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ABSTRACT

Objectives: Schizophrenia (SCZ) is characterized by significant impairments in perception and cognitive flexibility. Making accurate plans for therapy
demands a deeper comprehension of the brain mechanisms behind these disorders. The purpose of our investigation is to analyze the protective
effects of papaverine, a phosphodiesterase-10 inhibitor, on ketamine-induced SCZ -like behavioral and biochemical alterations in mice.

Methods: For 10 consecutive days, mice were exposed to ketamine (30 mg/kg; i.p.) to develop a SCZ-like phenotype. Various behavioral tests, including
social interactions, catalepsy, cognitive impairment (Morris water maze), locomotor and anxiety (open field test), and immobility duration (forced
swim test), were assessed. Biochemicals (acetylcholinesterase [AChE] activity, glutathione, and lipid peroxides), and histopathological alterations
were also investigated. In this study, papaverine (30 mg/kg; i.p.) and clozapine (7.5 mg/kg p.o.) served as test and standard, respectively. Results were
statistically analyzed and “one-way ANOVA” was performed, and Tukey’s multiple comparison test was subsequently applied.”

Results: After 28 days of ketamine therapy, significant (p<0.05) behavioral alterations have been noted, including increased immobility duration,
altered locomotor and anxiety-like behaviors, social interactions, cognitive impairment, and catalepsy. Significant alterations in histopathology, AChE
activity, and oxidative stress (increased lipid peroxides and lower glutathione) were also observed in mice treated with ketamine. Treatment with
clozapine and papaverine considerably (p<0.05) improved the biochemical changes, behavioral problems, and histological changes.

Conclusion: We may conclude that papaverine may have neurodefensive effects against ketamine-induced SCZ in mice based on behavioral,
histological, and biochemical observations.
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INTRODUCTION regulate intracellular cAMP and cGMP in the neurons, which serve as key
integrators of cortical glutamatergic and dopaminergic signaling [14].
Impaired neurotransmission (glutamatergic and dopaminergic) is
strongly linked with SCZ. It was well known that striatal dopaminergic
hyperactivity is linked with hallucinations and delusions, while
glutamatergic hypofunction is linked with negative and cognitive
disability [15,16]. Preclinical evidence shows that PDE-10A inhibitors
can normalize striatal output, improve cognitive ability, and attenuate
psychosis behaviors in animals [17, 18]. Thus, papaverine (PDE-10A
inhibitor) emphasizes its potential as a pharmacological agent for SCZ
through targeting dopaminergic and glutamatergic imbalances.

Schizophrenia (SCZ) is a serious mental condition that has terrible
effects on individuals who experience it. The epidemiology of SCZ
demonstrates that it occurs frequently, in various kinds of settings,
and in combination, reducing the quality of life and increasing the risk
of dying young [1]. Nowadays, SCZ is thought to be characterized by
different symptoms: negative (social withdrawal, alogia, avolition, and
anhedonia), positive (hallucinations), and cognitive (deficiencies in
attention, verbal and visuospatial learning, memory, problem-solving,
and cognitive flexibility) [2-6]. Multiple factors, including genetic
makeup, surroundings, and psychological aspects, can cause SCZ. The
genesis of this psychological condition is currently not clear; however,
it is marked by substantial anatomical and functional alterations in the
brain [7]. Ketamine functions by antagonizing N-methyl-D-aspartate
(NMDA) to affect the glutamate system [8]. Along with its negative
symptoms, such as emotional withdrawal and blunted affect, ketamine
also causes positive effects (delusions and abnormal perception) [9,10].
Ketamine (30 mg/kg; i.p.) injections for 10 consecutive days were used
to provoke SCZ in mice.

METHODS

Experimental animals and housing

Experiments were carried out on Swiss albino male mice with a body
weight of 25+5.0 g. Animals were accommodated under standard
laboratory care conditions. (12:00 h light/dark cycle) with free water
and a consistent diet. All experimental protocols received approval
from the Institutional Animal Ethics Committee (IAEC) (1204/PO/
Re/S/08/CPCSEA/24-01). Throughout the whole investigation, all IAEC

criteria were strictly adhered to check the suffering of the test subjects.
Phosphodiesterases (PDEs) are a class of phosphor-hydrolytic enzymes

that regulate the strength of intracellular second messenger signaling
by converting cyclic guanosine monophosphate (cGMP) (3’5’-cGMP)
and cyclic adenosine monophosphate (cAMP) (3’5’- cAMP) to their
inactive 5° AMP and 5’ GMP forms, respectively [11,12]. Papaverine
exhibits notable neuropsychiatric potential through diminishing PDEs-
10A (PDE-10A) enzymes in the striatum [13]. PDE-10 is essential to

Experimental protocol

Fresh solutions of each drug were prepared before use. A dosing
schedule and dosages were selected based on previously published
reports. There were seven groups employed in this study, with six (n=6)
mice in each group, to examine the role of PDE-10 receptor modulators
in ketamine provoked SCZ.
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Group [ - Control: Mice were treated with 0.9% normal saline
(10 mL/kg; ip.) for 4 weeks. Group II - Vehicle: 0.5%
carboxymethylcellulose (CMC) was administered in mice for 4 weeks.
Groupl1I-Papaverineperse: Papaverine (30 mg/kg;i.p.) wasgiventoeach
mouse for 4 weeks to assess the effect of the drug itself on normal mice.
Group IV- Ketamine: Ketamine was given to each mouse intraperitoneally
atadose of 30 mg/kg for 10 successive days, followed by behavioral and
biochemical assessment for 28 days. Group V - Ketamine+papaverine
(15 mg/kg): Each Mouse was treated with ketamine for 10 repeated
days, followed by papaverine (15 mg/kg; i.p.) administration from the
10" to 28™ day. Group VI- Ketamine+papaverine (30 mg/kg): Each
Mouse was treated with ketamine for 10 repeated days, followed by
papaverine (30 mg/kg; i.p.) administration from the 10" to 28" day.
Group VII- Ketamine+Clozapine (7.5 mg/kg): Mice were treated with
ketamine for 10 repeated days, followed by clozapine (7.5 mg/kg; p.o.)
administration from the 10 to 28™ day.

Behavioral assessment
Forced swim test (FST)

Each mouse was designed to swim (for 6 min) in a circular open glass
container measuring (diameter 15 cm, height 25 cm), containing
water (25+1°C) as per the published reports. The immobility period
during the last 4 min of the 6-min swimming session was recorded and
subsequently analyzed [19-21].

Open field test (OFT)

The OFT apparatus (width-50 cm, height-38 cm, length-50 cm) was
used to assess the locomotor, anxiety, and exploratory abilities of mice,
as per the previous reports. Once the mice had gotten used to each
other, they were placed individually at the midpoint of the field and
permitted to move around freely for 5 min. The number of crossings
with all paws, the latency to move from the center square (in seconds),
and the occupancy of the periphery were all recorded [22-24].

Morris water maze test (MWM)

To investigate memory and learning, MWM tests were used. A 10-cm
underwater platform that is submerged in a circular pool of water
(45 cm in height and 150 cm in diameter) and painted with white dye.
A concealed underwater platform was kept 1 cm below the water’s
surface, and two cotton strands were used to partition the chamber into
four equal quadrants. A single mouse was put through four daily tests
with different sinking positions, and the subaquatic platform stayed
the same throughout the training stages. Animals were tracked on an
immersed platform for 2 min, staying for 20 s. Mice were transported
to the platform and allowed 20 s to sit if they were unable to do so.
Q4 was an assigned section across every acquisition trial, and learning
was measured using the escape latency time (ELT) on the 4™ test day.
After being taken out of the underwater platform, the mice had 2 min
to examine the chamber. Four trials were conducted from various
quadrants, with memory being indicated by the period of stay in the
assigned quadrant. After assessing ELT, and on the 5% day, they were put
through a retrieval test. The experiment was kept at a fixed location in
the working area [25-27].

Catalepsy bar test

The bar test measured 12 c¢cm in height. Mice were carefully placed
with their forelimbs on the bar and their hind limbs on the floor of the
apparatus. To compare the automated measures, a stopwatch was used
to measure the amount of time it took the mice to take both paws off the
bar. Baseline readings were acquired using the test and standard drug
before administration [28].

Social withdrawal test

Equipment for the social withdrawal test consisted of a rectangular,
three-chamber box. There was an open central section in each
compartment, allowing for unhindered access to each chamber. The
dividing partitions were made of clear Plexiglas. One mouse could fit
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in each of two identical wire-cup-shaped containers with detachable
lids. The unfamiliar mouse is held in one of these, which is vertically
positioned in each side chamber of the apparatus. Without preventing
direct physical contact between an animal inside and an animal outside,
each container consisted of tiny metal wires connecting the inside and
exterior of the cylinder. The following factors were noted: observation,
general lighting in the room, and follow-up. Every chamber was cleaned
with 70% ethanol following each experiment [29].

Biochemical estimation

The animal’s brain was removed cautiously. Tissue was prepared as a
10% (w/v) homogenate using normal phosphate buffer (0.10 M; pH of
7.4) employing PT 1600 E Polytron homogenizer at 4°C. The aliquots
were isolated for biochemistry [26].

Valuation of thiobarbituric acid reactive species (TBARS)

TBARS was assessed spectrophotometrically by employing the
technique described by Ohkawa et al. in 1979. Once the Pipetting out
the supernatant (0.2 mL) into a tube, to prepare the reaction mixture,
1.50 mL of acetic acid, 0.20 mL of 8.1% sodium dodecyl sulfate, and
1.50 mL of 0.8% thiobarbituric acid were combined and thoroughly
mixed. 1.50 mL of acetic acid, 0.20 mL of sodium dodecyl sulfate (8.1%),
and 1.50 mL of 0.8% thiobarbituric acid were combined. To maintain
the content at 4 mL, distilled water was mixed. The combination was
then incubated at 95°C for an hour before it was cooled down. 5 mL of
a 15:1 v/v butanol-pyridine mixture was added with 1 mL of distilled
water once it had cooled. The rotational force of these tubes was
4000 g for 10 min. The emergence of a pinkish color was described as
absorbent [26,30].

Valuation of reduced glutathione (GSH)

Reduced GSH was measured using the methods described by Beutler
(1963). 10% w/v trichloroacetic acid has been added in a 1:1 ratio to
the supernatant. Two milliliters of sodium hydrogen phosphate (0.30 M)
and 0.25 mL of 0.001 M DTNB (5,5'-Dithiobis(2-nitrobenzoic acid))
in 1% w/v sodium citrate were added to the supernatant (0.1 mL).
A regular plot was created using decreased GSH (10-100 uM) [31].

Estimation of acetylcholinesterase (AChE) activity

AChE activity was measured at 420 nm using the Ellman method. When
thiocholine came into contact with dithiobis nitrobenzene, it turned
yellow. A 25 mL flask containing 0.5 mL of the supernatant. Dilutions were
made by adding the DTNB solution. Two separate test tubes were used to
hold 4.0 mL. A single tube was used to mix the eserine solution. After that,
1.0 mL of the substrate solution was added to each tube [32,33].

Histopathological (H&E staining) examination

H&E staining, a common pathologist technique that mixes the two dyes,
can be used to diagnose histological sections. Hematoxylin is oxidized
to hematein by sodium iodate. Hemalums, a mixture of hematein
and aluminum, are responsible for the purple staining of nuclei,
mitochondria, and ribosomes. It becomes that color once the stain has
been blued. H&E staining was used to assess pyknotic, shrunken, and
neuronal damage. To view the slices, a polarized light microscope was
used at x200 magnification [26,34].

Statistical analysis

The results have been presented using the average value with standard
error mean (SEM). The results were analyzed statistically by one-way
analysis of variance (ANOVA) and subsequently examined with Tukey’s
multiple comparison test. According to statistics, a result of p<0.050
seemed significant. Data analyses were conducted using GraphPad
Prism, version 5.

RESULT

Effect of papaverine on immobility in FST

In the FST test, ketamine treatment significantly (F [6, 35]=97.112,
#p<0.050 vs. control; *p<0.050 vs. ketamine) increased immobility time,
an effect reversed by both doses of papaverine and clozapine (Fig. 1).
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Fig. 1: Effect of Papaverine on immobility in FST. Results are
represented as meanzstandard error of the mean (n=6); one-way
analysis of variance followed by Tukey’s Multiple Comparison
Test. Immobility time=F (6, 35)=97.112, #p<0.05 versus control;
$p<0.05 versus ketamine. PV: Papaverine, NC: control (0.9% NacCl);
Ket: Ketamine, Cloz: Clozapine, FST: Forced swim test, CMC: 0.5%
carboxy methyl-cellulose

Effect of papaverine on locomotory and anxiety behaviors in OFT

In the OFT trials, ketamine exposed animals exhibited considerably
higher locomotor (line crossing) activity (F [6, 35]=19.367, #p<0.05 vs.
control; *p<0.05 vs. ketamine) and decline time spent in the center
square (F [6, 35]=67.624, *p<0.050 vs. control; *p<0.050 vs. ketamine).
In addition, mice treated with papaverine (15 and 30 mg/kg; i.p.) and
clozapine (7.5 mg/kg; p.o) reversed the effect of ketamine (Fig. 2a and b).

Effect of papaverine on TSTQ and ELT

It is believed that MWM trials’ higher day 4 ELT compared to day 1 ELT
indicates a failure in acquisition or learning. But a lower Time spent
in target quadrant (TSTQ) on the 5™ day is suggestive of memory
impairment. In comparison to the 1% day of ELT, the control group
demonstrated a notable (p<0.05) decrease on day 4 ELT, and a notable
increase on the 5" day TSTQ (in the Q4 quadrant) as compared to the
other Q1, Q2, and Q3 quadrants, which represent normal learning
and memory. Ketamine (30 mg kg™; i.p.) exhibited a notable rise
(F [6,35]=43.92, #p=<0.05 vs. control; *p<0.05 vs. ketamine) in ELT on
day 4 and a significant (F [6, 35]=101.45, *p<0.05 vs. TSTQ in control;
$p<0.05 vs. TSTQ in ketamine) decrease in TSTQ on day 5, indicating
impaired learning and memory. While mice treated with both doses of
papaverine and clozapine significantly reversed the effect of ketamine
(Fig. 3a and b).

Effect of papaverine on social withdrawal (social interactions)

Ketamine significantly (F [6, 35]=83.43, #p<0.05 vs. control; *p<0.05 vs.
ketamine p<0.05) decline the number of interactions with other
animals, an effect reversed by both doses of papaverine and clozapine

(Fig. 4).
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Effect of papaverine on catalepsy

The impact of papaverine on cataleptic behavior as measured by descent
latency (DL) from the bar is shown in Fig. 5. DL was not improved by
papaverine (30 mg/kg), indicating that papaverine did not show anti-
psychotic benefits, while clozapine (7.5 mg/kg) showed enhanced DL in
contrast to the control.

Papaverine’s effect on oxidative stress

Ketamine exposed animals had significantly increased (F [6, 35]=58.32,
#p<0.050 vs. control; *p<0.050 vs. ketamine) TBARS (Fig. 6a) and
decreased (F [6,35]=41.53, *p<0.050 vs. control; *p<0.050 vs. ketamine)
GSH (Fig. 6b) content. These effects were reversed by both doses of
papaverine and clozapine.

Effect of papaverine on AChE activity

Mice exposed to ketamine exhibited significantly higher AChE
(F[6,35]=91.43, *p<0.05 vs. control; *p<0.05 vs. ketamine) activity than
controls. While these effects were reversed by both doses of papaverine
and clozapine (Fig. 7).

Effect of papaverine on histopathology

The cortex of the ketamine exposed SCZ animals displayed severe
vacuolation, and dead cells showed nuclear pyknosis and reduced cell
bodies in contrast to the control. In contrast to SCZ, the administration
of papaverine and clozapine in conjunction with ketamine reduced
the incidence of such structural deformity in the cerebral cortex and
showed a nearly normal structural design (Fig. 8).

[llustrative pictures of H&E-stained (magnification x400) in the cortical
area. Ordinary neurons exhibited regularly shaped, round nuclei
with bright blue; however, dead cells exhibited pyknotic nuclei and
contracted cell bodies. Arrows indicate condensed, shrunken cells that
are unevenly shaped and tangled.

Ketamine group: Nuclear pyknosis and reduced cell bodies were
observed in dead cells.

Ketamine+papaverine (15 mg/kg; i.p.): Slightly nuclear pyknosis and
contracted cell bodies in contrast to ketamine.

Ketamine+papaverine (30 mg/kg; i.p.): There are somewhat smaller cell
bodies, fewer dead cells, and less nuclear pyknosis than with ketamine.

Ketamine+clozapine: The cortex’s neurons appeared normal, with
bright blue nuclei and a regulated, round shape.

DISCUSSION

SCZ is a chronic neurological condition that affects people of all ages by
altering their ability to see, anticipate, and behave clearly. Unfortunately,
there is currently no cure for SCZ, and the available treatments have
unfavorable side effects. It pushes scientists to identify fresh targets
for SCZ [35]. Targeting the NMDA receptor, sometimes referred to as
a glutamate receptor, is a more modern approach to treating SCZ that
has been connected to the genesis of the illness [36]. Since there is
evidence that oxidative stress as well as inflammation could contribute
to the development of SCZ, research into developing medications
that target these two factors is also being conducted [37,38]. Here,
we investigate the effects of papaverine (PDE-10 inhibitor), which
may shield mice from the symptoms of SCZ caused by ketamine. This
study used FST to measure immobility time (depressive behavior)
and the open-ended test to measure locomotor and anxiety-like
behaviors. In addition, mice’s social interaction and spatial learning
were evaluated using the withdrawal tests and MWM. The mice that
received ketamine displayed symptoms of social isolation, cognitive
impairment, increased length of immobility, and impaired locomotor
and anxiety behaviors. Reduced GSH content, elevated AChE activity,
and TBARS in the brain were also noticed in the ketamine-mediated
SCZ -like phenotype in mice. The results verify that mice given ketamine
exhibit biochemical and behavioral changes in addition to an increase
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Fig. 2: (a and b) Effect of Papaverine on anxiety and locomotory behaviors in OFT. Results are represented as mean*standard error of
the mean (n=6), with statistical significance determined by one-way analysis of variance followed by Tukey’s multiple comparisons.
Locomotor (line crossing) activity (F [6, 35]=19.367, *p<0.050 vs. control; *p<0.050 vs. ketamine) and time spent in the center
square (F [6, 35]=67.624,*p<0.050 vs. control; *p<0.050 vs. ketamine). PV: Papaverine, NC: Control (0.9% Na(l), Ket: Ketamine,
Cloz: Clozapine, OFT: Open field test, CMC: 0.5% carboxy methyl-cellulose
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Fig. 3: (a and b) Effect of papaverine on ELT and TSTQ. Results are represented as mean+S.E.M, (n=6); one-way analysis of variance
followed by Tukey’s Multiple Comparison Test. ELT=(F [6,35]=43.92, p<0.05) and TSTQ=(F [6,35]=101.45, p<0.05); *p<0.05 versus control;
$p<0.05 versus TSTQ in ketamine. TSTQ: Time spent in target quadrant, ELT: Escape latency time, NC: Control (0.9% Nacl), CMC: 0.5%
carboxy methyl-cellulose, PV: Papaverine, Cloz: Clozapine, Ket: Ketamine

in brain oxidative damage [39]. Papaverine (15 and 30 mg kg™}; i.p.)
was effective in healing ketamine-induced oxidative damage (enhanced
GSH activities, decline TBARS), above histopathological and behavioral
alterations in mice. The findings of this study confirm that papaverine
treatment reduces social interaction, hyper locomotion, and spatial
working memory impairment in experimental schizophrenic mice by
modifying the antioxidant system and restoring normal cholinergic
neurotransmission.

To simulate the symptoms of SCZ, mice were administered ketamine, an
NMDA receptor antagonist and D2 receptor agonist. Ketamine provoked
SCZ-like symptoms by raising oxidative stress, lowering the activity of
antioxidant enzymes, and altering neurotransmitter levels [40]. When
ketamine is administered to experimental animals, it causes unpleasant
feelings (social withdrawal) as well as cognitive impairments, such as
issues with memory and learning [41]. Glutamatergic dysfunction and
increased amygdala activity in the brain are caused by ketamine, and
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Fig. 4: Effect of papaverine on social withdrawal. Results are
represented as meantstandard error of the mean (n=6);
one-way analysis of variance followed by Tukey’s multiple
comparison test. Number of interactions=(F [6, 35]=83.43,
p<0.050); ¥p<0.050 versus control; *p<0.05 versus ketamine.
NC: control (0.9% NaCl); CMC: 0.50% carboxy methyl-cellulose,
PV: Papaverine, Cloz: Clozapine, Ket: Ketamine

these effects have been closely linked to feelings of social interaction
and anxiety reduction [42]. Ketamine also decreased brain-derived
neurotrophic factor (BDNF) and released inflammatory cytokines in the
cortex, striatum, and hippocampus, according to earlier studies [43]. These
findings may be linked to cognitive deficiencies and other abnormalities
in animal neurobehavior. Many results indicate that the ketamine-
mediated SCZ-like phenotype may be caused by an enhanced cascade of
oxido-nitrosative stress, inducible nitric oxide synthase, depletion of the
endogenous antioxidant system, and upregulation of the production of
inflammatory cytokines [44,45]. In the cerebellum, ketamine also raises
proinflammatory cytokines called interleukins, which cause abnormal
behaviors like SCZ [46]. In addition to raising TBARS concentrations
in the cortex, limbic system, and hippocampus, ketamine also elevated
oxidative stress by blocking the synthesis of GSH [43]. Indeed, prolonged
inflammation and alterations in the brain can result from excessive
oxidative damage [47]. The generation of free radicals and the antioxidant
defense system may result in cellular or molecular damage. Long-term
microglial activation and dysfunction have been linked to neuronal injury
and death in ketamine-induced SCZ [48]. The substantia nigra and ventral
tegmental regions of the brain produce dopamine, and alterations in
dopamine have been connected to SCZ [49,50]. As reported by “original
dopamine hypothesis,” Hyperdopaminergic activity underlies the clinical
features of SCZ. In rodents, ketamine injection raises dopamine levels
in the frontal cortex, striatum, and nucleus accumbens [51]. According
to reports, ketamine causes mitochondrial dysfunction in neuronal
cells, which may be brought on through the production of reactive
oxygen species, mitochondrial enlargement, caspase-3 activation, with
the cytochrome c release and other apoptogenic proteins from the
mitochondria [52]. In light of the foregoing explanation, ketamine was
able to cause SCZ-like behavioral and physiological changes, which could
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Fig. 5: Effect of papaverine on catalepsy. “p<0.05 versus control.
NC: control (0.9% NacCl), CMC: 0.5% carboxy methyl-cellulose,
PV: Papaverine, Cloz: Clozapine, Ket: Ketamine

be brought on by heightened cholinergic dysfunctions, elevated oxidative
stress, inflammation, and a compromised mitochondrial-mediated
cascade of brain death.

PDE inhibitors may be a useful tactic for influencing second
messengers linked to mood, memory, and learning [53]. The PDE-
10 inhibitor (papaverine) increases cAMP, leading to significant
vasodilation, increasing blood flow, and providing anti-inflammatory
effects [54]. Papaverine provides neuroprotection against cerebral
ischemia and reduces cerebral infarction [55]. As a result, several
studies have shown that PDE10 could be a therapeutic target
for movement-related neurological conditions, for example,
Huntington’s and Parkinson’s disease, as well as mental illnesses
that impact the basal ganglia. Numerous studies indicate that
papaverine has a range of pharmacological actions, including anti-
oxidative, anti-inflammatory, and anti-apoptotic characteristics [56-
58]. It may improve memory and learning abilities by altering the
cAMP/cAMP-Response Element-Binding protein (CREB) cascade,
possibly as a consequence of an increase in acetylcholine in brain
tissue [59]. According to certain theories, cyclic nucleotides (cAMP)
have an impact on neuronal synaptic plasticity and memory. PDE10
inhibitors can reduce the breakdown of cAMP and cGMP, making
them a promising target for enhancing cognition [60]. PDE10A
inhibitors reduce glutamatergic and dopaminergic dysfunction,
which is thought to be the cause of SCZ [18]. The Nrf2 signaling
pathway may have been activated by papaverine, as it dramatically
raised the antioxidant parameters GSH and SOD and decreased
the lipid peroxidation marker [61]. In striatopallidal neurons,
papaverine-induced PDE10 inhibition triggered cAMP/PKA signaling
by inhibiting dopamine D2 receptor signaling and enhancing
adenosine A2A receptor signaling, simultaneously. In striatonigral
neurons, papaverine-induced PDE10 inhibition triggered cAMP/PKA
signaling, which in turn potentiated dopamine D1 receptor signaling
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Fig. 8: Effect of cilostazol on histopathology. (a) Control,
(b) ketamine, (c) ketamine+papaverine (15 mg/kg), (d)
letamine+papaverine (30 mg/kg). The red arrow in the image
caption indicates dead cells exhibited pyknotic nuclei and
contracted cell bodies that are unevenly shaped and tangled.

[62]. In various brain regions, papaverine injection markedly
reduced tumor necrosis factor-alpha-o, IL-6, and TBARS levels while
considerably raising BDNF, pCREB/CREB, GSH, and IL-10 levels [59].
Our results imply that PDE-10 inhibition may affect cholinergic
activity and oxidative stress, which in turn may affect neurocognitive
performance. PDE-10A controls intracellular cAMP and ¢cGMP, which
trigger downstream signaling through PKA, CREB, and BDNF [13,63].
However, we only assessed oxidative stress and AChE activity in our
work because they are indirect indicators of these processes. There
was no direct measurement of cAMP/cGMP levels or PKA, CREB, or
BDNF expression. To strengthen the mechanistic evidence supporting
the involvement of PDE-10 inhibition in neuroprotection, future
research should incorporate these molecular analyses. This study has
demonstrated that papaverine has protective benefits against poor
cognition, impaired motor coordination, and neuronal death due to
its anti-AChE, anti-inflammatory, and antioxidant capabilities.
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CONCLUSION

According to the findings of this study and the explanation above,
papaverine significantly exhibited the neuroprotective effect in
experimental mice treated with ketamine. These results demonstrate
that papaverine may improve cerebral biochemical changes, as well as
cognition, anxiety, and depression-like behaviors, and social interaction
in mice exposed to ketamine.
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