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Abstract

Background and Aim: Alzheimer’s disease (AD) poses a significant health-care challenge, often linked to cognitive decline
caused by oxidative stress. This study investigated the potential neuroprotective effects of the Paederia foetida leaf extract
(PFE) in rats that exhibited scopolamine-induced dementia mimicking AD.

Materials and Methods: Forty-two male rats were treated with either donepezil (0.5 mg/kg) or PFE at doses of 250, 500,
and 1000 mg/kg for 14 days before and 14 days after the beginning of Alzheimer’s-like symptoms after 14 consecutive
days of scopolamine administration. Behavioral tests, including the open-field test for locomotor activity and the Morris
water maze task for learning and memory assessment, were conducted. Neuronal cell counts and biochemical assays were
performed to further analyze outcomes.

Results: All groups exhibited normal locomotor activity. The scopolamine group displayed longer escape latency times,
reduced time in the target quadrant, decreased number of surviving neurons, and increased malondialdehyde and decreased
glutathione levels compared with the control group. However, pre-treatment with 1000 mg/kg PFE notably mitigated the
neurotoxic effects of scopolamine.

Conclusion: The neuroprotective properties of PFE are highlighted, suggesting its potential as a promising treatment

strategy for AD.
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Introduction

Alzheimer’s disease (AD) is a progressive neu-
rological condition that primarily affects memory and
cognitive function in older adults. Globally, approx-
imately 50 million individuals suffer from demen-
tia, with AD being the leading cause, accounting for
60%—70% of cases [1]. The hallmark pathology of AD
involves abnormal protein accumulation in the brain,
specifically extracellular amyloid deposition and
intraneuronal neurofibrillary tangles (NFTs) formed
from hyperphosphorylated microtubule-associated
tau protein. These changes contribute to neural cell
death and cognitive decline. Furthermore, oxida-
tive stress and inflammation, identified as primary
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contributors, have been strongly associated with the
pathogenesis of AD, significantly contributing to its
harmful effects [2, 3]. Donepezil, an acetylcholines-
terase inhibitor, is a standard medication for treating
AD symptoms. It boosts brain acetylcholine (ACh)
levels and improves cognitive function in patients
with AD [4]. However, approved pharmacological
treatments for AD, such as rivastigmine (Exelon®,
Novartis, Switzerland)) and galantamine (Reminyl®,
Janssen Pharmaceuticals, Belgium), have limitations,
including short half-lives and severe side effects such
as diarrhea, nausea, vomiting, and hepatotoxicity [5].
Consequently, there is growing interest in alternative
therapies that use safe phytochemicals from medicinal
plants and foods to prevent and treat AD.
Scopolamine is commonly used to mimic AD in
rodents [6—9]. An antagonist of the muscarinic ACh
receptor disrupts learning and memory functions.
Scopolamine competitively binds to ACh receptors
located in the cholinergic regions of the brain [9]. ACh
serves as a pivotal neurotransmitter in the central ner-
vous system and plays a significant role in memory
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formation. The failure of ACh to bind to its receptors
disrupts the signaling cascade essential for memory
formation, leading to significant cognitive function
deficits [10]. Scopolamine has been shown to induce
various detrimental effects associated with neuro-
toxicity, including activation of acetylcholinesterase
activity, increased lipid peroxidation, and suppression
of the antioxidant defense system in the whole brain,
particularly in the cortex and hippocampus, causing
cognitive impairment in rat models [4, 6, 7, 9, 11].
Moreover, scopolamine induces the accumulation of
amyloid precursor protein and tau in the rat cortex [12]
and reduces neuronal density in the hippocampus [13].
These adverse changes are similar to those observed
in AD models. It is also used to develop AD models.
Therefore, choosing scopolamine as an experiment in
this study offers a comprehensive and well-established
model to explore the mechanisms underlying cogni-
tive deficits. Paederia foetida (PF), abundantly found
in North-east India and used in Thai cuisine, has been
studied for its diverse phytochemical compounds such
as iridoid glycoside, sitosterol, alkaloids, and volatile
oils [14—-16]. Numerous studies have highlighted the
properties of PF leaf extract (PFE), reporting the pres-
ence of compounds like Vitamin C and various flavo-
noid phenolics [15, 17-19]. These findings will help
us understand the rich phytochemical composition of
PF leaves and their potential beneficial properties.
Several studies have demonstrated the preventive
effects of PFE on the decrease in reactive oxygen
species (ROS), elevation of glutathione (GSH) levels,
and augmentation of vital antioxidant enzyme activ-
ities, such as superoxide dismutase (SOD), catalase,
glutathione (GSH), and glutathione peroxidase (GPx),
in pathological rat models [14, 20, 21].

Moreover, previous studies have highlighted
the therapeutic potential of PF leaves in various
health aspects, including its hepatoprotective, antidi-
arrheal, anti-inflammatory, antihyperlipidemic, and
anti-hyperglycemic effects [14, 20-23]. Oxidative
stress, which is characterized by high ROS levels
and low antioxidant levels, is a cause of AD [24].
Therefore, the preventive effects of PFE, particularly
its antioxidant activity, might protect neurons in a sco-
polamine-induced rat model.

PFE was used to assess its neuroprotective
effects in a rat model of scopolamine-induced cogni-
tive impairment. The aim of this study was to inves-
tigate whether PFE could mitigate cognitive deficits
caused by scopolamine administration.

Materials and Methods

Ethical approval

The study was approved by the Animal Ethics
Committee of Walailak University (Protocol Number:
WU-ACUC-65026).

Study period and location
This study was conducted from February 2022 to
April 2024, utilizing PF extract for research in Nakhon

Si Thammarat Province, Thailand. The research was
carried out using scientific equipment and instruments
at Walailak University, Thailand.

PF Linn. leaf extraction

PF leaves were obtained from Pak Phanang
District, Nakhon Si Thammarat Province. The plant
species were identified by Dr. Prateep Panyadee
from Queen Sirikit Botanic Garden, The Botanical
Garden Organization, Chiang Mai, Thailand (QBG
No. 133718). PF leaves were collected from February
to May 2022.

PF leaves were separated from other parts of the
plant and gently washed with tap water. After rinsing,
the leaves were dried at 40°C for 72 h in a hot air
oven until fully dried and then ground into a coarse
powder. Fifty grams of the PF powder were treated
with 500 mL of 95% ethanol for 7 days at room tem-
perature (25°C). The powder was separated from the
filtrate using Whatman filter paper (No. 1). The con-
centrated filtrate was obtained using a rotary vacuum
evaporator under reduced pressure at 40°C (Heidolph
Hei-VAP Advantage Rotary Evaporator, Heidolph
Instruments GmbH & Co. KG, Germany). The con-
centrated extract was dried at 40°C in a water bath,
resulting in a crude semisolid residue with a percent-
age yield of 30%. The final yield was stored at 4°C
until further investigation. The crude extract of PF
leaves was used in animal studies by suspending it in
a 0.25% solution of carboxymethyl cellulose (CMC)
in distilled water.

Liquid chromatography-mass spectrometer (LC-MS)
analysis

LC-MS (Agilent Technologies, USA) was
employed to analyze the compound composition
within PFE. Specifically, LC-MS/MS in negative
ion mode was conducted using a TOF/Q-TOF mass
spectrometer (6200 series TOF/6500 series Q-TOF,
Agilent, US). This method enabled the compre-
hensive identification and characterization of com-
pounds present in the extracts. PFE was dissolved in
20 mg/mL of 95% ethanol. The solution was filtered
through a 0.2-mm membrane before injection. A 2-ul
sample was injected into a UHPLC column (Zorbax
Eclipse Plus C18 Rapid Resolution HD, 150 mm
length % 2.1 mm in inner diameter, and particle size
1.8 um (Agilent) at 30°C. The gradient mobile phase
was a mixture of solvent A: water (LC-MS grade)
with 0.1% formic acid and solvent B: acetonitrile
(LC-MS grade) at a flow rate of 0.2 mL/min. The
mass spectra were obtained over the m/z range of
50-1,100 m/z. The reference masses for negative
electrospray ionization were set to 112.9856 and
1033.9881 m/z.

Animals

Male rats were included in this study to avoid
the influence of sex on learning and memory out-
comes [25]. Male Wistar rats with a mean body weight
of 150-180 g were purchased from Nomura Siam
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International, Thailand. They were provided with
commercial food and sterile distilled water and housed
in well-ventilated cages with a regular light/dark cycle
(12/12 h), constant room temperature (23°C £ 2°C),
and relative humidity (50%—-60%). The rats had free
access to a standard diet and water throughout the
experimental period. The animals were acclimatized
for 7 days before starting the experiments. Body
weight was recorded every 3 days throughout the
experiments.

Chemicals

Scopolamine hydrobromide and donepezil
were purchased from Sigma-Aldrich Chemical Co.
(St Louis, MO, USA). Scopolamine and donepezil
were dissolved in sterile water, whereas PFE was dis-
solved in 0.25% CMC and sterile water.

Experimental design

Forty-two healthy male Wistar rats were divided
into six groups, each containing seven animals (n=7),
as follows:

Group 1 (Control) received 0.25% CMC p. o. +
Sterile water i. p.

Group 2 (Scopolamine group) received 0.25%
CMC p. o. + Scopolamine 0.7 mg/kg i. p.

Group 3 (Low dose group) received 250 mg/kg
PFE p. o. + Scopolamine 0.7 mg/kg i. p.

Group 4 (Medium dose group) received
500 mg/kg PFE p. o. + Scopolamine 0.7 mg/kg i. p.

Group 5 (High dose group) received
1,000 mg/kg PFE p. 0. + Scopolamine 0.7 mg/kg i. p.

Group 6 (Donepezil group) received 0.5 mg/kg
donepezil p. 0. + Scopolamine 0.7 mg/kg i. p.

Based on the previous study by Rajashri et al. [8],
a dose of 0.7 mg/kg of scopolamine administered
intraperitoneally (i. p.) is sufficient to induce neuro-
logical impairment, whereas 0.5 mg/kg of donepezil
significantly attenuates the effects of scopolamine. In
addition, a dose of 500 mg/kg PFE exhibits antioxi-
dant activity [14]. Therefore, we selected this dosage
for our study and included two additional dosages; one
lower (250 mg/kg) and one higher (1,000 mg/kg) to
cover a range of potentially protective doses against
scopolamine-induced effects in rats. PFE was adminis-
tered orally to rats in groups 3, 4, and 5. All rats in each
group, except Group 1 (control), were intraperitoneally

injected with scopolamine at a dose of 0.7 mg/kg from
day 15" to day 28" Throughout the experimental
period, rats in all groups were granted free access to a
standard diet and sterile water.

After a 7-day habituation period, the rats were
administered PFE (250, 500, or 1000 mg/kg orally) and
donepezil (0.5 mg/kg, orally) for 28 days. Specifically,
PFEs were pre-treated alone for 14 days and then
co-administered with scopolamine (0.7 mg/kg, i. p.)
for another 14 days. The rats underwent locomo-
tor activity (LMA) testing 2 times, which were on
the 14™ day (before scopolamine induction) and the
27" day (after 12 days of scopolamine injection). In
addition, the Morris water maze (MWM) task was
conducted from the 21% day to the 26" day, spanning
6 days. On the day following the completion of the
second LMA task, rats were sacrificed for biochemi-
cal and histological studies (Figure-1).

Behavioral studies

In this study, two behavioral tests, LMA and
learning and memory performance, were employed
to determine changes in behavioral performance. The
open field test (OFT) was used to investigate changes
in LMA and anxiety before and after scopolamine
administration, whereas the MWM task was per-
formed to investigate cognitive impairment after sco-
polamine administration.

The OFT

LMA was evaluated to rule out the potential
influence of drugs and interventions on locomo-
tor function in scopolamine-treated rats. LMA was
assessed using a black box with dimensions of 40 cm
x40 cm % 35 cm. On the 14™ day and 27" day, each rat
was placed at the center of the open field arena, and its
LMA was recorded for 20 min using ToxTrac software
(https://toxtrac.sourceforge.io, version: 2.96) [7].
Following each session, the box was cleaned with
70% alcohol and allowed to dry before placing the
next rat. ToxTrac software automatically recorded the
total distance traveled (cm), average speed (cm/s), and
number of frozen events [26].

MWM task

The MWM is a well-established task used to
evaluate spatial learning and memory that involves
hippocampus-dependent learning [27]. Rats were

Habituation

PFE at 250/500/1,000 mg/kg bw/Donepezil

PFE/Donepezil + Scopolamine

D
(o) GLLEEELL EEE LT Ll e s s [[alr[s[o[n[x[[s[=[=[x]z]3]

]

[ Brain collection ]

Figure-1: Protocol schedule to determine the neuroprotective effect of Paederia foetida leaf extract against scopolamine-
induced memory and cognitive dysfunction. OFT=0pen-field test, MWM=Morris water maze.
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trained in a circular pool measuring 180 c¢cm in diame-
ter and 60 cm in depth with a hidden platform placed
2 cm below the water level to assess escape latency
time. The pool was divided into four equal quadrants,
with one quadrant used as the starting point for all tri-
als. The pool was kept in a dark room and filled with
water to a depth of 40 cm. From the 215 to the 25" day,
rats were trained to locate the hidden platform, and the
time taken to assess the learning index was recorded.
Rats were allowed to swim for 2 min to find the plat-
form; if they failed, they were guided onto the platform
and allowed to stay there for 20 s. The escape latency
time is the time taken by a rat to locate and escape
onto the hidden platform placed in a specific quadrant
of the water pool after being placed in the water at its
starting location. This measurement is used as an indi-
cator of learning and memory abilities, where shorter
latency times indicate better performance in learning
and memory tasks. On the 26™ day, the platform was
removed, and the rats were allowed to explore the pool
for 90 s. The time each rat spent in the target quad-
rant was recorded, which served as an index of spatial
memory retention [4]. The target quadrant indicates the
area in which the platform was positioned in the initial
learning stage of the MWM test. Extended time spent
in the target quadrant during the probe trial indicates
enhanced spatial memory retention and an improved
ability to remember the location of the platform.

Brain sample collection

On the day following the completion of the 28-day
treatment period, the rats were deeply anesthetized with
3% isoflurane. Subsequently, the brain was removed
from the skull and divided into two hemispheres. The
right hemisphere was fixed in 10% (v/v) formalin to
determine the number of neural cells in the CA1 area of
the hippocampus. The left hemisphere was rinsed with
normal saline, weighed, and subsequently homoge-
nized using 0.1 M phosphate buffer (pH 7.4) in a tissue
homogenizer (IKA® T10 Basic ULTRA-TURRAX®
Homogenizer System, Guangzhou, China). The buf-
fer was added at a 1:10 (w/v) ratio and centrifuged at
9503x g for 10 min in a refrigerated centrifuge (Thermo
Scientific Heraeus® Biofuge® Stratos, USA). The
supernatant was stored at —70°C until malondialdehyde
(MDA) and GSH levels were determined.

Estimation of protein concentrations

The Bradford method was used to estimate the pro-
tein content in brain tissue [8]. A 20-uL aliquot of each
brain homogenate was mixed with 200 uL of Bradford
reagent and incubated at 37°C for 15 min. The absorbance
was measured at 596 nm using a microplate spectropho-
tometer system (EONC, Biotek, South Korea). Bovine
serum albumin was used as the standard concentration in
the range of 0.1-1 mg. The protein concentration in the
brain homogenate was expressed as mg/mL [8].

Estimation of MDA levels
The quantity of MDA, an end-product of
lipid peroxidation known to harm brain tissue, was

determined using the following procedure: 20 uL of
brain homogenate was mixed with 20 uL of 8.1%
(w/v) sodium dodecyl sulfate (SDS), 150 uL of 20%
(v/v) acetic acid (pH adjusted to 3.5), and 150 uL of
0.8% (w/v) TBA in an aqueous solution. The total
volume was adjusted to 400 uL with distilled water
and incubated at 95°C in a water bath for 60 min.
After cooling, 1 mL of distilled water and 5 mL of
an n-butanol/pyridine mixture (in a ratio of 15:1 v/v)
were added to the mixture. The resulting mixture was
centrifuged at 1,517% g for 10 min, and the organic
layer was measured at 532 nm. The MDA concen-
tration was calculated and expressed as umol/mg of
protein [8, 28].

Estimation of reduced glutathione (GSH) levels

GSH, a crucial component of the human anti-
oxidant system, was assessed using a reaction mix-
ture composed of 10 puL of brain homogenate,
220 uL of 0.25 M sodium phosphate buffer (pH 7.4),
and 126 pL of 0.04% 5,5-dithiobis (2-nitrobenzoate).
The total volume was adjusted to 300 uL using dis-
tilled water, and the absorbance was measured at
412 nm. The findings were quantified and expressed
as umol/mg protein [8, 29].

Histopathology of the brain

The right brain samples were immersed in 10%
neutral formaldehyde buffer for 7 days. Subsequently,
the brain samples were rinsed 3 times with PBS
(pH 7.4) and then subjected to tissue processing and
paraffin embedding. Using a microtome, brain sam-
ples were sectioned to obtain 5 um slices. These
sections were stained with hematoxylin and eosin
(H&E) and observed under a bright-field microscope
(Olympus DP27 color camera, Olympus Corporation,
Japan) at 200x magnification. The quantification of
surviving neurons in the CA1 area of the hippocampus
was analyzed independently with a blinded approach
by three researchers and reported as the number of
neurons in 402 mm?.

Statistical analysis

The data are presented as mean + standard error
of the mean. The paired-sample t-test was used to ana-
lyze LMA data. Parameters such as escape latency and
time spent in the target quadrant during the MWM task
and biochemical assays were assessed using one-way
analysis of variance, followed by post hoc tests utiliz-
ing the least significant difference test. Statistical sig-
nificance was considered for p-values less than 0.05.

Results
Characterization of constituents in PFE using liquid
chromatography-mass spectrometer (LC-MS/MS)
PFE was subjected to qualitative analysis using
LC-MS/MS in the negative ionization mode, facili-
tating the identification of multiple bioactive com-
pound constituents (Figure-2). The chromatographic
analysis delineated a distinct peak within the reten-
tion time range of 2-35 min, indicating the elution of
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numerous constituents of PFE. Specifically, the anal-
ysis revealed the presence of notable flavonoid com-
pounds in PFE, including quercetin 3-galactoside and
kaempferol. Furthermore, the examination iden-
tified several phenolic compounds in the extract,
such as quinic acid, chlorogenic acid, hieracian,
5-(3°,5’-Dihydroxyphenyl)-gamma-valerolactone,
and m-salicylic acid (Table-1). These findings under-
score the diverse array of flavonoids and phenolic
compounds present in PFE. Each identified com-
pound has potential implications for the extract’s bio-
logical activity and therapeutic significance.

Effect of PFE on LMA in an OFT

The OFT was used to assess changes in LMA
before and after scopolamine administration to
rule out any drug-induced interference with LMA
and anxiety [7]. The total distance traveled, aver-
age speed, and number of freezing events in the
open field arena were recorded using ToxTrac
software. The results showed no significant differ-
ences in the total distance traveled, average speed
(mm/s), or number of freezing events among the six
groups before and after scopolamine administration
(p > 0.05) (Figure-3). These findings indicated that
scopolamine administration at a dose of 0.7 mg/kg i.
p. for 14 days did not affect LMA or induce anxiety
in the rats used in this study.

Effects of PFE on learning and memory in the MWM
task

The assessment of spatial learning and memory
in rats, which are crucially dependent on hippocam-
pal function, was conducted using an MWM task. The
mean escape latency time (mELT) evaluated across
days 21-25 (training day 1-5), served as an indicator
of learning ability. Initially, no significant differences
in mELT were observed among the six experimen-
tal groups on the first training day of the MWM task
(p > 0.05). However, as training progressed, a slight
decrease in mELT was evident in all groups from the
2" to the 5™ training days. Notably, by the 5" day, the
rats administered scopolamine displayed the longest
mELT in the MWM task. Specifically, on the 5" day,
the scopolamine-treated rats exhibited significantly
longer mELT than the control, donepezil, and all PFE
dose (250, 500, or 1000 mg/kg) groups (p < 0.05), as
shown in Table-2 and Figure-4a. These results suggest
that all PFE doses potentially counteract the adverse
effects of scopolamine.

Following the training phase, a probe trial on
the 6™ day aimed to assess retention memory in the
MWM. Spatial memory retention was quantified by
calculating the mean time spent in the target quadrant.
The results of the probe trial indicated that the mean
times spent in the target quadrant for the control, sco-
polamine, donepezil, and low, medium, and high doses

%105 |-ESI TIC Product lon (= -> =) 012-66_N2003.d
74 16.096
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5.5
s-
4.5 1.699
2] 11501
ol 112
254 — 2.
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0.5 15.056 17.763 20.625 24833 26,661 30,695 24157
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Figure-2: Negative ionization mode chromatogram of Paederia foetida leaf extract by liquid chromatography-mass

spectrometer/MS.

Table-1: Identification of flavonoid and phenolic compounds in Paederia foetida leaf extract by liquid

chromatography-mass spectrometer/MS.

No. RT Mass (g/mol) Formula Identified compounds
Flavonoid compounds
1 2.020 464.0987 C,,H,,0,, Quercetin3-galactoside
2 2.785 286.0482 C,H,,04 Kaempferol
Phenolic compounds
1 1.832 192.064 C,H,,0, Quinic acid
2 1.832 354.096 C,eH,50, Chlorogenic acid
3 2.408 302.043 C,sH,,0, Hieracin
4 2.709 208.073 C,,H,,0, 5-(3’,5’-Dihydroxyphenyl)- gamma-valerolactone
5 2.747 138.031 C,H,O, m-Salicylic acid

RT=Retention time, g=gram
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Figure-3: Locomotor activity in the open-field test. The white and checkered columns represent locomotor activity
before and after scopolamine administration, respectively. Total distance, b: Average speed, c: Frozen event. C: Normal
control; S: Scopolamine group; DS: Donepezil + scopolamine; LS: PFE 250 mg/kg + scopolamine; MS: PFE 500 mg/kg +
scopolamine.; HS: PFE 1000 mg/kg + scopolamine. PFE=Paederia foetida leaf extract.

Table-2: Mean escape latency time (second) in Morris water maze task.

Training day

Group Day 1 Day 2 Day 3 Day 4 Day 5

C 94.86 + 7.43 31.57 £ 8.10 47.29 + 10.95 18.57 £ 4.61 18.86 + 1.49

S 91.76 £ 10.76 42.43 £+ 10.51% 50.43 + 13.89 32.57 £ 9.19% 59.00 + 17.51%*
DS 71.86 £ 9.75 45.29 + 13.33 25.57 £ 4.77% 24.00 £ 5.43# 21.14 £ 2.48*
LS 64.14 £ 9.46 31.00 + 6.313* 23.00 £ 6.83* 14.00 £+ 3.31* 15.86 + 3.16*
MS 56.19 = 6.67 42.86 = 12.99 20.00 £ 7.35* 20.43 + 3.05* 25.57 + 5.49¢#
HS 73.57 £ 7.03 37.14 £ 4.66* 26.57 £ 6.47% 15.29 + 3.48* 20.43 + 2.31#

Significance is indicated by *p < 0.05 versus control group; #*p < 0.05 versus scopolamine group. C=Normal
control; S=Scopolamine group; DS=Donepezil + scopolamine; LS=250 mg/kg PEE + scopolamine; MS=500 mg/kg

PPE + scopolamine.; HS=1000 mg/kg PPE + scopolamine

of PFE groups were 37.57 +£2.08, 27.93 + 3.94, 35.86
+ 3.28,34.07 £ 2.51, 36.07 + 1.43, and 39.43 = 1.64
s, respectively (Figure-4b). Notably, a significantly
lower mean time spent in the target quadrant was
observed in the scopolamine group than in the control
group (p < 0.05). In addition, significant differences
were evident between the scopolamine and donepe-
zil groups and between the low- and high-dose PFE
groups (p < 0.05). Collectively, these findings indicate
the potential of PFE to improve scopolamine-induced
memory impairment in rats.

Effects of PFE on MDA levels

MDA is a by-product of lipid peroxidation, par-
ticularly in the brain, where lipids are a predominant
structural component [30]. Elevated levels of ROS in
the brain lead to increased MDA production due to

enhanced lipid peroxidation. Increased MDA levels
serve as a marker of oxidative stress in brain tissue. In
this study, the assessment of MDA levels revealed a
significant increase in the scopolamine-induced group
compared with the control group (p <0.05). However,
both the PFE- and donepezil-treated groups exhib-
ited noteworthy reductions in MDA levels, demon-
strating a significant decrease relative to the
scopolamine-treated group (p < 0.05), as depicted in
Figure-5. These findings strongly suggest that PFE
may effectively mitigate ROS generation in scopol-
amine-treated rats, as indicated by reduced MDA
levels.

Effects of PFE on reduced Glutathione (GSH) levels
GSH functions as a crucial substrate for GPx
in the reaction that neutralizes hydrogen peroxide,
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Figure-4: Morris water maze task. The graph shows the
mean escape latencies during the acquisition task on
day 1 and day 5 (a). Bar graphs illustrate the mean time
taken to reach the target quadrant during the probe trial
on day 6 (b). * p < 0.05 versus C; # p < 0.05 versus
S. C: Normal control; S: Scopolamine group; DS: Donepezil
+ scopolamine; LS: PFE 250 mg/kg + scopolamine;
MS: PFE 500 mg/kg + scopolamine.; HS: PFE 1000 mg/kg
+ scopolamine. PFE=Paederia foetida leaf extract.
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Figure-5: Effects of Paederia foetida leaf extract on
MDA levels. * p < 0.05 versus C; # p < 0.05 versus
S. C: Normal control; S: Scopolamine group; DS: Donepezil
+ scopolamine; LS: 250 mg/kg PPE + scopolamine;
MS: 500 mg/kg PPE + scopolamine.; HS: 1000 mg/kg PPE
+ scopolamine.

transforming these harmful ROS into water and alle-
viating oxidative stress in cells [31]. Adequate GSH
levels protect the brain from oxidative damage. This
study revealed a significant decrease in GSH levels
in the scopolamine-induced group compared with the

control group. However, both the PFE- and donepez-
il-treated groups exhibited a remarkable elevation in
GSH levels, demonstrating a significant increase com-
pared with the scopolamine-treated group (p < 0.05),
as illustrated in Figure-6. These findings strongly sug-
gest that PFE may effectively counteract ROS gener-
ation in scopolamine-treated rats, as evidenced by the
elevated GSH levels. This action parallels the effects
observed in the donepezil group, implying a potential
anti-oxidative mechanism of PFE in mitigating ROS
production induced by scopolamine.
Effect of PFE on the survival of pyramidal hippocam-
pal neurons

The current study aimed to elucidate the neuro-
protective potential of PFE by assessing the number
of surviving pyramidal neurons in the CA1 region of
the hippocampus. Brain tissue samples were acquired
and subjected to H&E staining. The results revealed
significant differences in the numbers of surviving
neurons among the experimental groups. Notably, the
results exhibited that the number of surviving neurons
was significantly lower in the scopolamine-induced
group (87.99 + 4.13) than in the control group (116.76
+ 6.39), p < 0.05. Conversely, the donepezil-treated
group exhibited a significantly higher number of
surviving neurons (103.57 £+ 3.44) than the scopol-
amine-induced group, p < 0.05. Furthermore, the
group treated with high-dose PFE exhibited a sig-
nificantly higher count compared with the scopol-
amine-induced group, with a significance level of
p < 0.05 (Figures-7 and 8). These findings indicated
that high-dose PFE exerted a protective effect on hip-
pocampal cells in scopolamine-induced rats, suggest-
ing its potential neuroprotective effects.

Discussion

AD is a devastating neurodegenerative disorder
that causes cognitive impairment and memory loss.
The characteristic features of AD include the accu-
mulation of amyloid-beta (AP) plaques and NFTs in
the brain, which are believed to contribute to neuro-
nal dysfunction and damage [32, 33]. Oxidative stress
is a significant factor in the pathophysiology of AD,
instigating an imbalance between free radicals and the
antioxidant system. Oxidative stress has been demon-
strated in rodent AD models and is considered pivotal
to disease development and progression [3, 24, 34].
Cellular structures, cell membranes, proteins, and
nucleic acids are notably susceptible to ROS. The
deterioration of these structures leads to cell death and
impairment of specific cellular functions. The whole
brain, rich in polyunsaturated fatty acids, is a prime
target for ROS-induced lipid peroxidation [30]. This
process triggers neuronal cell death, ultimately con-
tributing to cognitive impairment [35].

Consequently, the brain is susceptible to sco-
polamine-induced lipid peroxidation through free
radical reactions, leading to elevated MDA levels, a
marker of lipid peroxidation [4, 8, 36]. Our findings
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Figure-6: Effects of Paederia foetida leaf extract on
GSH levels. *p < 0.05 versus C; #p < 0.05 versus
S. C: Normal control; S: Scopolamine group; DS: Donepezil
+ scopolamine; LS: 250 mg/kg PPE + scopolamine;
MS: 500 mg/kg PPE + scopolamine.; HS: 1000 mg/kg PPE
+ scopolamine.
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Figure-7: Bar graph to illustrate the number of surviving
pyramidal neurons in the CAl area. *p < 0.05 versus C;
#p < 0.05 versus S. C: Normal control; S: Scopolamine
group; DS: Donepezil + scopolamine; LS: 250 mg/kg PPE
+ scopolamine; MS: 500 mg/kg PPE + scopolamine.; HS:
1000 mg/kg PPE + scopolamine.

are consistent with those of previous studies, demon-
strating an increase in MDA levels in the scopol-
amine-treated group. This consistency further supports
and validates our findings. Although the brain has a
high metabolic rate, its relatively low levels of anti-
oxidants make it susceptible to oxidative stress [37].
Glutathione (GSH), a non-enzymatic antioxidant sys-
tem comprising glutamic acid, cysteine, and glycine,
plays a pivotal role as the first line of defense against
oxidative stress. The role of GSH is to protect cells
against oxidative stress by neutralizing free radicals
directly or indirectly through enzymatic reactions.
GSH activates GPx, converting harmful H,O, into
nontoxic forms, thus mitigating oxidative stress in
the brain [38]. This study revealed that scopolamine
induces an increase in MDA levels and a decrease in
GSH levels in brain tissue, which is concordant with
prior research [4, 8, 36] and supports our findings.
The behavioral and histological assessments
conducted on the scopolamine-treated rats in this
study revealed significant insights. Initially, the

administration of scopolamine did not significantly
affect the LMA of the rats, suggesting no notable
impact on their overall motor function. A previous
study by Jafarian et al. [7] showed that a single dose
of 20 mg/kg scopolamine-induced hyperactivity and
anxiety-like behaviors in rats within 1 h. However, our
study used a lower dose of scopolamine (0.7 mg/kg
daily for 14 days) to gradually induce memory impair-
ment, aiming to mimic AD in aging humans. The lower
dose may explain why LMA remained intact. This
discrepancy may be attributable to the different doses
used by Jafarian et al. [7]. The MWM task, renowned
for evaluating spatial learning and memory in rodents,
particularly involves hippocampal-dependent learning
[39]. The hippocampus plays a critical role in diverse
cognitive functions and is primarily recognized for its
involvement in memory formation and spatial navi-
gation. It is also responsible for the conversion of
short-term memories into long-term memories, which
is an essential process in learning and memory con-
solidation [40]. This brain region consists of several
subfields, such as the dentate gyrus, CA1, CA2, CA3,
and subiculum, each contributing uniquely to memory
processing [41]. The pyramidal neurons in the CA1
region of the hippocampus are notably susceptible to
various adverse conditions such as oxidative stress,
ischemia, hypoxia, inflammation, and excitotoxicity
[42—44]. Scopolamine-induced oxidative stress dam-
ages pyramidal neuronal cells in the hippocampus,
triggering apoptosis, and cell death and resulting in
memory deficit. Evidence suggests that scopolamine
induces neural damage in the hippocampus by decreas-
ing the number of surviving neurons and consequent
impairment of learning and memory processes [8]. In
this study, rats subjected to daily scopolamine admin-
istration for 14 consecutive days displayed remark-
able deficiencies in learning and memory. This was
evidenced by prolonged escape latency during the
acquisition trial, reflecting impaired spatial learning
and reduced time spent in the target quadrant during
memory retrieval assessment in the scopolamine-in-
duced group. These findings are consistent with prior
studies reporting scopolamine-induced cognitive
impairment in various behavioral tasks, including the
elevated plus maze, shuttle box, and novel object rec-
ognition tests [4, 8, 36].

This study delineated the neuroprotective poten-
tial of PFE against scopolamine-induced harmful
effects on rat brains and behavioral performance. Our
findings revealed that the administration of PFE for 14
consecutive days before scopolamine treatment initi-
ated multifaceted protective mechanisms. This inter-
vention prevented the increase in MDA levels, halted
the decrease in GSH levels, preserved pyramidal neu-
rons in the hippocampus, and mitigated the cognitive
deficits induced by scopolamine observed in the MWM
task. These findings suggested that PFE possesses anti-
oxidant activity against excessive ROS production
induced by scopolamine. LC-MS/MS analysis revealed
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Figure-8: Effect of PFE on pyramidal neurons in the hippocampus. (a) Normal control, (b) Scopolamine group, (c)
Donepezil + scopolamine, (d) PFE 250 mg/kg + scopolamine, (e) PFE 500 mg/kg + scopolamine., (f) PFE 1,000 mg/kg +
scopolamine. Survival and dead cells are indicated by arrows and heads, respectively. The images were captured at 200x

magnification. PFE=Paederia foetida leaf extract.

numerous phenolic compounds in PFE, such as chlo-
rogenic acid, hieracin 5-(3',5'-dihydroxyphenyl)-gam-
ma-valerolactone, and salicylic acid. Flavonoid
compounds, including quercetin and kaempferol, were
also identified. Previous studies have reported the neu-
roprotective effects of these individual compounds,
thereby underscoring their neuroprotective efficacy.
Chlorogenic acid, quercetin, and kaempferol are known
for their neuroprotective effects, largely due to their
strong antioxidant properties. Kwon [45] demonstrated
that chlorogenic acid mitigates scopolamine-induced
cognitive impairment in rats, as measured by the MWM
and Y-maze tasks.

In addition, chlorogenic acid reduced MDA lev-
els in the hippocampus and cortex [45]. Quercetin and
kaempferol are also known for their potent anti-oxidant
activity against AD [46]. Pattanashetti et al. [47] pre-
sented evidence supporting quercetin’s ability to
attenuate learning and memory impairment, increase
GSH, decrease MDA, and protect neuron cells in the
hippocampus of scopolamine-induced rats. These
compounds exhibit the potential to improve cog-
nitive impairment and reduce oxidative stress in
diverse animal models. The presence of these com-
pounds in plant foods and our extract (PFE) suggests
potential of dietary interventions to address cogni-
tive decline and neurodegenerative conditions, such

as AD. Furthermore, studies have identified various
active compounds in PFE, such as iridoid glycosides
(asperuloside, scandoside, and paederoside), volatile
oils (linalool, geraniol, and c-terpineal), triterpenoid
(ursolic acid and oleanolic acid), P-sitosterol, ara-
chidic acid, flavonoids, and substantial proportions
of mineral elements, which are implicated in diverse
bioactivities [15].

In our study, PFE administered at a dose of
1000 mg/kg demonstrated significant neuroprotective
effects in scopolamine-induced rats. The treatment
effectively prevented lipid peroxidation, preserved
antioxidant activity, and protected pyramidal neurons
in the hippocampus, resulting in improved learning
and memory. These findings suggest that PFE, with its
potent antioxidant properties derived from a diverse
range of phenolic and flavonoid compounds, may
offer therapeutic potential for counteracting oxidative
stress-related damage in neurological conditions.

Conclusion

The results highlight the potential neuropro-
tective effect of PFE against scopolamine-induced
cognitive impairment. PFE, especially at a dose of
1000 mg/kg, exhibited significant antioxidant prop-
erties, preventing lipid peroxidation, preserving anti-
oxidant activity, and safeguarding pyramidal neurons
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in the hippocampus, ultimately ameliorating learning
and memory deficits. The collective antioxidant activ-
ity of PFE, attributed to its diverse array of phenolic
and flavonoid compounds, holds promise for counter-
acting oxidative stress-related damage in neurological
conditions. Although these findings underscore the
therapeutic potential of PFE in addressing memory
disorders, further investigations are warranted to elu-
cidate its underlying mechanisms and validate its clin-
ical applicability.
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