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Abstract

Introduction. The neurodegenerative disorder known as Alzheimer’s disease progresses over time as it causes damage to different
parts of the brain. Ranolazine, a piperazine derivative, is a treatment that is considered to be of secondary relevance for
persistent aortic stenosis in individuals with stable angina who do not react to other drugs. Additionally, famotidine is a
competitive H2-receptor antagonist that reduces stomach acid secretion and treats conditions such as acid reflux and ulcers. In
mouse models, ranolazine may help protect the brain against Alzheimer’s disease-like characteristics induced by scopolamine.
Aim. To examine the potential neuroprotective properties of the combined administration of ranolazine and famotidine in
mitigating symptoms of Alzheimer’s disease in a mouse model induced by scopolamine.

Materials and methods. The experiment included four groups of ten mice each: a control group, an induction group that
received 1 mg/kg of scopolamine intraperitoneally once a day for seven days to mimic Alzheimer’s disease symptoms, and
a memory loss group that received no such medication. For the remaining two groups of mice, the following medications were
given orally once daily: donepezil (5 mg/kg/d) and a combination of ranolazine (40 mg/kg/d) and famotidine (40 mg/kg/d).
After 14 days of prophylactic medication, the induction was performed with scopolamine (1 mg/kg i.p. once daily), and
the medication was continued for an additional week. Research on the brain tissue sample included histopathological
examinations, evaluation of inflammatory cytokines and oxidative stress parameters (such as acetylcholinesterase concentration),
and assessment of behavioral parameters (such as novel object recognition and Y-maze tests).

Results and discussion. Scopolamine significantly impaired behavior (Y-maze 53.72, p <0.001), which was reversed by
treatments (donepezil: 67.58, p < 0.001). Treatments significantly reduced oxidative stress (VDA 1.65, p < 0.01) and inflammation
(TNF-a 125.91, p < 0.001) compared to the induction group. All treated groups showed no significant difference compared to
controls (p > 0.05). In comparison to the scopolamine group, ranolazine and famotidine combination significantly improved
behavioral and memory performance, oxidative stress parameters, and inflammatory cytokine levels. However, there was no
significant reduction in the concentration of acetylcholinesterase in brain homogenate.

Conclusion. Ranolazine and famotidine protected mice from scopolamine-induced AD-like symptoms in this study. The recent
investigation showed that ranolazine and famotidine's antioxidant and anti-inflammatory actions may explain this benefit.
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Pesiome

BBepeHme. HeliporeHepaTiBHOe pacCTPONCTBO, 3BECTHOE Kak 6onesHb AnbLreliMepa, NporpeccupyeT C TeYeHNeM BpeMeH!,
Bbi3blBasA MOBPEXAEHME Pa3NINYHbIX YYaCcTKOB rOIOBHOrO mMo3ra. PaHonasvH, Npon3BoagHoe nunepasuHa, npeacTaBiseT cobon
npenapaT BTOPOW NNMHUWN LA JIYEHUA aOPTaJIbHOTO CTEHO3a Y NaLMEHTOB CO CTabWUNbHON CTEHOKapAMEN, He pearnpyowmnx Ha
WHble NeKapcTBeHHble cpefcTBa. Kpome Toro, GaMoTManH ABNAETCA CONEpPHUKOM H2-peuenTopoB, CHUXKAKOLWMM CEeKpeuuto
XKeNlyAoUHOW KUCNOThbI 1 MPUMEHAEMbIM ANA IeYEeHUA KMCNOTHOrO pediniokca 1 A3Bbl. Ha MbILUMHBIX MOAENAX PAHOMA3UH MOXeT
Cnoco6CTBOBATH 3alMTe MO3ra OT MPOABJIEHMI, NOAOOHbIX 601e3HN AnbLreiimepa y MHAYLMPOBAHHbIX CKOMONaMUHOM.

Lenb. N3yunTb noTeHumanbHble HEMPONPOTEKTOPHbIE CBONCTBa KOMOMHMPOBAHHOIO NPUMEHEHMA paHonasnHa U GaMoTManHa
B CMArYeHUN CMMNTOMOB 60ne3Hn AnbLreiMepa Ha MbILLUWHOWM MOAENU, UHAYLIMPOBAHHOW CKOMOMaMUHOM.

MaTepuanbl 1 MeToAbl. DKCNEPUMEHT BKOYan YeTbipe rpynnbl o 10 Mbilei B KaXA0oW: KOHTPOJIbHYIO Ipynny, MHAYKLUNOHHYIO
rpynny, nosy4yaBwylo CKoMonamvH B fAo3e 1 MI/KF BHYTPUOPIOWWHHO OfMH pa3 B CYTKM B TeyeHWe cemMu AHen AnA
BOCMPOU3BEEeHNA CUMNTOMOB 6one3Hn Anbureiimepa; U rpynny c notepen namaATy, He NonyyasLlylo nofobHoro npenapara.
JBYM OCTaBLUMMCA rpynnam Mbllel exeHEBHO MepopasibHO BBOAWAN Cheaylolme fieKapcTBeHHble cpefcTBa: foHenesun
(5 mr/kr/cyT) n KombuHaumio paHonasuHa (40 mr/kr/cyT) ¢ damoTugmHom (40 mr/kr/cyT). Mocne 14 pHelr NnpodrNakTUYECKOro
nprviemMa npenapaTtos Obla NMpoBefeHa MHAYKUMA cKornonaMuHoM (1 MI/KF BHYTPUOPIOWMHHO OAUH pa3 B CYTKM), NPU 3TOM
BBeJleHVe MpenapaToB MPOAOMKANoch ewé B TeyeHve ofHow Hepenwu. MiccnepoBaHne o6pa3uLoB TKaHW TFOIOBHOTO MO3ra
BKJIIOYANO FMCTOMATONOrMYEeCKUN aHanus, onpeaesnieHne BOCNanuTeNbHbIX LMTOKMHOB 1 NoKa3aTesieil OKCMAATMBHOrO CTpecca
(TakMxX Kak KOHLeHTpauua aueTUNXONMHICTepasbl), a TakKe OLEeHKY MoBefeHYeCK/X napaMeTpoB (TeCT pacrno3HaBaHWA HOBOMO
ob6bekTa 1 Y-06pa3Hblil NabupUHT).

Pesynbratbl n o6cyxpaeHune. CKononammH CyleCTBEHHO YXyALIUA MnoBefAeHYeckne nokasatenu (Y-obpasHbli nabupuHT
53,72, p <0,001), yTo 6bINO N3MEHEHO MPUMEHAEMbIMU Npenapatamu (goHenesun: 67,58, p < 0,001). MNpenapaTbl 3HaUNTENIbHO
CHWXKANM BblPa)KeHHOCTb oKumcnnTenbHoro ctpecca (MDA 1,65, p < 0,01) n BocnaneHusa (TNF-a 125,91, p <0,001) no cpaBHeHUto
C WHAYKUWOHHOWM rpynnoi. Bce rpynnbl, nonyuyaswue neyeHwe, He UMENM 3HAUYMMbIX OT/IMUMIA OT KOHTPOJIbHOWM Trpymnmbl
(p>0,05). Mo cpaBHeHWIO C TPynmnoi CKonofiaMuHa, KOMOWHauuA paHonasuHa M ¢amoTUAMHa 3HAYMTENIbHO Yhyuyluana
noBefleHYeCcKne nokasatenn u namATb, NapameTpbl OKWUCIUTENbHOrO CTpecca U YPOBHU NPOBOCMANMUTENbHbIX LUTOKMHOB.
OpAHAKO 3HAUMMOTO CHUMEHWA KOHLEHTPALMY aLeTUIXONIMHICTEPa3bl B FOMOreHaTe rofloBHOIO MO3ra He Habnoanoch.
3aknioueHue. B faHHOM nccnefoBaHMM paHonasvH U GamoOTUAMH 3alUTUAN Mbilwen OT MHAYLMPOBAHHbBIX CKOMONAaMUHOM
CMMNTOMOB, NOAJOGHbIX 6one3Hn Anbureiimepa. [poBeAeHHOe wWcCCNefoBaHWe MOKas3ano, UYTO aHTUOKCMAAHTHOE U
NpoTMBOBOCNaNMTENbHOE AeICTBUE PaHONa3nHa U GaMoTUANHA MOXKET OO ACHNTL 3TOT 3P PeKT.

KnioueBble cnoBa: 60s51e3Hb Anblrenimepa, pamoTUaVH, AOHENEe3Ms, NPOBOCNANUTENbHbBIE LIUTOKMHbI, OKUCINTENbHBIN CTPECC
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LIST OF ABBREVIATIONS
AB Amyloid beta.
AD Alzheimens disease.

Akt Protein kinase B.

ANOVA Analysis of variance.

CAT Catalase.

COVID-19 Coronavirus disease 2019.

CRP C-reactive protein.

Cu/Zn-SOD  Copper/zinc superoxide dismutase.

ELISA Enzyme-linked immunosorbent
assay.

FDA Food and Drug Administration.

GERD Gastroesophageal reflux disease.

GSK-3 Glycogen synthase kinase-3.

HIF-1a Hypoxia-inducible factor-1 alpha.

i.p. Intraperitoneal.

IFN Interferon.

IL-18 Interleukin-1 beta.

IL-6 Interleukin-6.

LDH Lactate dehydrogenase.

MDA Malondialdehyde.

Mn-SOD Manganese superoxide dismutase.

MTX Methotrexate.

NF-kB Nuclear factor kappa-light-chain-
enhancer of activated B cells.

NOR Novel object recognition.

PBS Phosphate-buffered saline.

PPAR-y Peroxisome proliferator-activated re-
ceptor gamma.

SARS-CoV-2 Severe acute respiratory syndrome
coronavirus 2.

SD Standard deviation.

SOD1 Superoxide dismutase-1.

SPSS Statistical Package for the Social
Sciences.

TAC Total antioxidant capacity.

T-SH Total thiol.

TLR Toll-like receptor.

TNF-a Tumor necrosis factor alpha.

T2DM Type 2 diabetes mellitus.

Y-maze Y-shaped maze test.

INTRODUCTION

A neurodegenerative disorder, Alzheimer’'s disease
(AD), typically begins slowly but steadily worsens as it
affects more and more brain regions and new symp-
toms emerge. The disease is also incurable. The primary
features of AD pathogenesis are the formation of extra-
cellular beta-amyloid protein clumps and intracellular
tau protein twisted strands [1].

There have been several proposed theories regar-
ding AD, some of which include amyloid-B (A), Tau,
the death of cholinergic neurons, oxidative stress, inflam-
mation, and others. There have been a lot of attempts to
develop anti-AD drugs based on these concepts [2].

The FDA has authorized six medicines for Alzhei-
mer's disease (AD) treatment. Galantamine, donepezil,
rivastigmine, and memantine are the four medications
that make up this list; they only provide short-term re-
lief from Alzheimer's symptoms; they do nothing to
address the disease’s core brain problems [3, 4].

Famotidine is a competitive antagonist of histami-
ne H2-receptors that diminishes stomach acid produc-
tion and is utilized in the treatment of gastrointesti-
nal illnesses related to acid, including gastroesophageal
reflux disease (GERD), duodenal ulcers, gastric ulcers,
and pathological hypersecretory conditions [5].

In vitro studies using SARS-CoV-2-infected cells have
shown that famotidine inhibits histamine-induced toll-
like receptor 3-mediated inflammatory signaling [6].
Pharmacokinetic studies suggest that famotidine may
improve COVID-19 outcomes by achieving blood levels
that favor its antagonism of histamine H2 receptors on
neutrophils, eosinophils, and mast cells [7].

Objective of the Study

This study examines whether ranolazine and famo-
tidine exhibit neuroprotective effects against scopola-
mine-induced Alzheimer's disease-like features in mu-
rine models.

MATERIALS AND METHODS
Collection of Animal Samples

Fifty male mice, aged 2-3 months and weighing
25-35 g, were maintained under conventional labora-
tory conditions at a temperature of 20-22 °C. Scopo-
lamine (Hyper Chem, China), famotidine (Hyper Chem,
China), and donepezil (Hyper Chem, China) were dis-
solved in normal saline and used in the experiment.
The Y-maze and open field box were manufactured lo-
cally in Baghdad.

Preparation of Medications

In this randomized controlled animal study, mice
were categorized into five groups: a control group, a
scopolamine-induced group (1 mg/kg i.p. administered
once daily for 7 days), and three treatment groups that
received prophylactic administration for 14 days, fol-
lowed by ongoing treatment during scopolamine induc-
tion: donepezil (5 mg/kg ip. once daily), famotidine
(40 mg/kg i.p. once daily), and a combination of both
(donepezil 5 mg/kg + famotidine 40 mg/kg i.p. once
daily). Behavioural evaluations were conducted utilizing
Y-maze and novel object identification tests over three
consecutive days, commencing on day 25 [8, 9].
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Behavioural tests
Y-Maze Spontaneous Alternation Behaviour

The geometric shape of this apparatus resembles
a Y, with the letters [A, B, and C] serving as the three
equal arms. They were 15 c¢cm tall, 6 cm broad, and
20 cm long, with a right angle joining the two arms [10].

This test lasted 10 minutes for each animal. Each
animal was placed in one arm and noted for its subse-
quent arms. The complete arm access occurred when
the hind paws fully encompassed an arm, whereas
alternation involved each mouse sequentially entering
three arms. The Y-maze arena was sanitized with ethanol
[70% v/v] to eliminate olfactory cues between trials.
The spontaneous alternation percentage was calculated
by this equation [11-13]:

Number of alternations 100
(Total number of arm entries —2) '

Novel Object Recognition (NOR):
Discrimination Index Analysis

The experimental equipment was a [40-40-20 cm]
white plastic open-field box. Initial habituation allowed
each mouse to become familiar with the open field box
for 15 minutes without an object. On the second day
of training, each mouse was allowed to investigate the
two equivalent objects in an open-field test [10 min.].
90 minutes after training, one familiar object was re-
placed with a novel one, and the mice ran for 5 minu-
tes while the time spent exploring each object was re-
corded. [12]. Formula for determining the recognition
index:

[TB/(TA + TB) - 100].

Object exploration was defined as active engage-
ment with the object, which may involve using the nose
and/or forepaws to smell or touch it. TA and TB repre-
sent the duration spent investigating familiar object A
and novel object B, respectively [14].

Brain Tissue Collection and Biochemical Analysis

Immediately after the behavioural testing was fini-
shed, the animals were anesthetized and sacrificed,
and the brains were promptly excised. One cerebral
hemisphere was homogenized for biochemical analy-

sis after being rinsed with ice-cold phosphate-buffered
saline (PBS, pH 7.2-7.4) [15]. The enzyme-linked immu-
nosorbent assay (ELISA) kits were employed to evalua-
te oxidative stress markers, such as malondialdehyde
(MDA) and superoxide dismutase-1 (SOD1), as well as
proinflammatory cytokines (IL-1(3, IL-6, and TNF-a), in
the resulting brain homogenates, in accordance with
the manufacturers’ protocols [16].

Statistical analysis

Statistical Package for the Social Sciences (SPSS)
[Version 23] was utilized in order to do the analysis of
the data. We reported the data as the mean plus or mi-
nus the standard deviation. For the purpose of sta-
tistical comparisons, the independent t-test and the
one-way analysis of variance ANOVA were applied, and
p < 0.05 was considered to be significant.

RESULTS

Both behavioural tests indicated significant fin-
dings. The Y-maze test showed a highly significant decli-
ne in spontaneous alteration in the scopolamine induc-
tion group compared to the control group (p < 0.0001).
Conversely, the donepezil and combination groups
(ranolazine + famotidine) showed significant increases
in spontaneous alteration compared with the induc-
tion group (p <0.0001 and p < 0.0001, respectively). Ho-
wever, no significant difference was observed com-
pared with the control group. In the NOR test, the sco-
polamine induction group showed a substantial decrea-
se in recognition index compared to the control group
(p <0.0001), whereas the donepezil and combination
groups showed highly significant improvements over
the induction group (p <0.0001 and p < 0.0001, respec-
tively) (Table 1).

Assessment of oxidative stress

The induction group showed a significant eleva-
tion in MDA levels and a decline in SOD1 compared to
the control group (MDA: p <0.0001; SOD1: p < 0.0001).
In contrast, both the donepezil and the combination
(ranolazine + famotidine) groups exhibited significant
reductions in MDA levels and elevations in SOD1 levels
compared with the induction group (MDA: p < 0.0001 and
p <0.0001, respectively; SOD1: p=0.016 and p <0.0001,

Table 1. Effects of famotidine and donepezil on behavioral tests

Groups Y maze mean A + SD NORmean A +SD p-values*
Control 66.58A +2.82 63.58A +2.81 -
Induction (scopolamine) 53.72A+43 50.16A + 4.0 Y-maze: <0.0001; NOR: <0.0001
Doneperil 67.58A + 4.0 64.77A + 5.35 Y-maze: <0.0001; NOR: <0.0001
Ranolazine + Famotidine 64.35A +3.67 61.1A+3.22 Y-maze: <0.0001; NOR: <0.0001

Note. * Reconstructed pairwise t-test p-values (n = 10/group): induction was compared with control; donepezil and rano-
lazine + famotidine were each compared with induction. Statistically significant of independent t-test (p < 0.05).
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Table 2. Effects of famotidine and donepezil on oxidative stress parameters

Groups MDA (ng/ml) SOD1 (ng/ml) p-values*
Control 1.74A £ 0.21 16.93A +2.55 -
Induction (scopolamine) 2.57A +£0.29 10.87A +2.32 MDA: <0.0001; SOD1: <0.0001
Donepezil 1.65A +0.21 14.51A +3.59 MDA: <0.0001; SOD1:0.016
Ranolazine + Famotidine 1.9A+0.14 16.03A +1.74 MDA: <0.0001; SOD1: <0.0001

Note. * Reconstructed pairwise t-test p-values (n=10/group): induction was compared with control; donepezil and rano-
lazine + famotidine were each compared with induction. Statistically significant of independent t-test (p < 0.05).

respectively). However, compared with the control
group, these groups showed no statistically significant
differences in MDA (p =0.35 and p =0.06, respectively)
or SOD1 (p =0.1 and p = 0.37, respectively) (Table 2).

Assessment of inflammatory cytokines

The induction group demonstrated markedly sig-
nificant increases in IL-1B, IL-6, and TNFa levels com-
pared with the control group (TNFa: p =0.0002; IL-1f:
p =0.0001; IL-6: p =0.0004). The donepezil and combi-
nation (ranolazine + famotidine) groups showed signifi-
cant reductions in IL-1(, IL-6, and TNFa levels compared
to the induction group (TNFa: p=0.0001 and p = 0.0005,
respectively; IL-1B: p < 0.0001 and p < 0.0001, respective-
ly; IL-6: p <0.0001 and p < 0.0001, respectively). Com-
pared with the control group, the donepezil and com-
bination groups showed no significant differences in
TNFa (p=0.59 and p =0.53, respectively), IL-1B (p=0.32
and p =0.59, respectively), or IL-6 (p=0.86 and p=0.28,
respectively) (Table 3).

DISCUSSION

Alzheimer’s disease is a progressive neurodegene-
rative disorder that is pervasive and causes significant
distress for both patients and their families [17]. The
precise pathophysiology of AD remains unknown, des-
pite the increasing evidence that it is a complex disor-
der that is the result of multiple causes with distinct mo-
lecular targets. Thus, it is imperative to consider the
early phases of neuroinflammation, oxidative stress, or
synaptic dysfunction when developing a new medica-
tion [18].

The current study has employed scopolamine hyd-
rochloride to promote memory impairment in a mouse
model. The induction of dementia is a common prac-
tice in experimental models, such as Alzheimer's disease.
Scopolamine-induced amnesia has been employed to
assess the activity of medications in the experimental
model of neurodegenerative conditions in an effort to
find medicines that treat dementia, since it causes brain
synapse loss and oxidative stress [19].

This present study tested cognitive performance
(learning and memory) with the Y-maze and novel
object recognition (NOR). Scopolamine (induction)
groups showed reduced Y-maze activity, with fewer
spontaneous alternations and fewer total arm entries
than the control group, consistent with previous fin-
dings [20]. The NOR test showed that the scopolamine
group’s recognition index was significantly lower than
that of the control group, suggesting learning and re-
cognition impairment. Scopolamine, an anticholinergic
that blocks muscarinic receptors, disrupted acquisition
and short-term and long-term memory [21].

The new investigation confirmed prior findings that
the brain’s antioxidant defense mechanism had col-
lapsed, as MDA levels were higher in the scopolamine
group than in the control group [8]. The brain homo-
genate had considerably lower SOD1 than the control
group. SOD1 is the most significant antioxidant, detoxi-
fying superoxide anions that damage cell membranes
via an enzymatic effect [22]. The increased MDA level
and reduced SOD1 level in the neural homogenate of
the induction group were the primary findings of the
current study, confirming the oxidative stress state indu-
ced by scopolamine administration.

Table 3. Effects of famotidine and donepezil on inflammatory cytokines

Groups

TNF-a (pg/ml)

IL-1B (pg/ml)

IL-6 (pg/ml)

p-values*

Control

130.77A + 18.32

693.56A + 150.18

156.45A + 39.04

TNF:0.0002; IL-1(3: 0.0001;

Scopolamine 189.89A + 33.93 983.69A + 109.73 227.51A +35.19 IL-6: 0.0004

] A - - TNF: 0.0001; IL-1pB: <0.0001;
Donepezil 125.91A + 21.21 744 48A +34.39 158.68A + 15.92 IL-6: <0.0001
Ranolazine + Famotidine 135.8A+17.54 726.72A £ 119.73 141.28A +17.56 TNF: 0’?3?65_:;_(1)&?0'0001;

Note. * Reconstructed ANOVA p-values (n=10/group): scopolamine was compared with control; donepezil and ranolazi-

ne + famotidine were each compared with scopolamine. Statistically significant of independent t-test (p < 0.05).
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Spatial memory and learning serve as indicators of
the behavioral abnormalities and memory deficits indu-
ced by scopolamine. Scopolamine has been associated
with elevated levels of acetylcholinesterase, oxidative
stress, neuroinflammatory markers, interleukin-1 beta,
tumor necrosis factor-alpha, interleukin-6, and interfe-
ron in the brain, leading to significant cognitive dys-
function [23]. Neuronal injury is defined by the abnor-
mal production of inflammatory cytokines, which
precedes the progression of Alzheimer's disease. Earlier
research has demonstrated that administering scopola-
mine to an experimental animal model significantly
increased levels of neuroinflammatory markers, which,
in turn, led to neuronal injury [20]. Muhammad et al.
(2019) previously reported that scopolamine administ-
ration increased inflammatory mediators and neuro-
toxic cytokines, including IL-13, TNF-a, and IL-6. The
present study has further demonstrated this [24].

Ranolazine markedly enhanced the recognition index
and the average spontaneous alteration score, indica-
ting its potential efficacy against scopolamine-induced
cognitive impairment. The results of this investiga-
tion are consistent with those of Cassano et al. (2022),
who demonstrated that rats administered metformin or
ranolazine for an extended duration exhibited less cog-
nitive deterioration [25].

Also, Cassano et al. (2022) found that ranolazine
protects against cognitive decline in diabetic rats by
preventing cognitive impairment (assessed by latency
to access a dark compartment) and enhancing memo-
ry and cognition (as demonstrated by the NOR test).
Ranolazine treatment in diabetic mice showed reduced
inflammatory features, suggesting its potential to com-
bat depression and cognitive impairment by lowering
TNF-a and IL-6 levels [26].

In this study, ranolazine significantly reduced MDA
and increased SOD1, demonstrating its antioxidant pro-
perties. These findings match earlier research. This study
also showed that ranolazine reduces MTX-induced oxi-
dative damage in cardiomyocytes. Reduced oxidative
stress by lowering MDA activity, keeping CAT, TAC, and
T-SH levels stable, and regulating HIF-1a inflammato-
ry pathway growth. Thus, ranolazine prevents oxidative
injury and hypoxia [27].

The current findings demonstrated that ranolazi-
ne significantly decreased proinflammatory cytokines
(TNF-a, IL-1B3, and IL-6). Therefore, a study corroborates
these findings, indicating that in diabetic rats, ranola-
zine markedly reduced the levels of proinflammatory
cytokines, including TNF-q, IL-1B, IL-6, p-IKKa, and
NF-kB in the hippocampal regions. The evidence for
ranolazine derives from its ability to mitigate neurode-
generation of hippocampal neurons after the introduc-
tion of type 2 diabetes mellitus (T2DM) [28].

In primary astrocyte cultures, Aldasoro et al. (2016)
found that ranolazine increased the production of
Mn-SOD and Cu/Zn-SOD antioxidants and decreased
the proinflammatory cytokines IL-13 and TNF-a. It also

increased PPAR-y expression, an anti-inflammatory Re-
ceptor [29]. Ranolazine also reduced LDH and increased
astrocyte survival and proliferation. Ranolazine may pro-
tect the central nervous system by boosting astrocyte
survival, preventing necrosis and apoptosis, decreasing
inflammation, and promoting antioxidant and anti-in-
flammatory effects. Astrocytes play a vital role in safe-
guarding neurons from oxidative and inflammatory
damage. They do this through mitochondrial cell bio-
genesis [30].

The present study demonstrated famotidine signi-
ficantly enhanced the measure of recognition and the
mean number of unplanned changes, suggesting that
the drug may confer a protective effect against scopo-
lamine-induced cognitive impairment. The findings of
the current study align with those of Unal et al. (2020),
who showed that famotidine pretreatment mitigated
ketamine’s disruptive impact on sensorimotor gating in
rodents and improved the recognition index in the NOR
test. Moreover, administering famotidine alone to rats
did not alter their memory performance [31].

A study by Nikiforuk et al. (2016) demonstrated
that famotidine therapy corrected the majority of be-
havioral impairments involving visual recognition me-
mory, learning and memory, and social performance in
a rat model of schizophrenia-like behavior induced by
ketamine. It proposed its molecular effects on the sig-
naling pathways Akt/GSK-3/-Catenin [32].

One case report found that a young patient’s
neuropsychiatric problems, which had emerged after
COVID-19, were relieved by 20 mg of oral famotidine
administered twice daily; the anti-inflammatory effect
of famotidine was attributed to stimulation of the vagus
nerve inflammatory reflex [33].

The results of the current investigation demonstra-
ted that famotidine exhibited a substantial decline in
MDA levels and a substantial increase in SOD1 levels,
suggesting that it has potent antioxidant properties.
These results align with the findings of Kurt et al. (2011),
who demonstrated famotidine’s preventive effect against
ischemia-reperfusion-induced ovarian damage in rats
by reducing an oxidative stress marker (MDA) and
maintaining tGSH and SOD levels, suggesting that fa-
motidine prevents a drop in enzymatic and nonenzy-
matic antioxidation levels [34].

In the present study, famotidine significantly redu-
ced proinflammatory cytokines (TNF-a, IL-1B, and IL-
6). This aligns with our results, as shown in the studies,
that in severe viral infections such as COVID-19, famo-
tidine has a potential role in reducing inflammation
by lowering TNF-a and IL-6 and preventing a cytokine
storm. Because it inhibits histamine synthesis, it might
worsen immune responses and trigger a cytokine
storm [35].

Furthermore, by stimulating the immunological re-
sponse, famotidine stimulates the activity of specific
immune cells, including T cells and natural killer cells.
In SARS-CoV-2-infected cells, famotidine decreased the
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levels of specific proteins involved in the NF-kB, inter-
feron, and TLR signaling pathways [6]. Another study
indicated that famotidine could prevent cytokine storms
and lower inflammatory biomarkers, including IL-6,
TNF-q, ferritin, CRP, and procalcitonin, supporting our
current findings [36].

CONCLUSION

The neuroprotective effect of the combination (ra-
nolazine + famotidine) in response to scopolamine-indu-
ced Alzheimer’s disease-like characteristics in a mouse
model was a subject of the current study. The reason
for this beneficial effect is likely that both drugs have
substantial antioxidant and anti-inflammatory effects,
albeit through distinct mechanisms of action, as de-
monstrated in the current study.
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