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Abstract 
Oxidative stress is intensely linked with neurodegenerative disorders, especially Alzheimer’s dis-
ease (AD). Searching for medicinal plant with the nootropic activity for controling the develop-
ment and progression of AD has received extensive consideration. The plant Phyllanthus reticula-
tus (PR) Poir. is known in Bengali as Panjuli belongs to family Euphorbiaceae. Previous studies 
have shown the antioxidant, analgesic, anti-inflammatory, etc. activities of this plant. Therefore, 
the objective of this study was to examine the nootropic effect of ethanolic extracts of Phyllanthus 
reticulatus (EEPR) on cognitive functions, brain antioxidatant enzymes and acetylcholinesterase 
activity in aluminium-induced rats of cognitive impairment and oxidative stress. The effects of 
EEPR fruit (i.e., 100 and 200 mg/kg b.w.) were examined for 30 days and its nootropic effect was 
determined in aluminium treated Swiss albino male rats by behavioral studies such as Passive 
Avoidance (PA) test, Rewarded Alternation (RA) test and biochemical studies such as superoxide 
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dismutase (SOD), catalase (CAT), contents of thiobarbituric acid reactive substances (TBARS) and 
acetylcholinesterase (AChE) activity in rats brain tissue homogenates. In PA test, administration of 
EEPR fruit (i.e., 100 and 200 mg/kg, b.w.) significantly (P < 0.05, P < 0.01) increased step-through 
latency (STL) in rats on 30th day with respect to disease control group. The percentage of memory 
retention (MR) for this test was pointedly (P < 0.05) increased in rats treated with EEPR fruit (i.e., 
200 mg/kg b.w.) as compared with disease control group. For RA test, EEPR fruit (i.e., 200 mg/kg 
b.w.) markedly (P < 0.01) increased the correct responses (CR) in rats on 30th day related to dis-
ease control group. In case of this test the percentage of MR was significantly (P < 0.05, P < 0.01) 
increased in rats treated with EEPR fruit (i.e., 100 and 200 mg/kg b.w.) with respect to disease 
control group. Administration of EEPR fruit (i.e., 100 and 200 mg/kg b.w.) considerably (P < 0.05, P 
< 0.01) increased the level of SOD, CAT and expressively (P < 0.05) decreased TBARS level com-
pared to disease control group. Treatment with EEPR fruit (i.e., 100 and 200 mg/kg b.w.) markedly 
(P < 0.05, P < 0.01) decreased the level of AChE activity to that of disease control group. The 
present study shows that EEPR fruit has excellent nootropıc effect on cognitive performance and 
brain antioxidant markers in aluminium-induced rats of cognitive impairment and oxidative stress 
which could be developed in the management of neurodegenerative diseases especially AD. 
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1. Introduction 
Alzheimer’s disease (AD) is a progressive neurodegenerative brain disease that causes problems with memory, 
thinking, behavior and finally lead to death [1]. It is the most common form of dementia (60%) which is not a 
normal part of aging [2]. AD is characterized by the presence of excessive amounts of neuritic plaques contain-
ing amyloid-β (Aβ) and abnormal tau protein filaments in the form of neurofibrillary tangles (NFTs) in the cere-
bral cortex and subcortical gray matter [3]. The brain of Alzheimer patient’s has increased levels of acetylcholi-
nesterase (AChE), which is accountable for the breakdown of acetylcholine (ACh) [4]. ACh is a neurotransmit-
ter which plays a pivotal role for the appropriate functioning of the central cholinergic system (CCS) [5]. A di-
minution of ACh in the brain of patients with AD appears to be a foremost reason in producing dementia [6]. 
Worldwide at present about 35 million people are affected by AD and it is the 6th foremost cause of death in the 
United States [7]. Patients with Alzheimer’s may live an average of 8 years after their symptoms become consi-
derable to others. However, survival range can be diverse from 4 to 20 years which is depending on age and 
other health conditions. The current Alzheimer’s treatments cannot discontinue the progression of this neurode-
generative disease, but these can temporarily slow down the worsening of dementia symptoms and ameliorate 
the quality of life in Alzheimer’s patients [8]. Today the scientists have been working relentlessly and providing 
their maximum effort to find better ways to treat the disease, delay its onset and prevent it from developing [9]. 

Oxidative stress occurs when free radicals and their by-products are produced in excessive amount compare to 
antioxidant defense mechanisms [10]-[12]. The pathogenesis of AD leading to neuronal dysfunction and cell 
death, mainly due to imbalance between free radical production and antioxidant defenses [13] [14]. Research has 
recently displayed that brain tissue in patients with AD is exposed to protein oxidation, DNA oxidation, lipid 
oxidation, glycoxidation etc. during the period of the disease [15] [16]. The oxidation of proteins by free radicals 
plays a significant role in AD [17]. Several studies exhibit an augment in protein carbonyls in multiple brain 
areas in subjects with AD [18]. Enzyme mainly glutamine synthetase and creatine kinase are sensitive to oxida-
tive modification and noticeably reduced in the brains of Alzheimer’s patients [19]. Higher levels of lipid pe-
roxidation take place in the brain in AD and are most well-known where degenerative changes are most noticea-
ble [20]. Polyunsaturated fatty acids (PUFAs) of the brain membrane phospholipids are particularly susceptible 
to free radical attack because their double bonds permit easy withdrawal of hydrogen ions [21]. Oxidation of 
PUFAs, principally arachidonic and docosahexaenoic convey lipid peroxidation in AD [22] by generating alde-
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hydes most importantly 4-hydroxynonenal (HNE), a highly reactive cytotoxic agent able to inhibit glycolysis, 
nucleic acid and protein synthesis and degrading proteins [23]. Oxidation of DNA can generate strand breaks, 
sister chromatid exchange, DNA-protein crosslinking and base alterations [24]. Numerous studies exhibit an in-
crease in oxidative DNA damage in the brain’s of subjects with AD [25]. The greatest marked DNA adduct de-
fined is 8-hydroxy-2-deoxyguanosine (8-OHdG) [26]. On the other hand advanced glycation end products are 
produced due to posttranslational modifications of proteins and may play a role in AD that is connected to oxid-
ative modifications of Aβ peptides and tau [27]. In addition to this, the brain is largely composed of easily oxi-
dized lipids, has a high oxygen consumption rate, high metabolic rate of transitional metals and lacks strong an-
tioxidant defenses, that’s why it is quite vulnerable to oxidative injury [28]. 

Aluminium is a generally manifested neurotoxin and possesses diverse mode of action on the central nervous 
system (CNS) [29]. It is able to rise the permeability and crossing of the blood-brain barrier (BBB) [30] [31], 
which plays a significant role to increase the concentration of aluminium in the hippocampus [32], cortex, sin-
gulated bundles and corpus callosum [33]. Various neuropathological, biochemical and epidemiological studies 
have recommended a potential connection between the pathogenesis of AD and neurotoxicity of aluminium [34]. 
Aluminium develops accumulation of insoluble Aβ, aggregation of hyper phosphorylated tau protein which 
contains NFTs [35] and causes harmful alteration to cholinergic neurotransmission [36]. Furthermore, alumi-
nium promotes oxidation triggered by various transition metals such as chromium (Cr) and copper (Cu) [37]. In 
this study to created cognitive dysfunction and oxidative stress aluminium maltolate was used. The advancement 
of drugs for the treatment of AD that breaks the vicious cycles of oxidative stress and neurodegeneration re-
commends new prospects. 

Antioxidants are agents that are the vital part of most favorable health and able to prevent or delay some kinds 
of cell damage [38]. Several scientific researchers recommended that antioxidants play a central role in the 
management of AD. Naturally occurring antioxidants are extremely useful for AD in order to reduce risk con-
nected with synthetic antioxidants [39]. The greatest origin of natural antioxidant is medicinal plants. The neu-
roprotective effects of natural antioxidants and nootrpics, such as Ginkgo biloba, [40] Bacopa monnieri [41] and 
Huperzia serrata has [42] attained considerable attention in the management of AD. 

The plant Phyllanthus reticulatus (PR) Poir. is known in Bengali as Panjuli belongs to Euphorbiaceae family 
[43]. This plant is extensively distributed throughout the tropical areas of India, China, Malay Islands and fallow 
lands of Bangladesh [44]. The fruit of this plant is roundish berry with a diameter of about 4 to 6 mm, green in 
color at first and becomes purplish black [45]. In the traditional system of medicine different parts of this plant 
are used for curing various diseases. Leaves are used as antidiarrheal, diuretic, cooling medicine, roots are used 
for treating malaria, asthma and bark is used as astringent and diuretic. The fruit of this plant shows astringent 
properties to the bowels and used in inflammation [43]. The important therapeutic uses of this plant are analges-
ic, anti-inflammatory, hypocholesterolemic, cytotoxic, immunostimulant, antidiabetic, antiplasmodial, antimi-
crobial, hepatoprotective activities etc. [46]. The chemical studies of this plant ensured the presence of following 
phytoconstituents including tannic acid, octacosanol, sitosterol, scopoletin, lupeol acetate, teraxerone, betulin, 
teraxerol acetate, friedeline, stigamasterol and lupeol [47] [48]. 

Previous preliminary studies suggested in vitro antioxidant activity of this plant [49]. Consequently, the inten-
tion of this study was to investigate the neuroprotective effect of ethanolic extract of PR (EEPR) fruits on alu-
minium-induced rats of cognitive impairment and oxidative stress by behavioral tests such as Passive Avoidance 
(PA) test, Rewarded Alternation (RA) test and the activity of brain antioxidant enzymes by biochemical tests 
such as superoxide dismutase (SOD), catalase (CAT), estimation of contents of thiobarbituric acid reactive sub-
stances (TBARS) and acetylcholinesterase (AChE) activity in rat brain tissue homogenates. 

2. Materials and Methods 
2.1. Chemicals and Drugs 
Aluminium maltolate, phenazinemethosulphate, sodium pyrophosphate, nicotinamide adenine dinucleotide phos- 
phate (NADPH), acetyl thiocholine iodide (ATCI), 5,5-dithiobis-2-nitrobenzoate ion (DTNB), trisamino me-
thane hydrochloride (Tris-HCl), bovine serum albumin (BSA), trichloroacetic acid (TCA) and thiobarbituric ac-
id (TBA) all were purchased from Sigma-Aldrich, USA. All other chemicals were of analytical grade, unless 
otherwise specified and purchased from indigenous sources. Donepezil hydrochloride powder was obtained as 
gift from Incepta Pharmaceuticals Ltd., Bangladesh. 
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2.2. Collection and Identification of Plant Materials 
The fruits of PR were collected from the Kasba, Brahmanbaria, Bangladesh, in June, 2015. The identification of 
the plant was done by the expert of Bangladesh National Herbarium, Mirpur, Dhaka, Bangladesh. Accession 
number: DACB-41509 for PR.  

2.3. Drying and Grinding of Plant Materials 
The fruits of PR weighing of about 6 kg were washed appropriately to remove dirty materials and shade dried 
for 30 min. Then the fruits were permitted to shade dried for several days with irregular sun drying. Afterward, 
these were dried in an oven for 24 hrs at considerably lower temperatures for the purpose of better grinding. By 
using a suitable grinder the dried fruits were ground into coarse powder. 

2.4. Extraction of Plant Materials 
Powdered plant material (fruits) weighing of about 450 g was taken in an amber colored glass bottle and soaked 
in 2 liter of 98% ethanol. The bottle with its contents was sealed and allowed to occasional shaking and stirring 
at room temperature (25˚C) over a period of 7 days. After 7 days ethanol containing the extract was filtered 
through cotton and then through Whatman No. 1 filter paper. After finishing the filtration the obtained liquid fil-
trates of the extract was permitted to concentrate and evaporate by drying at 45˚C temperature using a rotary 
evaporator under reduced pressure to become the crude extract (11.47 g). Lastly dried crude ethanolic fruit ex-
tracts were kept in refrigerator at 4˚C until further experiments. 

2.5. Animals 
In this experiment 50 healthy adult male Swiss albino rats of about 200 - 230 g was acquired from ICDDR,B, 
Dhaka, Bangladesh. The rats were kept in 6 per animal polypropylene cage and located under standard envi-
ronmental conditions (25˚C ± 2˚C temperature, 60% ± 5% relative humidity) with lighting (light/dark 12:12 hrs) 
and sufficient supply of food and water. The animals use and care was maintained as per guidelines for labora-
tory animals of the National Institutes of Health (NIH) [50]. The protocol of the experiment was approved by the 
animal ethics committee of the Department of Pharmacy, Southeast University, Dhaka, Bangladesh. 

2.6. Administration of Drugs and Test Compounds 
A solution of donepezil hydrochloride was prepared by using 0.9% saline solution (pH 7.4) and allowed to ad-
minister orally to experimental rats at 1 mg/kg body weight (b.w.). Aluminium maltolate was dissolved in 0.9% 
saline solution (pH 7.4) and administered orally at the dose of 10 mg/kg b.w. for one month to rats. The suspen-
sion of EEPR was made by using 0.9% saline solution (pH 7.4) and orally administered at 100 and 200 mg/kg 
for one month to rats. The duration of this study and doses of the donepezil, aluminium maltolate and EEPR we 
reselected according to the literature review [46] [51] [52]. Suspension of the extract, donepezil and aluminium 
maltolate were freshly prepared everyday and administered once daily at 10:00 am. 

2.7. Experimental Design 
In this experiment rats were divided into six groups and each group contains 6 rats as follows: 

Group 1: Standard food and water were administered for one month to rats (Con). 
Group 2: Aluminium maltolate at a dose of 10 mg/kg b.w. was administered orally for one month to rats (Alu). 
Group 3: Donepezil hydrochloride at a dose of 1 mg/kg b.w. was administered orally for one month to rats 

(Don). 
Group 4: Aluminium maltolate at a dose of 10 mg/kg b.w. + Plant extract at a dose of 100 mg/kg b.w. were 

administered orally for one month to rats (Alu + EEPR 100). 
Group 5: Aluminium maltolate at a dose of 10 mg/kg b.w. + Plant extract at a dose of 200 mg/kg b.w. were 

administered orally for one month to rats (Alu + EEPR 200). 
Group 6: Aluminium maltolate at a dose of 10 mg/kg b.w. + Donepezil hydrochloride at a dose of 1 mg/kg 

b.w. were administered orally for one month to rats (Alu + Don). 
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2.8. Acute Toxicity Study 
Acute toxicity study was accomplished as per guidelines of the Organisation for Economic Cooperation and 
Development (OECD) [53]. For this test rats were separated into 6 groups, with 6 rats per groups. The fruit ex-
tract was administered orally to rats only once at a dose of 100, 200, 500, 1000, 1500 and 2000 mg/kg b.w. by 
using intragastric tube. Before administration of the extracts rats were fasted for 3 to 4 hrs and after administra-
tion food was withdraw for 1 to 2 hrs. But only water was supplied continuously. The rats were closely observed 
for next 24 hrs for any behavioral, neurological toxicity and 14 days for possible mortality. 

2.9. Behavioral Study 
Before treatment the rats were trained for 1 week to familiarize with the apparatus and in this period they did not 
receive any plant extract or drug. Experiments were performed in the light period between 10:00 am and 03:00 
pm in a soundproof room. 

2.9.1. Passive Avoidance (PA) Test 
The PA test was performed for the determination of the sensitive memory of rats depends on contextual fear 
conditioning learning and instrumental learning [54]. The apparatus of PA test was made up of light and dark 
compartment, each measuring 270 (depth) × 370 (width) × 360 (height) mm. In the middle part of the two com-
partments of this apparatus were linked by a sliding door having 90 mm of diameter. The floor of this apparatus 
was made up of a metal grid with spaced 0.9 cm separately and joined to a shock generator able to generate 
shock in the range of 0.5 mA. Fluorescent lamp was used to provide lighting in the light compartment [55]. Each 
test comprises of two distinct trials including acquisition trial and retention trial. For the acquisition trial, each 
rat was positioned in the light compartment fronting the wall opposed to the sliding door. The sliding door was 
opened and when the rat entered into the dark compartment an electrical foot shock was provided for 3 sec after 
adaptation period of 15 sec [56]. The latency times, once the rat had entered the dark compartment was recorded 
as initial transfer latency (ITL) with the help of stopwatch. Then the rat was returned to its home cage. A reten-
tion trial was carried out after 24 hrs of the acquisition trial, in which no shock was given when the rat entered 
the dark compartment and latency times to re-enter the dark chamber was considered as step-through latency 
(STL) up to 300 sec [45]. In this study the number of ITL and STL were determined on 29th and 30th day respec-
tively. Based on ITL and STL the percentage of memory retention (MR) was calculated by using the formula 
given below: 

% MR = (STL − ITL)/ITL × 100 
An increase in percentage of MR indicated improved retention of memory [57]. The apparatus was cleaned 

after each test with 70% ethanol to remove any olfactory clue [58].  

2.9.2. Rewarded Alternation (RA) Test 
The RA test was carried out for the determination of the spatial working memory of rats [59]. The apparatus of 
RA test was made up of three identical arms, each measuring 500 (length) × 100 (width) × 100 (height of the 
side walls) mm. The arms were linked by a central square in the middle of the maze so as to form a T shape. 
These three arms were denoted as start arm, force arm and novel arm. During the test, each rat was subjected to 
6 trials and each test comprises of two separate trials including forced run trial and a choice run trial. For the 
forced run trial, novel arm was blocked and each rat was positioned in the start arm facing toward the central 
square and forced to the force arm owing to consume the pellet located previously. After that the rat was re-
turned to its home cage. A choice run trial was carried out after 60 sec of the forced run trial, in which novel arm 
was opened (i.e., both the arms were free for the rat to choose). In this choice run trial, force arm was kept emp-
ty and pellets were positioned in the novel arm. During the choice run trial, if the rat entered into the novel arm, 
then the response was measured as correct response (CR). If the rats entered into the force arm, then it was con-
sidered as a wrong response (WR) [60] [61]. In this study the number of CR and WR were determined on 30th 
day. Based on CR and WR the percentage of MR (i.e., learned task) was calculated by using the formula given 
below: 

% MR = TCRs × 100/TTs 
where, TCRs = Total number of correct responses, TTs = Total number of trials. An increase in percentage of 
MR was considered as an index of improved cognition [60] [61]. The apparatus was cleaned after each test with 
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70% ethanol to remove any olfactory clue [58].  

2.10. Biochemical Study 
After 30th days of treatment period on the next day, with the help of anesthesia the rats from all the experimental 
groups were sacrificed. The entire brain was detached from the skull and then cerebellum was separated after-
ward remaining brain portion (i.e., brain portion without cerebellum) was washed with ice-cold 0.9% NaCl and 
finally each hemisphere was separated. Then by using one of the two hemispheres, a 10% brain homogenate was 
made by using ice-cold 30 mM phosphate buffer (pH 7.6) in a homogenizer. The homogenates were permitted to 
centrifuge at 20000 RPM for 30 min at 4˚C to get homogenates which were free from any types of cell debris 
and the resultant supernatant was used for the estimation of SOD and CAT. Residual hemispheres were homo-
genized (10% w/v) by using a glass homogenizer in ice-cold 30 mM phosphate buffer (pH 7.6) and allowed to 
centrifuge at 20000 RPM for 2 hrs at 4˚C to get the salt soluble (SS) portion. The pellets were re-extracted with 
an equivalent volume of ice-cold phosphate buffer comprising 1% Triton X-100 and permitted to centrifuge at 
20000 RPM for 2 hrs at 4˚C to get the detergent soluble (DS) portion [62]. For determining the AChE activity 
supernatant obtaining from both extraction processes were stored at −20˚C. The protein concentration was 
measured with the help of bovine serum albumin (BSA) [63]. 

2.10.1. Super Oxide Dismutase (SOD) Assay 
The SOD activity was determined according to the method of Kakkar et al., [64]. The total volume of the reac-
tion mixture for this test was 1.6 ml, contained 0.1 ml of 186 μM phenazinemethosulphate, 1.2 ml of 0.052 mM 
sodium pyrophosphate buffer (pH 7.0) and 0.3 ml of supernatant after centrifugation (1500 × g, 10 min followed 
by 10000 × g, 15 min) of 10% brain tissue homogenate. In order to start enzyme reaction 0.2 ml of 780 μM 
NADH was added to the reaction mixture. The enzyme reaction was stopped by adding 1 ml of glacial acetic 
acid after 1 min incubation period. The changes in absorbance of the reaction mixture were determined at 560 
nm by the help of spectrophotometer and represented as U/mg protein. 

2.10.2. Catalase (CAT) Assay 
The CAT activity was determined according to the method of Chance and Maehly with slight modification [65]. 
For this test the total volume of the reaction mixture was 3.0 ml, contained 2.5 ml of 50 mM phosphate buffer 
(pH 5.0), 0.4 ml of 5.9 mM hydrogen peroxide and 0.1 ml of 10% brain tissue homogenate. Then the reaction 
mixture was allowed to incubate for 1 min and subsequently by the help of spectrophotometer the changes in 
absorbance of the reaction mixture was measured at 240 nm. Here one unit of CAT activity was denoted as an 
absorbance change of 0.01 as U/min. 

2.10.3. Lipid Peroxidation (TBARS) Assay 
The TBARS activity was determined according to the method of Iqbal et al., [66]. The total volume of the reac-
tion mixture was 1.0 ml, made up of 0.58 ml of 0.1 M phosphate buffer (pH 7.4), 0.2 ml of 100 mM ascorbic 
acid, 0.02 ml of 100 mM ferric chloride and 0.2 ml of 10% brain tissue homogenate. The reaction mixture was 
permitted to incubate at 37˚C in a shaking water bath for 1 hrs. Then 1.0 ml of 10% TCA was added to discon-
tinue the reaction. Subsequently the addition of 1.0 ml 0.67% TBA, all the test tubes was boiled in a water-bath 
for 20 min. Then the test tubes were transferred to crushed ice-bath before centrifuging (2500 × g for 10 min). 
The quantity of TBARS formed in each of the samples was measured by determining the optical density of the 
supernatant at 535 nm by the help of spectrophotometer against a reagent blank and represented as nM 
TBARS/min/mg protein at 37˚C using a molar extinction coefficient of 1.56 × 105 M−1∙cm−1.  

2.10.4. Acetylcholinesterase (AChE) Assay 
The AChE activity was determined according to the method of Ellman et al., [67]. For this test, 25 μl of 15 mM 
ATCI, 75 μl of 3 mM DTNB and 75 μl of 50 mM Tris-HCl (pH 8.0), containing 0.1% BSA were added in the 
96 well plates and incubated for 5 min at 25˚C. Then the absorbance was measured at 405 nm by using spectro-
photometer. Any increase in the absorbance on account of the regular hydrolysis of the substrate was regulated 
by deducting the rate of the reaction prior to adding the enzyme. Afterward 25 μl of brain tissue homogenates 
(i.e., SS and DS portion) was added and the absorbance was measured again after incubation period of 5 min at 
25˚C. The AChE activity was represented as M/min/g protein. 
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2.11. Statistical Analysis 
The results were expressed as mean ± SEM and analyzed with one-way analysis of variance (ANOVA). Tukey’s 
post hoc test were performed for behavioral studies and in case of biochemical studies the least significant dif-
ference (LSD) was determined using post hoc testing for inter group comparisons at a probability level of 0.05% 
and 0.01%. SPSS 14.0 (Chicago, IL, USA) and Microsoft Excel 2010 (Roselle, IL, USA) was used for the sta-
tistical and graphical evaluations. The results were considered as statistically significant at P < 0.05 compared to 
disease control group. 

3. Results 
3.1. Determination of Acute Toxicity 
EEPR up to a dose level of 2000 mg/kg b.w. had no harmful effect on the behavioral, motor and neuronal reac-
tions of the experimental rats up to 14 days of observation. Diverse doses of EEPR exhibited that there were no 
signs of alters in the skin, eyes, fur and body weight therefore the extracts were considered safe. 

3.2. Nootropic Effect of EEPR on Learning and Memory of Rats Using PA Test 
In PA test the ITL was measured on 29th day and STL was measured on 30th day (after 24 hrs of ITL) specified 
in Figure 1. The rats treated with EEPR fruit (i.e., 100 and 200 mg/kg, b.w.) significantly (P < 0.05, P < 0.01) 
increased the STL in rats on 30th day as compared to disease control group. Treatment with donepezil sugges-
tively (P < 0.01) increased the STL of rats on 30th day with respect to disease control group. Percentage of MR 
of rats is given in Figure 2 in which an increase in MR indicated improved learning and memory of rats. The 
percentage of MR was pointedly (P < 0.05) increased in rats treated with EEPR fruit (i.e., 200 mg/kg b.w.) as 
compared with disease control group. 

3.3. Nootropic Effect of EEPR on Learning and Memory of Rats Using RA Test 
In RA test, the number of WR and CR were measured on 30th day given in Figure 3. Administration of donepe-
zil considerably (P < 0.01) increased the number of CR on 30th day related to disease control group. EEPR fruit  

 

 
Figure 1. Nootropic Effect of EEPR on ITL and STL of rats on 29th and 30th day using PA test. Values were 
expressed as mean ± SEM (n = 6/group). *P < 0.05, **P < 0.01 significant difference from the disease control 
group. 
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Figure 2. Nootropic Effect of EEPR on percentage of MR of rats using PA test. Values were expressed as mean ± 
SEM (n = 6/group). *P < 0.05, **P < 0.01 significant difference from the disease control group. 

 

 
Figure 3. Nootropic Effect of EEPR on WR and CR of rats on 30th day using RA test. Values were expressed as mean 
± SEM (n = 6/group). *P < 0.05, **P < 0.01 significant difference from the disease control group. 

 
(i.e., 200 mg/kg b.w.) considerably (P < 0.01) increased the number of CR on 30th day with respect to disease 
control group. Figure 4 presented the percentage of MR of rats in which EEPR fruit (i.e., 100 and 200 mg/kg 
b.w.) treated rats showed considerably (P < 0.05, P < 0.01) increased in the percentage of MR as compared to 
disease control group. 

**
*

*

0

2

4

6

8

10

12

14

16

18

Con Alu Don Alu+EEPR 
100 

Alu+EEPR 
200 

Alu+Don

M
em

or
y 

R
et

en
tio

n 
 (%

)

Treatment Groups

**

**
**

0

1

2

3

4

5

6

Con Alu Don Alu+EEPR 
100 

Alu+EEPR 
200 

Alu+Don

R
es

po
ns

e 
(s

ec
) 

Treatment Groups

WR  on 30th  Day

CR  on 30th  Day



Md. S. Uddin et al. 
 

 
95 

 
Figure 4. Nootropic Effect of EEPR on percentage of MR of rats using RA test. Values were ex-
pressed as mean ± SEM (n = 6/group). *P < 0.05, **P < 0.01 significant difference from the disease 
control group. 

3.4. Nootropic Effect of EEPR on Brain Oxidative Status  
Table 1 represents the alteration of antioxidant enzyme activities in rat’s brain tissue homogenates. The rats 
treated with EEPR fruit (i.e., 100 and 200 mg/kg b.w.) significantly (P < 0.05, P < 0.01) increased the level of 
SOD and CAT but markedly (P < 0.05) reduced the concentration of TBARS to that of the disease control group. 
Treatment with donepezil considerably (P < 0.05, P < 0.01) increased the level of SOD and CAT as well as 
meaningfully (P < 0.05, P < 0.01) decreased the level of TBARS with respect to the disease control. 

3.5. Nootropic Effect of EEPR on Brain AChE Activity 
The activity of AChE in SS and DS portion of rat brain tissue homogenate is given in Table 2. Donepezil treated 
group showed significantly (P < 0.05, P < 0.01) decreased in the brain AChE activity in both SS and DS por-
tions of brain tissue homogenate with respect to disease control group. Administration of EEPR fruit (i.e., 100 
and 200 mg/kg b.w.) suggestively (P < 0.05, P < 0.01) decreases the AChE activity in both SS and DS portions 
of brain tissue homogenate of rats as compared to disease control group. 

4. Discussion 
Natural nootropics are increasing in popularity owing to preference of the people [68]. Worldwide at present 
there is an incredible urge to investigate medicinal plants for improving cognitive function in order to their less 
adverse effects [69]. This is the first study showing neuroprotective activity of EEPR in aluminium-induced rats 
of cognitive impairment and oxidative stress by using various behavioral and biochemical studies. In this study, 
EEPR administration for 30 days showed significant neuroprotective effect by improving various types of mem-
ory, learning, antioxidant enzymes and anti-acetylcholinesterase activity in rats. 

The PA test is commonly known as fear-aggravated test which is used to assess learning and memory [70]. In 
PA test, rats learn to avoid an environment in which an aversive stimulus (i.e., foot-shock) was previously pro-
vided. In this test the measured parameters were ITL and STL. The latency times, once the rat had entered the 
dark compartment was recorded as ITL as definite earlier. The STL is a measure of the memory of the aversive 
experience [45]. The mean STL of rats treated with the EEPR were ominously higher than those of the other 
groups. In the study of effect of Aronia melanocarpa fruits juice on memory in rats, Valcheva-Kuzmanova et al., 
also reported analogous findings [71]. The RA test is used to assess learning and memory based on alteration of  
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Table 1. Nootropic Effect of EEPR on biochemical parameters of rat brain antioxidant defense system. 

Treatment SOD (U/mg protein) Cat (U/min) TBARS (nM/min/mg protein) 

Con 9.57 ± 1.62 10.25 ± 1.13 204.58 ± 4.03 

Alu 6.89 ± 2.24 7.32 ± 2.05 294.76 ± 5.64 

Don 26.57 ± 1.30** 23.98 ± 3.58* 132.59 ± 4.37* 

Alu + EEPR 100 12.67 ± 2.96* 11.04 ± 1.39* 198.62 ± 6.79* 

Alu + EEPR 200 14.54 ± 3.45* 14.58 ± 1.42** 182.98 ± 6.97* 

Alu + Don 18.95 ± 1.28* 19.07 ± 2.71** 174.8 ± 5.74** 

The rats brain biochemical parameters were expressed as mean ± SEM values (n = 6/group). *P < 0.05, **P < 0.01 significant difference from the dis-
ease control group. 

 
Table 2. Nootropic Effect of EEPR on AChE activity in rat brain. 

Treatment SS AChE (M/min/g protein) DS AChE (M/min/g protein) 

Con 0.195 ± 0.052 0.772 ± 0.016 

Alu 0.303 ± 0.013 1.216 ± 0.031 

Don 0.085 ± 0.020* 0.296 ± 0.027* 

Alu + EEPR 100 0.188 ± 0.042* 0.812 ± 0.067* 

Alu + EEPR 200 0.153 ± 0.021** 0.595 ± 0.064* 

Alu + Don 0.106 ± 0.047* 0.406 ± 0.076** 

The AChE activity for each group were expressed as mean ± SEM values (n = 6/group). *P < 0.05, **P < 0.01 significant difference from the disease 
control group. 

 
the arms entry [72]. In RA test the measured parameters were WR and CR. Increased the number of CRs indi-
cated that the improvement of the learning and memory of rats. In the current study, improvement of learning 
and memory was reported by EEPR. Sharma et al., in the study of neuroenhancing potentiality of Acacia auri-
culiformis leaves, monitored better learning and memory enhancing potentiality in rats [73]. 

Metabolism of oxygen is greatly responsible for producing superoxide and if not controlled causes many 
types of cell damage [74]. SOD is a metalloenzyme that exert protection in cells exposed to oxygen. It catalyzes 
the dismutation or partitioning of the superoxide (O2−·) radical into either ordinary molecular oxygen (O2) or 
hydrogen peroxide (H2O2) [75]. Hydrogen peroxide is also harmful, but not more so and is degraded by other 
enzymes including CAT. CAT is a haem-based enzyme in defensive the cell from oxidative damage by reactive 
oxygen species (ROS) [76]. It catalyzes the transformation of H2O2 to H2O and O2, thus shield cells from the 
noxious effects of H2O2 [77]. Study suggested that in each minute one molecule of CAT can convert approx-
imately 5 million H2O2 to H2O and O2 [78]. Presently it has become evident that the oxidation of lipids, or lipid 
peroxidation, is a critical step in the pathogenesis of numerous disease states in all age’s patients [79]. Lipid pe-
roxidation is the by-product of oxidative degradation of lipids by the effect of various ROS (hydroxyl radical, 
hydrogen peroxide etc.) [80]. It is the process in which free radicals steal electrons from the lipids in cell mem-
branes and finally causes cell damage. This process continues by a free radical chain reaction mechanism. It 
most often affects PUFAs and initiating a self-propagating chain reaction [81]. Since lipid peroxidation is a 
self-propagating chain-reaction, the initial oxidation of only a few lipid molecules can result in significant tissue 
damage [82]. The destruction of membrane lipids and the end-products of such lipid peroxidation reactions are 
especially dangerous for the viability of cells, even tissues [83]. The current study showed that administration of 
EEPR pointedly increases the level of brain antioxidant enzymes and decrease the levels of TBARS. In the study 
of nootropic activity of aerial parts of Persicaria flaccida on brain antioxidant markers and cognitive perfor-
mance of rats by Uddin et al., also reported equivalent results [84].  

AChE is the major cholinesterase in the body [85]. It is an exzyme of carboxylesterase family that catalyzes 
the breakdown of ACh and of some other choline esters that function as neurotransmitters. AChE is available in 
primarily neuromuscular junctions and in chemical synapses of the cholinergic type [86]. The results of this 
study exposed that AChE activity was significantly decreased in the EEPR treated rats. In the study of neuro-
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protective effect of Phyllanthus acidus fruits on learning and memory impairment in scopolamine-induced ani-
mal model of dementia and oxidative stress, Uddin et al., disclosed increases brain acetylcholine levels and en-
hances cognitive function in rats [87]. 

The consequence of this study suggested that administration of EEPR for 30 days produced superior nootropic 
effect and reversed aluminium-induced cognitive dysfunction and oxidative stress in rats. 

5. Conclusion 
This study concludes that EEPR fruit has a potential nootropic effect on altering the aluminium-induced cogni-
tive dysfunction and oxidative stress in rats brain by improving cognitive functions, brain antioxidant enzymes 
and anti-acetylcholinesterase activity. Therefore, this fruit extract can be used in controlling neurodegenerative 
diseases more precisely AD. Despite these outcomes, further studies are required for isolation and identification 
of promising nootropic compound(s) and disclose the possible mechanism of action. 
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Abbreviations 
AD: Alzheimer’s disease; 
PR: Phyllanthus reticulatus; 
EEPR: Ethanolic Extract of Phyllanthus reticulatus; 
PA: Passive avoidance; 
RA: Rewarded alternation; 
SOD: Superoxide dismutase; 
CAT: Catalase; 
TBARS: Thiobarbituric acid reactive substances; 
AChE: Acetylcholinesterase; 
ITL: Initial transfer latency; 
STL: Step-through latency; 
MR: Memory retention; 
CR: Correct response; 
WR: Wrong response; 
ROS: Reactive oxygen species; 
NFTs: Neurofibrillary tangles; 
Aβ: Amyloid-β; 
ACh: Acetylcholine; 
CCS: Central cholinergic system; 
PUFAs: Polyunsaturated fatty acids; 
HNE: 4-Hydroxynonenal; 
8-OHdG: 8-Hydroxy-2-deoxyguanosine; 
CNS: Central nervous system; 
BBB: Blood-brain barrier; 
Cr: Chromium; 
Cu: Copper; 
NIH: National institutes of health; 
NADPH: Nicotinamide adenine dinucleotide phosphate; 
ATCI: Acetyl thiocholine iodide; 
DTNB: 5,5-Dithiobis-2-nitrobenzoate ion; 
Tris-HCl: Trisfamino methane hydrochloride; 
BSA: Bovine serum albumin; 
TCA: Trichloroacetic acid; 
TBA: Thiobarbituric acid; 
SS: Salt soluble; 
DS: Detergent soluble. 
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