80 
200.55±9.15b 

0.83 
278.80±3.30e 

7.10 
AD 
%Change 

39.31±6.12b 

40.44 
98.76±3.63b 

50.35 
157.78±13.12b 

47.43 
H. pluvialis treated AD rats  
%Change 
% Improvement 

52.90±5.03c 

19.85 
20.59 

165.02±6.21c 

17.03 
33.31 

234.10±12.10c 

21.99 
25.43 

Standard Drug treated AD rats  
%Change  
% Improvement 

56. 29±3.62c 

14.71 
25.73 

179.0±5.07b 

10.00 
40.34 

2.59.89±6.29c 

13.40 
34.02 

Data are means±SD of ten rats in each group. Unshared letters between groups are the significance value at p≤ 0.05. 



El-Baz et al. 

Int J Pharm Pharm Sci, Vol 9, Issue 2, 198-206 
 

201 

Moreover, some examined sections from rats treated with H. 
Pluvialis extract showed necrosis of some pyramidal cells 
(Photomicrograph 16), whereas, other sections from this group 
revealed no histopathological changes (Photomicrograph 17). 
The lesion score in different experimental groups are 

demonstrated in the table (5), which declared a mild change in 
necrosis of neuron and pyramidal cells of hippocampus while the 
absence of cerebral haemorrhage and neuronophagia as a result 
of treatment of neurotoxic rats with either H. pluvialis or 
standard drug. 

 

Table 3: Antioxidant enzyme and oxidative stress biomarker levels in different experimental groups 

Groups/Parameters  SOD (U/mg protein) H2O2 (μmol/mg protein) NO (μmol\mg protein) 
Normal control 2.90±0.11a 9.00±0.50a 35.00±2.10a 
H. pluvialis treated normal control 
%Change  

2.99±0.30a 

3.10 
8. 10±0.27a 

10.00 
33.10±1.09a 

5.43 
AD 
%Change  

1.23±0.12b 

57.59 
30.20±1.10b 
235.56 

90.23±8.32b 

[15]7.[80] 
H. pluvialis treated AD rats  
%Change  
% Improvement 

2.10.±0.10c 

27.58 
30.00 

15.88±1.90c 

76.44 
159.11 

45.23±2.50c 

29.22 
128.57 

Standard Drug-treated AD rats 
%Change  
% Improvement 

2.23±0.23C 

23.10 
34.48 

13.00±1.00c 

44.44 
191.11 

39.13±4.00c 

11.80 
146.00 

Data are means±SD of ten rats in each group. Unshared letters between groups are the significance value at p≤ 0.05. 

 

Table 4: ACTH and cortisol levels in different experimental groups 

Groups/Parameters  ACTH(pg/mg protein) CORT (ug/mg protein) 
Normal control 26.80±1.56a 19.22±1.23a 
H. pluvialis treated normal control 
%CHANGE 

25. 00±2.19a 

6.72 
15.12±1.29a 

21.33 
AD 
%CHANGE 

65.40±6.50b 

144.03 
39.80±3.21b 

107.08 
H. pluvialistreated AD rats 
%Change 
% Improvement 

33.60±3.25c 

25.37 
118.66 

22.00±1.21C 

14.46 
92.61 

Standard Drug-treated AD rats  
%Change 
% Improvement 

36. 00±2.30c 

34.33 
109.70 

19.00±11.20a 

1.14 
108.22 

Data are means±SD of ten rats in each group. Unshared letters between groups are the significance value at p≤ 0.05. 

 

Table 5: Histopathological lesions score in different experimental groups 

Histopathological lesion Group 1 Group 2 Group 3 Group 4 
Necrosis of neurons - +++ + + 
Neuronophagia - ++ - - 
Cerebral haemorrhage - +++ - - 
Necrosis of pyramidal cells of hippocampus - ++ + + 

(-) no change (+) mild change (++) moderate change (+++) severe change 

 

  
Photomicrograph 1: Cerebral cortex of normal control, rat showing 

histopathological changes (H and E X 400) 
Photomicrograph 2: Cerebral cortex of normal control rats treated 

with H. Pluvialis showing no histopathological changes (H and E X 400) 
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Photomicrograph 3: Cerebral cortex of normal control rats treated with 

H. pluvialis showing no histopathological changes (H and E X 400) 
Photomicrograph 4: Cerebral cortex of rat treated with Al showing 

congestion of cerebral blood vessel (H and E X 400) 

  
Photomicrograph 5: Cerebral cortex of rat treated with Al showing 

necrosis of neurons (H and E X 400) 
Photomicrograph 6: Cerebral cortex of rat treated with Al showing 

multifocal cerebral haemorrhage (H and E X 400) 

  
Photomicrograph 7: Cerebral cortex of rat treated with rivastigmine 

showing neuronophagia of sporadic necrotic neurons (H and E X 400) 
Photomicrograph 8: Cerebral cortex of rat treated with 

rivastigmine showing necrosis of some neurons (H and E X 400) 

  
Photomicrograph 9: Cerebral cortex of rat treated with H. pluvialis 

showing no histopathological changes (H and E X 400) 
Photomicrograph 10: Cerebral cortex of rat treated with H. 

pluvialis showing necrosis of neurons (H and E X 400) 
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Photomicrograph 11: Hippocampus of normal control rats showing 

no histopathological changes (H and E X 400) 
Photomicrograph 12: Hippocampus of normal control rats treated 

with H. Pluvialis showing no histopathological changes (H and E X 400) 

  
Photomicrograph 13: Hippocampus of rat treated with AL showing 

necrosis of pyramidal cells (H and E X 400) 
Photomicrograph 14: Hippocampus of rat treated with rivastigmine 

showing no histopathological changes (H and E X 400) 

  
Photomicrograph 15: Hippocampus of rat treated with rivastigmine 

showing necrosis of some pyramidal cells (H and E X 400) 
Photomicrograph 16: Hippocampus of rat treated with H. pluvialis 
extract showing necrosis of some pyramidal cells (H and E X 400) 

 
Photomicrograph 17: Hippocampus of rat treated with H. pluvialis showing no histopathological changes (H and E X 400) 
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DISCUSSION  

The present findings revealed that AlCl3 administration is induced a 
significant elevation in serum AchE activity. These results may be 
attributed to the allosteric interaction between Al and the peripheral 
anionic site of enzyme molecule to modify the secondary structure 
and eventually its activity [1, 24, 25]. Treatment of AD-induced rats 
with rivastigmine produced a significant decline in AchE activity. 
These results are in agreement with those of Liang and Tang [26]. 
Rivastigmine is a novel AchE inhibitor that displays specific activity 
for central AchE over peripheral AchE [1] by interacting with the 
esteratic site in ChE molecules [1].  

The present results also declared that Ach is significantly decreased 
in AD induced rats. This observation may be explained on the basis 
of; mitochondrial dysfunction is a prominent and primary feature of 
AD [27]. Dysfunctional mitochondria cause high levels of ROS that 
may be noxious for neurons [28]. Moreover, ROS treats 
mitochondria as a target triggering oxidation of its constituents such 
as DNA, lipids, and proteins which finally results in mitochondrial 
worsening [29]. Declined calcium uptake and increased calcium 
burden leads to calcium deregulation and enlarged intracellular 
calcium in the brain [30]. Furthermore, mitochondrial dysfunction 
has been reported to modify the levels of numerous enzymes which 
contain pyruvate dehydrogenase and 𝛼𝛼-keto glutaratede 
hydrogenases, ATP-citrate lyase, and acetoacetyl-CoA thiolase. 
Reduced levels of these enzymes result in diminish production of 
acetyl-coA which causes deficit cholinergic expressions in AD 
patients [31]. The selective insufficiency of acetylcholine in AD, 
results in dementia in AD, has given rise to “cholinergic hypothesis,” 
which recommends that a lack of acetylcholine is critical in the 
origin of the signs of AD [27]. 

The high activity of acetylcholine esterase, an enzyme that converts 
acetylcholine into inactive choline and acetate by aluminium has 
been found to increase AchE activity and accelerate the assembly of 
β-amyloid into fibrils as well as is responsible also for the detected 
low level of acetylcholine in brain tissue [32].  

In addition, the current results showed a significant decrease in 
catecholamine level in AD induced rats as compared to normal 
control one. In agreement with the present study  Murray and  
Duong (33) declared that there has been an interaction between 
catecholamine and pathological amyloid proteins in 
neurodegenerative diseases. The reduced level of noradrenaline in 
AD induced rats may be due to degeneration of NA producing 
centers in the brain stem (locus ceruleus, LC) [33]. This suggests that 
NA potentiates Aβ toxicity. In addition, Sawada et al. [34], 
hypothesised that dopamine is depleted by 60–70%, due to 
dopaminergic neuronal degeneration. So, it has been suggested that 
oxidative stress–induced degeneration in adrenergic neurons is the 
main cause of down-regulation of adrenaline level in the brain of Al 
challenged rats as shown in the present results.  

Further, the present results demonstrated, signification elevation in 
oxidative stress biomarkers, NO and H2O2. levels combined with a 
significant decrease in antioxidant enzyme activity,SOD. It's well 
known that the process of aging is connected with augmented 
oxidative stress [27]. It has been reported that oxidative stress plays 
a vital role in the pathogenesis of AD leading to neuronal 
dysfunction and cell loss [35]. As NO, H2O2. Productions are 
significantly augmented in AD induced rats [27]. It has been 
reported that an increase of oxidative biomolecule products and 
reduction in antioxidant levels or antioxidant enzyme action such as 
SOD leads to AD [27]. The decreased plasma levels of antioxidants 
such as albumin, bilirubin, uric acid, lycopene, vitamin A, vitamin C, 
and vitamin E has been reported in AD patients [36].  

Moreover, a significant increase was detected in ACTH and 
cortisol levels in AD induced rats. This may be due to the 
hypothalamus-pituitary–adrenal gland (HPA) axis respond to 
stress due to Al exposure by increasing the secretion of a 
corticotropin-releasing hormone in the hypothalamus, 
adrenocorticotropic hormone (ACTH) in the anterior pituitary 
gland, as well as adrenal corticosteroids and cortisol in the 
adrenal gland. The activation of HPA may contribute to the 

pathogenesis of Alzheimer disease. The elevation in cortisol and 
ACTH may relate to cortisol neurotoxicity hypnosis leading to 
the pathogenesis of Alzheimer´s disease [7, 37, 38].  

Histopathological investigation of cerebellum and hippocampus of 
AD rats in the present results revealed necrosis of neurons and 
multifocal cerebral haemorrhage in addition to necrosis of 
pyramidal cells. While AD rats treated with neuronophagia of 
sporadic necrotic neurons and necrosis in the cerebellum as well as 
some necrotic pyramidal cells In accordance with the present results 
Salem et al. [1], showed severe congestion in the blood vessels with 
oedema in the meninges of AD-induced rats. While a micrograph of a 
brain section of AD-induced rats treated with rivastigmine showing 
no histopathological alteration in the hippocampus. These results 
are in agreement with the results of Bihaqia et al. [39], who showed 
the normal histological appearance of the brain cells treated with 
rivastigmine tartrate and revealed that rivastigmine reversed 
histopathological alterations caused by Al. 

On the other hand, treatment of AD-induced rats with H. Pluvialis 
extract showed no histopathological changes in the cerebellum, 
whereas, other sections revealed necrosis of neurons. However no 
histopathological alteration was detected in the hippocampus of H. 
pluvialis extract treated AD rats, which may be contributed to, in AD 
induced rats ROS interact with nitric oxide (NO) to form 
peroxynitrite (ONOO−), a highly toxic compound. The bioavailability 
of endothelial NO is then reduced, and its vasoprotective effect is 
disrupted [40]. However, treatment with H. pluvialis containing 
antioxidant molecules, especially carotenoids, which play an 
important role in the control of the oxidative process. These 
antioxidant molecules (carotenoids) possess a strong antioxidant 
power due to their double-bonded structure, allowing the 
delocalization of impaired electrons, reducing oxidative damage and 
hence tissue architectures [2]. 

Further, treatment of AD-induced rats with H. pluvialis extract 
caused significant depletion in brain and serum AchE activity. 
Acetylcholine esterase inhibitor activity of H. pluvialis extract is 
probably contributed to the therapeutic potential of the natural 
extract astaxanthin and its esters in vascular cell protection against 
oxidative stress, which could be exploited in prevention and/or 
treatment of cardiovascular as well as neurological diseases [9]. The 
same authors added that esters of astaxanthin displayed stronger 
antioxidant activities than free astaxanthin which may have anti-
acetylcholine esterase and anti-butyrylcholinesterase activity, 
anticancer, antidiabetic and anti-inflammatory agent [41]. 

Besides, H. pluvialis extract contains active constitutes which have 
the capacity of scavenging free radicals and to modulate the 
expression of genes encoding antioxidant enzymes such as 
oestrogens, growth factors and vitamin E[41]. The neuro-
amelorative effect of H. pluvialis extract in the present results is in 
accordance with Chang et al. [42] and Guerra et al. [43] who studied 
the antioxidant and neuroprotective effect of H. pluvialis and 
concluded that, treatment with astaxanthin was able to partially 
reduce intracellular ROS production and restore the phagocytic 
capacity of human neutrophils. Thus, all of these results assert that 
natural astaxanthin plays a protective role in cells exposed to 
oxidative stress which could inhibit Aβ-induced cytotoxicity and 
reactive oxygen species production in brain cells. So, astaxanthin 
and its esters are the promising active constitutes in H. puvialis, 
which have a neuroprotective capacity to antagonize Aβ-induced 
cytotoxicity in the nerve cells. 

CONCLUSION  

In conclusion, the current study revealed that treatment of AD-
induced rats with H. pluvialis extract significantly ameliorates the 
cholinergic dysfunction, catecholamine levels, oxidative stress, 
antioxidant enzyme and HPA hormones-induced neurodegeneration 
characterising Alzheimer's disease. These effects were achieved 
through the powerful anti-oxidant activity of H. pluvialis astaxanthin. 
Noteworthy, H. pluvialis extract revealed the more pronounced 
promising effect on most of the measured biochemical parameters 
as well as a histological feature of the brain more or less similar to 
the anti-Alzheimer drug rivastigmine. The selected alga extract may 
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represent good therapeutic approaches for the intervention of the 
progressive neurological damage associated with Alzheimer's 
disease with special reference to the antioxidant and hypothalamus-
pituitary–adrenal insults.  
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	HAEMATOCOCCUS PLUVIALIS MODULATING EFFECT ON NEUROTRANSMITTERS, HORMONES AND OXIDATIVE DAMAGE-ASSOCIATED WITH ALZHEIMER´S DISEASE IN EXPERIMENTAL RAT´S MODEL
	AChE (U/mg protein)
	540.22±11.20a
	544.12±13.21a
	300.12±5.10e
	198.90±13.10b
	278.80±3.30e
	200.55±9.15b
	35.00±2.10a
	2.90±0.11a
	33.10±1.09a
	2.99±0.30a
	CORT (ug/mg protein)
	19.22±1.23a
	15.12±1.29a

