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Abstract

Alzheimer’s Disease (AD) is one of the common forms of dementia seen in
elderly people. The present study was aimed at developing Andrographolide
Phytosomes (AGP) and comparing it with the Andrographolide (AG) on
scopolamine-induced Alzheimer’s disease by assessing cognitive function
and biochemical markers. The Phytosomes confirmed characterization
process FITR, DSC, Zeta potential, % Entrapment Efficiency and
Scanning Electron Microscopy. AGP treatment significantly decreased the
escape latency (p<0.01**) and improved conditioned avoidance response
(p<0.001***) compared to AG. Pre-treatment with AGP significantly
decreased acetylcholine esterase levels (p<0.01**) and increased
hippocampal catalase (p<0.01**), superoxide dismutase (p<0.001***)
and reduced glutathione levels (p<0.001***) which aligns with the results
observed in the standard group when compared AG group indicating a
preventive strategy against the progression of AD. This approach of AGP
provides the potential therapeutic application in human neurodegenerative
disease in future.

Keywords: Alzheimer’s Disease (AD); Andrographolide Phytosomes
(AGP); Andrographolide (AG); Scopolamine; Antioxidant/oxidant
system; Acetylcholine esterase

Introduction

Alzheimer’s Disease (AD) is a chronic neurological
condition characterised by a gradual decrease in memory
function [1]. It is characterised by the presence of cerebral
oxidative stress, which is accompanied by the degeneration
of cholinergic neurons in the basal forebrain and
hippocampus [2,3]. The activation of cholinergic neurons
in the central nervous system has a significant impact on
the processes like learning and memory [4]. The process
of memory formation involves the activity of several
neurotransmitters and neural pathways [5]. The presence
of cognitive impairments in AD is linked to functional
deficiencies in the cholinergic system [6]. Scopolamine,
a potent antagonist of muscarinic cholinergic receptors,
induces amnesic effects in laboratory animals. The use

of scopolamine-induced amnesia as an experimental
animal model has been utilised extensively to evaluate
drugs that are expected to have therapeutic benefits in
treating dementia [7]. Scopolamine disrupts cholinergic
transmission in the central nervous system, resulting in
cholinergic dysfunction and memory deficits in rats [§].

Acetyl cholinesterase inhibitors, especially, rivastigmine,
galantamine and donepezil, are the most potent and
clinically approved pharmacotherapeutic treatments for
cognitive impairment [9]. Donepezil is a potent inhibitor
of acetylcholinesterase and butyrylcholinesterase [10].
Despite the advances in research, currently available drugs
are not optimal for clinical use due to their undesirable
side effects [11,12]. Therefore, it is necessary to explore
alternative for amnesia treatment. Currently, medicinal
plants have been used mostly for their efficacy in treating
cognitive problems [13].

Andrographolide (AG), a diterpenoid found in the leaves
of Andrographis paniculata, a member of the Acanthaceae
family, has long been employed in traditional medicine
to treat a variety of illnesses in humans. It exhibits
several actions including antioxidant, anti-inflammatory,
neuroprotective and anti-cancer characteristics. AG
protects the brain from oxidative stress caused by nicotine
and against brain ischemia induced neurotoxicity and
inflammation related neurodegeneration [14,15]. The
therapeutic applicability of AG is limited due to its
instability and poor water solubility, resulting in low
bioavailability.

Phytosomes are more advantageous for the high capacity of
drug encapsulation, improved stability due to the formation
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of chemical interactions between the polar head of the
amphiphile molecule and phytoconstituent and enhanced
bioavailability [16,17]. A higher rate of absorption results in
a reduced number of active components needed to produce
a biological effect, including polar phytoconstituents.
Therefore, andrographolide phytosomes were prepared and
evaluated for their anti alzheimers activity on scopolamine
induced dementia in mice.

Materials and Methods
Preparation of andrographolide phytosomes

The AGP are developed by the solvent evaporation process
employing different AG: Soya Lecithin ratios of 1:0.5, 1:1,
and 1:1.5. The specified amount of AG and SL is dissolved
in a small volume of methanol in separate containers. The
AG and SL solutions are combined in a round bottom
flask and subjected to reflux for a duration of one hour at
a temperature of 65°C, utilising an air reflux condenser.
Once the reflux is finished, the solvent is extracted using a
rotary evaporator. Characterization of phytosomes has been
established by the use of analytical techniques.

Fourier transform infrared spectroscopy

The molecular interactions of AG, SL, and AGP were
examined using an FTIR spectrophotometer (Alpha
Bruker). The samples were subjected to a drying process
at a temperature of 50°C in order to eliminate any potential
impact of moisture. The samples were scanned throughout
a range of wavelengths from 4000 cm™ to 400 cm™.

Differential scanning calorimetry

The thermograms of AG, SL, and AGP were obtained
utilising a Differential Scanning Calorimeter (TA DSC
Q20). The solid and semi-solid samples were examined by
placing a 5 mg sample in aluminium pans and heating it
from 30°C to 350°C at a heating rate of 10°C/Min under a
nitrogen flow rate of 15 ml/min.

Drug content

The AG content of the produced phytosome formulation
was assessed by diluting 100 mg of the sample in 10 ml
of water, then subjecting it to centrifugation and further
dilutions. The dilutions were examined using a UV-Visible
spectrophotometer (PCI Analytics) at a wavelength of 236
nm.

Particle size and zeta potential

The AGP particle size was analysed using a laser particle
size analyzer (Horiba SZ-100). Initially, a 10 mg AGP was
evenly distributed in 10 ml of distilled water with the use
ultrasonic waves for a duration of 1 minute. The samples
were examined for particle size within a sensitivity range
of 1 nm to 10 um, and for charge within a range of -200
millivolts to +200 millivolts.

% Entrapment efficiency

The entrapment efficiency of the AGP was assessed by
dispersing 10 mg of the AGP in 10 ml of distilled water,
then subjecting it to brief sonication and centrifugation

at 16,000 rpm for 30 minutes to separate the phytosomes
from the un entrapped drug. Supernatant, was collected
and adequately diluted for the purpose of analysing the
concentration of the AG. This analysis was conducted
using a UV spectrophotometer (PCI Analytics) set to a
wavelength of 236 nm.

The % EE was calculated as follows

Scanning electron microscopy: Structural features of
AGP analysed using a scanning electron microscope (JEOL
JSM).

Experimental design for the estimation of anti-alzheimer
activity of AGP on Scopolamine (SCO) induced AD

Animals and treatment: Mice weighing 20 g-23 g were
purchased from vyas labs hyderabad. The mice were
housed in individual cages under controlled temperature
(20°C + 2°C), 12-h light/dark cycle, and specific
humidified conditions (50% = 10%). All mice were
provided ad libitum access to water and a standard diet.
The Institutional Animal Ethical Committee (IAEC) of Sir
C.R. Reddy College of Pharmaceutical Sciences, Eluru,
India, with protocol number SCRRCOPS/TAEC/2023/1.11.
approved the animal protocol used in the present study.
After one week of acclimatization, the mice (n=40) were
randomly divided into 5 groups (n=8): Negative control
(Saline treatment group); Positive control: SCO (1 mg/kg.
I.P for 14 days); treated group; Donepezil DNP (0.5 mg/
kg, p.o) +SCO, AG (50 mg/kg. I.P) +SCO; AGP (50 mg/
kg. I.P) +SCO group. SCO was dissolved in 0.9% sodium
chloride (NaCl) and administered by I.P injection to mice.
The behavioural experiments were conducted 30 min after
SCO injection.

Morris Water Maze (MWM) test

The Morris Water Maze (MWM) test is frequently used
to evaluate spatial learning and memory in animal models
[18,19]. The water maze consisted of a circular pool
measuring 1.0 m in diameter and 0.38 m in height. The
collection was filled with black ink at a temperature of
(23°C £ 2°C), and reached a depth of 25 cm. The platform
stayed immobile during the whole training period. A
harmless dye was added to the water to make the platform
invisible, causing it to become opaque. The study involved
conducting memory acquisition sessions, with each session
lasting 120 seconds, twice a day for a continuous period of
4 days. Each trial had a minimum interval of 15 minutes.
During each acquisition experiment, the mice were given
complete freedom to move around in the water and actively
search for the hidden platform. Upon correctly identifying
the platform, it was permitted to stay on it for an additional
20 seconds for the purpose of resting. If a mice failed to
reach the platform within 120 seconds, it was gently guided
towards it and then kept on the platform for a duration of
20 seconds. The researchers calculated the average escape
delay by monitoring the duration it took for each mouse to
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locate the hidden platform. This measure was employed to
assess the mice acquisition or learning capabilities.

Cook’s Pole Climbing (CPC) test

The mice learning and memory were assessed by evaluating
their conditioned avoidance response using the Cooks pole
climbing device [20]. The ground component comprises
grid rods that function as a trigger for shock. Initially,
mice were individually taught and their performance was
observed during the acquisition phase. The retention trial
was conducted on the Oth, 7%, and 14" days and the results
were recorded. The evaluation process took into account a
cut-off period of 120 seconds [21]. Mice that had received
training were administered saline, AG, AGP, or DNP, and
their conditioned avoidance responses were evaluated.

Collection of brain hippocampus

At the completion of the behavioural test, the mice
were euthanized by cervical decapitation while under
light anaesthesia. Following decapitation, the brain was
promptly extracted, weighed, and rinsed with isotonic
saline solution. The hippocampus was carefully separated
and homogenised in a 10% (w/v) concentration using a 0.1
M phosphate buffer at pH 7.4. The homogenates, with a
concentration of 10% weight/volume, were centrifugation
at 10,000 g for 15 minutes to separate the supernatant. The
resulting cloudy supernatant liquid was utilised to assess
the biochemical parameters of the hippocampus [22].

Brain hippocampus chemical parameters

AChE activity (expressed as nmol/min/mg protein) was
tested according to the method adopted by Ellman, et al.
(1961), while Catalase (CAT) (expressed as n moles of
H202 consumed/minute/mg protein) by Aebi method,
Superoxide Dismutase (SOD) (expressed as units per mg of
protein) by Nishikimi method, reduced Glutathione (GSH)
(expressed nmol/mg/Protein) by Beulter method [23-26].

Statistical analysis

Data were expressed as means + S.E.M., and comparisons
between means were carried out using one way Analysis of
Variance (ANOVA) followed by Dunnets test. A probability
level of less than 0.05 was accepted as being significant in
all types of statistical tests. Scopolamine-induced dementia
significantly reduced the condition.

Results
Preparation of andrographolide phytosomes

The AG phytosomes were successfully prepared by the
solvent evaporation technique. The thin film of phytosomes
were collected from the round bottomed flask and are stored
in a dessicator until further use. The yield of the phytsomes
was found to be 93.5%, 95% and 96% for 1:0, 1:1 and 1:1.5
ratios respectively.

FT IR analysis: The FTIR spectrum shows the following
characteristics for Andrographolide a O-H stretching
vibration at 3390.69 cm’!, C-H stretching vibration from
2841.90-2932.13 cm’!, C=0 stretching at 1716.66 cm,

and C-O-C group absorption at 1212.81 cm™ [27]. The SL
has exhibited absorption at following wave numbers C—H
stretching band vibration at 2923.77 cm™ and 2855.17 cm
I, stretching band of ester carbonyl group at 1735.48 cm!,
and ester C—O stretching band at 1240.58 cm™ [28]. The
prepared AG Phytosomes exhibited the characteristic peaks
O-H stretching vibration at 3390.43 cm’!, C-H stretching
vibration at 2923.8 and 2854.74 cm’, C=0O stretching
vibration at 1734.22 ¢m!, and ester C-O stretching band
at 1233.46 cm’'. The Phytosomes exhibited a shift of C-H
stretching and C=0 stretching. This might be taken as an
evidence of intermolecular hydrogen bonding between
andrographolide and soya lecithin components. These
interactions are essential for AG loading and controlling its
release (Figure 1).

Figure 1: FTIR Analysis, A) FTIR Spectrum of AG, B) FTIR Spectrum of
Soya Lecithin, C) FTIR Spectrum of AGP

Differential scanning calorimetry: To further confirm
the interaction between AG and SL, DSC thermograms
were recorded for AG, SL and AGP. The AG thermogram
displayed a melting point at 234.35°C, The SL exhibited
slightly broad endothermic curves at 147.74 and 160.39°C
which can be attributed to the amorphous nature of the
substance [29,30]. The prepared AGP exhibited slightly
broad endothermic curves at 208.83°C and 282.56°C the
shift in the peak position might be taken as an evidence of
hydrogen bonding between the drug and SL components,
which correlates the results obtained from FTIR studies
(Figure 2). These interactions are essential to facilitate drug
loading in phytosome and release once it is administered in
the body.

Figure 2: DSC, a) AD (Green colour), b) AGP (Pink colour), c)
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Phospholipid (Blue colour)

Drug content: The drug content of the prepared various
ratios of Phytosomes 1:0.5, 1:1, 1:1.5 were observed %
drug content 97.6 £ 0.53, 98.6 £ 0.35 and 97.2 £ 0.51
respectively.

Particle size and zeta potential: The mean particle size of
the optimal formulation 1:1 is found to be 227.4 nm. The
zeta potential of the optimal formulation 1:1 was found to
be -33.3 Mv (Figure 3).

Figure 3: A) Particle Size distribution of optimized formulations, B)
Particle size of the optimized formulations, C) Zeta potential graph of the

optimized formulation, D) Zeta potential value of optimized formulation

% Entrapment efficiency: The entrapment efficiency of
the various formulation ratio 1:0.5, 1:1 and 1:1.5 was found
to be as 65% £ 0.55%, 76% + 0.45% and 71% =+ 0.65%
respectively.

Scanning electron microscopy: The SEM reveals vesicular
systems in a circular structure indicating the formation of
Phytosomes (Figure 4).

Figure 4: SEM of AGP
Behavioural parameters

MWM test: The effects of AGP on long-term and spatial
memory were measured using the MWM test (F (4,25=26),
P<0.0001). The swimming time for mice to find the escape

platform decreased in all groups except the scopolamine-
induced mice during the experimental period. SCO-treated
mice exhibited a significantly longer escape latency
time of 22.50 + 2.9 (p<0.001***) than the normal mice.
These results demonstrated that scopolamine triggered
the impairment of long-term and spatial memory. In
comparison, the administration of AGP (50 mg/kg) showed
a shorter 11.17 + 0.48 (p<0.01**) escape latency time
compared with that of the SCO treated mice. In particular
AGP induced similar ELT to those of the everyday and
DON 8.3 £ 0.49 (p<0.01***) groups (Table 1) (Figure 5)
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Figure 5: Effects of AGP on the water escape time of mice with memory
impairment induced by SCO, (A) MWM Escape latency test, (B) CPC
Escape latency from shock. Data are expressed as means = SEM, n=8
in each group. Statistically significance p<0.05%, p<0.01**, p<0.001***,
Comparison with positive (SCO) control mice

Table 1: Effects of AGP on the water escape time of mice with memory
impairment induced by SCO using MWM escape latency test

Mice Group I | Group II G;(I)Ill p G;(‘),up Group V
Ml 4.5 22 9 17 12
M2 5 29 8 18 11
M3 4 31 7 14 11
M4 4 11 7 15 12
M5 4 21 9 18 9
M6 5 21 10 19 12

Mean 4.42 22,5 8.33 16.83 11.17
SD 0.49 7.09 1.21 1.94 1.17

SEM 0.2 2.9 0.49 0.79 0.48

CPC test: The escape latency time/conditional avoidance
of each mouse during learning and its retention was
screened by the CPC test (F (4.35=56.74), P<0.0001).
During acquisition and Oth day, no significant difference in
Escape latency time (ELT) was observed between Positive
control mice and DON treatment groups. However, on
14" day considerable increase in the ELT was seen in the
SCO mice 16.83 £ 1.35 (p<0.001***) as compared to the
normal mice 2.67 £ 0.33 (p<0.001**%*), while treatment
with DON, AGP (50 mg/kg) decreased the ELT 4.50 + 0.22
(p<0.001***), and 6.17 + 0.6 (p<0.001**%*), respectively,
when compared to the SCO treated mice (Table 2) (Figure

5).
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Table 2: Effects of AGP on the water escape time of mice with memory
impairment induced by SCO using CPC test

Mice Group I | Group IT G;(I)Iu P Group IV | Group V
M1 2 23 4 8 8
M2 3 17 5 9 4
M3 2 16 5 10 6
M4 4 14 4 8 7
M5 3 17 5 9 5
M6 2 14 4 12 7

Mean 2.67 16.83 4.5 9.33 6.17
SD 0.82 3.31 0.55 1.51 1.47

SEM 0.33 1.35 0.22 0.61 0.6

Brain hippocampus chemical parameters

Effects of AGP on hippocampus CAT: Effect of AGP on
brain hippocampus Catalase revealed by administration of
SCO exhibited a significantly decreased catalase activity
(2.37£0.27, p<0.001***) when compared with the normal
control mice (9.17 £0.22). Nevertheless, the administration
of AGP 50 mg/kg, and DON significantly increased
the catalase activity to 6.83 £ 0.19 (p<0.01*%*), 7.53 +
0.78 (p<0.01**), 6.29 + 0.37 (p<0.001***) respectively
compared with the positive control mice (F (4,30)=41.4,
p<0.001) (Table 3) (Figure 6).

Table 3: Effect of AGP on CAT activity

. Group Group
Mice Group I | Group II I v Group V
Ml 8.6 2.96 9.4 5.7 6.9
M2 9.8 1.2 5.79 5.8 7.5
M3 9.8 2.96 9.5 6.5 6.6
M4 8.9 2.4 5.8 3.5 6.5
MS 9.2 2.1 8.9 3.9 7.2
M6 8.7 2.6 5.8 42 6.3
Mean 9.17 2.37 7.53 4.93 6.83
SD 0.53 0.66 1.91 1.22 0.45
SEM 0.22 0.27 0.78 0.5 0.19
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Figure 6: Effects of AGP on hippocampus CAT. Data are expressed as

means = SEM, n=8 in each group. Statistically significance p<0.05%,
p<0.01**, p<0.001***. Comparison with positive (SCO) control mice
Effects of AGP on hippocampus GSH: Effect of AGP
on brain hippocampus GSH revealed by administration
of SCO exhibited a significantly (p<0.001***) decreased
brain GSH activity to 0.493 £ 0.01, compared with the
normal control mice (15.98 + 0.54). Nevertheless, the
administration of AGP 50 mg/kg, and DON significantly
increased the GSH levels to 11.3 + 0.40 (p<0.001***),
2.02 £ 0.29 (p<0.001***), 236 + 0.30 (p<0.001***),
respectively compared with the positive control mice (F
(4,30)=86.6, p<0.0001) (Table 4) (Figure 7).

Table 4: Effect of AGP on GSH activity

Mice Group I | Group II G;?Iu P Group IV | Group V
M1 17.5 4.6 14.3 8.9 10.4
M2 154 5.4 12.6 9.1 11.2
M3 13.8 4.6 12.4 9.1 10.4
M4 16.1 5.1 13.2 52 13.1
M5 159 4.8 12.6 6.3 11.5
M6 17.2 5.1 13.2 9.2 11.2
Mean 15.98 4.93 13.05 7.97 11.3
SD 1.33 0.32 0.7 1.75 0.99
SEM 0.54 0.13 0.28 0.72 0.4
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Figure 7: Effects of AGP on hippocampus GSH. Data are expressed as
means + SEM, n=8 in each group. Statistically significance p<0.05%,

p<0.01**, p<0.001***. Comparison with positive (SCO) control mice

Effect of AGP on SOD activity: Effect of AGP on brain
hippocampus SOD revealed by administration of SCO
exhibited a significantly decreased brain SOD activity (2.90
+ 0.4, p<0.001***) compared with the normal control mice
(12.62 £ 0.81). Nevertheless, the administration of AGP 50
mg/kg, and DON significantly increased the SOD activity
to 7.97 £ 0.61 (p<0.001***), 9.71 + 1.12 (p<0.001***),
6.53 + 0.14 (p<0.001***) respectively compared with the
positive control mice (F (4, 30)=26.9, p<0.0001) (Table 5)
(Figure 8).
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Figure 8: Effects of AGP on hippocampus GSH. Data are expressed as
means = SEM, n=8 in each group. Statistically significance p<0.05*,
p<0.01**, p<0.001***. Comparison with positive (SCO) control mice

Table 5: Effect of AGP on SOD activity

Mice Group I | Group I1 G;;);l P Group IV | Group V
Ml 13.5 1.57 14.66 6.5 7.2
M2 12.8 32 6.4 5.14 6.33
M3 14.7 2.54 10.2 6.3 6.5
M4 10.2 42 9.2 6.5 9.8
M5 14.3 3.7 8.5 5.9 8.7
M6 10.2 2.2 9.3 6.5 9.3

Mean 12.62 2.9 9.71 6.14 7.97
SD 1.98 0.98 2.74 0.54 1.49
SEM 0.81 0.4 1.12 0.22 0.61

Effect of AGP on AchE activity: Effect of AGP on brain
hippocampus AchE revealed by administration of SCO
exhibited a significant rise in brain AChE activity (17.83 +
0.67, p<0.001***) when compared with the normal control
mice (0.051 + 0.0098). Nevertheless, the administration
of AGP 50 mg/kg, and DON significantly suppressed the
AChE activity to 11.83 £ 1.74 (p<0.01**) and 7.00 +
0.58 (p<0.01*%*), respectively compared with the positive
control mice (F (5,30)=26.8, p<0.0001) (Table 6) (Figure
9).

Table 6: Effect of AGP on AchE activity

Mice Group I | Group II G;(I);l P Gl;;]up Group V
Ml 2 19 9 13 14
M2 5 16 7 14 19
M3 4 17 8 16 7
M4 6 18 5 9 12
MS 2 18 7 19 10
M6 3 19 6 12 9

Mean 3.67 17.83 7 13.83 11.83
SD 1.63 1.17 1.41 3.43 4.26

SEM 0.67 0.48 0.58 1.4 1.74
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Figure 9: Effects of AGP on hippocampus SOD. Data are expressed as
means = SEM, n=8 in each group. Statistically significance p<0.05%,

p<0.01**, p<0.001***. Comparison with positive (SCO) control mice

Histopathology studies: The control mice revealed no
histopathological alterations, with typical histological
features of the hippocampus CA1 regions showing intact
pyramidal neurons in the brain hippocampus region.
SCO treated mice group CAl region contained dead cells
confirmed by the appearance of dark, skinny, and pyknotic
nuclei. However, AGP 50 mg/kg and standard DON-
treated mice hippocampus CA1 were significantly reduced
dead cells compared to treated mice on SCO treated mice
(Figure 10).

Figure 10: Effect of AGP on CA 1 region, A) Normal control mice
showed pyramidal cell with prominent nucleus and dense arrangement
(Yellow Arrow), B) SCO treated mice hippocampus region showed
loose arrangement with pyramidal cell with chromatid condensation,
Apoptotic cells (Yellow Arrow), C) DON treatment normal pyramidal cell
with prominent nucleus and dense arrangement (Yellow Arrow), D) AG
treated mice hippocampus region showed pyramidal cell with chromatid
condensation (Yellow Arrow), E) AGP treated mice hippocampus region—
normal pyramidal cell with very less chromatid condensation, dense

arrangement (Yellow Arrow)
Discussion

Neurodegenerative disorders, such Alzheimer’s Disease
(AD), lead to impaired behaviour and cognitive function.
These diseases pose significant health challenges and
contribute to increased financial burden in nations with
ageing populations [31]. Polyphenols, which are natural
medicinal substances, have gained recent recognition as
a potential alternative treatment for neurodegenerative
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illnesses [32]. The issue of bioavailability is a significant
hurdle, often limiting the conversion of promising herbs
into clinically effective medications. Phytosomes are an
effective approach to address this limitation. Several studies
have documented the enhanced therapeutic effectiveness
resulting from the encapsulation of herbal medications with
phytosomes [33-35]. Soya Lecithin is a constituent of the
phytosome that has the potential to improve the stability
and chemical connection between AG and phytosome.
Multiple studies have documented that the utilisation of a
phytochemical drug delivery method, such as phytosome,
yields a favourable impact on the bioavailability of drugs,
resulting in enhanced pharmacological activity for illnesses
affecting the pulmonary and central nervous systems [36-
39]. The current work involved the development of AGP
and the evaluation of its protective impact in AD rats,
administered at a dose of 50 mg/kg body weight.

Scopolamine, a widely renowned anticholinergic
medication, is frequently employed as a standard
experimental treatment to deliberately produce cognitive
impairment in live animal models [40,41]. Previous research
has indicated that the administration of scopolamine led
to a decline in cognitive function in the radial maze and
hindered the acquisition process in the Morris water maze
test [42]. This study aimed to validate the attenuating
effects of AGP on scopolamine-induced learning and
memory deficits in mice. To do this, the passive avoidance,
and Morris water maze tests were conducted. Passive
avoidance tests are based on the conflict between fear and
preference for darkness and are performed to evaluate
short-term learning and memory abilities in rats that are
exposed to an unavoidable electric shock when entering a
dark compartment [43].

In this study, the SCO group did not exhibit significant
memory of the electrical shock they had experienced
the previous day, and they were able to climb the pole
practically quickly. Nevertheless, the administration
of AGP significantly delayed the step-through latency.
The administration of AGP successfully mitigated the
decrease in step-through latency caused by scopolamine.
The aforementioned results of the passive avoidance test
demonstrate that AGP effectively prevents long-term
impairments in avoidance memory in mice, in comparison
to AG therapy.

The Morris water maze test is a commonly used technique
for assessing the enduring spatial learning and memory
abilities of animals in a controlled laboratory setting [36].
During the training trials, the time it takes to find the platform
is an indicator of their ability to learn and remember the
location of the hidden platform, which assesses their long-
term spatial learning capacity. Throughout the course of the
study, the time it took for all groups to reach the platform
reduced steadily over a period of 5 days. However, the
SCOP group exhibited a slower rate of learning compared
to the other groups. Following the training session, the
swimming duration inside the designated area where the
platform was situated was recorded in order to assess
the spatial memory capacity of the rats. The SCO group

exhibited irregular and random swimming patterns
throughout the Maze resulting in a significant (p<<0.001)
reduction in the time it took for the rats to cross the target
zone, as compared to the control group. The decrease in
performance of the SCO group indicated significant long-
term cognitive damage in mice caused by SCO. The mice
treated with AGP exhibited precise navigation to the target
quadrant and demonstrated comparable swimming time in
the target zone when compared to the mice treated with
SCO and AG. The findings from the Morris water maze
test indicate that AGP successfully reduces long-term
impairments in spatial learning and memory.

Overall, the treatment of AGP successfully alleviated
learning and memory impairment in mice induced by
SCO. The findings from behavioural assessments, such as
passive avoidance and Morris water maze tests, exhibited a
similarity to previous investigations that have documented
the amelioration of learning and memory deficits induced
by SCO [40,41].

The cholinergic deficit is a major mechanism of Alzheimer’s
disease that is linked to the decline of cognitive skills,
such as memory loss [39]. Cholinergic transmission is
mostly ended by acetylcholinesterase (AChE), an enzyme
responsible for the breakdown of acetylcholine (ACh), a
crucial neurotransmitter, in the cholinergic neurons [44].
Scopolamine has been found to stimulate an elevation
in acetylcholinesterase (AChE) activity [32]. Studies by
Kaur, et al. (2015) and Sharma, et al. (2019) have shown
that AChE inhibitors enhance cognitive function in rats
treated with SCO. The administration of AGP suppressed
the elevation of AChE activity induced by SCO in the
hippocampus collected following the behavioural tests in
this investigation. According to Heo HJ in 2004, there is a
correlation between reduced AChE activity in the brain and
enhanced cognitive function. Therefore, the findings of this
study indicate that AGP has a beneficial impact on learning
and memory function, mostly by suppressing the activity of
AChE in the hippocampus.

Oxidative stress induces injury to brain tissue, hence
exacerbating impairments in learning and memory [38].
Aerobic organisms include a diverse array of internal
antioxidant defence mechanisms, which include both
enzymatic and non-enzymatic antioxidants. These defence
systems serve to safeguard tissues from oxidative harm
[40]. SOD functions as an antioxidant enzyme that controls
oxidative stress by eliminating superoxide radical anions.
The study found that the activity of the antioxidant enzyme
SOD was considerably decreased in the SCO group
compared to the control group that did not receive AGP or
scopolamine treatment.

Nevertheless, the administration of AGP before to the
experiment prevented a reduction in SOD, CAT and GSH
activity in the hippocampus of mice produced by SCO.
Consistent with the findings of this study, earlier research
has shown that cognitive performance can be enhanced by
the neuroprotective effects resulting from the decrease in
oxidative stress through increased SOD, CAT and GSH
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activity activity [43,44]. The study indicated that AGP
had anti-amnesic effects in in vivo behavioural testing.
AGP acts as an exogenous antioxidant, supporting the
antioxidant defence system and preventing oxidative
damage in neurons.

Conclusion

This study aims to improve the antiamnesic efficacy of
Andrographolides by developing a new phytoformulation.
The results demonstrated the greater effectiveness of this
formulation in comparison to AG by lowering both the
oxidative burden and the inhibition of AchE. The precise
mechanism underlying the higher therapeutic effectiveness
of the formulation necessitates an examination of
pharmacokinetic parameters to validate its heightened
absorption and improved bioavailability.
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