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Background & Objectives: Stroke is a major consequence of cerebral ischemia. This
study investigated the effects of peanut skin extract (PSE) (or Arachis hypogaea) on
behavioral, biochemical, and histological parameters of the hippocampus in rats subjected
to global ischemia-reperfusion (I/R).

Materials & Methods: In this experimental study, adult male Wistar rats were assigned
to the following groups: control (no I/R and no manipulation; received 0.9% saline), sham
(no I/R; surgical site opened; received 0.9% saline), PSE (100 mg/kg), I/R, and I/R + PSE
(10 and 100 mg/kg). Ischemia was induced by bilateral occlusion of the common carotid
arteries for 20 minutes, followed by 24 hours of reperfusion. PSE was extracted using
the maceration method and was administered following 24 hours of ischemia induction
and then given daily for 1 week. Anxiety-like behavior, pain perception, and recognition
memory were assessed after the final injection. Hippocampal microscopic structure and
acetylcholinesterase (AChE) activity and serum oxidative stress markers were measured.
Results: PSE improved anxiety-like behavior, pain perception, and recognition memory in
I/R rats (P < 0.05). I/R decreased superoxide dismutase (SOD) and glutathione reductase
(GR) activities (both P < 0.001) and increased serum (P < 0.05) and hippocampal AChE
activity (P < 0.01). PSE treatment decreased GSSG levels and AChE activity (P < 0.01)
and increased catalase activity (P < 0.01). PSE treatment reduced the percentage of dead
pyramidal cells in the hippocampal CA1 region of I/R rats (P < 0.05).

Conclusion: PSE appears to exert neuroprotective effects, likely by reducing oxidative
stress markers and attenuating histopathological damage in the hippocampus.
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Introduction

(I). Stroke triggers rapid glutamate toxicity,

Stroke is among the leading causes of death
and disability worldwide, disrupting neurological
function, leading to various disabilities, and
ﬂgniﬁcanﬂy reducing survivors’ quality of life
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oxidative stress, inflammation, and tissue
damage (2). There are two main categories
of stroke: ischemic and hemorrhagic, which
account for approximately 85% and 15% of
cases, respectively (3). The extent of neuronal
damage resulting from reduced blood flow to the
brain is determined by the severity of ischemia
and the duration of insufficient perfusion (4).
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Cerebral ischemia can affect the entire brain
(global ischemia) or be limited to a specific area
(focal ischemia) (5). During global ischemia,
various behavioral functions such as anxiety, pain
perception, and cognition are impaired. Anxiety
is the second most common neuropsychiatric
condition after stroke, affecting around 20-30%
of survivors (6). Furthermore, approximately
64% of stroke survivors experience hyperalgesia
(7). Reactive oxygen species (ROS) generated
during the reperfusion period can lead to
cerebral vasospasm, often associated with pain.
Additionally, inflammatory molecules, including
chemokines and cytokines, contribute to pain
in affected individuals (8). Cognitive functions,
including learning and memory, are adversely
affected in stroke patients due to ischemia—
reperfusion injury, which occurs after blood flow
is restored to a previously occluded artery (9).

Current therapeutic options for cerebral
ischemia remain limited in efficacy, reducing
their effectiveness in addressing the condition
(10). Medicinal plants are increasingly
recognized for their preventive and therapeutic
potential in ischemia—reperfusion (I/R) injury,
as they generally produce fewer side effects than
conventional pharmaceuticals (1). Plant-based
extracts contain numerous phytochemicals and
neuroprotective agents that may play a significant
role in research targeting cerebral ischemia (1).
Flavonoids such as galangin and tangeretin have
demonstrated neuroprotective effects in global
cerebral ischemia, improving cognitive deficits
in animal models (11, 12). Pistachio extract
has shown notable protective effects in stroke
conditions in ovariectomized female rats (13).
Polyphenolic extracts of Terminalia chebula
Retz have exhibited neuroprotective properties
in cerebral I/R injury (14).

Peanuts (Arachis hypogaea) are annual
herbaceous plants belonging to the Leguminosae
family. Although botanically classified as
legumes, peanuts are often regarded as nuts due
to their comparable nutritional profile. They are
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highly nutritious, rich in fatty acids, vitamins,
carbohydrates, calcium, and phosphorus (15, 16).
Peanut skin (PS), often discarded as a low-value
by-product, is in fact rich in polyphenolic and
antioxidant compounds that promote human
health. Peanut skin extract (PSE) represents
an affordable alternative to costlier herbal
medicines owing to its high polyphenol content,
including proanthocyanidins and flavonoids,
which enhance its antioxidant capacity.
This combination not only strengthens its
neuroprotective properties but also demonstrates
PSE’s antioxidant potential comparable to that
of established neuroprotective agents, making
it a promising cost-effective option for clinical
neuroprotection (17, 18). PS has beneficial effects
in managing diabetes, lowering blood lipid levels,
exhibiting anticancer properties, and inhibiting
lipid oxidation (19, 20). PS consumption is
associated with various health benefits, as it
contains dietary fiber (42—55% of total weight),
proteins, minerals, fatty acids, tannins, resveratrol,
and proanthocyanidins (17% of total weight) (21,
22). PS contains more procyanidin tetramers than
grape seeds, conferring a significant advantage as
an antioxidant source for food products (23, 24).

Despite the gassy taste of PS, which often
leads to its removal, its status as an economical
source of potent antioxidants such as catechin
and procyanidin (15) and the absence of
comprehensive research on its effects in ischemic
stroke induced by a global I/R model prompted
this study. We therefore aimed to evaluate
the effects of PSE on behavioral, histological,
and biochemical parameters in adult male rats
subjected to global 1/R.

Materials and Methods
Animals and experimental groups

Adult male Wistar rats (200 = 20 g) were
obtained from the Laboratory Animal Breeding
Center of Jundishapur University of Medical
Sciences, Ahvaz, Iran. Rats were housed under
standard laboratory conditions with ad libitum
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access to food and water, except during testing
periods. Animals were randomly assigned to six
groups: control (no manipulation, received 0.9%
saline), sham (surgical site opened without carotid
artery occlusion, received 0.9% saline), PSE (100
mg/kg for 1 week, without I/R), I/R (received
0.9% saline for 1 week after 24 h reperfusion),
and PSE (10 or 100 mg/kg for 1 week with 24 h
I/R). All procedures complied with institutional
ethical guidelines for animal experimentation
and were approved by the Ethics Committee
of Shahid Chamran University of Ahvaz, Iran
(Code: scu.ec.sc.402.1099). All injections were
administered intraperitoneally at 1 ml/kg, and
each group consisted of seven animals.
Induction of global I/R model

Rats were anesthetized with intraperitoneal
ketamine (60 mg/kg) and xylazine (4 mg/kg),
and the global 1/R model was induced. A midline
incision was made in the neck region, and the
surrounding tissue and fascia were separated.

Dried Peanut skin Peeled and

powdered

Hot plate(day0)

Soaked and solvent

-0 -
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The right and left carotid arteries were exposed,
and the vagus nerve was isolated. Global
ischemia was induced via bilateral occlusion of
the carotid arteries for 20 minutes. The clamps
were then removed, and reperfusion was allowed
for 24 hours (25).
Peanut skin extraction

Peanuts were purchased from northern Iran
(Astaneh Ashrafieh province). The extraction
process was performed under the supervision
of plant physiology experts in the Biology
Department of Shahid Chamran University of
Ahvaz. PSE was prepared using the maceration
method: fresh PS was dried at room temperature
for 1 week, peeled, and powdered. The powdered
PS was soaked in a 70:30 (v/v) ethanol-water
solvent at room temperature for 3 days with
agitation, then centrifuged and filtered three
times through filter paper. The resulting extract
was evaporated on plates for one day (26). Dried
PSE was stored at 4 °C (Figure 1).
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Figure 1. Protocol of this study. A: PSE protocol. B: Ischemia surgery protocol. C: Behavioral tests. PSE: Peanut skin
extract. (Designed using Biorender.com)
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Studies that have investigated the effects of
natural compounds in various plants on reducing
cerebral ischemia have used doses of 10-100 mg/
kg, such as resveratrol found in peanuts, which
has been used at a dose of 100 mg/kg (27).
Behavioral Assessments

Behavioral tests were conducted on day 0
(baseline, before surgery), at 24 hours post-I/R
(30 minutes after the first injection), and on day 7
post-I/R (28) (Figure 2). Behavioral impairments
can persist or evolve by day 7 post-I/R, making
this interval a critical window for assessing
cognitive, motor, nociceptive, and anxiety-
related outcomes (29).

Hole- Board test

Anxiety-like behavior was assessed using
the hole-board test. The apparatus consisted of
a Plexiglas box (40 x 40 cm) with a flat floor
containing 16 holes arranged in four identical
rows. Latency to the first head dip and the total
number of head dips during a 5-minute trial
served as indices of anxiety-like behavior (30).
The test was performed on day 7 post-1/R.

Hot Plate Test

Acute somatic nociception was assessed using
the hot-plate test. The plate temperature was
maintained at 52 + 2 °C, and rats were placed
on the surface to elicit nocifensive responses.

1) Hot plate test 1) PSE injection (i. p.)

30min later 30min later

2) Global I/R induction
(20min)

2)Hot plate test (24h)
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Latency to the first paw lick was recorded as
the nociceptive index. To prevent tissue injury, a
cutoff time of 120 s was imposed, at which point
animals were removed from the plate. Nociception
was evaluated at baseline (day 0, before surgery),
at 24 hours post-I/R (30 minutes after the first
injection), and on day 7 post-I/R (31).

Analgesia was expressed as a percentage of
maximum possible effect (MPE %) as follows

(Eq. L):

post_treatment time - pre_treatment time
%MPE = - - X 100
Cutoff time - pre_treatment time

(1

Where pre-treatment time is =latency time
before surgery, and post-treatment time is
=latency time on 24 hours and the 7" day post-
I/R.
Open Field Test

Locomotor activity was assessed in the open-
field test. The apparatus consisted of a Plexiglas
box (40 x 40 x 40 cm) divided into nine equal
squares. Each animal was placed in the center
and allowed to explore the arena freely for 5
minutes; locomotor activity was quantified as
the number of line crossings during the 5-minute
session (32). The test was performed on day 7
post-I/R.

1)Hot plate test

30 min later

2) Hole- board test

30min lates

3) Open ficld test

30 min later

4) Novel object test training

4

Days 0 1 2 3 4

S| L s

&
<—

Reperfusion
(24h)

1*-7" days post-I/R (PSE injection)

] |

1)Novel object test

2) Histological and biochemical
examination

Figure 2: Study timeline. Day 0 (baseline, before surgery): initial evaluation of pain perception with the hot-plate test
to determine each subject’s baseline response prior to ischemia induction. Reperfusion (24 h): first follow-up to detect
the immediate impact of ischemia and reperfusion on nociception. Day 7 post-I/R: final assessment conducted one
week later to evaluate longer-term effects. PSE: peanut skin extract; I/R: ischemia/reperfusion.
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Novel Object Test

Recognition memory was assessed using the
novel object recognition test. Testing spanned
five consecutive days, culminating on day 7
post-I/R. Animals were habituated to the arena
on day 1; during the three subsequent training
days, rats were exposed to two identical objects.
On the test day, one familiar object was replaced
with a novel object, and animals were allowed to
explore both objects; the cumulative time spent
interacting with each object was recorded during
a S-minute test session (33).

After the final behavioral assessment (day 9
post-I/R), rats were euthanized by chloroform
inhalation. Blood was collected via cardiac
puncture and centrifuged to obtain serum. For
hippocampal AChE determination, whole brains
were removed, and the hippocampus from one
hemisphere was isolated and homogenized in
phosphate buffer (1:5, w/v). After centrifugation,
the supernatant was retained for biochemical
assays, while the contralateral hemisphere
was fixed in 10% neutral-buffered formalin for
histological examination.

Histological and Histometrical Analyses

Brain tissue samples were excised and fixed
in 10% neutral-buffered formalin. Paraffin-
embedded sections (5 um) were stained with

Fixation and
staining

>
>
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Hematoxylin and Eosin for histomorphological
evaluation under a light microscope (Olympus
BH, Tokyo, Japan). For histometric analysis, the
mean numbers of dead and intact pyramidal cells
were quantified per unit length in the CA1 region
of the hippocampus at x40 magnification, and the
extent of damage was estimated (Figure 3). Intact
pyramidal cells were identified by a clear nucleus
and prominent nucleolus, whereas neurons
exhibiting cell shrinkage and hyperchromatic
staining were classified as dead.
Biochemical Analysis

The levels of oxidant and antioxidant enzymes
were measured in serum, and AChE activity
was determined in both serum and hippocampal
tissue homogenates (Figure 3).
Malondialdehyde (MDA) Level

MDA was measured by mixing 1.5 mL of
serum with 1.5 mL of TBA reagent (prepared by
mixing two volumes of 0.8% TBA solution with
one volume of 0.7% perchloric acid). The mixture
was incubated at 37 °C for 30 min, followed by
heating in a boiling water bath for 10 min to
promote the reaction between thiobarbituric acid
(TBA) and MDA. After cooling, 3.0 mL of a
pyridine—butanol mixture and 1.0 mL of NaOH
were added, and the absorbance was read at

548 nm (34).
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Figure 3. Schematic diagram of Biochemical tests and Histological analysis. (Designed using Biorender.com).
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Glutathione (GSH) Activity

Ellman’s reagent (50 puL) was mixed with
2.5 mL of phosphate buffer, after which 250
pL of serum was added; for the blank, 250
pL of buffer was used instead of sample. Both
mixtures were incubated at room temperature
for 15 min, and absorbance was measured at
412 nm. Sulfhydryl content was determined by
comparison with a standard curve prepared from
cysteine hydrochloride (35).
Glutathione Disulfide (GSSG) Activity

The initial GSH concentration in serum was
determined, then sodium borohydride (NaBHa)
was used to reduce GSSG to GSH. Total GSH
(initial GSH plus GSH generated from reduced
GSSG) was measured with Ellman’s reagent,
and GSSG concentration was calculated by
subtracting initial GSH from total GSH (35).
Superoxide Dismutase (SOD) Activity

To assess SOD activity, 150 pL of 50 mM
sodium carbonate buffer (pH 10.2) containing 0.1
mM EDTA was placed into each microplate well,
followed by 30 puL of 60 uM NBT and 20 pL of
serum. Subsequently, 50 uL of hydroxylamine and
20 pL of Triton X-100 were added and the mixtures
were incubated at 37 °C for 10 min. Optical density
(OD) was recorded at 560 nm twice at 5-minute
intervals, and the difference between readings was
used to calculate SOD activity (36).
Glutathione reductase (GR) activity

For GR activity, 170 pL of 100 mM phosphate
buffer (pH 7.5) was added to each well, followed
by 10 puL of 50 mM GSSG and 10 pL of serum;
the reaction was initiated by adding 10 uL of 4
mM NADPH. The reaction was monitored at 340
nm for 5 min with readings every 30 s, and GR
activity was determined from the rate of change
in absorbance (37).
Glutathione Peroxidase (GPx) Activity

GPx activity was assayed by adding 180
pL of 50 mM Tris—HCI buffer (containing
EDTA) to each well, then 20 uL. of 1 mM GSH,
15 pL of serum, and 20 pL of 0.05% cumene
hydroperoxide; the mixture was incubated at
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37 °C for 5 min. After incubation, 20 pL of
the chromogenic reagent was added, and the
reaction was monitored for 5 min by recording
absorbance changes at 412 nm (38).

Catalase (CAT) Activity

Catalase activity was measured by adding 50
uL of Tris—HCI buffer (pH 7.8, 0.05 mM) to each
well, followed by 100 pL of 10 mM hydrogen
peroxide. Then 5 pL of serum was added and
the reaction was allowed to proceed for 10
min at room temperature. The reaction was
terminated by adding 50 pL of 4% ammonium
molybdate, which reacts with residual hydrogen
peroxide to form a yellow complex; absorbance
was measured at 410 nm and compared with a
hydrogen peroxide standard curve to determine
the amount of hydrogen peroxide consumed (39).
Acetylcholinesterase Activity

To determine serum AChE activity, 250 uL of
0.1 M phosphate buffer was mixed with 30 puL of
serum, then 50 uL of S-butyrylthiocholine iodide
(BSCh) was added; the mixture was incubated at
37 °C for 10 min, after which 20 uL. of DTNB
(0.01 M) was introduced and absorbance was
measured at 412 nm (40).

For hippocampal AChE activity, 230 pL
of 0.1 M phosphate buffer was mixed with
hippocampal homogenate, followed by 20 pL
of Triton X-100 and 50 pL of BSCh; the mixture
was incubated at 37 °C for 10 min, then 20 puL
of DTNB (0.01 M) was added and absorbance
was measured at 405 nm (38).

Total Antioxidant Activity (TAC)

For TAC, 8 pL of serum was mixed with 240
uL of working reagent (25 mL acetate buffer +
2.5mL TPTZ + 2.5 mL FeCls-6H-0 solution) and
incubated at 37 °C for 10 min. After incubation,
248 uL of each reaction was transferred to a
microplate and OD was recorded at 593 nm (41).
Statistical Analysis

Data were analyzed using InStat 3 software.
One-way ANOVA followed by Tukey’s post hoc
test was used for multiple-group comparisons,
and paired Student’s t-tests were applied where
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appropriate; normality was assessed for all
datasets. Statistical significance was set at p <
0.05. Graphs were prepared using GraphPad
Prism version 8.4.3 (686), and data are presented
as mean * standard error of the mean (SEM).
Graphical figures were created with the
BioRender platform.

Results
Effects of PSE on Anxiety-like Behavior

Figure 4 shows no significant difference
between the control and sham groups, nor
between the sham and I/R groups, in the anxiety
index measured by the hole-board test (p > 0.05)
(Figure 4A, B). Administration of PSE at 100
mg/kg significantly increased latency to the first
head dip in I/R rats (p <0.05), and administration
of PSE at 10 and 100 mg/kg significantly
decreased the number of head dips in I/R rats
(p<0.05) (Figure 4A, B). There was no significant
difference between the control group and the
PSE (100 mg/kg, no I/R) group (p > 0.05).
Effects of PSE on pain perception

Figure 5 shows that there was no significant
difference between the control and sham groups

A
*
60—
o
2 404
: I
£
: il
s H 0D
0 1 1 1
S & S S
< UVR+PSE(mg/kg) \@\\
AL
Y
Q",'

Head-dipping(n)
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in MPE% on day 1 and day 7 post-I/R (p > 0.05).
Similarly, the I/R group did not differ significantly
from the sham group in MPE% on day 1 or day 7
post-I/R (p > 0.05). In contrast, administration of
PSE (10 and 100 mg/kg) produced a significant
increase in MPE% on both day 1 and day 7 post-
I/R (p < 0.05). Treatment with PSE (100 mg/
kg) also significantly increased MPE% relative
to the control group at 24 h post-reperfusion
(p <0.05) (Figure 5).
Effects of PSE on locomotor activity

Figure 6 demonstrates that administration
of PSE (10 and 100 mg/kg) to I/R animals
significantly reduced locomotor activity
compared with untreated I/R rats (p < 0.05).
Moreover, PSE at 100 mg/kg significantly
decreased locomotor activity relative to the
control group (p < 0.05).
Effects of PSE on recognition memory

Figure 7 illustrates the percentage of time
spent exploring the novel object in the novel-
object recognition test as an index of recognition
memory. Treatment with PSE (100 mg/kg)
significantly enhanced recognition memory in

I/R rats (p < 0.05).
B
20 ™ *
I v
15
10—
T
S - ’ = 34 N F .
=l E5
0 L) L) L)
.do“\\\ @ =y &*%\
< I'R-PSE(mg kg) \\Q‘\\
&

Figure 4. Effects of PSE on anxiety-like behavior in Hole Board test. A: latency time (second), B: Head dipping
(number). * shows p <0.05. I/R: Ischemia/reperfusion, PSE: Peanut skin extract.
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Figure 5. Effects of PSE on pain perception in hot plate test (days of 1

stand 7" after I/R induction). * shows p<0.05.

Abbreviation; I/R: Ischemia/reperfusion, PSE: Peanut skin extract.
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Figure 6. The effects of PSE on locomotor activity in open field test.

* shows p <0.05. I/R: Ischemia/reperfusion,

PSE: Peanut skin extract.
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Figure 7. Effects of PSE on recognition memory in novel object test. * shows p<0.05. I/R: Ischemia/reperfusion, PSE:
Peanut skin extract.

Histological and histometrical evaluation
of the effects of peanut skins extract in the
hippocampus CA1 area

Figure 8 depicts the histological architecture
of the CA1 region of the hippocampus. Figures
8B and 8C show that, in control and sham
animals, the CA1 pyramidal layer comprised
compact rows of spheroidal to ovoid pyramidal
neurons characterized by basophilic cytoplasm

and euchromatic nuclei with prominent nucleoli.
Following I/R induction, pyramidal neurons
in CAl exhibited degeneration and cell death;
affected cells displayed shrunken cell bodies,
acidophilic cytoplasm, and pyknotic nuclei
(Figure 8D). Administration of PSE (10 and 100
mg/kg) to I/R rats attenuated structural damage
in the CAI region compared with untreated I/R
animals (Figure 8F, G).

Table 1. Biochemical factors

Factors

Comrol | 2493% 08688+ 05864 5823 08377
ontro 0.351 01152 00634 083 00827
S 35T0%  08285:  0.5794% 5996+ 1212+

0467 009798  0.0398 0817  0.154

UR(w) 02+ 06869+ 0383e 3627 L775k
0.215%*% 007361 00693  0.571  0.225

(1(1)’5:; 24696 0973 0550k 5636k 1434
k) & 0331 002882 00500  0.673 0279

I/R+PSE 2474+ 09781+ 0.6325t 4197+ 0.8261+

(10mg/kg) 0.542  0.0356688 0.0064  0.810  0.0821$$

1(/1%3 EIS]E 1753+ 0.9856= 04927+ 4849+  0.8956+
k) € 0210 00410688 00560  0.613  0.07058$

AchE | AchE (hip-
(serum) | pocampus
(umol/mg | (umol/mg
pr) pr)
10.637+ 1.678+ 7780+ 0.1160+ 0.04857+
0.75 0.0758 0.704 0.0164 0.0130
9.002+ 1.895+ 7.025+  0.08079+  0.03026+
1.30 0.188 0.839 0.0101 0.00154
6.841+ 0.8928+ 10.380+  0.1424+ 0.07238+
0.453 N0 1.45 0.0238*  0.00879**
8.361+ 1.583+ 8.540+  0.09529+  0.06218+
0.898 0.191 0.986 0.0180 0.00683
7.069+ 0.8154+ 9.220+ 0.07116=  0.05090+
0.516 0.0686 1.30 0.025% 0.0105
8.470+ 1.028+ 8.640+  0.09411=  0.05501+
0.702 0.103 1.07 0.0171$ 0.0116

x p < 0.05 **p<0.01 and ***p < 0.001 are in comparison with the sham group. $ p <0.05 and $$ p <0.01 are in
comparison with I/R group. Abbreviation; I/R: Ischemia/reperfusion, PSE: Peanut skin extract.
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Figure 8. Microscopic sections of the hippocampus CAl region (A) in control (B), sham(C), I/R (D), PSE (100 mg/

kg) (E), I/R treated with PSE (10 mg/kg) (F), and I/R treated with PSE (100 mg/kg) (G) groups (Hematoxylin-
Eosin staining, x10 and x40). Intact pyramidal cells are spherical to oval cells with a basophilic cytoplasm, a large
euchromatin spherical to oval nucleus with a distinct nucleolus (blue arrow). Dead pyramidal cells are cells with a
wrinkled cell wall, acidophilic cytoplasm, and a wrinkled or pyknotic nucleus (red arrow). ML: molecular layer, PL:
pyramidal layer, OL: outer layer. Abbreviation; I/R: Ischemia/reperfusion, PSE: Peanut skin extract.

Histometric analysis of the CAIl region
revealed that the I/R group had a significantly
greater percentage of damaged pyramidal cells
than the control and sham groups (p < 0.05)
(Figure 8D). Conversely, the percentage of dead
pyramidal cells was significantly lower in I/R
rats treated with PSE than in untreated I/R rats.
Effects of PSE on Biochemical Factors

Analysis of biochemical factors showed
that I/R induction significantly decreased SOD
activity compared to the sham group (P<0.001).
In the groups receiving PSE (10 and 100 mg/
kg) along with I/R induction, CAT activity
significantly increased, and GSSG activity

significantly decreased compared to the I/R
group (p<0.01). GR activity significantly
decreased in the I/R group compared to the sham
group (p<0.001) (Table 1).

AchE activity in the blood serum of the I/R
group showed a significant increase compared to
the sham group (p<0.05) (Table 1). Conversely,
in the groups receiving PSE (10 and 100 mg/kg)
along with I/R induction, AchE activity in the
blood serum significantly decreased compared to
the I/R group. Also, AchE activity significantly
increased in the hippocampus tissue of the I/R
group compared to the sham group (p<0.01)
(Table 1).
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Discussion

In the present study, for the first time, we
investigated the effects of PSE on behavioral
parameters, hippocampal histological structure,
and biochemical indices after global I/R injury in
rats. The results demonstrated that I/R induction
elevated anxiety levels in rats, while PSE
treatment decreased these indices (Figure 3).
The anxiolytic effect of PSE can be attributed
to the anxiolytic properties of polyphenols,
which modulate the hypothalamic-pituitary-
adrenal (HPA) axis and regulate serotonergic
and adrenergic pathways involved in mood and
anxiety (42).

Analgesia was observed after PSE injection
and persisted for 7 days after I/R induction
(Figure 4). This analgesic effect is likely due
to the anti-inflammatory properties of peanut-
derived bioactive components, which reduce
oxidative stress and modulate pro-inflammatory
cytokines (43).

Locomotor activity was significantly reduced
in groups treated with PSE (Figure 5). These
findings highlight the dual role of PSE in
modulating both anxiety and motor function.
The decrease in locomotor activity in the PSE-
supplemented groups could be due to peanut skin
phenolic compounds, which, by affecting the
nervous system, cause sedation and immobility
in the animal (22).

I/R induction also negatively affected cognitive
memory (Figure 6). Previous research on I/R
injury has identified oxidative stress as a critical
factor contributing to neuronal damage (44).
Cerebral ischemia decreases access to oxygen
and glucose, leading to a significant reduction
in mitochondrial adenosine triphosphate
(ATP) and triggering the immediate toxicity
of glutamate, ultimately resulting in oxidative
stress, inflammation, and apoptosis (45).

Oxidative stress and inflammation after I/R,
resulting from cell death in the hippocampal
CA1 region of the rat, impair cognitive memory
as well (2, 46).
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Cognitive memory was significantly
improved in the I/R group treated with
PSE (Figure 6). Bioactive compounds in
peanuts, such as flavonoids and polyphenols,
can enhance neuroprotection and cognitive
function by combating oxidative stress and
neuroinflammation (47). Chunguo et al. (2023)
suggested that Scutellarin, a flavonoid present in
several plants, improves neuronal dysfunction
in Sprague-Dawley rats by inhibiting
apoptosis, focal death, and necrosis during
I/R injury, thereby protecting neurons from
acute ischemic injury through the regulation
of glutamatergic signaling (48). It has been
shown that PSE combined with fish oil could
enhance cognitive performance in mice through
antioxidant pathways and activation of brain-
derived neurotrophic factor/extracellular signal-
regulated kinase/cAMP response element-
binding protein (BDNF/ERK/CREB) signaling
(49). Notably, in non-I/R rats, PSE did not affect
cognitive memory (Figure 6), suggesting that
the observed effects are condition-specific and
particularly relevant in the context of I/R injury.

Research indicates that neuroprotective
agents can positively impact recovery not only
during the acute phase of ischemia but also in
the subsequent period. Evidence suggests that
administering natural compounds after the
initial ischemic event can significantly improve
recovery by promoting neuroplasticity and
reducing secondary injury processes that develop
in the days following the event (29). A study
found that behavioral assessments conducted
between 7 and 90 days following ischemia can
reveal deficits that short-term evaluations might
miss (29).

Histological evaluation revealed that I/R
induction caused significant neuronal damage in
the CA1 region of the hippocampus, characterized
by degenerated pyramidal cells with shrunken
nuclei and acidophilic cytoplasm (Figure 7D).
It has been confirmed that global ischemia can
induce neuronal apoptosis, particularly in the
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hippocampal CA1 and CA2 regions of mice (50).

Treatment with PSE significantly mitigated
this damage and preserved the structural
integrity of pyramidal cells (Figure 7F & G).
In addition, histometrical analysis confirmed a
reduction in the percentage of dead pyramidal
cells in groups treated with PSE.

This neuroprotection can be attributed to
the antioxidative bioactive compounds found in
peanuts (27). Mahyar et al. (2025) reported that
Quercetin, a natural flavonoid found in some
fruits and vegetables, improves the regeneration
of pyramidal cells in the CAl region of the
hippocampus in rats after I/R injury (51).
They suggested that this effect results from
several mechanisms, including a reduction in
the levels of pro-inflammatory cytokines such
as interleukin-1p (IL-1P), an increase in anti-
inflammatory cytokines such as interleukin-10
(IL-10), and inhibition of apoptotic pathways
including the nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-kB), which
helps regulate inflammation and cell survival
(51). Quercetin is one of the compounds found in
peanut skin (22). As a result, the neuroprotective
effects of PSE on hippocampal pyramidal cells
are likely mediated through a combination of
antioxidant activity, anti-inflammatory effects,
modulation of critical signaling pathways, and
inhibition of apoptosis.

Biochemical analysis showed that I/R
induction significantly decreased antioxidant
enzyme activities (SOD and GR) and increased
oxidative stress markers, including GSSG levels
(Table 1). PSE significantly increased CAT
activity (Table 1). SOD converts superoxide
radicals (O2) into hydrogen peroxide and
molecular oxygen, thereby mitigating oxidative
stress. This enzyme is vital for protecting cells
from oxidative damage, especially in the brain,
where high levels of ROS can lead to neuronal
injury (52).

CAT is a critical enzyme in detoxifying
hydrogen peroxide (53). Catalase decomposes

Fasa University of
Medical Sciences

Neuroprotective Effects of Peanut (4rachis hypogaea) Skin Extract
hydrogen peroxide, a byproduct of SOD activity,
into water and oxygen. This enzyme is essential
for preventing oxidative damage by reducing
hydrogen peroxide levels, which can be harmful
if they accumulate (52). GPx utilizes glutathione
to convert hydrogen peroxide and lipid peroxides
into non-toxic substances, contributing to
cellular antioxidant defense. It plays a crucial
role in maintaining redox balance within cells
and protecting against oxidative stress-induced
cell death (52).

Furthermore, the significant reduction in
serum AChE activity in PSE-treated groups
suggests improved cholinergic signaling, which
is crucial for memory and cognitive function
(54). In the groups receiving PSE, GSSG levels
significantly decreased compared to the I/R
group (Table 1). Previous research indicates that
Crocin, a carotenoid isolated from Crocus sativus
L. (saffron), increased ACh levels in the posterior
hippocampus of ischemic male Wistar rats (55).
This elevation in ACh may result from enhanced
choline acetyltransferase activity or reduced
acetylcholinesterase activity in the brain (56).
Samah Elsayed et al. (2021) demonstrated that
oxidative stress in male rats with right common
carotid artery occlusion (RCCAO) significantly
increased MDA levels and decreased SOD
activity, whereas pretreatment with red beetroot
(Beta vulgaris L.) extract reduced reperfusion
injury and MDA levels and increased SOD
activity (56).

Mabhyar et al. (2025) have shown that the
administration of Quercetin in the MCAO
model of rats increased CAT activity, SOD,
and GPx levels, thereby enhancing endogenous
antioxidant activity (51).

PSE exhibits hepatoprotective effects.
Specifically, it has been demonstrated that PSE
can decrease fat accumulation in the liver and
enhance liver function in animal models, implying
a protective rather than harmful effect (57).
Study Limitations

Some of asudy limitations have been
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mentioned here:

1. Lack of CBF (Cereberal blood flow)
monitoring: In this study, the cerebral blood
flow monitoring technique was not used due to
laboratory limitations, but this technique can be
used in future studies.

2. Use of cardiac perfusion fixation: For
histological analysis, according to previous
sources, the postmortem immersion fixation
method was used. However, in future studies, we
will use the cardiac perfusion fixation method
to better preserve the neural tissue, which will
yield better results.

3. Lack of phytochemical profile peanut
skin: according to previous articles referred to
in this study which contain valid and reliable
data, we gained a better understanding of the
phytochemical properties of peanut skin. Direct
analysis of peanut skin extract using HPLC-MS
can help us to better understand these properties.
Therefore, we plan to directly analyze this extract
in future research by improving laboratory
conditions and providing financial resources.

4. Carbonated taste of PSE: The carbonated
taste of peanut skin extract may hinder its
acceptance and use in human food products.
Detailed investigation of the sensory and taste
characteristics of these extracts requires advanced
and time-consuming equipment that is not
currently available to us. Therefore, in future plans,
we plan to investigate this sensory characteristic
in more detail by improving laboratory conditions
and securing financial resources.

Conclusion

In conclusion, our findings supposed
neuroprotective potential of PSE against global
cerebral I/R, as evidenced by reductions in
oxidative stress markers and attenuation of
hippocampal histopathology. However, further
comprehensive studies addressing safety,
pharmacokinetics, dose—response relationships,
and long-term efficacy are required before
clinical application can be contemplated.
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