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Abstract

Objective: The purpose of this investigation was to assess the
influence of Viola odoratas hydroalcoholic extract on cognitive
performance alongside changes in antioxidant activity and
inflammation in rats experiencing unavoidable stressors.

Materials and methods: Forty male Wistar rats were divided into
five groups: control, stress, stress+V. odorata extract, normal saline,
and V. odorata. The stress and stress+V. odorata groups underwent
four hours of daily restraint stress for 21 days. The extract-treated
groups received V. odorata via gavage 30 min before stress. Barnes
maze, elevated plus maze (EPM), hematoxylin-eosin staining, and
ELISA kit were employed to evaluate memory, anxiety-like
behaviors, neuronal density, and inflammatory and antioxidant
factors evaluation, respectively

Results: Administration of V. odorata extract to stressed rats
significantly improved memory and recall performance (evidenced
by reduced distance traveled and fewer errors in the Barnes maze
test) and decreased anxiety-like behaviors (in the EPM test)
compared to the stress animal. Furthermore, chronic stress caused
significant increases in oxidative markers (Malondialdehyde;
MDA), pro-inflammatory cytokines (Tumor Necrosis Factor-alpha;
TNF-o and Interleukin-1f ), and decreased antioxidant enzyme
(Gamma-glutamyl transferase; GGT) levels in rats compared to the
control. Notably, the V. odorata treatment showed neuroprotective
effects against stress-induced damage by enhancing antioxidant
activity and increasing neuronal density in brain regions including
the amygdala, hippocampus, and prefrontal cortex compared to the
stressed animal .

Conclusion: Evidence from this study suggests that V. odorata may
help mitigate the negative effects of stress on cognitive
performance, anxiety-like behaviors, and neuronal damage. The
antioxidant and anti-inflammatory characteristics of the extract
probably mediate these protective effects.
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Introduction

Stress is a natural and complex response
that the body shows to any type of threat or
pressure. This pressure can be physical such
as illness or injury, or psychological such as
relationship problems, work pressures, or
financial concerns (James et al. 2023). In
reaction to stress, our bodies generate
hormones including cortisol and adrenaline
that raise the heart rate, intensify blood
pressure, and enhance energy. These
responses help the person cope with the
stressful situation (Deussing and Chen
2018; Tsai et al. 2024). However, if stress
continues chronically and for a long time,
this can result in harmful repercussions for
one's physical condition and emotional
state, leading to problems such as heart
disease, digestive disorders, depression and
anxiety (Ghasemi et al. 2024; Yang et al.
2025).

The presence of stress may hamper
cognitive functions related to acquiring
knowledge and recall. Under stress
condition, stress hormones such as cortisol
are released in the brain. These hormones
can disrupt the function of the
hippocampus, a region of the brain that
plays a vital role in memory and learning
(Khazani et al. 2024; Kim and kim 2023).
Chronic and long-term stress can lead to a
reduction in hippocampal volume which
results in decreased ability to learn and
remember information (Barzi 2025;
Hrtanek et al. 2021).

Stress, whether acute or chronic, has
significant effects on oxidative changes in
the brain. The increased levels of free
radicals resulting from stress, following the
induction of the sympathetic nervous
system and secretion of hormones such as
cortisol, lead to increased oxidative stress.
This increase, as an intervening factor, can
cause extensive structural and functional
damage to brain tissue, particularly in
sensitive regions like the prefrontal cortex
hippocampus and amygdala (Herbet et al.
2017; Lv et al. 2019).

Stress also affects neuronal morphology
in the brain. In the hippocampus which

plays a key role in learning and memory,
chronic stress can lead to reduced
hippocampal cell volume, decreased
dendritic branching, and reduced neural
synapses. In the amygdala which is the
center for processing emotions, particularly
fear and anxiety, stress can lead to increased
amygdala cell volume and increased
synaptic activity. This increased activity
can result in anxiety disorders and
exaggerated stress responses. Serving as a
pivotal area for emotional regulation,
decision-making, and overcoming
obstacles, the prefrontal cortex plays an
indispensable role in our mental functions,
chronic stress can lead to reduced prefrontal
cortex volume, decreased dendritic growth,
and changes in synaptic connections
(Dalooei et al. 2016; McEwen et al. 2016;
McManus et al. 2024).

Plants with medicinal properties are
harnessed for their therapeutic uses. The
use of medicinal plants has a long history
and is employed as a natural treatment
method in many cultures. The violet flower,
known as Viola odorata, is a species from
the Violaceae family that is mostly found in
temperate regions of the world. This flower
has a short stem and its color is violet or a
combination of yellow and violet. This
plant has therapeutic and medicinal
properties, and in the past, it was commonly
used to make violet crystals (Feyzabadi et
al. 2017). Research revealed that plant
extracts containing active compounds can
have positive effects on cognitive function
by enhancing brain health and preventing
oxidative damage caused by stress and
harmful factors. In this regard, research by
Tayarani-Najaran et al. (2019) on the
properties of violet flowers reported that
this plant reduces free radicals, thereby
decreasing oxidative stress and its
consequences. Moghimi Golmakani et al.
(2022) also investigated violet flower
properties and reported that violet extract
and essential oil have protective, anxiolytic,
antioxidant, and anti-inflammatory
properties. Although V. odorata is believed
to have a protective impact on brain
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neurons linked to anxiety symptoms,
cognitive ability, and oxidative processes,
its effect on neuron structure in specific
brain regions under prolonged immobility
stress remains unexamined. Therefore, the
aim of this study was to investigate the
protective effects of V. odorata extract on
brain structure, anxiety-related behaviors,
cognitive abilities, and oxidative potential
under conditions of chronic restraint stress.

Materials and Methods
Animal and experimental groups

The present investigation involved
acquiring 40 adult male Wistar rats, ranging
in weight from 220 to 250 g, from
Bagiyatallah ~ University of Medical
Sciences, Tehran, Iran animal breeding
center. Once relocated to the animal
facility, the rats were grouped in sets of four
within clear plastic enclosures sized
15x30x45 cm, and kept under typical lab
settings that provided fresh food and water,
with 12-hr cycle of light and darkness, and
a temperature range of 22-24°C. In order to
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Chronic restraint stress + Vio/a odorata hydroalcoholic extract:

help the animals adjust to the new
laboratory setting, they were moved to the
facility a week prior to the commencement
of experiments. In this research, animals
were randomly divided into the following
groups (n=8): 1) The control animals: with
no exposure to stress, medication, or saline
solutions. 2) Stress animals: Exposed to
stress (placed in restrainer for 2 hours daily)
for 21 days. 3) Stress + Viola odorata
animals: For 21 days, received Viola
odorata extract (150 mg/kg) (Alipanah et
al. 2018) via gavage 30 min before stress.
4) Viola odorata extract group: For 21
days, received only violet extract (150
mg/kg) via gavage. 5) Group receiving
normal saline: For duration of 21 days, they
were treated exclusively with normal saline
that acted as the solvent for V. odorata
extract. The Ethics Committee of the
Bagiyatallah ~ University of Medical
Sciences located in Tehran, Iran authorized
the procedures involving experimentation
(Protocol approval number:
IR.BMSU.AEC.1403.023).  Figure 1
displays the timeline for the experiment.

Barnes Maze test

=

Elevated plus maze test
Hematoxylin-eosin (H&E) staining
Biochemical measurements (ELISA Kkits )

Figure 1. Timeline for the experiment

Extracting hydroalcoholic compounds
from the plant V. odorata

One kilogram of dehydrated violet
foliage was sourced, after which the leaves
were ground into a powder and soaked in a
mixture of 96% ethanol and distilled water
at a 30:70 ratio for a duration of 72 hr.
During this period, the mixture was stirred
many times. After three days, the liquid was
clarified by passing it through a Buchner
funnel paired with a vacuum pump. The
extracted solution was placed into petri
dishes and stored under a laboratory hood

for five days to allow the alcohol to
evaporate. Finally, the required quantity of
extract was mixed into normal saline.

Induction of immobilization stress
Immobilization stress was induced
using a restrainer device (Meftahi and
Aboutaleb 2023). This device consisted of
a plastic tube (cylindrical in shape) with one
end partially closed, allowing animals to
place their snouts in the semi-open section
to breathe, while completely restricting any
movement including backward motion or
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rotation. The opposite side of the tube had
been entirely sealed off with a plug. For 21
consecutive days, the animals were
confined in a restraining apparatus for 4 hr
each day. While undergoing induction, the
animals had their movements confined, as
well as being blocked from eating and
drinking;  however, their breathing
remained unaffected. Following their daily
restraint, the animals were returned to their
enclosures.

Barnes Maze test

A technique known as the Barnes maze
is utilized to evaluate spatial memory in
both mice and rats. The maze consists of a
circular platform made of milky-white
plexiglass with a diameter of 92 cm.
Surrounding the maze are twelve openings,
each with an eight cm diameter, situated 2
cm away from the boundary. The distance
between holes is 5 cm. Under one of these
holes (target chamber), there is a dark
plexiglass chamber measuring 20x20 cm.
Perched at a height of 100 cm, the maze is
equipped with a low-consumption lamp of
500 watts positioned directly above it,
while a camera diligently monitors all rat
activities within this setup. For four
consecutive days, we utilized the Barnes
maze apparatus, spending the initial three
on familiarization and training, followed by
a memory assessment on the final day. On
the opening day, animals had 240 sec of
unrestricted movement within the Barnes
maze, allowing them to explore and make
their way into the box. In cases where the
rats failed to locate the box independently,
they were directed into it, after which the
light was switched off and the lid was shut,
leaving them inside for 60 sec before
returning them to their cage. The
procedures took place over a span of three
days, conducted four times daily; however,
on day four—dedicated to memory
testing—each rat underwent the test just
once. Following each trial of the
experiment, the maze was sanitized with
70% alcohol to eliminate any lingering
olfactory signals from the surface. Prior to

each experiment, the target chamber
underwent cleaning with alcohol. The
analysis conducted through this method
looked into several aspects, including error
hole counts, traveled distance by the
animal, and time spent reaching the target
hole.

Elevated plus maze (EPM) test

Used frequently to assess anxiety-like
behaviors in rats, the elevated plus maze
(EPM) consists of a plus-shaped layout
comprising two open arms (0.5x5%25 c¢m)
and two closed arms (16x5x%25 cm) situated
across from one another, elevated to a
height of 50 cm above the floor. To enhance
safety and reduce the risk of falling, 1 cm
high barriers are placed on the sides and
ends of the open arms, converging at a
central zone sized 5x5 cm. During testing,
each animal was putted in the central area
facing an open arm, and its behavior was
recorded for 5 minutes using an overhead
camera to enable detailed analysis of all
behavioral aspects, with the entire maze
surface cleaned with 20% alcohol after each
trial to eliminate residual olfactory cues.
The evaluated parameters included: time
spent in central area, number of entries into
open arms, number of entries into closed
arms, freezing  duration  (complete
immobility), head dipping frequency,
grooming duration, rearing duration
(standing on hind legs), time spent in open
arms, and time spent in closed arms.

Hematoxylin-eosin (H&E) staining
Following the execution of the Barnes
maze and EPM assessments, the rats were
anesthetized using ketamine (100 mg/kg) in
combination with xylazine (10 mg/kg). We
then performed ventricular cavity opening
and cardiac blood collection, transferring
each rat's blood into plain tubes without
anticoagulant.  Following decapitation,
brain tissue was surgically extracted and
fixed for histopathological examination.
The tissue processes included dehydration
through graded alcohols, clearing, and
paraffin embedding. Using a microtome
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(Cambridge Medical Instruments, UK), we
prepared five micrometer thick sections that
were mounted on slides and stained with
hematoxylin-eosin  (H&E) using a
standardized protocol: initial hydration (1
min each in 100 and 70% alcohol), distilled
water rinse, hematoxylin staining (15 min),
running  water  rinse,  acid-alcohol
differentiation (15 min), two water rinses,
eosin staining (2 min), and final
dehydration (1 min each in 70, 95, and
100% alcohol). This comprehensive
protocol enabled detailed histological
evaluation of brain tissue morphology and
inflammatory markers.

Mounting

The mounting was accomplished with
the use of Canada balsam and DPX
(distyrene, a plasticizer, and xylene)
adhesives. The method required adding a
droplet of glue onto the tissue sample
affixed to the slide, gently applying the
coverslip to eliminate any air pockets, and
permitting it to air dry at ambient
temperature.

Examination

After preparing the pathology slides,
examination was performed. Cells in three
regions (prefrontal cortex, amygdala, and
hippocampus) were counted within a 10x10
microscopic field. Samples were examined
under a light microscope at 400x%
magnification, with eight
photomicrographs taken per sample. Three
micrographs with at least 40 um spacing
were randomly selected for cell counting
using Imaging-Pro-Plus software, and the
averages were calculated.

Blood processing
Plain tubes containing samples were left
to clot before being centrifuged to extract

serum, which was then preserved at -70°C
until analysis.

Inflammatory and antioxidant factors
evaluation

Quantification of Tumor Necrosis
Factor-alpha (TNF-a) and Interleukin-1
(IL-1) was conducted using ELISA Kits
sourced from Karmania Pars Gene,
Kerman, IRAN (IL-1 catalog number
CN:KPG-RIL1; TNF-a catalog number
CN:KPG-RTNF- ). Utilizing ELISA Kits
manufactured by Naxifer Navand Salamat
Co. of Iran, we precisely measured the
concentrations of Malondialdehyde (MDA)
and Gamma-glutamyl transferase (GGT)
according to the kit’s guidelines.

Statistical analysis

Data evaluation was executed using
version 27 of SPSS. To determine whether
the data distribution was normal, the one-
sample Kolmogorov Smirnov test was
applied. The analysis employed one-way
ANOVA for data evaluation, and to assess
mean differences among groups, Tukey’s
test was applied with a significance level set
at p<0.05.

Results
Spatial learning and memory

The impact of hydroalcoholic extract
from V. odorata on spatial memory and
learning was explored in this study utilizing
the Barnes maze. On the first day of testing,
stress levels (223.413 + 21.573 Sec)
resulted in a noteworthy delay in reaching
the target hole (p<0.001) (Table 1). On both
the first and second days (Table 2), the
stress group covered a greater distance (cm)
to reach the target hole (p<0.01). The group
receiving V. odorata extract with stress
showed increased distance on the fourth
day (p<0.01). The stress animal made more
errors (number) on the first, second, and
third days, while the V. odorata extract +
stress group showed this only on the second
day (p<0.01). No significant differences
were found between groups in time to reach

Epub ahead of print 5



Sadeghi et al.

the target hole on the third or fourth days
(Table 3, 4). The stress + Viola odorata
group (50.625 + 12.188) traveled farther
than the control (36.625 = 4.438 Cm) and
normal saline (35.625 £ 4.926 Cm) groups.
The group experiencing stress committed a
higher number of errors compared to both

the control and normal saline groups, with
no notable distinctions observed among the
stress, Viola odorata, and combined stress
+ Viola odorata groups. There were no
significant differences in errors in the stress
+ Viola odorata group relative to the other
groups.

Table 1. Barnes maze performance on day 1

Treatments Time to reach the Number of Error  Distance traveled to
target hole (Sec) (Number) reach the target hole (cm)

Control 37.00 £+ 12.535% 2.375+0.916° 49.875 + 11.993%

Normal saline 43.25 £ 14.429% 2.125 + 0.640° 50.750 + 14.159%

Stress 223.625 +21.573¢ 4,75 +1.982° 115.375 +10.112°
Firstday  Stress+ Violet 87.00 + 43967° 3.00 + 1.309* 88.50 + 48.876°

Violet 118.25 + 7.629¢ 3.00 £ 0.755° 96.00 + 20.225°

p-value p<0.001 0.001 p<0.001

DF (Between Groups) 4 4 4

DF (Within Groups) 35 35 35

F 81.350 5.635 10.301

a¢ ***n<(,001, “*p<0.05 vs control

Table 2. Barnes maze performance on day 2

Treatments Time to reachthe  Number of Error Distance traveled to
target hole (Sec) (Number) reach the target hole (cm)

Control 59.75 + 53.253% 1.125 + 0.640% 42.875 +8.374%

Normal saline 61.75 +53.9172 1.25 + 0.886° 44.250 +9.5282

Stress 144.50 + 51.389° 3.50 + 1.603° 104.125 + 23.086°
Second day Stress+ Violet 60.50 + 28.948° 2.50 +0.534° 84.00 + 24.295°

Violet 48.00 + 24.8942 1.50 £ 0.755° 56.625 + 31.190%

P-value P<0.001 P<0.001 P<0.001

DF (Between Groups) 4 4 4

DF (Within Groups) 35 35 35

F 6.277 8.811 12.727

a-c ***p<0.001, *p<0.05 vs control group

Table 3. Barnes maze performance on day 3

Treatments Time to reachthe  Number of Distance traveled to
target hole (Sec) Error (Number) reach the target hole (cm)

Control 51.125 + 32.202 1.125 + 0.640% 53.125 £ 23.745

Normal saline 50.00 + 35.351 1.125 + 0.640% 53.75 + 29.020

Stress 47.125+9.128 2.250 + 0.886° 58.25 + 11.297
Third day Stress+ Violet 58.00 + 48.314 1.375+0.916% 71.00 + 33.683

Violet 51.75 £ 22.933 0.875 + 0.640° 48.25 £9.617

P-value 0.974 0.009 0.379

DF (Between Groups) 4 4 4

DF (Within Groups) 35 35 35

F 0.122 3.981 1.085

b Different superscripts indicate significant differences (p<0.05). Values are mean+SEM.

Table 4. Barnes maze performance on day 4

Treatments Time to reach the Number of Error Distance traveled to reach
target hole (Sec) (Number) the target hole (cm)

Control 27.000 £9.739 0.375+0.512% 36.625 + 4.438%

Normal saline 27.750 £ 10.552 0.375+0.517° 35.625 + 4.9262

Stress 40.750 + 17.094 1.375+1.187° 45,00 + 11.649%
Fourthday  Stress+ Violet 40.375 + 17.848 1.25 +1.035%® 50.625 + 12.188°

Violet 32.875 + 17.569 0.75 + 0.886% 42.50 + 8.864%®

P-value 0.208 0.043 0.012

DF (Between Groups) 4 4 4

DF (Within Groups) 35 35 35

F 1.557 2.350 3.765

Different superscripts indicate significant differences (p<0.05). Values are mean+SEM.

Epub ahead of print



Viola odorata improved cognitive damage induced by stress

Effects of immobilization stress on
anxiety-like behaviors in EPM test

Freezing behavior analysis revealed
significantly reduced freezing in Viola
odorata + stress (2.25+1.035 N) and Viola
odorata (2.38+0.518 N) groups compared
to control (1.25+0.707 number) and normal
saline (1.13+0.835) groups (p<0.01). No
significant freezing differences were
observed between stress (1.00+£0.765 N)
and other groups. Both Viola odorata
groups showed significantly (p<0.001)
more open arm entries than controls, with
no differences in closed arm entries (Table
5, 6).

Viola odorata extract groups spent
significantly more time in maze center than
control group. The Viola odorata + stress
group exhibited significantly higher rearing
(number) than all groups, while stress
animals revealed lower rearing than Viola
odorata + stress. Grooming was
significantly higher in Viola odorata +
stress versus Viola odorata-only and

A
*
x

MDA (pg/ml)

normal saline groups (p<0.01), with no
head dipping differences. The Viola
odorata group spent more time in open
arms than all groups except Viola odorata
+ stress, and less time in closed arms than
other groups.

Impacts of violet flower extract on
oxidative stress and inflammatory
markers in stressed rats

The stress group showed significantly
elevated malondialdehyde (MDA) levels
(3.8£0.9 pg/ml) compared to control
(1.2+0.3 pg/ml) and other experimental
groups, indicating increased lipid
peroxidation (Figure 2a). Gamma-glutamyl
transferase (GGT) activity  was
significantly reduced in the stress group
(22.4+£3.1 pl) compared to the control
(45.6+5.2 ul). The Viola odorata + stress
group showed partial restoration of GGT
activity (32.7+4.3 ul, p<0.01 vs control)
(Figure 2b).

b -

GGT (microliter)

Figure 2. a) Malondialdehyde (MDA) and b) Gamma-glutamyl transferase (GGT) levels assessment in
different groups using ELISA kits. "p<0.01 as relative to the control group, #p<0.01 as relative to the

saline group, %p<0.01 as relative to the stress group.

Table 5. Analysis of freezing behavior, open arm entries, closed arm entries, and time spent in center

across experimental groups in EPM

Treatments Freezing (Sec) The number of entriesinto  The number of entriesinto  Time spentin
the open arm (Number) the closed arm (Number) central (Sec)

Control 99.38 + 74.146° 1.25+0.707% 2.13+1.126 8.38 + 8.331%

Normal saline 81.37 +31.341° 1.13+0.835° 2.50 +1.309 12.25 +7.126°

Stress 60.38 £25.207®  1.00 + 0.765% 3.00 +0.765 14.25 + 7.305°

Stress+ Violet 27.75+£21.9722 2.25+1.035° 2.88 +1.246 40.25 + 18.235°

Violet 30.50 + 29.838° 2.38+0.518° 3.13+1.126 52.00 + 21.961°

P-value 0.004 0.001 0.396 P<0.001

DF (Between Groups) 4 4 4 4

DF (Within Groups) 35 35 35 35

F 4.621 5.572 1.049 15.331
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*p<0.05, **p<0.01 vs control group

Table 6. Analysis of head dipping, grooming, rearing, and time spent in open/closed arms across experimental

groups in EPM

Treatments Head dipping Grooming Rearing Time spentinopen  Time spentin
(Number) (Number) (Number) arm (Sec) closed arm (Sec)

Control 2.63+2.134 30.38 + 17.679® 10.75 + 3.240° 29.88 + 29.6242 261.50 + 33.581°

Normal saline 2.63 + 3.068 27.00 + 17.909° 12.88 + 3.643° 24.63 +29.135° 263.13 + 30.540°

Stress 2.63 + 1.506 32.63 + 9.546™ 18.13 £ 2.375% 20.13 + 13.9942 265.00 + 15.703°

Stress+ Violet 3.75+1.488 48.63 + 27.547° 39.63 £ 12.817° 31.75 + 23.909% 228.00 + 33.076°

Violet 3.75+1.488 21.38 +8.847° 21.00 + 8.536° 60.38 + 39.594° 187.63 £61.013*

P-value 0.574 0.039 P<0.001 0.064 0.001

DF (Between 4 4 4 4

Groups)

DF (Within Groups) 35 35 35 35

F 0.735 2.830 19.698 2.452 6.322

**p<0.01 vs control group
In  the stress group, TNF-a (8.3+1.5 micromol/L). Treatment with V.

concentrations were significantly elevated
(p<0.001) at 38.6+6.5 pg/ml, in contrast to
the control group, which measured
12.5+2.1 pg/ml. Viola odorata extract
treatment significantly attenuated this
increase (19.2+3.4 pg/ml, p<0.01) relative
to the stress group (Figure 3a). Similarly,
IL-1 concentrations were markedly
(p<0.001) higher in the stress group
(25.4+4.2 micromol/L) than control

a 200
*#
2150 i
&
cls100
3
Z
= 50
Y &
Q o ol N &
& W & & &
s & & @ 8
» »
\\0 00
‘bob
Lo
&

odorata extract before stress reducing I1L-1
levels than the stress group (14.6+£2.8
micromol/L, p<0.01) (Figure 3b). There
were no notable variations in any markers
across the control group, normal saline
group, and Viola odorata extract-only
group (p>0.05). Every value is expressed as
mean+SEM, with statistical analysis carried
out via one-way ANOVA and subsequent
Tukey’s post-hoc test.

0.15

(=

0.10

0.05

IL-1 (micromol/L)

0.00

Figure 3. a) Tumor necrosis factor-alpha (TNF-a) and b) Interleukin-1 (IL-1) levels assessment in
different groups using ELISA kits. “p<0.01 as relative to the control group, #p<0.01 as relative to the

saline group, #p<0.01 as relative to the stress group.

Viola odorata extract reduced stress-
induced neuronal damage in the brain

The findings indicated that the group
experiencing stress exhibited a markedly
reduced neuronal density in the amygdala
relative to the control group. The group
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receiving V. odorata extract alongside
stress demonstrated a substantially greater
neuronal density than the stress-only group
(p<0.001), while showing no significant
variances from the control and normal
saline groups (Figure 4). In the dentate
gyrus area of the hippocampus, the stress
group showed a 25-32% reduction in viable
pyramidal neurons compared to the control
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Figure 4. A) A graph to show the comparison in the umbe

animals (p<0.001). Viola odorata extract
treatment provided 68-75% protection
against this neuronal loss in the
hippocampus (Figure 5). The prefrontal
cortex exhibited a 20-28% neuronal loss in
the stress group (p<0.001), with V. odorata
extract administration reducing this damage
by 60-70% (Figure 6).

A 8

A 4
r of cell in the amygdala area between

experimental groups. " in comparison with the control group, * in comparison with the saline group, &
in comparison with the stress group. B) Examples of the H&E stained neurons in the amygdala region
s in experimental groups (H&E, 400x%). a) Control: b) Normal saline: Healthy neurons (black arrows),
glial cells (white arrows), c) Stress: Neuronal loss and tissue necrosis, d) Violet extract: Glial cells
(white arrows), healthy neurons (black arrows), e) Violet extract+Stress: Healthy neurons (black

arrows), glial cells (white arrows). 100pum

»

I

Number of Cells in the dentate gyrus
region of the hippocampus
38

Figure 5. A) A graph to show the comparison in the number of cell in the dentate gyrus region of the
hippocampal between experimental groups. ™ in comparison with the control group, *in comparison with
the saline group, & in comparison with the stress group. B) Examples of the H&E stained neurons in the
amygdala region s in experimental groups (H&E, 400x). a) Control: Neurons with distinct nuclei (white
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arrows), glial cells (black arrows), b) Normal saline: Healthy neurons (black arrows), glial cells (white
arrows), c) Stress: Neuronal loss and tissue necrosis, d) Violet extract: Glial cells (white arrows), healthy
neurons (black arrows), e) Violet extract+Stress: Healthy neurons (black arrows), glial cells (white

arrows), vascular dilation (red arrows).
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Figure 6. A) A graph to show the comparison in the number of cell in the prefrontal cortex between
experimental groups. * in comparison with the control group, #in comparison with the saline group, & in
comparison with the stress group. B) Examples of the H&E stained neurons in the prefrontal cortex region
s in experimental groups (H&E, 400x). a) Control: Healthy neurons (black arrows), b) Normal saline:
Healthy neurons (black arrows), ¢) Stress: Neuronal loss and tissue necrosis, d) Violet extract: healthy
neurons (black arrows), e) Violet extract+Stress: Healthy neurons (black arrows), glial cells (white

arrows).

Discussion

This investigation was carried out to
investigate the therapeutic potential of the
medicinal plantV. odorata which has
garnered attention due to its bioactive
compounds. Thus, the purpose of this study
was to assess the impacts of the extract
derived from this plant on improving
impaired cognitive functions and reducing
inflammation and oxidative stress, as the
primary mechanisms involved in chronic
stress-induced damage. The obtained
results demonstrated thatV. odorata,
through its antioxidant properties, exerts
protective effects against various stress-
induced complications.

The data from this study suggests that
administering V. odorata extract orally or
by gavage significantly boosts rats
performance on memory and recall
assessments conducted in the Barnes maze.

These findings include improvements in the
parameters of distance achievement and
total errors recorded (incorrect hole
entries). It is noteworthy that the reduction
in distance traveled by the rat's means they
needed less searching and random
movement in the Barnes maze. As a result,
this strength indicates improvement in the
animals ability to identify the correct path
and perform spatial memory-related tasks.
In other words, animals that consumed
violet flower extract were likely able to
identify the accurate path faster and more
precisely. The decrease in number of errors
(incorrect hole entries) indicates increased
accuracy in memory recall, meaning the
they could well distinguish between the
correct and ineffective locations. Increased
accuracy in identifying the correct hole in
the maze can be considered as an indicator
of improvement in spatial learning and
memory performance. This improvement
may be attributed to changes in memory-
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related brain structures such as the
hippocampus, which this brain segment
contributes significantly to the processes of
learning and spatial memory. The positive
effect of V. odorata extract on memory
improvement might be related to its ability
to reduce inflammation and provide
antioxidant support (Tayarani-Najaran et al.
2019). Findings suggest that extracts from
plants, which include specific active
ingredients, can  enhance  mental
performance. These compounds might
bolster brain wellness and protect against
oxidative injury induced by stress and other
negative elements (Moghimi Gholmakani
et al. 2022). Tayarani-Najaran et al. (2019),
in an investigation examining the properties
of V. odorata, reported that this plant
reduces free radicals, thereby decreasing
oxidative stress and its subsequent adverse
effects, this aligns with the findings of the
current research. In another investigation,
Moghimi Gholmakani et al. (2022) studied
V. odorata properties and found that V.
odorata extract and essential oil possess
anti-anxiety, antioxidant, anti-
inflammatory, and antimicrobial properties.
Additionally, ~ some  studies  have
demonstrated that wusing V. odorata
contributes to decreases stress levels, better
sleep, alleviates discomfort, and boosts
mental tranquility. These results align with
the findings of the current study, which can
be attributed to the antioxidant and anti-
inflammatory components present in the
violet plant.

As demonstrated in our study, the EPM
test serves as a tool for evaluating anxiety
behaviors, V. odorata-treated rats displayed
fewer anxiety-related behaviors, such as
reduced exploration in open areas and
increased time spent in safe zones,
indicating decreased anxiety in this animal
model. It has been shown that V. odorata
extract possesses significant antioxidant
properties, evidenced by reduced free
radicals and inflammatory factors in rat
blood (Alipanah et al. 2018). It is suggested
that lowering inflammation may be a
possible way to alleviate anxiety. In other

words, V. odorata extract may alleviate
anxiety by mitigating oxidative stress and
inflammation (Rizwan et al. 2019;
Tayarani-Najaran et al. 2019).

Histological studies have provided
further evidence elucidating the mechanism
of action of V. odorata extract. The findings
demonstrate that V. odorata extract
administration is associated with increased
neuronal density in both the amygdala and
hippocampus, which are critically involved
in anxiety processing and memory
formation. Additionally, a considerable
growth in the number of pyramidal cells
was noted in the prefrontal cortex, a brain
region known to mediate behavioral
control, decision-making, and cognitive
functions. These histological results
collectively indicate that V. odorata extract
exerts modulatory effects on brain structure
and function, consequently leading to
improvements in anxiety-related behaviors.
The evidence gathered in this investigation
illustrates significant effects of stress on
biochemical  parameters related to
inflammation and oxidation in rat brains.
As a well-established physiological
stimulus, stress can lead to enhanced
production of free radicals and subsequent
oxidative stress. Elevated levels of MDA, a
byproduct of cell membrane oxidation,
indicate heightened oxidative stress activity
and damage resulting from an imbalance
between free radical production and the
body's antioxidant systems (Alonso et al.
2005; Amantea et  al. 2009).
Malondialdehyde serves as a key biomarker
for assessing oxidative damage, and its
increase clearly reflects the severity of cell
membrane damage caused by stress
(Kandlur et al. 2020).

As demonstrated in the present study, V.
odorata plants with their antioxidant
properties caused a significant reduction in
MDA levels, which represents one of the
most important indicators of oxidative
stress. It should be noted that the primary
damaging factor in oxidative stress involves
the formation of reactive compounds
known as reactive oxygen species that
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readily donate oxygen to other substances.
Many of these reactive species include free
radicals containing one or two unpaired
electrons, which accounts for their
instability and high reactivity (Navarro-
Yepes et al. 2014). To achieve stability by
acquiring additional electrons, free radicals
attack nearby molecules, leading to
structural and functional damage of these
molecules. The formation of free radicals is
linked to fundamental metabolic operations
within the human organism or from
external sources such as pharmaceuticals,
pesticides, toxins, and
chemical/environmental pollutants
(Ghorbani et al. 2014). The maintenance of
equilibrium  between  free  radical
production and the body's endogenous
antioxidant defense system represents a
critical physiological balance. Oxidative
stress manifests when this equilibrium is
disrupted, resulting from excessive
generation of reactive oxygen species and
free radicals (including hydroperoxyl
radicals, hydrogen peroxide, superoxide
anions, and hydroxyl radicals) as well as
reactive nitrogen species (like nitric oxide
synthase and nitric oxide) (Ochiaia et al.
2004).

Concurrently, stress-induced pathways
activate inflammatory responses
characterized by elevated levels of pro-
inflammatory cytokines including TNF-a
and IL-1. These cytokines serve as pivotal
mediators in inflammatory cascades, where
their upregulation can initiate detrimental
neuroinflammatory pathways leading to
neural tissue damage. Notably, these
inflammatory mediators may
independently ~ contribute  to  the
pathogenesis of neurological disorders and
the impairment of cognitive functions,
particularly those related to memory
formation and learning processes (Ahmad
et al. 2010; Roodbari and Meftahi 2025).
This established relationship between
psychological stress and elevated cytokine
levels underscores the role of stress as a
significant exacerbating factor in both
inflammatory processes and tissue damage.

Furthermore, stress exposure correlates
with decreased activity of GGT, an
essential enzyme in cellular detoxification
and glutathione metabolism that plays a
crucial role in maintaining endogenous
antioxidant capacity (Longo-Mbenza et al.
2012). The observed reduction in GGT
activity reflects a compromised cellular
defense system against oxidative stress,
thereby potentiating oxidative damage to
cellular components. This enzymatic
deficiency may serve as a sensitive
biomarker for assessing the disruption of
antioxidant mechanisms under conditions
of chronic stress (Lee et al. 2004).
However, V. odorata demonstrated
significant protective effects against all
these adverse outcomes through its
bioactive properties. These findings are in
agreement with the results of the current
investigation. Therefore, the obtained
results indicate that stress can significantly
negatively affect brain  biochemical
activities, particularly through alterations in
MDA, TNF-a, IL-1, and GGT levels,
leading to neuronal damage and consequent
cognitive impairments. These findings
further emphasize the importance of
investigating and identifying  herbal
therapeutic approaches, such as V. odorata
extract, that can modulate these adverse
effects.

Findings from this study indicate that
facing inescapable stressors leads to
significant alterations in brain structures
associated with memory and stress
response. The observed reduction in
pyramidal cell count and neuronal density
in the amygdala and hippocampus indicates
stress-induced structural and functional
damage. The amygdala, as the center for
processing emotional and fear responses, is
particularly vulnerable to chronic stress,
and its reduced neuronal density may
impair  emotional  processing  and
regulation. Similarly, the hippocampus - a
crucial structure for spatial and episodic
memory and learning - shows decreased
neuronal density associated with memory
and learning deficits. These findings align
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with previous studies demonstrating that
chronic stress can cause lasting brain
damage (Lonsdorf et al. 2014). This
research demonstrated that treatment with
V. odorata extract markedly ameliorated
these stress-induced damages and promoted
the normalization of brain structures. These
enhancements reveal the restorative
capacity of V. odorata in addressing the
adverse effects that stress has on brain
health and operation. However, it should be
noted that this normalization process
requires more detailed characterization
regarding the extent and nature of recovery.
For instance, further investigation is needed
to determine: (1) the degree of restoration
of neuronal density to baseline levels, (2)
whether other structural changes are
involved in this recovery process, and (3)
the precise mechanisms underlying the
neuroprotective effects of violet flower
extract.

Phytochemical analyses have identified
various bioactive compounds in both
aqueous extracts and ethanolic of violets
aerial components (Viola spp), including
tannins, flavonoids, cyclotides, vitamins A
and C, steroids, saponins, and alkaloids
(Akhbari et al. 2012). The outcomes of the
present research indicated that enduring
stress influences significantly reduced
pyramidal cell counts and decreased
neuronal density in both the amygdala and
hippocampus. Importantly, treatment with
V. odorata extract significantly ameliorated
these  stress-induced  neurostructural
alterations, restoring them to near-normal
levels. The findings propose that the
neuroprotective benefits associated with V.
odorata extract are likely driven by its
extensive range of  phytochemical
compounds, which appears to counteract
stress-induced neuronal damage in key
brain regions involved in emotional
regulation and memory processing.

This  examination has  multiple
limitations. The specific molecular
interactions responsible for the influence of
V. odorata have not been closely examined.
Employing sophisticated methods like

transcriptomics and proteomics can clarify
the distinct pathways and gene expression
that contribute to the therapeutic effects of
V. odorata.

Collectively, these findings indicate
that V. odorata exerts significant protective
and therapeutic effects in chronic stress by
reducing oxidative stress, improving
cognitive function, alleviating anxiety and
increasing neuronal density in the
prefrontal  cortex, amygdala, and
hippocampus. Given these promising
results, we recommend further studies
using different doses and treatment
durations of V. odorata extract to determine
the optimal dosage and treatment period for
maximal therapeutic effects. To ensure the
efficacy and safety of violet flower extract,
conducting clinical trials with human
participants is crucial.

Acknowledgment

This study was supported by
Neuroscience Sciences Research Center,
Bagiyatallah  University of Medical
Sciences, Tehran, Iran.

Conflicts of interest
The authors have no conflicts of interest
to declare.

Funding

This research did not receive any specific
grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Ethical Considerations

The Ethics Committee of the
Bagiyatallah ~ University of Medical
Sciences located in Tehran, Iran authorized
the procedures involving experimentation
(Protocol approval number:
IR.BMSU.AEC.1403.023).

Code of Ethics
IR.BMSU.AEC.1403.023

Authors' Contributions

Epub ahead of print 13



Sadeghi et al.

Mohammad Sadeghi: Writing — original
draft, Methodology, Formal analysis, Data
curation. Elham Moghtadaei Khorasgani:
Methodology. Gholam Hossein Meftahi:
Writing — review & editing, Supervision,
Resources, Project administration,
Methodology, Data curation,
Conceptualization.

Abbreviations

V. odoratas: Viola odoratas. MDA:
Malondialdehyde. TNF-a: Tumor Necrosis
Factor-alpha. IL-1p: Interleukin-1p ).
GGT: Gamma-glutamyl transferase. EPM:
Elevated plus maze. H& E: Hematoxylin-
eosin.

References

Ahmad A, Rasheed N, Banu N, Palit G (2010)
Alterations in monoamine levels and
oxidative systems in frontal cortex,
striatum, and hippocampus of the rat brain
during chronic unpredictable stress. Stress
13(4):355-364.

Akhbari M, Batooli H, Kashi FJ (2012)
Composition of essential oil and biological
activity of extracts of Viola odorata L. from
Central Iran. Nat Prod Res 26:802-809.

Alipanah H, Bigdeli MR, Esmaeili MA (2018)
Inhibitory effect of Viola odorata extract on
tumor growth and metastasis in 4T1 breast
cancer model. Iranian J Pharmaceut Res
17(1):276.

Alonso M, Bekinschtein P, Cammarota M,
Vianna MR M, lzquierdo I, Medina JH
(2005) Endogenous BDNF is required for
long-term memory formation in the rat
parietal cortex. Learn Mem12:504-510.

Amantea D, Marrone MC, Nistico R, Federici
M, Bagetta G, Bernardi G, Mercuri NB
(2009) Oxidative stress in stroke
pathophysiology; validation of hydrogen
peroxide metabolism as a pharmacological
target to afford neuroprotection. Internat
Rev Neurobiol 85:363-374.

Barzi MK, Kondori BJ, Meftahi GH (2025)
Crocin alleviates neuronal arborization
damage in the basolateral nucleus of the
amygdala and dentate gyrus of the
hippocampus in a stressed rat. IBRO
Neurosci Rep 19:1166-1173.

Dalooei JR, Sahraei H, Meftahi GH, Khosravi
M, Bahari Z, Hatef B, Mohammadi A,
Nicaeili F, Eftekhari F, Ghamari F,
Hadipour M (2016) Temporary amygdala
inhibition reduces stress effects in female
mice. J Adv Res 7(5):643-9.

Deussing JM, Chen A (2018) The
corticotropin-releasing  factor  family:
physiology of the stress response. Physiol
Rev 98(4):2225-2286.

Feyzabadi Z, Ghorbani F, Vazani Y, Zarshenas
MM  (2017) A critical review on
phytochemistry, pharmacology of Viola
odorata L. and related multipotential
products in traditional Persian
medicine. Phytotherapy Res 31(11):1669-
1675.

Ghasemi F, Beversdorf DQ, Herman KC (2024)
Stress and stress responses: A narrative
literature review from physiological
mechanisms to intervention approaches. J
Pacific Rim Psychol 18:1-20.

Ghorbani A, Hadjzadeh MR, Rajaei Z,
Zendehbad SB (2014) Effects of fenugreek
seeds on adipogenesis and lipolysis in
normal and diabetic rat. Pakistan J Biol Sci
17:523-528.

Herbet M, Korga A, Gawronska-Grzywacz M,
Izdebska M, Piatkowska-Chmiel I,
Poleszak E, Wrébel A, Matysiak W,
Jodtowska-Jedrych B, Dudka J (2017)
Chronic variable stress is responsible for
lipid and DNA oxidative disorders and
activation of oxidative stress response
genes in the brain of rats. Oxidative Med
Cell Longev 2017(1):7313090.

Hrtanek 1, Bittsansky M, Tonhajzerova |,
Grendar M, Oppa M, Cesnekova D, Farsky
I, Hutka P, Dobrota D, Zelenak K,
Ondrejka | (2021) The impact of external
stress factors on hippocampus volume
during antidepressant treatment. Eur J
Psychiatry 35(2):92-98.

James KA, Stromin JI, Steenkamp N,
Combrinck MI (2023) Understanding the
relationships between physiological and
psychosocial ~ stress,  cortisol  and
cognition. Front Endocrinol 14:1085950.

Kandlur A, Satyamoorthy K, Gangadharan G
(2020) Oxidative stress in cognitive and
epigenetic aging: a retrospective glance.
Front Mol Neurosci 13:41.

Khazani H, Kondori BJ, Sahraei H, Meftahi GH
(2024) Terminalia chebula attenuates
restraint stress-induced memory

Epub ahead of print 14



Viola odorata improved cognitive damage induced by stress

impairment and synaptic loss in the dentate
gyrus of the hippocampus and the
basolateral and central nuclei of the
amygdala by inhibiting  oxidative
damage. Brain Res Bull 213:110975.

Kim EJ, Kim JJ (2023) Neurocognitive effects
of stress: a metaparadigm perspective. Mol
Psychiatry 28(7):2750-2763.

Lee DH, Silventoinen K, Jacobs Jr DR,
Jousilahti P, Tuomileto J (2004) Gamma-
glutamyl transferase, obesity, and the risk
of type 2 diabetes: observational cohort
study among 20,158 middle-aged men and
women. J Clinical Endocrinol Met
89(1):5410-5414.

Longo-Mbenza B, Muaka MM, Mokondjimobe
E, Ndembe DK, Mona DT, Buassabu-bu-
Tsumbu B (2012) Oxidative stress-elevated
high gamma glutamyl transferase levels,
and aging, intake of tropical food plants,
migration and visual disability in Central
Africans. Internat J Ophthalmol 5(4):493-
498.

Lonsdorf TB, Haaker J, Kalisch R (2014) Long-
term expression of human contextual fear
and  extinction  memories involves
amygdala, hippocampus and ventromedial
prefrontal cortex: a reinstatement study in
two independent samples. Soc Cog Aff
Neurosci 9:1973-1983

Lv H, Zhu CA, Wu R, Ni H, Lian J, Xu Y, Xia
Y, Shi G, Li Z, Caldwell RB, Caldwell RW
(2019) Chronic mild stress induced
anxiety-like behaviors can Be attenuated by
inhibition of NOX2-derived oxidative
stress. J Psychiatric Res114:55-66.

McEwen BS, Nasca C, Gray JD (2016) Stress
effects on neuronal structure: hippocampus,
amygdala, and prefrontal
cortex. Neuropsychopharmacol 41(1):3-
23.

McManus E, Haroon H, Duncan NW, Elliott R,
Muhlert N (2024) Hippocampal and limbic
microstructure changes associated with
stress across the lifespan: a UK biobank
study. Sci Rep 14(1):21735.

Meftahi GH, Aboutaleb N (2023) Gallic acid
ameliorates behavioral dysfunction,
oxidative damage, and neuronal loss in the
prefrontal cortex and hippocampus in
stressed rats. J Chem  Neuroanat
134:102364.

Moghimi Golmakani F, Khorasani Nejad S,
Jozai M (2022) Investigation of the

therapeutic effects of fragrant violet (Viola
odorata L.). Fifth National Conference on
Medicinal Plants and Traditional Medicine,
Torbat Heydariyeh 1(1):1-1.

Navarro-Yepes J, Zavala-Flores L, Anandhan
A, Wang F, Skotak M, Chandra N, Li M,
Pappa A, Martinez-Fong D, Del Razo LM,
Quintanilla-Vega B (2014) Antioxidant
gene therapy against neuronal cell death.
Pharmacol Therap 142:206-230.

Ochiaia T, Ohnoa S, Soeda S, Tanaka H,
Shoyama Y, Shimeno H (2004) Crocin
prevents the death of rat pheochromyctoma
(PC12) cells by its antioxidant effects
stronger than those of atocopherol.
Neurosci Lett 362:61-64.

Rizwan K, Khan SA, Ahmad I, Rasool N,
Ibrahim M, Zubair M, Jaafar HZ, Manea R
(2019) A comprehensive review on
chemical and pharmacological potential of
Viola betonicifolia; a plant with multiple
benefits. Molecules 24(17):3138.

Roodbari AS, Meftahi GH (2025) Unraveling
nanocurcumin role in the pathogenesis of
chronic stress-induced neuronal damage in
the frontal cortex and hippocampus of rats.
Brain Res Bull 233:111656.

Saleem U, Hira S, Anwar F, Shah MA, Bashir
S, Baty RS, Badr RH, Blundell R, Batiha
GE, Ahmad B (2021) Pharmacological
screening of Viola odorata L. for memory-
enhancing effect via modulation of
oxidative stress and inflammatory
biomarkers. Front Pharmacol 12:664832.

Tayarani-Najaran Z, Yazdian-Robati R, Amini
E, Salek F, Arasteh F, Emami SA (2019)
The mechanism of neuroprotective effect of
Viola odorata against serum/glucose
deprivation-induced PC12 cell death.
Avicen J Phytomed 9(6):491-498.

Tsai SY, Hsu JY, Lin CH, Kuo YC, Chen CH,
Chen HY, Liu SJ, Chien KL (2024)
Association of stress hormones and the risk
of cardiovascular diseases systematic
review and meta-
analysis. Internat.J.Cardiol. Cardiov. Risk
Prev 23:200305.

Yang L, Guo C, Zheng Z, Dong Y, Xie Q, Lv
Z, Li M, LuY, Guo X, Deng R, LiuY
(2025) Stress dynamically modulates
neuronal autophagy to gate depression
onset. Nature 641:427-437.

Epub ahead of print 15



