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Abstract
Dementia is considered as the frequent cause of neurodegenerative mental disorder such as Alzheimer’s disease (AD) amongst 
elderly people. Free radicals as well as cholinergic deficit neurons within nucleus basalis magnocellularis demonstrated to 
attribute with aggregation of β amyloid which further acts as an essential hallmark in AD. Various phenolic phytoconstituents 
exists in Trianthema portulastrum (TP) leaves have been reported as active against various neurological disorders. The current 
investigation was undertaken to evaluate the antiamnesic potential of butanol fraction of TP hydroethanolic extract (BFTP) 
by utilizing rodent models of elevated plus maze (EPM) and Hebbs William Maze (HWM) along with in vitro and in vivo 
antioxidant as well as acetylcholinesterase (AChE) inhibition studies. Molecular docking studies were also performed for 
evaluation of molecular interaction of existed phenolic compounds in BFTP. In vitro antioxidant study revealed concentration 
dependant strong ability of BFTP to inhibit free radicals. In vitro AChE inhibition study showed competitive type of inhibition 
kinetics. BFTP significantly reversed (p < 0.005 versus scopolamine) the damaging effect of scopolamine by reducing TL 
(Transfer Latency) and TRC (Time taken to recognize the reward chamber) in the EPM and HWM, respectively. BFTP also 
contributed towards increased (p < 0.005 versus scopolamine) enzymatic antioxidant as well as hippocampal acetylcholine 
(ACh) levels. Histological studies also supported the results as BFTP pretreated mice significantly reversed the scopolamine 
induced histological changes in hippocampal region. Docking studies confirmed chlorogenic acid has the most significant 
binding affinity towards AChE. This research finding concludes that BFTP could be a beneficial agent for management of 
cognition and behavioral disorders associated with AD.
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Introduction

Alzheimer’s disease (AD) is the commonest neurodegen-
erative mental disorder amongst aging people [1]. All over 
the world 33.9 million population is suffering with AD [2]. 
Clinicopathologically, AD is fundamentally linked with the 
impairment of cognitive function as well as inability to per-
form day to day activities [3, 4]. Onset and progression of 
neurodegenerative disorders such as AD are characterized 
by hyperphosphorylation as well as aggregation of tau pro-
tein, amyloid plaques deposition, inflammation of neurons, 
cholinergic hypofunction and oxidative stress accompanied 
by pathophysiological and psychological problem including 
depression, anxiety, motor dysfunction [5].

Free radicals called as reactive oxygen species (ROS), 
generated as a result of various bio-metabolic functions, 
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leads to onset of oxidative stress condition which causes 
oxidation of lead bio-molecules and progression of neuro-
degenerative disorder such as AD and Parkinson’s disease 
(PD) [6, 7]. It is believed that cholinergic deficit neuron 
within nucleus basalis magnocellularis, further responsible 
for aggregation of β amyloid, also contributes as an essen-
tial hallmark in AD which is vitally subjected to memory 
impairment. Down regulation of cholinesterase enzymes 
implicates the amelioration of cholinergic neurotransmis-
sion [8, 9]. Therefore, antioxidant and anticholinesterase 
approaches might act as beneficial tool for the treatment of 
AD.

There are numerous synthetic medications in the market 
to ameliorate the memory deficit associated with AD, PD 
and Lewy Body’s dementia by accelerating the choliner-
gic neurotransmission [10, 11]. Presently existing acetyl 
cholinesterase (AChE) inhibitors (donepezil, rivastigmine 
etc.) for the treatment of AD are beneficial in alleviating 
the behavioral and cognitive impairment during early phase 
of disease and remains effective only with the continuation 
of therapy as well as having inevitable side effects grabs 
the attention of researchers to explore the better treatment 
option with sustain therapeutic effect and with minimum or 
no side effects [12, 13]. These neurodegenerative diseases 
are properly managed in developed countries but in devel-
oping as well as underdeveloped countries, due to higher 
medicinal expenses, most of the population is still dependant 
on folklore medicines.

For current experimental work we have selected Trian-
thema portulacastrum Linn. (TP) which is an important 
herb of Indian traditional medicinal system belongs to the 
Aizoaceae family. It grows as a weed in heavy rainfall as well 
as in irrigated regions including India and its neighboring 
countries such as Sri Lanka, Pakistan and Bangladesh [14]. 
Due to high nutritional values in Asian countries TP leaves 
are utilized for preparing various types of vegetable dishes. 
In African countries, its young leaves are used to prepare 
soups and as a vegetable. Traditionally, TP possess thera-
peutic activeness against various diseases such as inflamma-
tion, migraine, rheumatic disorders, asthma, beri–beri and 
bronchitis [15]. TP has been utilized as hepatoprotective, 
analgesic, alterative, laxative and stomachic. On the basis 
of scientific research, different solvent extracts with isolated 
active constituent from TP have demonstrated to exhibit 
broad spectrum of pharmacological activities, i.e., analge-
sic, antibacterial, antifungal, anti-inflammatory, antioxidant, 
antipyretic, hypoglycemic, heptoprotective, nephroprotective 
and anticancer [16]. TP has been investigated to consist a 
variety of organic bioactive compounds such as alkaloids, 
flavonoids, terpenes, steroids, saponins, benzoic acid as 
well as cinnamic acid derivatives [17]. Our previous study 
described the presence of various phenolic compounds in 
n-butanol fraction of TP analyzed by HPLC–DAD method. 

It exhibited the rich existence of protocatechuic acid, chlo-
rogenic acid, caffeic acid and ferulic acid (34.45 ± 0.02, 
20.74 ± 0.03, 4.31 ± 0.03 and 1.43 ± 0.01 mg/g of extract) 
in BFTP [14].

Despite many uses of TP, there have been no reports 
about its neuropharmacological potency as of now. Thus, 
in the current study we explored the anti-amnesic effect of 
BFTP on learning and memory by in silico studies as well 
as rodent model by using scopolamine induced cognitive 
impairment and possible biochemical estimation.

Materials and Methods

Chemicals and Reagents

Acetylthiocholine iodide (ATCI), 5,5′-dithio-bis-(2-ni-
tro) benzoic acid (DTNB), Scopolamine hydrobromide, 
2,2′-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid 
(ABTS), AChE were procured from Sigma-Aldrich (St. 
Louis, Missouri, United States). Ascorbic acid, berberine 
chloride, ethylene di amine tetra acetic acid (EDTA) and 
nitro blue tetrazolium (NBT) were purchased from HiMedia 
Laboratories Pvt. Ltd., Mumbai. All reagents and solvents 
utilized during whole experimental work were of analytical 
grade.

Collection and Authentication of Plant Material

Fresh leaves of TP were procured from rural region of 
Rewari district of Haryana (India). The plant was identi-
fied by botanist Dr R. M. Kadam, Department of Botany, 
Mahatma Gandhi Mahavidyalaya, Latur, Maharashtra, India. 
The voucher specimen of plant is preserved in the herbarium 
of Mahatma Gandhi Mahavidyalaya.

Plants Extract Preparation and Liquid–Liquid 
Fractionation

Carefully collected leaves of TP were thoroughly washed 
with running water, dried in shade and coarsely powdered. 
Coarse plant powder was extracted with petroleum ether 
(60–80 °C) and then subjected to macerate with 70% etha-
nol for 9 days. Maceration process was repeated thrice. After 
filtration all three resultant filtrates were combined and vac-
uum dried to obtain hydroethanolic extract. Dried extract 
was subjected to fractionation by liquid–liquid partition in 
increasing order of polarity. Hydroethanolic extract was dis-
solved in water, transferred into a separating funnel and par-
titioned with ethyl acetate, chloroform and n-butanol to get 
less polar compounds from aqueous extract. After filtration 
and concentration, fractionated extract were attributed as 
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EFTP, CFTP and BFTP, respectively. They were preserved 
at − 20 °C till further use [14].

Antioxidant Activity

All three fraction (EFTP,CFTP, BFTP) were employed to 
determine free radicals scavenging ability with ABTS radi-
cal cation decolorization method with slight modification 
[18]. Optical density was determined at 734 nm by using 
spectrophotometer and BHT was utilized as a reference.

IC50 value of each fraction was measured by using log 
(dose) vs % antioxidant activity graph.

In Vitro AChE Inhibitory Activity

All three fractions of TP were subjected to in vitro AChE 
inhibition by using Ellman’s assay with slight modifications 
[19, 20]. Assay reaction mixture was started with addition 
of sodium phosphate buffer (140 μl, 0.1 M), 20 μl of sample 
prepared in DMSO and 20 μl of AChE solution of 0.25 IU/
ml strength. Resultant mixtures were kept aside for 15 min 
and then DTNB (10 μl, 2.5 mM) and ATCI (10 μl, 2.0 mM) 
were mixed and incubated at room temperature for 10 min. 
Each sample mixture was measured at 412 nm for absorb-
ance. Berberine chloride was used as a positive control 
and inhibition of AChE (%) was considered by following 
formula:

AChE Inhibition Kinetics

Strongest in vitro AChE inhibitor fraction, BFTP, was fur-
ther utilized to analyze AChE inhibition kinetics according 
to previously described method [21]. Sodium phosphate 
buffer (140 µl, 0.1 M, pH 8.0) was mixed in 20 μl of differ-
ent concentrations (0, 20, 40 and 80 µg/ml) of BFTP and 
then mixed AChE (20 μl, 0.25 IU/ml) into it with constant 
stirring. After incubation for 15 min at room temperature 
DTNB (10 μl, 2.5 mM) and 10 μl of ATCI at different 
concentrations (1.0, 2.0 and 4.0 mM) were introduced in 
it and scanned at 412 nm within 5 min. To detect type of 
inhibition kinetics of AChE, Lineweaver–Burk graph was 
plotted between 1/[ATCI] and 1/(Absorbance/min). Inhibi-
tion constant (Ki) was taken into account from the inter-
cept in Dixon–Dixon plot {concentration of BFTP vs. 1/
(Absorbance/min)}.

Activity of radical scavenging(%)

=
Absorbance of control − Absorbance of sample

Absorbance of control
× 100

Inhibition of AChE(%)

=
Absorbance of control − Absorbance of sample

Absorbance of control
× 100

Animals

Male swiss albino mice of 25–30 g weight were utilized 
for the experiment and they were kept within polypropylene 
cages in a room with standard laboratory conditions of tem-
perature (25 ± 2 °C), relative humidity (55–60%), and 12:12 
light and dark cycle, during the whole experimental work. 
Mice were freely accessible to water and balanced rodent 
pellet food ad libitum. Animals were allowed to acclimatize 
to laboratory conditions for 7 days. Experimental protocol, 
approved by Institutional Animal Ethics Committee (IAEC), 
was followed.

Animal Experimental Protocol

All mice were randomly divided into six groups comprising 
six animals in each group.

Group I (Control)	� Normal saline (10 ml/kg/day p.o.)
Group II (SCO)	� Vehicle for 21 days and on 21st day 

after 1 h of vehicle treatment sco-
polamine (0.6 mg/kg/day i.p.)

Group III (DON)	� Donepezil (1 mg/kg/day p.o.)
Group IV (BFTP200)	� BFTP (200 mg/kg/day p.o.)
Group V (BFTP400)	� BFTP (400 mg/kg/day p.o.)
Group VI (BFTP600)	� BFTP (600 mg/kg/day p.o)

Animals were administered with above said drug protocol 
for 21 days. On day 21, after 1 h of respective treatment, 
groups 2–6 were injected with scopolamine (0.6 mg/kg i.p.) 
for induction of amnesia.

Acquisition trials via behavioral model were performed 
on all groups after 30 min of scopolamine treatment. Mem-
ory retention was evaluated after 24 h, on day 22. Mice were 
allotted washout period of 15 days for testing by another 
model.

Behavioral Models

Elevated Plus Maze (EPM)

EPM (exteroceptive behavioral model) is extensively 
employed for assessing the learning and memory abil-
ity in rodents. It is constructed with two open arms and 
two closed arms with dimension of 16  cm × 5  cm and 
16 cm × 5 cm × 12 cm, respectively attached with a mid-
dle platform (5 cm × 5 cm). The maze was extended from 
the floor on a height of 25 cm [22]. On day 21 (acquisition 
trial), scopolamine was injected and 30 min later, each ani-
mal from all groups was placed at the open arm marginal 
end, taking care mouse facing opposite from central plat-
form. Transfer latency (TL), considered as the indicator for 
learning and memory function and known as the time taken 
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by mouse to reach in one of closed arm with its four limbs 
from the open arm, and was determined. TL of 90 s was 
assigned to each animal but if it was unable to find one of 
the covered arms within 90 s of its placement, it was gently 
directed towards the covered arm. Additional 2 min were 
provided to each animal to look at the maze area and then 
they were put back into their respective cage. Further reten-
tion of memory in terms of TL was analyzed after 24 h of 
trial period. Significant decrease in TL exhibited antiamne-
sic effect of test drug. To ascertain experimental stability, 
mice were acclimatized for 1 h to the test room environment 
before behavioral testing [23].

Hebbs William Maze (HWM)

HWM (exteroceptive behavioral model) was also utilized to 
ascertain the spatial cognition of mice pretreated with test 
drug. HWM fabricated with three components, (a) animal 
compartment (C1), attached to (b) the middle compartment 
(C2) (exploratory area) and (c) a reward compartment (C3) 
at other side of maze, food was kept as a reward. All three 
chambers were interconnected with each other by Guillotine 
removable doors. On day 21 (Trial day), after drug treat-
ment, each animal was located individually in C1, keeping 
the door open for easy the access into C2. As the mouse 
entered in C2, door of the start chamber was instantly closed 
to stop back entry. Time utilized by the mouse to reach in 
reward chamber (TRC) from C1 on trial day, considered as 
learning index, was noted down. Each mouse was allowed 
to explore the whole maze for another 3 min by keeping the 
doors open and then shifted back to its home cage. 24 h later, 
memory retrieval of the training task was taken into account. 
Significant decrease in retrieval TRC value than trial TRC 
defines the condition of improvement in memory [24].

Collection of Brain Tissue and Tissue Homogenate 
Preparation

On day 22, after behavioral experiment, animals were 
sacrificed by cervical dislocation. With immense care, 
hippocampal region from brain was swiftly removed and 
gently cleaned with cold buffer solution (pH 7.4). The hip-
pocampus was kept in a glass homogenizer with 10 volumes 
of phosphate buffer (0.1 M, pH 8) and then centrifuged at 
14,500 rpm for 15 min at a temperature of 4 °C. The resulted 
supernatant was utilized for determination of lipid peroxida-
tion index, enzymatic antioxidant profile and AChE activ-
ity. Histological changes of hippocampus region were also 
evaluated.

Estimation of Brain AChE Activity

Brain hippocampal AChE activity was determined according 
to Ellman’s method with slight modification. Assay reac-
tion was started with addition of sodium phosphate buffer 
(0.1 M), DTNB (2.5 mM) and ATCI (2 mM) in a volumet-
ric flask followed by introduction of supernatant from hip-
pocampus homogenate into the resultant assay mixture and 
incubated at 30 °C for 10 min. This lead to formation of 
yellow color due to reduction of DTNB by certain brain 
homogenate substrates as well as hydrolysis of other sub-
strate non-enzymatically. The sample was scanned at 412 nm 
spectrophotometrically to measure the change in absorbance. 
AChE activity was expressed as nM/min/mg protein [25].

Determination of Antioxidant Enzyme Activity

Superoxide Dismutase (SOD) Activity

SOD activity in brain hippocampus was measured on the 
basis of photoreduction of NBT dye by SOD enzyme [26]. 
Reaction mixture was prepared by adding Tris–HCl buffer 
(100 mM, 1.5 ml, pH 7.8), NBT (75 mM), riboflavin (2 μM) 
and EDTA (6 mM). Carefully measured 700 μl of prepared 
assay mixture and poured into 100 μl of supernatant. Color 
intensity was analyzed by scanning the solution at 560 nm 
and enzymatic activity is expressed as units/mg protein.

Catalase (CAT) Activity

Assay was initiated by mixing 100 μl of hippocampal super-
natant into 150 μl of 0.01 M phosphate buffer (pH 7.0) fol-
lowed by pouring of 250 μl of 0.16 M H2O2. Assay reaction 
mixture was incubated at 37 °C for 1 min and then assay was 
concluded by mixing of 1 ml of reagent solution (dichro-
mate: acetic acid). Appearance of green color was obtained 
upon boiling the solution for 15 min and scanned at 570 nm 
[27]. CAT activity expressed as μM of H2O2 consumed/min/
mg protein.

Glutathione Peroxidase (GPx) Activity

Assay was performed by DTNB method given by [28]. 
Assay mixture was prepared with 1 ml of 0.4 M phosphate 
buffer (pH 7.0), 0.4 mM EDTA, 1 ml of 5 mM NaN3 and 
1 ml of 4 mM glutathione and then added 200 μl of super-
natant. The assay mixture was incubated for 5 min at 37 °C 
and mixed 1 ml of 4 mM H2O2. Glutathione amount was 
analyzed by measuring the absorbance of resultant solution 
at 412 nm spectrophotometrically.
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Estimation of Lipid Peroxidation Index

Thiobarbituric acid reactive substance (TBARS) is known 
as a marker of lipid peroxidation. The amount of lipid per-
oxidation is attributed with of thiobarbituric acid concentra-
tion in brain [29]. Reaction mixture consisting 700 μl of 9% 
phosphoric acid and 250 μl of thiobarbituric acid as well 
as hippocampus supernatant was gently mixed for 2 min. 
Mixture was boiled for 1 h and butanol (1250 μl) was added 
after cooling. The assay mixture was mixed with the help of 
vortex mixer for 20 s and then centrifugation was performed 
at 25 °C for 20 min. Absorbance was measured at 534 nm. 
Results are represented as nM/mg protein.

Histological Studies

Carefully isolated brain hippocampus tissues were instantly 
stored in formalin solution (10%). After 24 h, tissues were 
dehydrated with ethanol followed by cleaning with xylene 
and fixed in paraffin wax block. Sections of 5 μm thickness 
were dyed with hematoxylin and eosin for the purpose of 
photomicroscopic examination [30].

Statistical Analysis

All results were expressed as mean ± standard deviation. 
Data were statistically analyzed by one-way ANOVA fol-
lowed by Newman-Keuls multiple comparison test. Value 
of p < 0.05 was considered statistically significant.

Molecular Docking Studies

In order to understand molecular level interaction of proto-
catechuic acid, cholorogenic acid, caffeic acid and ferulic 
acid towards AChE, molecular docking studies were carried 
out using Autodock 4.2 (The Scripps Research Institute), 
using RHEL-5.0 Operating system (Dell Precision work-
station with Intel core 2 quad processor and 8 GB RAM). 
Docking protocol was simulated on X-ray crystallographic 
structure of AChE (1EVE), downloaded from Protein Data 
Bank (http://www.rcsb.org). Protein was prepared by remov-
ing water molecules, merging non-polar hydrogen atoms, 
computing gasteiger charge with assigning AD4 atom type. 
Ligands were prepared through PRODRG webserver (http://
davap​c1.bioch​.dunde​e.ac.uk/cgi-bin/prodr​g). Grid parameter 
file (.gpf) and docking parameter file (.dpf) were written 
using MGLTools-1.5.6. Receptor grid was generated using 
Grid points in XYZ co-ordinate 60X60X60 with grid spac-
ing of 0.375 Å. Grid box was centralized on the co-crys-
tallized ligand E2020 (Aricept). Map types were generated 
using autogrid-4.2. Docking was carried out with following 
parameters: number of runs: 50, population size: 150, num-
ber of evaluations: 2,500,000 and number of generations: 

27,000, using AutoDock4.2. Analysis of docking results was 
done using MGL-Tools-1.5.6. All molecules in their respec-
tive largest cluster were further analyzed for its interaction 
with protein.

Results

In Vitro Antioxidant Activity of BFTP

Results showed promising antioxidant activity, compared to 
other fractions, by BFTP with IC50 value of 39.64 ± 1.23 μg/
ml (Table 1) (Fig. 1a) and strongest free radical scavenging 
activity was exhibited by ascorbic acid with IC50 value of 
0.74 ± 0.08 μg/ml (Fig. 1b). TP fractions as well as ascorbic 
acid showed antioxidant activity in concentration dependant 
manner.

In Vitro AChE Inhibition by BFTP

IC50 values of TP fractions and berberine chloride on AChE 
inhibition is shown in Table 2. Figure 2a indicates concen-
tration dependant effect of all fractions of TP on inhibition 
of AChE. Berberine chloride (Fig. 2b) showed the highest 
inhibitory activities followed by BFTP with IC50 value of 
0.30 ± 0.03 µg/ml and 13.62 ± 2.31 µg/ml, respectively. 

Kinetics of AChE Inhibition

AChE inhibition by BFTP was confirmed with 
Lineweaver–Burk plots [slope = Km/Vmax and intercept 
with X axis = (− 1/Km)] which signified mixed kinetics and 
competitive inhibition as shown in Fig. 3a. Ki constant (rep-
resents enzyme and inhibitor’s binding affinity) was estab-
lished at the point of intersection of three lines towards the 
negative values of the X-axis in Dixon plots. From Fig. 3b, 
value of Ki was observed to be 21.5 ± 1.22 µg/ml.

Effect on TL in EPM

Newman Keuls multiple comparison test showed that 
on day 22, during memory retention trial, scopolamine 

Table 1   Antioxidant activity of BFTP and ascorbic acid

Each value is reported as mean ± SD (n = 3). Statistically significant 
at p < 0.05, where a>b>c>d in each column

Sample Log IC50 (μg/ml) IC50 (μg/ml)

EFTP 1.9922 98.23 ± 1.09a

CFTP 1.8303 67.66 ± 1.11b

BFTP 1.5981 39.64 ± 1.23c

Ascorbic acid − 0.1258 0.74 ± 0.08d

http://www.rcsb.org
http://davapc1.bioch.dundee.ac.uk/cgi-bin/prodrg
http://davapc1.bioch.dundee.ac.uk/cgi-bin/prodrg


1670	 Neurochemical Research (2019) 44:1665–1677

1 3

(p < 0.001) treated group exhibited significant elevation in 
TL than control group (Fig. 4a). Strongest effect on rever-
sal of scopolamine induced amnesia was observed in DON 
group (p < 0.001) which is more or less similar to BFTP600 
(p < 0.001). Whereas BFTP400 group (p < 0.01) exhibited 
moderate effect and least effect was shown by BFTP200 
group (p < 0.05) in reduction of TL as compared to SCO 
group.

Effect on TRC in HWM

To analyze the efficacy of test drug on reversal of memory, 
on 22nd day each group was subjected to observe the effect 
on TRC (Fig. 4b). Scopolamine injected animals exhibited 
significant increase in TRC (p < 0.001) as compared to 

Fig. 1   In vitro antioxidant activity by 2,2′-azino-bis(3-ethylbenzothi-
azoline-6-sulphonic acid (ABTS) method for a different fractions of 
Trianthema portulastrum (TP) hydroethanolic extract and b ascorbic 

acid. Data represented as mean (n = 3) ± SD. BFTP n-butanol fraction 
of TP hydroethanolic extract, CFTP chloroform fraction of TP hydro-
ethanolic extract, EFTP ethanol fraction of TP hydroethanolic extract

Table 2   Inhibition of AChE by different fractions of TP extract and 
berberine chloride

Each value is reported as mean ± SD (n = 3). Statistically significant 
at p < 0.05, where a>b>c in each column

Sample Log IC50 (μg/ml) IC50 (μg/ml)

EFTP 1.178 59.97 ± 1.21a

CFTP 1.369 23.44 ± 2.18b

BFTP 1.134 13.62 ± 2.31c

Berberine chloride − 0.508 0.30 ± 0.03

Fig. 2   In vitro acetylcholinesterase (AChE) inhibitory activity by Ell-
man’s method for a different fractions of Trianthema portulastrum 
(TP) hydroethanolic extract and b berberine chloride. Data repre-

sented as mean (n = 3) ± SD. BFTP n-butanol fraction of TP hydro-
ethanolic extract, CFTP chloroform fraction of TP hydroethanolic 
extract, EFTP ethanol fraction of TP hydroethanolic extract
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control group. Among all groups, highest reduction in TRC 
was observed in DON group (p < 0.001). BFTP (200,400 
and 600 mg/kg; p < 0.05, p < 0.05 and p < 0.01, respectively) 
was also observed as effective in decreasing the scopolamine 
induced elevated TRC as compared to scopolamine treated 
group.

Biochemical Estimation

Effect on Brain AChE Activity

Scopolamine (p < 0.001) injected group showed significant 
increase in AChE activity in hippocampus homogenate, as 
compared to control group, established distinct damage in 
memory function as shown in Fig. 5. From the results of 
Newman Keuls multiple comparison test it was observed that 
DON group (p < 0.001) showed the strongest ameliorative 

effect on scopolamine elevated AChE activity followed by 
BFTP (600 mg/kg, p < 0.01) and lower dose of BFTP (400 
and 200 mg/kg; p < 0.05) by restoration of cholinergic deficit 
induced by scopolamine.

Effect on SOD, CAT and GPx Activity

Results (Fig. 6a–c) showed SCO group significantly reduced 
(p < 0.001) SOD, CAT and GPx activity as compared to 
control group. However, BFTP pretreated animals (400 
and 600 mg/kg; p < 0.05 and p < 0.01, respectively) exhib-
ited significant increase in the antioxidant enzyme activity 
(SOD, CAT and GPx) within brain homogenate. DON group 
(p < 0.001) was most effective in repairing the scopolamine 
induced antioxidant enzyme deficit.

Fig. 3   Graphical determina-
tion of kinetic (inhibition) 
type for n-butanol fraction 
of Trianthema portulastrum 
hydroethanolic extract (BFTP) 
by a Lineweaver–Burk plots and 
b Dixon plots. Data represented 
as mean (n = 3) ± SD. ATCI 
acetylthiocholine iodide
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Effect on Lipid Peroxidation

Scopolamine treated mice exhibited significantly (p < 0.001) 
elevated level of TBARS in hippocampus homogenate as 

compared to control group. DON group (p < 0.001) showed 
the strong reducing effect on scopolamine-induced elevated 
lipid peroxidation level compared to SCO group (Fig. 6d). 
Pretreatment with BFTP (200, 400 and 600 mg/kg; p < 0.05, 
p < 0.01 and p < 0.001, respectively) for 21 days exhibited 
considerable reduction in TBARS level in a concentration 
dependant manner.

Histological Studies of Hippocampal Brain Tissue

Photomicrographs of histopathological examination of brain 
hippocampus demonstrated scopolamine mediated del-
eterious effects supported by decrease in pyramidal cells, 
increase in vacuolated cytoplasm and focal gliosis as com-
pared to control group. Slides of BFTP groups exhibited 
significant reversal of scopolamine induced alterations in 
brain tissue in a dose dependent manner (Fig. 7a–f).

Molecular Docking Studies

Protocatechuic acid showed hydrogen bond formation with 
Ser 124 and Asn85 residues of AChE.Chlorogenic acid 
formed hydrogen bonds with Asp72, Tyr70, Gln69, Tyr130 
and Glu199. Caffeic acid exhibited hydrogen bond interac-
tion with Asp72, Val71, Gln69, Ser124 and Tyr130. Feru-
lic acid displayed hydrogen bond formation with Val71 
and Tyr130 residue.

The free energy of binding with most clusters in the 
clustering histogram interpreted as its docking score. 

Fig. 4   Effect of n-butanol fraction of Trianthema portulastrum hydro-
ethanolic extract (BFTP) on scopolamine induced memory impair-
ment in mice using a elevated plus maze (EPM) model, b Hebbs 
William maze (HWM) model. Data represented as mean ± SEM, ana-
lyzed by one way ANOVA followed by Newman-Keuls multiple com-
parison test. Significant difference ###p < 0.001 in comparison to con-

trol group. Significant difference *p < 0.05, **p < 0.01, ***p < 0.001 
in comparison to scopolamine treated group. BFTP200, 400, 600: 
BFTP administered groups at dose level of 200, 400 and 600 mg/kg, 
respectively; DON donepezil administered group, SCO Scopolamine 
administered group, TL transfer latency, TRC​ time taken to recognize 
the reward chamber

Fig. 5   Effect of n-butanol fraction of Trianthema portulastrum hydro-
ethanolic extract (BFTP) on brain hippocampal acetylcholinesterase 
(AChE) activity. Data represented as mean ± SEM, analyzed by one 
way ANOVA followed by Newman-Keuls multiple comparison test. 
Significant difference ###p < 0.001 in comparison to control group. 
Significant difference *p < 0.05, **p < 0.01, ***p < 0.001 in compari-
son to scopolamine treated group
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Chlorogenic acid found to have the most negative docking 
score which shows highest binding affinity towards AChE 
followed by caffeic acid, ferulic acid and protocatechuic 
acid (Fig. 8a–d; Table 3).

Discussion

In current study, the antiamnesic activity of BFTP was 
explored by in vitro, in silico as well as in vivo methods. 
Etiology of cognitive disorders is attributed to central cho-
linergic pathway since these are prophetic to the hippocam-
pus as well as cerebral cortex [11, 31]. Cholinomimetic 
agents or inhibitors of AChE have been greatly demonstrated 
to correct the memory impairment of scopolamine in test 
objects through alleviating the ACh level of synaptic cleft 

Fig. 6   Effect of n-butanol fraction of Trianthema portulastrum hydro-
ethanolic extract (BFTP) on brain hippocampal a superoxide dis-
mutase (SOD) level, b catalase (CAT) level, c glutathione peroxidase 
(GPx) level, d thiobarbituric acid reactive substance (TBARS) level. 
Data represented as mean ± SEM, analyzed by one way ANOVA 

followed by Newman-Keuls multiple comparison test. Significant 
difference ###p < 0.001 in comparison to control group. Significant 
difference *p < 0.05, **p < 0.01, ***p < 0.001 in comparison to sco-
polamine treated group. ns: non-significant



1674	 Neurochemical Research (2019) 44:1665–1677

1 3

[32]. BFTP exhibited the strong in vitro anticholinesterase 
activity in a concentration dependent manner with IC50 
value 13.62 ± 2.31 μg/ml. Lineweaver–Burk plot employed 
to determine the AChE inhibition study and confirmed the 
characteristic mixed type of kinetics. Additionally, Dixon 
plot (Ki = 21.5 ± 1.22 µg/ml) demonstrated the BFTP com-
petitive binding with ATCI as it might conjugate at sub-
strate site or another site of AChE as well as it might have 
coupled with AChE-ATCI complex [19]. Strong antioxidant 
effect of BFTP (IC50 = 9.64 ± 1.23) among other TP fractions 
might be attributed to presence of bioactive phenolic com-
pounds, i.e., protocatechuic acid, chlorogenic acid, caffeic 
acid and ferulic acid, which acts as antioxidant and utilized 
to improve memory function in neurodegenerative disease 
by ceasing the attack of free radicals [7, 14].

Considering the results of in vitro anticholinesterase 
and antioxidant activity, the study was further designed to 
evaluate probable in vivo antiamnesic effect of BFTP. Oral 
toxicity study performed by Shivhare et al. [33] reported 
the safety of TP up to 4000 mg/kg, as there was no mortal-
ity and any change in behavioral response was recorded in 
swiss albino mice.

Cognitive behavioral models, i.e., EPM and HWM, are 
trustworthy tool to assess the antiamnesic potential of test 
substances in scopolamine induced memory deficits via 
estimation of exploration performance in rodents [34]. Test 
animals with short term memory impairment induced by 
scopolamine were not able to remember the compartment 
or arm they had just walked through therefore they exhib-
ited significant elevation in TL and TRC, while the results 
of current study revealed that BFTP (400 and 600 mg/kg) 

Fig. 7   Photomicrographs 
of brain hippocampal tissue 
stained with haematoxylin–
eosin dye at 20× magnification 
a control group, b scopolamine 
administered group, c donepezil 
administered group, d n-butanol 
fraction of Trianthema portu-
lastrum hydroethanolic extract 
(BFTP) 200 mg/kg adminis-
tered group, e BFTP 400 mg/
kg administered group and f 
BFTP 600 mg/kg administered 
group. PC pyramidal cells, VC 
vacuolated cytoplasms (index of 
neurodegeneration)
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Fig. 8   Binding of a protocat-
echuic acid, b chlorogenic acid, 
c caffeic acid and d ferulic acid 
with active site of acetylcho-
linesterase (AChE) (1EVE). 
Hydrogen bonds are shown by 
red lines
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pre administered mice significantly reversed scopolamine 
induced memory impairment. Donepezil (standard antiam-
nesic drug) showed the highest attenuating effect against 
scopolamine accelerated cognitive deficit as compared to 
other groups as it acts by anticholinesterase means, demon-
strating a comparable underlying mechanism for the BFTP. 
Significant (p < 0.01, p < 0.05) reduction in brain hippocam-
pal AChE by BFTP (600 and 400 mg/kg, respectively), in 
scopolamine induced increased AChE, led to increase in 
ACh level. It might be associated with phenolic compounds 
existence in a abundant amount which owes the ability 
to safeguard the brain cholinergic function after crossing 
BBB [35]. Oxidative damage due to ROS is endorsed with 
memory impairment in elderly patients suffering from neu-
rodegenerative disease [36]. Utilization of antioxidants is 
implicated with impediment of generation of ROS as well 
as converting them into hydrogen peroxide and di-oxygen 
molecules with the help of CAT and GPx [1]. In current 
study, BFTP exhibited significant in vitro antioxidant effect 
with IC50 value of 39.64 ± 1.23 μg/ml. It was further estab-
lished by in vivo antioxidant activity which revealed sig-
nificant increase (p < 0.05) in various antioxidant enzyme 
levels (SOD, CAT and GPx) in BFTP (400 and 600 mg/
kg) treated groups against scopolamine induced decrease in 
these enzymatic antioxidant levels. Results of current study 
are in well agreement with the past reports demonstrating 
AChE inhibitory and antioxidant potential bearing substance 
can be recommended as a potent therapeutic agent for treat-
ment of diseases linked with neurodegeneration [37].

Molecular docking is a well established tool for the detec-
tion, improvement and development of new as well as exist-
ing AChE inhibitory agents. Results of docking study are 
also in great favor of the strong AChE inhibition by chlo-
rogenic acid, caffeic acid, ferulic acid as well as protocat-
echuic acid. Cholorogenic acid exhibited the highest AChE 
binding affinity with − 9.48 docking score and then followed 
by caffeic acid, ferullic acid and protocatechuic acid. Their 
docking scores advocate AChE inhibitory potential. It was 
observed that increase in the number of aromatic rings and 
aromatic substitutions in the ligand such as chlorogenic 
acid led to an increase in the number of hydrogen bonds 
with residues. Presence of acetyl group in chlorogenic acid, 

similar to that in ACh, might be responsible for high binding 
affinity with AChE.

Conclusion

BFTP has been proved to have in vitro as well as in vivo 
antioxidant and anti AChE activities and significant antiam-
nesic potential in rodents. Thus, BFTP could be a beneficial 
means for the preparation of effective therapeutic agents for 
the management of short and long term memory deficits in 
AD.
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