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Abstract: Background: Alzheimer’s disease (AD) is driven by convergent mechanisms that include oxidative stress
and Ca?*-dependent synaptic failure [1-4]. Aluminum chloride (AICls) exposure is frequently used to reproduce
selected AD-like features in rodents, including cognitive/behavioral decline and redox imbalance [7-9]. Here,
dissertation-derived experimental results are reformatted into an IMRAD manuscript to assess whether a plant-
derived polyphenol fraction (G-31) can correct AlCls-evoked behavioral suppression and synaptosomal Ca?*
dysregulation.

Methods: Male white rats (180-200 g) were assigned to control and AlCl; model groups; AlCl; was administered
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(10 mg/kg, i.p., once daily, 7 days) to induce AD-like neurotoxicity. G-31 was given at 50 mg/kg using different
delivery routes (i.p., intranasal, or per os; n=6/group). Behavior was quantified by open-field exploration
(42-square arena, 3 min) [5], Conditioned reflex passive avoidance (CRPA) and Conditioned reflex active avoidance
(CRAA). Synaptosomes were prepared by differential centrifugation and loaded with Fluo-4AM to quantify
cytosolic Ca?* kinetics (peak amplitude, AUC, t) under Ca?*-containing (2 mM CaCl,) or Ca?*-free (EGTA) conditions.
Oxidative stress was evaluated by malondialdehyde (MDA) in blood and brain homogenates.

Results: The AlClz model robustly increased lipid peroxidation: MDA rose from 11.4+0.1 to 30.2+0.3 pmol/mg
tissue in blood and from 4.54+0.4 to 8.35+0.2 umol/mg tissue in brain (p<0.05—0.01). AlCl; exposure also produced
a hypomotor/exploratory phenotype in the open field and decreased performance in avoidance-based cognitive
paradigms. At the synaptic level, synaptosomal Ca?* transients deviated from the control pattern, consistent with
Ca?* dyshomeostasis—an established mechanistic hallmark of AD-related synaptic vulnerability [10-12]. Across
regimens, G-31 shifted behavioral and Ca?* readouts toward the control profile; intranasal delivery produced the
most pronounced behavioral correction in this dataset.

Conclusion: These results support a working model in which AICl; triggers oxidative membrane injury and
synaptosomal Ca?* dysregulation that jointly contribute to cognitive suppression, and polyphenol G-31 provides
partial, multi-level correction—potentially via antioxidant/metal-chelating effects and normalization of Ca®*
entry/clearance mechanisms [14—19].

Keywords: Aluminum chloride; Alzheimer-like model; polyphenol; synaptosomes; calcium dynamics; oxidative
stress; open-field; passive avoidance.

and facilitation of synaptic plasticity mediators (e.g.,
BDNF/CREB signaling) [14-19]. However, for
translational relevance, behavioral rescue should be
anchored to mechanistic endpoints at the synaptic

Introduction: Alzheimer’s disease (AD) is a leading
cause of dementia and is pathologically characterized
by amyloid-B (AB) aggregation, tau pathology, synapse
loss and neuroinflammation [1,2]. Although AB and tau

remain core hallmarks, a substantial body of work
indicates that oxidative stress and disturbed
intracellular Ca?** signaling provide a convergent
mechanistic pathway driving synaptic failure and
neuronal vulnerability [3,4,10-12]. At synapses, Ca%* is
the central second messenger coordinating
neurotransmitter release, long-term potentiation
(LTP), and activity-dependent gene expression.
Accordingly, even moderate shifts in Ca%*
influx/clearance balance can impair plasticity programs
and amplify excitotoxic and inflammatory cascades.

Aluminum exposure has long been investigated as a
potential contributor to neurotoxicity. In rodent
studies, aluminum salts can increase oxidative stress,
impair mitochondrial bioenergetics, and disrupt
signaling pathways relevant to learning and memory
[7-9]. In particular, AICI; has been shown to impair
long-term memory and downregulate the cAMP—PKA—
CREB axis, which is required for memory consolidation
[8]. Therefore, AlCls-based paradigms are useful for
testing candidate neuroprotectants and for linking
behavioral phenotypes to molecular readouts.

Polyphenols are promising multi-target compounds for
CNS disorders. Reported mechanisms include direct
scavenging of reactive oxygen species (ROS), chelation
of redox-active metals, rebalancing of pro-
inflammatory transcriptional programs (e.g., NF-kB),
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level.

This manuscript converts dissertation-derived findings
into an IMRAD article focusing on (i) AlClz-induced
oxidative stress and behavioral suppression, (ii)
synaptosomal Ca?* dysregulation as a mechanistic
marker, and (iii) the corrective profile of polyphenol
fraction G-31 across delivery routes.

METHODS

Animals and experimental groups. Male white rats
(180-200 g) were maintained under standard vivarium
conditions. Animals were distributed into experimental
groups (n=6/group). AD-like neurotoxicity was induced
by AICl; (10 mg/kg, intraperitoneally, once daily for 7
consecutive days). The polyphenol fraction G-31 was
administered at 50 mg/kg via i.p., intranasal, or per os
routes (Table 1).

Open-field testing. Exploratory activity was assessed in
a 42-square arena with holes under ~100-lux
illumination. Following a 2—3 min acclimation, animals

were monitored for 3 min. Endpoints included
horizontal locomotion (square crossings), vertical
activity (rearing), grooming, hole pokes, and

emotionality indices (defecation/urination) [5].

Conditioned reflex passive avoidance (CRPA) and
Conditioned reflex active avoidance (CRAA). Avoidance
learning and retention were evaluated using standard
paradigms. For URPI, latency to enter the dark
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compartment was measured during acquisition and
retention sessions; reduced retention latency indicates
impaired memory consolidation. For CRPA, avoidance
responses across trials were recorded as a measure of
conditioned learning.

Synaptosome isolation. Brain tissue was homogenized
in ice-cold sucrose buffer (0.32 M sucrose, 0.01 M
Tris-HCI, 0.5 mM EDTA, pH 7.4) and subjected to
differential centrifugation (4,500 rpm, 10 min; then
14,000 rpm, 20 min) to obtain a crude synaptosomal
fraction.

Fluo-4AM Ca?* recordings. Synaptosomes were loaded
with Fluo-4AM and fluorescence was recorded over

containing medium (2 mM CaCl,) and, where indicated,
under Ca%*-free conditions using EGTA. Ca?* kinetics
were summarized by peak amplitude (AF/Fo), area
under the curve (AUC; AF/Fo's) and decay time constant
(v).

Oxidative stress assessment. Lipid peroxidation was
quantified as MDA in blood and brain homogenates
(TBARS approach), expressed as pmol per mg tissue.

Statistics. Data are presented as meantSEM. Normality
was evaluated using the Shapiro—Wilk test. Between-
group comparisons were analyzed using one-way
ANOVA with Dunnett’s post hoc test (or Kruskal-Wallis
with Dunn’s correction if assumptions were violated).

time. Measurements were performed in Ca?*- Statistical significance was defined as p<0.05.
Table 1. Experimental groups and treatment regimens.
Group Condition / model Treatment (dose) Route & schedule n
1 Control Vehicle Matched handling 6
2 AICl3 model AICls (10 mg/kg) i.p., once daily x 7 days 6
3 AICl3 + G-31 G-31 (50 mg/kg) i.p., per protocol 6
4 AlCl; + G-31 G-31 (50 mg/kg) Intranasal, per protocol 6
5 AlCl; + G-31 G-31 (50 mg/kg) Per os, per protocol 6
RESULTS and vertical rearing, alongside changes in emotionality-

AICl; induces robust oxidative stress. The model
significantly elevated lipid peroxidation in both
systemic and brain compartments. MDA increased
from 11.4+0.1 to 30.2+0.3 pmol/mg tissue in blood and
from 4.54+0.4 to 8.35+0.2 pmol/mg tissue in brain
homogenates (p<0.05-0.01).

Behavioral suppression in open field and avoidance
tasks. Relative to controls, AlCls-treated rats exhibited
a reduction of exploratory drive and locomotion in the
open field, including decreased horizontal crossings
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related indices. Exposure to AlCl; resulted in behavioral
passivity and decreased exploratory activity: decreased
locomotor activity, reduced rearing and orientation,
and altered profiles of emotional reactivity markers.
These results are consistent with dysfunction of the
hippocampal-prefrontal networks and decreased
cholinergic modulation. In the correction group
receiving G-31, these results were partially restored,
indicating increased efficiency of synaptic transmission
(Figure 1).
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Figure 1. Main parameters of the open field test: control group, AlCls-induced AD model (10 mg/kg, i.p., 7
days), and correction with G-31 (50 mg/kg, i.p., 3 days). Data are presented as mean + SEM (n=6). *p<0.05
compared with the control group; #p<0.05 compared with the AICI; group.

In cognitive paradigms, the model reduced Conditioned dysreglﬂation of hipp(.)cam‘pal syngptic plasticity (LTIQ

reflex passive avoidance (CRPA) and impaired @nd Ca*’-dependent signaling, which may lead to Ca

Conditioned reflex active avoidance (CRAA). overload and OS memory consolidation via
glutamate/NMDA. In the G-31-corrected group,

retention scores improved, indicating partial
restoration of synaptic plasticity (Figure 2).

In the CRPA test, retention scores were reduced in the
AICl; model, i.e., the time to entry into the dark
chamber was shortened. This was associated with
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Figure 2. The conditioned passive avoidance reflex test (CRPA): time to entering the dark chamber in the
control group, the AICl; model group, and the G-31 correction group. Data are presented as mean + SEM
(n=6). *p<0.05 compared with the control group; #p<0.05 compared with the AICl; group. pM
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Synaptosomal Ca?* dysregulation. Synaptosomal
Fluo-4AM recordings revealed that AICl; altered Ca?*
transient shape (peak/AUC and/or decay kinetics)
compared with control synaptosomes, consistent with
disrupted Ca?* homeostasis.

In synaptosomal fluorescence analysis, Ca** content
increased by an average of 52+4.5% in the control
group (p<0.05) and 78+5.1% in the AC model group
(p<0.05) with the addition of L-glutamate (10~* M). This

I Controle
A4 1 -glutamate (50 pM)

B Controle (AD)

B L-glutamate (50 uM)

indicates an increase in glutamatergic excitotoxicity
and a component of Ca%* overload [20-24]. Changes
were also observed under Ca?* chelation (EGTA)
conditions (Figure 3). Reduced synaptosomal Ca?*
response and/or accelerated clearance in G-31-
corrected groups indicates restoration of the functional
balance of Ca?* influx pathways (receptor-gated and
voltage-gated channels) and Ca?* release systems
(PMCA/NCX).
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Figure 3. Changes in synaptosome Ca?* levels (Fluo-4 AM) under correction with polyphenol G-31: responses
in the control group, the AICl; model group, and the G-31 group under basal and L-glutamate (10~* M)/EGTA
conditions. Data are presented as mean + SEM (n=6). *p<0.05 compared with control; #p<0.05 compared with
AICl; group.

Corrective profile of polyphenol G-31. G-31
administration partially normalized behavioral and
synaptosomal Ca?* readouts toward the control
pattern. In this dataset, intranasal delivery produced
the most prominent behavioral recovery in open-field
endpoints, suggesting improved CNS delivery
efficiency.

DISCUSSION

This study integrates behavioral, biochemical and
synaptic-level endpoints to support a mechanistic link
between AlClz-induced oxidative injury and Ca?*-
dependent synaptic dysfunction. The increase in MDA
confirms that the model generates substantial lipid
peroxidation, which can compromise membrane
fluidity, receptor/ion-channel function and
mitochondrial bioenergetics [3,7-9]. At the systems
level, reduced exploration/locomotion and weaker
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avoidance learning/retention are consistent with
hippocampo—prefrontal network impairment and
reduced plasticity efficacy.

Ca?* dyshomeostasis is a well-established vulnerability
factor in AD, where Ca?* influx through glutamatergic
pathways and reduced clearance/buffering can disrupt
LTP and promote neurodegeneration [10-12].
Moreover, the distribution of NMDAR signaling
between  synaptic  (plasticity-supporting)  and
extrasynaptic (stress-promoting) pools is a key
determinant of whether Ca?* signals drive CREB-
dependent memory programs or trigger maladaptive
pathways [11,26]. Therefore, synaptosomal Ca?*
kinetics (peak/AUC/t) provide a functional and
mechanistically interpretable readout bridging redox
injury to neurotransmission.

The partial rescue observed with polyphenol G-31 is
consistent with multi-target polyphenol pharmacology.
38
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Polyphenols can reduce ROS and lipid peroxidation,
chelate metals that catalyze redox cycling, and
attenuate inflammatory transcription programs such as
NF-kB [14-16]. Additionally, polyphenols can facilitate
plasticity-associated signaling (BDNF/CREB), which is
necessary for long-term memory formation [19,25].
From a biophysical standpoint, decreased membrane
oxidative damage should restore receptor/ion-channel
conformational flexibility —and  stabilize  Ca**
entry/clearance dynamics [27,28], thereby improving
the signal-to-noise ratio of synaptic transmission.

Limitations and next steps. The dissertation dataset
establishes a coherent pattern across oxidative stress,
behavior and synaptosomal Ca**. To increase
mechanistic resolution, follow-up experiments should
pharmacologically dissect Ca%* sources and clearance
(e.g., depolarization-evoked Ca?** entry; NMDAR
antagonism; N-type channel blockade; PMCA/NCX
contribution) and quantify pathway-level biomarkers
(e.g., CREB phosphorylation, BDNF, and inflammatory
mediators).

CONCLUSION

AICI; exposure produced an AD-like phenotype
characterized by increased lipid peroxidation,
behavioral suppression in exploration and avoidance
paradigms, and synaptosomal Ca%** dysregulation.
Polyphenol fraction G-31 provided partial correction of
these endpoints, with intranasal delivery showing the
most pronounced behavioral improvement in this
dataset. These results support a working model in
which oxidative membrane injury and Ca?*
dyshomeostasis cooperate to drive cognitive decline,
and polyphenols counteract this process via
antioxidant/metal-chelating, anti-inflammatory and
Ca?*-modulatory mechanisms.
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