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Nutraceuticals and medicinal plants have been studied for the treatment of
schizophrenia. Ficus mucuso is a medicinal plant used in Cameroon to treat
epilepsy, jaundice, and schizoaffective disorders. Schizophrenia is a heteroge-
neous and ubiquitous neuropsychiatric disorder associated with neurochemical
and oxidative disturbances characterized by the appearance of a triad of psy-
chotic symptoms. This study investigated the antipsychotic effect of the aqueous
lyophilisate of F. mucuso on behavioral disturbances, oxidative and neurochemi-
cal imbalances, and ketamine-induced neurodegeneration in white mice. In the
curative approach of the study, mice received a single daily dose of ketamine
(20 mg/kg, i.p.) for 14 days and were then treated 30 min later with the aqueous
lyophilisate of F. mucuso (25, 50 and 100 mg/kg, p.o.) or risperidone from days
8 to 14. Behavioral deficits were measured using stereotyped climbing, open
field, forced swimming, and Y-maze tests, followed by sacrifice. Neurochemical
and oxidative imbalances were assessed by spectrophotometry in the hippo-
campus, prefrontal cortex, and striatum. Histological sections of brain structures
were analyzed and cell counts were performed. . mucuso improved behav-
ioral abnormalities and memory deficits in ketamine-treated mice. In addition, it
reversed ketamine-induced oxidative stress by significantly increasing (p < 0.001)
glutathione, catalase, and superoxide dismutase activity and significantly decreas-
ing (p < 0.001) malondialdehyde and nitrite oxide levels in the hippocampus,
prefrontal cortex and striatum. Similarly, it significantly reduced (p < 0.001) the
concentration of dopamine, serotonin, acetylcholinesterase activity, and GABA-
T, and significantly increased (p < 0.001) the concentration of GABA and glu-
tamate in the hippocampus, prefrontal cortex, and striatum. Histology showed
that F. mucuso protected cellular structures by reducing neurodegeneration and
increasing the number of nucleated cells. In conclusion, F. mucuso improved ket-
amine-induced neurobehavioral deficits and neurodegeneration by modulating
neurotransmitters, increasing the antioxidant system, and restoring the integrity
of cellular structures.
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1 Introduction

Schizophrenia is a neuropsychiatric disorder with multiple
causes involving multiple pathologies. It affects approximately 1%
of the global population, with a higher prevalence among male ado-
lescents (1, 2). Schizophrenia manifests itself through positive
symptoms (hallucinations and delusions), negative symptoms
(depressive mood, lethargy, and social withdrawal), and cognitive
disorders (learning and memory disorders) (1, 3-5). The course of
the disease is often prolonged, accounting for more than half of all
psychiatric hospitalizations and placing a heavy burden on society
and families. Despite the increase in the number of cases of schizo-
phrenia, its pathophysiology remains poorly understood. However,
the pathophysiological hypothesis of schizophrenia is linked to neu-
roinflammation, neurochemical imbalances, and oxidative stress,
which alter several biological processes and pathways in the hip-
pocampus, prefrontal cortex, and striatum, thereby affecting the
structure, growth and function of neurons (4, 6). For decades, the
etiology of schizophrenia has been associated with dysfunction of
neurotransmitter systems, particularly the hyperdopaminergic and
hypodopaminergic systems of the mesolimbic and mesocortical
systems and the glutamatergic system (7-10). Taken together, these
remain the main mechanisms explaining the pathophysiology and
certain behavioral correlations observed during the course of the
disease. However, changes in GABAergic, cholinergic, noradrener-
gic, and serotonergic neurotransmission have also been identified
as promoters of psychotic symptoms (11, 12). In addition, there is
also altered cortical dopaminergic and GABAergic neurotransmis-
sion as well as neurotrophic changes, mainly due to glutamatergic
excitotoxicity and neuroinflammation (4, 13). Ketamine-induced
schizophrenic phenotypes, characterized by neuroimmune and
neurochemical deficiencies, have led to advances in understanding
the disease (14, 15). Studies have revealed that administration of
ketamine, an N-methyl-D-aspartate (NMDA) antagonist, induced
NMDA receptor hypofunctionality (7, 16). In addition, results from
post mortem brain imaging studies have shown variations in brain
levels of dopamine, glutamate, GABA, serotonin, and acetylcholine
(17). These results also indicate a change in the expression of syn-
aptic dopamine receptor proteins (D1 and D2), a decreased in sero-
tonergic receptors (5-HT1A and 5-HT2A), metabotropic GABA-B,
and muscarinic receptors (18). There is evidence of ketamine-
induced alteration of the nicotinic 7-alpha acetylcholine receptor
(a — 7nACh) and a reduction in cholinergic transmission caused by
NMDA receptor antagonism. This further confirms the involvement
of cholinergic transmission disturbances in psychotic disorders
such as schizophrenia (11, 12, 18, 19). Specific mechanisms of ket-
amine have been associated with impaired GABAergic inhibitory
control of NMDA receptors and alterations in the stabilizing effects
of 5-HT1A and 5-HT2A receptors on dopamine, glutamate, and
serotonin release, particularly in the hippocampus, prefrontal
cortex, and striatum (7, 18). Consequently, modulations of 5-HT1A
and 5-HT2A receptors mediated the antipsychotic effects of sec-
ond-generation drugs such as risperidone. This is explained by their
ability to reduce excessive neuronal excitability through hyperpo-
larization of pyramidal neurons in the prefrontal cortex (5). These
brain regions have been implicated in the circuits of behavioral
phenotypes during the process of neuronal maturation and the psy-
chobehavioral disorders observed in schizophrenia (20). Thus,
modulation of neurochemical signaling, associated with the
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oxidative stress pathway, and neurodegeneration has been consid-
ered a plausible mechanism for reversing ketamine-induced schizo-
phrenic pathology (21, 22). In addition to the use of antipsychotic
drugs to treat schizophrenia (23), plants are now considered an
alternative and maintenance treatment due to their availability and
low cost (24), as well as their ability to alleviate schizophrenia with
few or no adverse effects. Our attention has been drawn to
E mucuso, a medicinal plant of the Moraceae family native to the
Middle East. It is found in Asia and Africa, particularly in humid
tropical areas (25, 26). It is rich in polyphenols, cardenolides, trit-
erpenoids, steroids, saponins, alkaloids, flavonoid polyphenols, and
tannins (27, 28). It has remarkable neuroprotective functions,
including antioxidant (28, 29), anti-schizoaffective (30), hepatopro-
tective, nephroprotective (27), antimicrobial (31), anticancer (32),
antidiabetic (33), and antiepileptic effects (34). Could E mucuso
have antipsychotic effects? In this study, we explored in more detail
the neurochemical modulatory effects of F mucuso on psychotic-
like behaviors associated with changes in neurotransmitters, mark-
ers of oxidative stress, and neurodegeneration induced by ketamine
using a curative approach in mice.

2 Materials and methods
2.1 Plant material

The plant material used in this study consists of bark from the
trunk of F mucuso, harvested in Ciére, a town located approximately
19 km from Ngaoundéré, in the department of Vina, Adamaoua
region. Botanical identification was carried out at the National
Herbarium of Cameroon (HNC) in Yaoundé by comparison with the
collection of A.J.M. Leeuwemberg (No. 9668), under registration
number 44030/HNC.

2.1.1 Extraction protocol

The bark of E. mucuso was cleaned of impurities, then washed with
water and dried in the shade. After drying, it was ground and sieved
to obtain a fine powder. A mass of 500 g of this powder was added to
5,000 mL of distilled water. The mixture was boiled at 100 °C for
20 min and then filtered through Whatman No. 1 paper. The filtrate
obtained was frozen at —40 °C and freeze-dried using a rotary evapo-
rator (CHRIST, ALPHA 2-4 LO) at 45 °C to extract the water. A dry
mass of 139.40 g of crude extract was obtained at the end of the pro-
cess, representing a yield of 27.88%.

2.2 Animal material

Sixty naive albino mice weighing between 20 and 30 g were used
for this study. They were raised in the animal facility at the University
of Ngaoundéré and fed a standard diet consisting of corn bran, corn
flour, wheat flour, fish meal, peanut meal, soybean meal, palm oil,
table salt, and drinking water.

The experiments were conducted in accordance with European
Union guidelines on ethics in animal experimentation (EEC Council
No 86/609), with the approval of the ethics committee of the institu-
tions of the Cameroon Ministry of Scientific Research and
Innovation.
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2.3 Chemical materials
Various chemicals were used in this study, including:

o Ketamine hydrochloride (KET) (20 mg/kg, i.p.) - SynMex
Pharma, India.
« Risperidone (RIS) (0.5 mg/kg, p.o.) — Sigma Aldrich, Germany.

3 Distribution and treatment of mice

Sixty mice were divided into six homogeneous groups
(n =10). All solutions were administered in a volume of 10 mL/
kg body weight. With the exception of the normal control group,
the mice received ketamine followed by E. mucuso lyophilisate for
the test groups and risperidone for the positive control group for
14 consecutive days, starting on the 8th to 14th day, 30 min after
administration of the inducer, according to the following
distribution:

e Group 1 (normal control): Saline solution (NaCl, 0.9%, i.p.) for
14 days. Saline solution (NaCl, 0.9%, p.o.) from the 8th to the 14th
day, 30 min after;

« Group 2 (negative control): Ket (20 mg/kg, i.p.) for 14 days. Saline
solution (NaCl, 0.9%, p.o.) from the 8th to the 14th day,
30 min after;

« Group 3 (positive control): Ket (20 mg/kg, i.p.) for 14 days.
Risperidone (0.5 mg/kg, p.o.) from day 8 to day 14,
30 min after;

o Group 4: Ket (20 mg/kg, i.p.) for 14 days. Aqueous lyophilisate of
E mucuso (25 mg/kg, p.o.) from day 8 to day 14, 30 min after;

« Group 5: Ket (20 mg/kg, i.p.) for 14 days. Aqueous lyophilisate of
E mucuso (50 mg/kg, p.o.) from day 8 to day 14, 30 min after;

« Group 6: Ket (20 mg/kg, i.p.) for 14 days. Aqueous lyophilisate of
E mucuso (100 mg/kg, p.o.), from day 8 to day 14, 30 min after.

10.3389/fneur.2026.1788148

Psychotic symptoms such as hyperlocomotion, despair, and
memory deficits were assessed using behavioral tests from day 14 to
day 15 according to the experimental design shown below (Figure 1).
The number of mice per batch was chosen based on the power test
adopted in accordance with the work of (35) in behavioral neurosci-
ence. The power analysis was performed using G*Power software (ver-
sion 3.1.9.7) for one-way ANOVA with six batches of 10 mice per
batch (n = 60) followed by a post hoc test. With [F(5, 54) = 24.57], an
effect size of 0.64, corresponding to a large effect according to Cohen’s
criteria, and a significance threshold of & = 0.05 with a power of 97%
(1= =0.97) and a critical value of F = 2.38.

4 Pharmacological tests
4.1 Stereotypical climbing test

Stereotypy was assessed on the basis of ritualistic, repetitive and
nonfunctional motor behaviors (1). The method used was that
described and adopted by (36). After induction and treatment, 30 min
later the mice were immediately placed in a cylindrical mesh cage or
in a transparent observation chamber (40 cm x 40 cm X 19 cm). The
number and duration of climbs were then recorded using a camera
(1,080 pixels) for 2 min at 15, 30, 45, and 60 min (37). The observation
chamber was cleaned with 70% ethanol after each test session.

4.2 Open arena test

The open arena test was used to observe the positive symptoms of
schizophrenia in mice (10, 37, 38). The experiment was conducted in
a square wooden box (40 x 40 x 19 cm), the floor of which was
divided into 17 visible 10 cm? squares, including a central square. The
method used was that described by (14). Each mouse was placed indi-
vidually in the center of the arena and left to explore freely for 5 min.
Behavioral parameters, including the number of lines crossed and the

Days
1 8 14 15
ol I Ketamine (20 mg/kg, 1.p) Ketamine (20 mg/kg, 1.p) 1 Y !

Legend

ST= Stereotyping test

OFT= Open field test

FST=Force swimming test
GABA= gamma-amino butyric acid
GABA-T= gamma-amino butyric transaminase
CAT= catalase

GSH= glutathione

SOD-= superoxide dismutase
MDA-= malondialdehyde

NO= nitrite oxide

HPC= hippocampe
PFC=Prefrontal cortex

ST= Striatum

FIGURE 1
Experimental design.

Acclimatization ~ NaCl (0.9%. 1.p) - efi'»lo; ° 0(1 ilz)kc 5 ST, OFT, FST
e L et Y-maze
F. mucuso (25, 50, 100 mg/kg, p.o)

Sacrifices and organ harvesting
Biochimical analyses
* Neurotransmitters assay
Dopamine, serotonin, glutamate, AchE,
GABA. GABA-T
* Stress marker measurement
CAT. GSH, SOD, MDA, NO
* Histomorphology
Hématoxylin-eosine (HPC, CPF et ST)
* Statistics and cell counting
GraphPad, G*Pawer and Image J
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duration of immobility and ambulation, were recorded by a camera
(1,080 pixels). After each run, the device was cleaned with a 70%
hydroethanolic solution to prevent neophobia.

4.3 Forced swim test

The forced swim test is an approved model for assessing despair and
detecting depressive behaviors in mice (39). It is also predictive of the
negative symptoms of schizophrenia. The device consisted of a cylindri-
cal Plexiglas tank (25 cm high, 10 cm in diameter) filled with water
(15 cm high) maintained at a temperature of 25 + 2 °C. The methodol-
ogy used is that described by (40). The test was conducted in two phases:

o Pre-test phase: each mouse was placed in the tank and forced to
swim for 5 min.

o Test phase: 24 h later, each mouse was immersed again for a 6-min
swimming session.

The behaviors captured by a camera (1,080 pixels) included
immobility time (no movement for at least 2 s or movements limited
to keeping the nose out of the water), swimming time, and climbing
time. The test excluded the first 2 min, during which the animal gener-
ally tries to escape (10, 37, 40). A mouse exhibiting despair behavior
spent more time immobile than a normal mouse.

4.4 Y-maze test

The Y-maze test is commonly used to assess short-term memory
in rodents. This test analyzes spatial working memory as an indicator
of cognitive dysfunction associated with schizophrenia, based on the
percentage of alternations (18, 41, 42). The device is a wooden maze
consisting of three identical arms (35 x 15 x 10 cm), symmetrically
separated by an angle of 120° (43). The methodology applied is that of
(37). Each mouse was placed at the end of arm A and allowed to freely
explore the three arms (A, B, C). For 5 min, the number of visits to each
arm and the alternations were recorded via a camera (1,080 pixels). The
percentage of alternations was calculated using the following formula:

%AS — (Number of alternatio.ns )./ «100
(Total number of entries into arms — 2)

An alternation corresponds to a consecutive entry into three dis-
tinct arms (ABC, CAB, or BCA). After each session, the device was
cleaned with 70% alcohol to remove any residual odors.

5 Sacrifice, organ removal for
histology, and homogenate
preparation

5.1 Sacrifice and homogenate preparation

Immediately after behavioral testing, mice from each batch were
decapitated. Brains were dissected on ice. The striatum, hippocampus,
and prefrontal cortex were isolated and weighed. These structures were
crushed, placed in tubes, and homogenized with phosphate buffer
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(0.1 M; pH 7.4) at 10% m/v. Each homogenized brain tissue sample
was centrifuged at 10,000 rpm for 15 min (BioLAB, 3 °C). The super-
natant was collected using a micropipette and stored in Eppendorf
tubes at —80 °C in the refrigerator for various biochemical tests.

5.2 Preparation of brains for histology

The bark of E mucuso was cleaned of impurities, then washed with
water and dried in the shade. After drying, it was ground and sieved to
obtain a fine powder. A mass of 500 g of this powder was added to
5,000 mL of distilled water. The mixture was boiled at 100 °C for 20 min
and then filtered with Whatman No. 1 paper. The filtrate obtained was
frozen at —40 °C and freeze-dried using a rotary evaporator (CHRIST,
ALPHA 2-4 LO) at 45 °C to extract the water. A dry mass of 139.40 g
of crude extract was obtained, representing a yield of 27.88%.

6 Evaluation of neurotransmitter
concentrations

6.1 Dopamine assay

In the presence of hydrochloric acid, dopamine oxidizes to form
an indole derivative that binds to trihydroxyindoles and forms a
fluorescent complex, whose absorbance at 485 nm is proportional to
the concentration of dopamine (44). A volume of 2.5 mL of heptane
and 0.31 mL of HCI (0.1 M) were introduced into a dry tube. Then,
1 mL of the homogenate/dopamine (0, 300, 600, 800, 1,000, 1,200,
and 1,400 pg/mL) previously prepared with HCl-butanol was added,
and the mixture was vigorously shaken for 10 min using a vortex
mixer. The tubes were then centrifuged at 3,000 rpm at 0 °C for
15 min to separate the two phases. The supernatant (0.2 mL) was
collected and the samples were read at 485nm using a
spectrophotometer.

6.2 Serotonin assay

In the presence of hydrochloric acid, serotonin oxidizes to form
an indole derivative. This derivative binds to O-phthaldialdehyde to
form a fluorescent complex, whose absorbance at 470 nm is propor-
tional to the concentration of serotonin. The serotonin level was esti-
mated using the method described by (44). A volume of 0.08 mL of
the homogenate was taken and placed in a tube containing 0.2 mL of
heptane and 0.025 mL of hydrochloric acid (0.1 M). After vigorous
shaking of the tubes for 10 min using a vortex mixer, the mixture was
centrifuged at 3,000 rpm at 0 °C for 15 min to separate the two phases.
The upper organic phase was then removed and the aqueous phase
retained for serotonin estimation. Thus, 0.2 mL of the aqueous phase
was introduced into dry tubes and 0.25 mL of O-phthaldialdehyde
reagent was added, then the mixture was heated to 70 °C for 10 min.
The absorbance was read at 470 nm using a spectrophotometer.

6.3 Glutamate assay
In the presence of NAD*, L-glutamate is oxidized to a-ketoglutarate,

catalyzed by glutamate dehydrogenase (GDH). This method allows for
direct, sensitive, and specific quantification of glutamate (45).
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Glutamate + NAD* + H,0 — a-ketoglutarate + NH," + NADH +
H*. In each well containing 0.8 mL of phosphate buffer solution
(0.1 M, pH 7.4), 0.1 mL of NAD" (nicotinamide adenine dinucleotide,
oxidized form 10 mM), 0.05 mL of sample, and finally glutamate
dehydrogenase enzyme (0.05 mL) were added successively. After vig-
orous shaking of the tubes using a vortex mixer, the mixture was
heated in a water bath at 37 °C for 5 min. The absorbance was read at
340 nm using a spectrophotometer. The glutamate concentration was
calculated from the variation in absorbance at 340 nm with
€ =6,220 L-mol™.cm™.

6.4 Measurement of gamma-aminobutyric
acid

In a basic medium, the reaction between ninhydrin and gamma-
aminobutyric acid (GABA) will produce a purplish-red color. The
absorbance between 377 nm and 530 nm is proportional to the con-
centration of GABA in the sample. The amount of GABA was evalu-
ated using the colorimetric assay technique for mouse brain
homogenates described by Lowe et al. (46). 0.2 mL of 0.14 M nin-
hydrin solution was prepared in a bicarbonate buffer solution
(0.5 M; pH 9.9), and 0.1 mL of 10% glacial trichloroacetic acid
(TCA). 100 pL of sample was added to the medium and the mixture
was incubated at 60 °C in a water bath for 30 min. After cooling, the
mixture was added to 5 mL of copper tartrate solution prepared
from 0.16% disodium carbonate, 0.03% copper sulfate, and 0.0329%
tartaric acid, maintained at a temperature of 25 °C for 10 min. The
fluorescence resulting from the reaction between ninhydrin and
GABA in the basic medium was measured using a spectrofluorom-
eter. The absorbance measured was proportional to the concentra-
tion of GABA in the homogenates.

6.5 Measurement of gamma-aminobutyric
acid transaminase

In the presence of iron chloride, succinic semialdehyde and
3-methyl-2-benzothiazol-2-hydrazone form a colored complex, whose
absorbance at 610 nm is proportional to the activity of GABA trans-
aminase. GABA-T activity was assessed using the colorimetric assay
method (47). 15 pmol of a-ketoglutarate, 15 pmol of GABA, and
10 pmol of pyridoxal-5-phosphate were added to tubes, then 0.1 mL
of homogenate was added to the test tubes while 0.1 mL of 5% metha-
nol was added to the blank tubes. The final volume was made up to
3 mL with Tris—HCI buffer (50 Mm; pH 7.4) and the tubes were incu-
bated at 37 °C for 60 min in a water bath. Finally, 0.5 mL of TCA
(20%) and 0.1 mL of ferric chloride III (12%) were added to each tube,
and the absorbance was read at 610 nm at 30 and 90 s against the
blank. The enzymatic activity of GABA-T was determined in pg/min/
mg of tissue according to Beer-Lambert’s law (€ = 40 M~".cm™).

6.6 Acetylcholinesterase assay

Ellman’s reagent or DTNB (5,5"-dithiobis (2-nitrobenzoic acid))
is a chromogen in an oxidation-reduction reaction following the
enzymatic reduction of acetylthiocholine to thiocholine. The increase
in yellow coloration indicates the formation of thiocholine, which
reduces DTNB to TNB (5-thio (2-nitrobenzoic acid)), reflecting the
activity of the enzyme with a maximum absorbance at 412-415 nm
(48). In 925 pL of 2,2’-dithio-5,5"-dinitrobenzoic acid (DTNB), 50 pL
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of acetylthiocholine iodide and 25 pL of Tris buffer were added, fol-
lowed by 25 pL of homogenates. The reaction medium was thoroughly
mixed by bubbling air through it. The gradual change in absorbance
was measured by a spectrophotometer at 412 nm for 3 min at 30-s
intervals. Enzyme activity is expressed in pmol/min/mg of protein/
min (9). One unit is defined as 1 mole of acetylthiocholine hydrolyzed
per minute per milligram of protein. The enzymatic activity of acetyl-
cholinesterase is calculated according to Beer-Lamberts law
(€ = 13,600 mole/cm), which corresponds to the molar extinction
coefficient of the yellow compound formed (49).

7 Estimation of oxidative stress markers
in the hippocampus, prefrontal cortex,
and striatum

Pro-oxidant and antioxidant molecules were sought in the super-
natant of the HPC, PFC, and ST. Pro-oxidants in the brain regions
were measured by direct determination of MDA peroxidation markers
and nitric oxide (NO) concentration. Antioxidant enzymes (SOD and
CAT) were estimated based on the inhibition of adrenaline superox-
ide, and finally a non-enzymatic antioxidant (GSH) was estimated
using the Ellman method.

7.1 Catalase assay

Hydrogen peroxide is broken down in the presence of catalase.
The residue binds to potassium dichromate to form a blue-green pre-
cipitate of unstable perchloric acid, which decomposes when heated
to form a green complex. Catalase activity was measured using the
method described in (50). 50 pL of tissue homogenate was added to
750 pL of phosphate buffer (0.1 mM, pH 7.5). Next, 200 pL of H,0O,
(50 mM) was added to the test tubes. One minute later, 2,000 mL of
potassium dichromate (5%) prepared in 1% glacial acetic acid was
added to the reaction medium. The tubes were then incubated at
100 °C for 10 min in a water bath and then cooled to 25 °C. The opti-
cal densities were recorded at 570 nm. The catalase level in the samples
was obtained from a previously established calibration curve. The
specific activity of catalase is expressed in Units/mg of protein.

7.2 Measurement of reduced glutathione in
the brain

Dinitro-2,2’-dithio-5,5"-dibenzoic acid (DTNB) reacts with the
thiol (-SH) groups of glutathione and forms a yellow-colored complex
with maximum absorption at 412 nm (51). In advance, 100 pL of
homogenates (sample tubes) or 100 pL of 50 mM Tris-HCI buffer,
pH = 7.4 (control tube), were introduced into the test tubes, followed
by 1,500 pL of Ellman’s reagent. The tubes were shaken and incubated
for 60 min at room temperature, and the absorbance was read at
412 nm. The glutathione concentration was calculated using the molar
extinction coeflicient (¢ = 13,600 mol~!.cm™).

7.3 Superoxide dismutase assay

The oxidation of adrenaline to adrenochrome in a medium is
inhibited in the presence of superoxide dismutase (SOD). The
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increase in absorbance is proportional to SOD activity and is
recorded between 20 and 80 s at 480 nm. Tissue SOD activity was
determined using the method described by Misra and Fridovich (52).
134 pL of homogenate was added to the test tubes and 134 pL of car-
bonate buffer (0.05 M; pH 10.2) to the blank tube; then 1,666 pL of
carbonate buffer (0.05 M, pH 10.2) was added to all tubes. The reac-
tion was triggered by adding 200 pL of adrenaline (0.3 mM) to each
tube and homogenizing the mixture. The absorbance was recorded
after 20 and 80 s at 480 nm. The specific activity of SOD was defined
as the unit of SOD required to cause a 50% inhibition of the oxidation
of adrenaline to adenochrome in 1 min.

7.4 Malondialdehyde assay

Malondialdehyde (MDA) formed during lipid peroxidation reacts
with thiobarbituric acid (TBA) in an acidic and hot environment to
form a pink complex that can be quantified using a spectrophotometer
at 530 nm (49). In tube containing 250 pL of homogenate (sample
tubes) and control tubes containing 250 pL of Tris-HCI buffer
(50 mM; pH = 7.4). In each of the tubes, 125 pL of trichloroacetic acid
(TCA 20%) and 250 pL of thiobarbituric acid (TBA 0.67%) were
added. The tubes were heated to 90 °C in a water bath for 10 min.
They were cooled with tap water and centrifuged at 3,000 rpm at room
temperature for 15 min. The supernatants were pipetted and the
absorbance was read at 530 nm against the blank. The MDA concen-
tration was calculated using the molar extinction coefficient
(e = 15,600 mol~.cm™).

7.5 Nitrite oxide assay

In the presence of amino-4-benzene sulfonamide and
N-(naphthyl-1)-diamino-1,2-ethane dichloride (N-1-naphthyl ethyl-
ene diamine) in an acidic medium, nitrites undergo a diazotization
reaction. The product obtained is proportional to the amount of nitrite
present in the sample (53). Nitrite activity was measured using (53).
In 100 pL of homogenate, 400 pL of distilled water was added, fol-
lowed by 500 pL of Griess reagent followed by 200 pL of 1% sulfanil-
amide (5% orthophosphoric acid) and finally 200 pL of naphthyl
ethylenediamine (1% NED prepared in tris-hydroxyl methylamine)
The tubes were mixed and left in the dark for 5 min. The optical densi-
ties were read at 546 nm using a spectrophotometer. The nitric oxide
level was determined by comparison with the standard sodium nitrite
curve (0-100 pM) and expressed in pmol/mg of tissue.

8 Histological sections of brain
structures

The whole brains were placed in plastic boxes containing
formaldehyde (10%) and stored at room temperature. Each brain
was sectioned into 100 pm thick slices of HPC, PFC, and ST, and
the organ fragments were placed in numbered cassettes. After
staining, the slides were dehydrated in three baths of 100% ethanol
and then cleared in three baths of xylene (5 min per bath). After
removal from the xylene, a few drops of resin were placed on the
sections, which were then covered with a glass coverslip for obser-
vation at different magnifications (25x, 40x, 100x, 200x, 400x)
under a microscope (Scientico STM-50) equipped with a
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microphotography device (Digital Microscope Suit 2.0 software)
fitted with a Celestron 44421 digital camera connected to a
computer.

9 Cell counting

Histomorphometry of the hippocampus, prefrontal cortex,
and striatum was performed using Image J software. Counting is
based on the reproducible identification and quantification of
cells. The image is converted to 8-bit, and regions of interest are
defined in order to maintain analysis on relevant areas. The image
is then pre-processed by thresholding to convert the image to
binary, isolating the cells from the background using the Otsu or
Triangle method. Stuck cells are separated using the Watershed
function, and counting is then performed using Analyze Particles,
defining appropriate size and circularity criteria. The results
(number of cells, area, circularity) are exported in CSV format,
and the processing parameters are retained to ensure the compa-
rability and reproducibility of the analyses between different
images or experimental series (54).

10 Statistical analyses

Behavioral and biochemical data were processed using Microsoft®
Office Excel 2010 and graphs were constructed using Graph Pad Prism
software for Windows, version 8.0.1. The normality of all data was
assessed using the Kolmogorov-Smirnov test and the homogeneity of
variance was confirmed using Barllett’s test. The results obtained were
expressed as mean * standard error of the mean (S.E.M) and the
values were compared using the two-way ANOVA analysis of variance
test, followed by Bonferroni’s post hoc multiple comparison test.
Values were considered significant at p < 0.05.

11 Results

11.1 Effects of aqueous lyophilisate of Ficus
mucuso bark on schizophrenia in the open
arena test

11.1.1 Effects of aqueous lyophilisate of Ficus
mucuso on the number of lines crossed

Figure 2 shows the curative effect of aqueous lyophilisate of
E mucuso on hyperlocomotion and immobility induced by chronic
administration of ketamine as assessed in the open arena. The admin-
istration of ketamine (20 mg/kg, i.p.) for 14 days induced a significant
increase (p < 0.001) in the number of lines crossed in mice, which rose
from 119.5 + 1.7 in the normal control (NaCl, 0.9%) to 204.0 + 1.6 in
the negative control group (KET). The aqueous lyophilisate (25, 50
and 100 mg/kg) caused a significant decrease [F(5, 54) = 9,545;
P <0.001] in the number of lines crossed to 129.3 + 1.5; 110.5 £ 1.1,
and 161.1 * 1.9, respectively. Risperidone (0.5 mg/kg, p.o.) produced
similar effects with a significant reduction (p < 0.001) in the number
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of lines crossed to 12.0 + 1.6 compared to the negative control
(Figure 2A).

11.1.2 Effects of aqueous lyophilisate of Ficus
mucuso on the duration of immobility induced

Figure 2B shows the effect of aqueous lyophilisate of . mucuso
on the duration of immobility induced by ketamine in the open
arena. Chronic administration of ketamine (20 mg/kg, i.p.) induced
a significant reduction (p < 0.001) in the duration of immobility. The
duration of immobility decreased from 129.8 + 1.88 s in the normal
control group (NaCl, 0.9%) to 97.7 + 1.17 s in the negative control
group (KET). Administration of the aqueous lyophilisate of
E mucuso resulted in a significant increase [F(5, 54) = 5,649;
p <0.001] in the duration of immobility to 154.5 + 1.4 5;161.4 + 1.52
and 165.5 + 1.5 s at doses of 25, 50 and 100 mg/kg, respectively.
Risperidone (0.5 mg/kg, p.o.) caused a significant increase
(p <0.001) in immobility time to 242.9 + 1.48 s compared to the
negative control (Figure 2B).

10.3389/fneur.2026.1788148

11.2 Effects of aqueous lyophilisate of Ficus
mucuso bark on ketamine-induced
schizophrenia in the Y-maze

11.2.1 Effects of aqueous lyophilisate of Ficus
mucuso on the number of spontaneous
alternations

Figure 3 shows that F mucuso had a significant effect on the
number and percentage of alternations in the Y-maze test. Chronic
administration of ketamine (20 mg/kg, i.p.) for 14 days induced a sig-
nificant decrease (p < 0.001) in the number of spontaneous alterna-
tions. This number decreased from 7.6 + 1.6 in the normal control
group (NaCl, 0.9%) to 1.9 + 1.5 in the negative control group (KET).
Administration of the aqueous lyophilisate of F. mucuso (25, 50, and
100 mg/kg) led to a significant increase [F(5, 54) = 28.8; p < 0.001] in
the number of alternations to 8.6 + 1.4, 9.5+ 1.9, and 10.7 + 1.84.
Risperidone caused a significant increase (p < 0.001) of 11.4 £ 1.68
compared to the negative control (Figure 3A).
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FIGURE 2

Effects of aqueous lyophilisate of Ficus mucuso on the number of lines crossed (A) and duration of immobility (B) in the open arena test. Each bar
represents the mean + SEM. N = 10; “p < 0.001 compared to NaCl. ***p < 0.001 significant difference compared to KET. Two-way ANOVA followed by
Bonferroni post hoc test. KET = Ketamine (20 mg/kg). NaCl = Saline solution (0.9%); RIS = Risperidone (0.5 mg/kg).
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Effects of aqueous lyophilisate of Ficus mucuso on the number spontaneous alternations (A) and percentage of alternations (B) in the Y-maze test. Each
bar represents the mean + SEM. N = 10; °p < 0.001 compared to NaCl. ***p < 0.001 significant difference compared to KET. Two-way ANOVA followed
by Bonferroni post hoc test. KET = Ketamine (20 mg/kg). NaCl = Saline solution (0.9%); RIS = Risperidone (0.5 mg/kg)
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11.2.2 Effects of the aqueous lyophilisate of Ficus
mucuso on the percentage of alternations

Figure 3B shows the effect of the aqueous lyophilisate of
E mucuso on the percentage of alternation in the Y-maze test.
Chronic administration of ketamine (20 mg/kg, i.p.) induced a sig-
nificant decrease (p < 0.001) in the percentage of spontaneous alter-
nations. This percentage decreased from 65.89 +1.94% in the
normal group (NaCl, 0.9%) to 10.25 + 1.86% in the negative control
group (KET). The aqueous lyophilisate of E mucuso (25, 50, and
100 mg/kg) caused a significant increase [F(5, 54) =1,369;
p<0.001] in the percentage of alternations to 88.20 + 1.76%;
90.76 * 1.45, and 84.74 + 68.01%. Risperidone caused a significant
increase (p < 0.001) of 63.66 + 1.90% compared to the negative con-
trol (Figure 3B).

11.3 Effects of aqueous lyophilisate of Ficus
mucuso bark on schizophrenia induced by
forced swimming

11.3.1 Effects of aqueous lyophilisate of Ficus
mucuso on swimming duration, immobility, and
climbing time

Figure 4 shows the effects of aqueous lyophilisate of F. mucuso on
swimming time (Figure 4A), immobility time (Figure 4B), and climb-
ing time (Figure 4C) induced by ketamine (20 mg/kg, i.p.) in the
forced swimming test. Chronic administration of ketamine (20 mg/
kg, i.p.) for 14 days caused a significant reduction (p < 0.001) in
swimming time. Swimming duration decreased from 75.0 £ 1.8 s in

10.3389/fneur.2026.1788148

the normal control group (NaCl, 0.9%) to 15.0 + 1.4 s in the negative
control group (KET). Administration of the aqueous lyophilisate (25,
50, and 100 mg/kg) led to a significant increase [F(5, 54) = 5,151;
p<0.001] in swimming time to 77.2 + 1.64s, 137.7 £1.55s, and
117.6 + 1.6 s. Risperidone (0.5 mg/kg) caused a significant increase
(p <0.001) in swimming time to 131.7 + 1.84 s compared to the nega-
tive control (Figure 4A).

11.3.2 Effects of the aqueous lyophilisate of Ficus
mucuso on the duration of immobility

Figure 4B shows the effect of the aqueous lyophilisate of
E mucuso on the duration of immobility induced by ketamine
(20 mg/kg) in the forced swim test. Chronic administration of ket-
amine (20 mg/kg, i.p.) induced a significant increase (p < 0.001) in
the duration of immobility. This duration increased from
127.9+1.72s in the normal control group (NaCl, 0.9%) to
185.6 + 1.52 s in the negative control group (KET). Administration
of the aqueous lyophilisate (25, 50, and 100 mg/kg) significantly
reduced [F(5, 54) = 3,188; p < 0.001] the duration of immobility to
133.1£1.9s; 92.8 + 1.44 and 101.7 + 1.96 s, respectively. Similar,
risperidone caused a significant reduction (p < 0.001) in immobility
duration to 39.6 +£1.04s compared to the negative control
(Figure 4B).

11.3.3 Effects of aqueous lyophilisate of Ficus
mucuso on climbing duration

Figure 4C shows that the aqueous lyophilisate of F. mucuso had
a significant effect on climbing duration in the forced swim test.
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Effects of aqueous lyophilisate of Ficus mucuso on swimming time (A), immobility time (B) and climbing duration (C) in the forced swim test. Each bar
represents the mean + SEM. N = 10; °p < 0.001 compared to NaCl. ***p < 0.001 significant difference compared to KET. Two-way ANOVA followed by
Bonferroni post hoc test. KET = Ketamine (20 mg/kg). NaCl = Saline solution (0.9%); RIS = Risperidone (0.5 mg/kg).
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Chronic administration of ketamine (20 mg/kg, i.p.) induced a sig-
nificant decrease (p < 0.001) in climbing time. This time decreased
from 38.8 £ 1.84 s in the normal control group (NaCl, 0.9%) to
24.4 £ 1.48 s in the negative control group (KET) group. The aque-
ous lyophilisate (25 and 100 mg/kg) caused a significant increase
[F(5, 54) = 169; p < 0.001] in the climbing time to 32.3 + 1.9 and
40.7 £ 1.96 s. Risperidone caused a significant increase (p < 0.001)
t0 39.9 + 1.92 s in the climbing time compared to the negative con-
trol (Figure 4C).

11.4 Effects of aqueous lyophilisate of Ficus
mucuso bark on schizophrenia induced in
the stereotyped climbing test

11.4.1 Effects of aqueous lyophilisate of F. Mucuso
on climbing duration

Figure 5 shows that the aqueous lyophilisate of F. mucuso had a
significant effect on the number (Figure 5A) and duration of

10.3389/fneur.2026.1788148

climbing (Figure 5B) in the stereotyped climbing test. Chronic
administration of ketamine (20 mg/kg, i.p.) for 14 days induced a
significant increase (p < 0.001) in climbing duration. It increased
from 11.1 +£1.48s; 9.7 +1.56; 7.5+ 1.9 and 5.6 + 1.68 s in the
normal control group (NaCl, 0.9%) to 27.3 £ 1.96 s; 19.7 + 1.82;
155+ 1.9, and 12.1 + 1.92 s in the negative control group (KET)
respectively at 15, 30, 45, and 60 min after treatment. Figure 5A
shows that the aqueous lyophilisate of E mucuso (25, 50 and
100 mg/kg) caused a significant reduction [F(5, 54) = 63.0;
p<0.001] in stereotypical climbing time to 182+ 1.84s;
155+ 1.8 s and 15.0 + 1.8 s during the first 15 min and [F(5,
54) = 33.8; p < 0.001] in climbing time to 12.9 £ 1.92'5; 11.9 + 1.72
and 14.1 + 1.5 s at 30 min, followed by [F(5, 24) = 21.3; p < 0.001]
to 10.1 £1.5s; 9.2+ 1.6 and 8.0 £ 1.6 s at 45 min and finally a
decrease of (p < 0.01 and p < 0.001) [F(5, 54) = 16.7; p < 0.001] of
8.1+1.72s; 4.7 2.1 and 4.5+ 1.6 s with doses of 25, 50 and
100 mg/kg at 60 min. Risperidone caused a significant decrease
(p < 0.001) in the duration of climbing to 12.5 + 1.84 s; 8.2 £ 1.64;
6.9 +1.92,and 4.6 + 1.92 s compared to the negative control (KET)
at 15, 30, 45, and 60 min, respectively (Figure 5A).
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FIGURE 5
Effects of aqueous lyophilisate of Ficus mucuso on the climbing time (A) and number of stereotypical climbing (B) in the climbing test. Each bar
represents the mean + SEM. N = 10; “p < 0.001 compared to NaCl. *p < 0.05; **p < 0.01; **p < 0.01; ***p < 0.001 significant difference compared to
KET. Two-way ANOVA followed by Bonferroni post hoc test. KET = Ketamine (20 mg/kg). NaCl = Saline solution (0.9%); RIS = Risperidone (0.5 mg/kg).
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11.4.2 Effects of the aqueous lyophilisate of Ficus
mucuso on the number of climbs

Figure 5B illustrates the significant effect of F mucuso on the
number of climbs in the stereotyped climbing test. Chronic administra-
tion of ketamine (20 mg/kg, i.p.) induced a significant increase
(p <0.001) in the number of climbs. The number of climbs increased
from 5.7 £ 1.9; 5.5+ 1.9; 4.7 £ 1.76 and 3.5 £ 1.9 in the normal control
group (NaCl, 0.9%) to 12.1 + 1.3;12.2 + 1.24; 10.6 + 1.88 and 9.4 + 1.888
in the negative control group (KET) respectively at 15, 30, 45, and
60 min after the last treatment. Figure 5C shows that the aqueous lyophi-
lisate of E mucuso (25, 50 and 100 mg/kg) significantly reduced [F(5,
54) = 16.1; p < 0.001] the number of stereotypical climbs to 5.8 + 1.8;
6.2+ 1.8 and 5.5 + 1.76 during the first 15 min and [F(5, 54) = 17.7;
p<0.001] to 6.4 £ 1.6; 5.6 £ 1.92 and 5.3 £ 1.76 at 30 min there after
(p <0.05) [F(5, 24)=13.8; p<0.001] to 7.1 £1.92; 47 +1.96 and
3.8 £ 1.8 at 45 min and finally a decrease of [F(5, 54) = 13.8; p < 0.001]
from 5.8 + 1.84;3.8 + 1.8 and 2.9 + 1.5 with doses of 25 mg/kg (p < 0.05);
50 and 100 mg/kg at 60 min. Risperidone caused a significant decrease
(p <0.001) in the number of escalations to 5.1 + 1.92; 4.8 + 1.8;3.1 + 1.72

10.3389/fneur.2026.1788148

and 2.3 + 1.76 compared to the negative control (KET) at 15, 30, 45 and
60 min, respectively (Figure 5B).

11.5 Effects of aqueous lyophilisate of Ficus
mucuso on neurotransmitter concentration

11.5.1 Effects of aqueous lyophilisate of Ficus
mucuso on dopamine concentration

Figure 6 shows that the aqueous lyophilisate of E mucuso had a sig-
nificant effect on dopamine concentration in the hippocampus, prefron-
tal cortex, and striatum. Administration of ketamine (20 mg/kg, i.p.) led
to a significant increase (p < 0.05; p < 0.01 and p < 0.001) in dopamine
concentration, which increased from 5.73 +0.03; 5.01 £0.10 and
5.47 £ 0.07 pg/mL in the normal control group to 9.28 + 0.07;7.01 + 0.15
and 8.76 + 0.13 pg/mL in the negative control group in the HPC, PFC,
and ST, respectively. Administration of the aqueous lyophilisate of
E mucuso (Figure 6A) significantly decreased [F(5, 12) = 19.9; p < 0.001]
the concentration of dopamine to 5.29 +0.12; 5.58 +0.05 and
6.83 +0.12 pg/mL with doses of 25, 50 and 100 mg/kg, respectively, in
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the HPC and [F(5, 12)=9.01; p<0.001] to 3.90+0.10 and
4.27 £0.12 mM/min/g in the PFC for doses of 25 and 50 mg/kg
(p<0.01) of E mucuso and finally [F(5, 12) =15.3; p <0.001] to
5.41 £ 0.04; 5.86 + 0.06 and 5.94 + 0.15 pg/mL in the ST compared to the
negative control (KET). The significant increase (p < 0.01 and p < 0.001)
in the amount of dopamine t0 5.72 + 0.17;4.30 + 0.11 and 5.08 + 0.11 pg/
mL with Risperidone (0.5 mg/kg, i.p.) in the PFC, HPC and ST com-
pared to the negative control (KET).

11.5.2 Effects of aqueous lyophilisate of Ficus
mucuso on serotonin concentration

The cerebral serotonin concentration is shown in
Figure 6B. Administration of ketamine (20 mg/kg, i.p.) caused a sig-
nificant increase (p < 0.001; p < 0.01 and p < 0.05) in serotonin con-
centration in the HPC, PFC and ST, respectively. This concentration
increased from 3.99 + 0.13, 3.11 + 0.09, and 2.67 + 0.04 pg/mL in the
normal control to 6.63 + 0.12, 4.24 + 0.11, and 4.77 + 0.17 pg/mL in
the negative control. The aqueous lyophilisate of E mucuso (25, 50 and
100 mg/kg) significantly decreased (p <0.01; p <0.001) [F(5,

12) =22.4; p <0.001] the concentration of 5-TH2 to 2.88 + 0.01;
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3.32+0.02 and 4.26 £ 0.08 mol/g in the HPC; [F(5, 12) =7.85;
p=0.002] to 2.18 + 0.06 and 2.44 + 0.13 pg/mL in the PFC with the
25 mg/kg (p <0.01) and 50 mg/kg (p < 0.05) doses; finally [F(5,
12) = 2.68; p = 0.003] to 2.68 + 0.05 pg/mL with the 25 mg/kg dose
(p<0.01) in the ST compared to the negative control (KET).
Risperidone (0.5 mg/kg) caused a significant decrease (p < 0.001) in
serotonin concentration to 3.58 + 0.09; 2.45 + 0.06 and 2.52 + 0.01 pg/
mL in the brain regions, respectively, (HPC, PFC and ST).

11.5.3 Effects of aqueous lyophilisate of Ficus
mucuso on cerebral glutamate levels

Figure 7 shows that aqueous lyophilisate of E mucuso had a signifi-
cant effect on glutamate levels in the hippocampus, prefrontal cortex, and
striatum. Figure 7A showed that administration of ketamine (20 mg/kg,
i.p.) resulted in a significant decrease (p < 0.001) in glutamate levels,
which fell from 3.67 + 0.16 and 9.07 + 0.15 pg/mL in the normal control
group to 3.37 £ 0.12 and 3.48 + 0.31 pg/mL in the negative control (KET)
group in the HPC and ST, respectively; However, glutamate increased
significantly (p < 0.001) in the PFC, rising from 3.69 + 0.16 pg/mL in the
normal control group to 7.54 £ 0.19 pg/mL in the negative control group.

FIGURE 7
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However, administration of the aqueous lyophilisate of E mucuso
(Figure 7A) significantly increased [F(5, 12) = 33.0; p < 0.001] the gluta-
mate level to 6.99 + 0.13; 6.10 + 0.21 and 6.57 + 0.10 pg/mL at all doses,
respectively, in the HPC and [F(5, 12) = 12.7; p < 0.001] to 7.38 £ 0.24;
8.11+£0.51 and 7.64 £ 0.12 pg/mL in the ST at doses of 25, 50 and
100 mg/kg (p < 0.01). In contrast, the opposite effect was observed in the
PFC, with a significant decrease [F(5, 12) = 26.5; p < 0.001] to 4.07 + 0.19;
3.93 +£0.09 and 3.27 + 0.07 pg/mL, respectively. However, a significant
increase (p < 0.001) in glutamate levels to 6.47 £ 0.01 and 9.38 £ 0.24 in
the HPC and ST, respectively and a decrease (p < 0.001) to 3.59 + 0.08 pg/
mL in the PFC was observed with risperidone (0.5 mg/kg) compared to
the negative control.

11.5.4 Effects of aqueous lyophilisate of Ficus
mucuso on acetylcholinesterase activity

Analysis of Figure 7B reveals that ketamine administration led to
a significant increase (p < 0.001) in acetylcholinesterase activity, which
rose from 0.06 + 0.00 nm/mL; 0.10 + 0.00 and 0.08 + 0.00 nm/mL in
the normal control group to 0.11+0.00; 0.13+0.00 and

10.3389/fneur.2026.1788148

0.10 + 0.00 nm/mL in the negative control (KET) respectively in the
hippocampus, prefrontal cortex, and striatum. Administration of the
aqueous lyophilisate of E mucuso (Figure 7B) significantly decreased
[F(5, 12)=1,512, p<0.001] acetylcholinesterase activity to
0.08 £ 0.00; 0.07 + 0.00 and 0.95 + 0.09 nm/mL with doses of 25, 50,
and 100 mg/kg, respectively, in the HPC, and a decrease [F(5,
12) =379, p < 0.001] to 0.10 % 0.00; 0.10 + 0.00 and 0.10 + 0.00 nm/
mL in the PFC and finally a significant decrease [F(5, 12) = 258,
P <0.001] to 0.09 + 0.00; 0.08 + 0.00 and 0.08 + 0.00 nm/mL in the ST
compared to the negative control. A decrease in acetylcholinesterase
activity was also observed with risperidone (0.5 mg/kg, i.p.) at
0.08 £ 0.00; 0.10 £ 0.00 and 0.09 + 0.00 nm/mL in the HPC, PFC and
ST, respectively.

11.5.5 Effects of aqueous lyophilisate of Ficus
mucuso on the concentration of
gamma-aminobutyric acid in the brain

Figure 8A shows the concentration of GABA in the hippocampus,
prefrontal cortex, and striatum. Administration of ketamine (20 mg/kg,
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Effects of Ficus mucuso lyophilisate on gamma-aminobutyric acid (A) concentration and gamma-aminobutyric acid transaminase activity (B) in the
hippocampus, prefrontal cortex, and striatum of mice. Each bar represents the mean + SEM. N = 10; °p < 0.001 compared to NaCl. ***p < 0.001
significant difference compared to KET. Two-way ANOVA followed by Bonferroni post hoc test. KET = Ketamine (20 mg/kg). NaCl = Saline solution
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i.p.) for 14 days significantly decreased (p < 0.001) the concentration of
GABA in the HPC, PFC, and ST. The concentration of GABA decreased
from 926.36 + 0.12 pg/mg; 982.38 + 0.50, and 864.83 + 0.55 pg/mg in
the normal control to 507.56 + 0.24; 753.56 + 0.52,and 461.65 + 0.11 pg/
mg in the negative control. Figure 8A shows that the aqueous lyophilis-
ate of E mucuso (25, 50, and 100 mg/kg) significantly increased [F(5,
12) =26,996; p < 0.001] the concentration of GABA, which rose to
973.44 + 0.55 pg/mg; 1,023.49 + 0.40 and 807.34 + 0.19 pg/mg in HPG;
[F(5,12) = 73,173; p < 0.001] to 1,609.94 + 0.24 pg/mg; 1,607.31 + 0.44
and 1,182.45 + 0.40 pg/mg in the PFC and finally [F(5, 12) = 14,690;
p <0.001] at 772.28 £ 0.66 pg/mg; 933.80 + 0.31 and 904.74 + 0.26 pg/
mg in the ST compared to the negative control (KET). Risperidone
(0.5 mg/kg) had a similar effect, significantly increasing (p < 0.001) the
concentration of GABA to 927.36 +0.39; 1,512.78 £0.35 and
917.54 + 0.58 pg/mg in the HPC, PFC, and ST (Figure 8A).

11.5.6 Effects of aqueous lyophilisate of Ficus
mucuso on the concentration of
gamma-aminobutyric acid transferase in the brain

Figure 8B highlights the activity of the enzyme concentration of
GABA-T in the hippocampus, prefrontal cortex, and striatum. The
administration of ketamine (20 mg/kg, i.p.) significantly increased
(p < 0.001) the enzymatic activity of GABA-T in the HPC, PFC, and
ST. GABA-T activity increased from 0.02 + 0.00 pg/min/mg; 0.04 + 0.00
and 0.03 + 0.00 pg/min/mg in the normal control to 0.07 £ 0.00;
0.10 £ 0.00 and 0.06 + 0.00 pg/min/mg in the negative control (KET).
Figure 8B shows that the aqueous lyophilisate of E mucuso (25, 50 and
100 mg/kg) significantly decreased [F(5, 12) = 1,186; p < 0.001] the
activity of GABA-T, which fell to 0.04 + 0.00 pg/min/mg; 0.03 + 0.00
and 0.03 + 0.00 pg/min/mg in the HPC; [F(5, 12) = 56.5; p < 0.001] to
0.03 £ 0.00 pg/min/mg; 0.08 + 0.00 and 0.04 + 0.00 pg/min/mg in the
PFC and finally [F(5, 12) = 270; p < 0.001] to 0.03 + 0.00 pg/min/mg;
0.04 + 0.00 and 0.04 + 0.00 pg/min/mg in the ST compared to the nega-
tive control. Risperidone (0.5 mg/kg) significantly decreased (p < 0.001)
GABA-T enzyme activity to 0.04 + 0.00; 0.06 + 0.00 and 0.03 + 0.00 pg/
min/mg in the HPC, PFC and ST, respectively (Figure 8B).

11.6 Effects of aqueous lyophilisate of Ficus
mucuso bark on markers of oxidative stress
in the brain

11.6.1 Effects of aqueous lyophilisate of Ficus
mucuso on catalase activity

Figure 9 shows the effect of aqueous lyophilisate of E mucuso on
catalase activity in the hippocampus, prefrontal cortex and striatum.
Analysis of Figure 9A reveals that administration of ketamine (20 mg/
kg, i.p.) caused a significant decrease (p < 0.001) in catalase activity,
which fell from 306.68 + 0.28; 279.27 + 0.24 and 202.50 + 0.23 nmol/
unit/mg protein in the normal control group to 167.03 +0.19;
144.88 + 0.31 and 128.12 + 0.10 nmol/unit/mg protein in the negative
control in the HPC, PFC and ST, respectively. Administration of the
aqueous lyophilisate of E mucuso (Figure 9A) significantly increased
[F(5, 12)=6,216, p<0.001] CAT activity to 256.91+0.79;
198.29 £ 0.54 and 209.95 + 0.79 nmol/unit/mg protein with doses of
25, 50 and 100 mg/kg, respectively, in the HPC and [F(5, 12) = 10,706,
P <0.001] to 319.37 £ 0.14; 337.72 £ 0.12 and 253.25 + 0.16 nmol/
unit/mg protein in the PFC and finally an increase of [F(5, 12) = 7,435,
P <0.001] to 186.29 £ 0.12; 210.50 + 0.05 and 209.94 + 0.22 nmol/
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unit/mg protein in the ST compared to the negative control (KET).
There was a significant increase (p <0.001) in CAT activity to
265.29 £ 0.41; 328.13 + 0.29 and 269.30 + 0.20 nmol/unit/mg protein
with Risperidone (0.5 mg/kg, i.p) in the PFC, HPC and ST (Figure 9A).

11.7 Effects of aqueous lyophilisate of Ficus
mucuso on reduced glutathione
concentration

Figure 9B shows the effect of aqueous lyophilisate of E mucuso on
reduced glutathione concentration in the hippocampus, prefrontal
cortex, and striatum after chronic administration of ketamine (20 mg/
kg, i.p.). Ketamine induced a significant decrease (p <0.05) and
(p <0.001) in GSH levels in the brain regions. It decreased from
0.187 + 0.010; 0.192 £ 0.006 and 0.165 + 0.003 nmol/mg protein in the
normal control (KET) to 0.136 +0.004; 0.129 +0.002 and
0.107 + 0.003 nmol/mg protein in the negative control (KET) in the
HPC, PFC, and ST, respectively. The GSH level increased significantly
[F(5, 12)=149, p<0.001] to 0.216+0.15 0.159+0.002 and
0.166 + 0.003 nmol/mg protein in the HPC with doses of 25, 50, and
100 mg/kg; [F(5,12) = 22.1, p < 0.001] to 0.258 + 0.008; 0.249 + 0.018
with doses of 25 and 50 mg/kg and finally 0.186 + 0.006 with a dose
of 100 mg/kg (p < 0.05) in PEC. Risperidone (0.5 mg/kg) significantly
increased (p <0.001) the cerebral GSH level to 0.212 +0.005;
0.237 +0.004 and 0.211 * 0.004 nmol/mg protein, respectively, in the
HPC, PFC and ST (Figure 9B).

11.7.1 Effects of aqueous lyophilisate Ficus
mucuso on superoxide dismutase concentration

The concentration of superoxide dismutase is shown in Figure 10.
The administration of ketamine (20 mg/kg, i.p.) led to a significant
decrease (p <0.001) in SOD levels in the hippocampus, prefrontal
cortex, and striatum. This concentration decreased from
2,677.41 + 0.43 Unit/mg protein; 4,963.25 + 0.56, and 5,152.43 + 1.00
SOD units/mL/g in the normal control group to 2,259.19 + 0.49;
4,256.39 £ 0.63, and 3,693.15 £ 0.85 Unit/mg protein in the negative
control group. The aqueous lyophilisate of F. mucuso (50 and 100 mg/
kg) significantly increased [F(5, 12) = 76,689] the SOD concentration
to 2,473.87 + 0.47 and 2,857.48 + 0.45 Unit/mg protein in the HPC;
an increase [F(5, 12)=378,290, p <0.001] to 6,041.96 + 0.40;
5,945.22 + 0.58 and 4,468.22 £ 0.60 Unit/mg protein in PFC; and
finally an increase [F(5, 12) = 100,494, p < 0.001] to 4,134.40 + 0.92;
4,647.40 = 0.51 and 4,385.93 + 0.73 Unit/mg protein in the ST com-
pared to the negative control (KET). Risperidone (0.5 mg/kg) signifi-
cantly increased (p<0.001) the concentration of SOD to
2,435.65 £ 0.25; 5,543.41 £ 0.65 and 4,993.83 + 0.75 Unit/mg protein
in the HPC, PFC and ST (Figure 10).

11.7.2 Effects of aqueous lyophilisate of Ficus
mucuso on malondialdehyde concentration

Figure 11 shows the effect of aqueous lyophilisate of F mucuso on
malondialdehyde concentration (Figure 11A). Ketamine (20 mg/kg)
induced a significant increase (p < 0.01; p < 0.001) in malondialdehyde
concentration to 0.262 + 0.007 pmol/mg protein; 0.223 +0.008 and
0.232 + 0.006 pmol/mg protein in the hippocampus, prefrontal cortex,
and striatum, respectively, compared to the normal control of
0.117 % 0.004 pmol/mg protein; 0.122 + 0.003 and 0.111 + 0.006 pmol/
mg protein. Administration of the aqueous lyophilisate of E mucuso (25;
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50, and 100 mg/kg) resulted in a significant reduction [F(5, 12) = 18.7,
P <0.001] in MDA concentration to 0.126 + 0.008; 0.131 +0.011, and
0.104 £0.000 in the HPC; (p<0.05 p<0.001) [F(5 12)=09.07,
P <0.001] to 0.152 £ 0.007; 0.139 £ 0.010 and 0.106 + 0.009 pmol/mg
protein in the PFC and finally a reduction (p < 0.001) [F(5, 12) = 18.8,
p<0.001] in the MDA level to 0.105+ 0.005; 0.112+0.009 and
0.102 £ 0.001 pmol/mg protein in ST compared to the negative control
(KET). Risperidone (0.5 mg/kg, i.p.) induced a significant reduction
(p<0.001; p<0.01) in MDA concentration to 0.123 +0.002;
0.132 £ 0.002 and 0.137 + 0.002 mol/g in HPC, PFC and ST, respectively,
compared to the negative control (Figure 11A).

11.7.3 Effects of Ficus mucuso aqueous
lyophilisate on cerebral nitrite oxide
concentration

The nitrite concentration is shown in Figure 11B. The administra-
tion of ketamine (20 mg/kg, ip.) led to a significant increase
(p <0.001) in NO levels in the hippocampus, prefrontal cortex, and
striatum. This increase rose from 204.70 + 0.11 pmol/mg protein;
295.23 £ 0.22 and 174.07 + 0.52 pmol/mg protein in the normal con-
trol group to 90.10 +0.10 pmol/mg protein; 175.15+0.12 and
93.55 + 0.17 pmol/mg protein in the negative control group (KET).
Administration of the aqueous lyophilisate (25, 50 and 100 mg/kg)
resulted in a significant decrease [F(5, 12) = 21,029, p < 0.001] in NO
concentration, which fell to 89.86+0.31 pmol/mg protein;
92.82+0.09 and 77.88 £0.11 pmol/mg protein in the HPC; a
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significant ~ decrease  [F(5, 12)=9,648, p<0.001] to
206.17 + 0.23 mol/g; 192.58 £ 0.15 and 142.72 + 0.21 mol/g in the
PFC; and finally a significant decrease [F(5, 12) = 5,474, p < 0.001] to
80.40 + 0.05; 81.62 + 0.18 and 79.64 + 0.17 pmol/mg protein in the
striatum compared to the negative control (KET). Risperidone
(0.5 mg/kg) caused a significant decrease (p < 0.001) in NO levels to
89.00 £ 0.11 pmol/mg protein; 182.80 + 0.01 and 93.46 + 0.16 pmol/
mg protein, respectively, in the HPC, PFC, and ST (Figure 11B).

11.8 Effects of aqueous lyophilisate of Ficus
mucuso bark on alterations in brain
structures

11.8.1 Effects of aqueous lyophilisate of Ficus
mucuso on Ammon'’s horn 1 & 3 and the dentate
gyrus of the hippocampus

The histopathological changes induced by ketamine in the hip-
pocampus (Figure 12) were revealed by hematoxylin-eosin staining.
Histological analysis of Ammon’s horn 1 (Figure 12A), Ammon’s horn
3 (Figure 12B) and the dentate gyrus (Figure 12B) showed a normal
microstructure in mice from the normal group (microphotograph 1).
In mice from the negative control group (microphotograph 2), a loss
of neuronal tissue integrity was observed, marked by the presence of
hyperchromatic cells (Figures 12A,B), degradation of the polymor-
phic, granular, and molecular layers, and necrosis (Figure 12C). The
groups treated with the aqueous lyophilisate at different doses of 25,
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50 and 100 mg/kg (microphotographs 4, 5 and 6) and the group
treated with risperidone (microphotograph 3) (Figures 12A-C)
showed a microstructure of Ammon’s horn 1 & 3 and the dentate
gyrus with a healthy neuronal architecture similar to that of the
normal control (microphotograph 1).

11.8.2 Effects of aqueous lyophilisate of Ficus
mucuso on changes in cell numbers in Ammon'’s
horn 1 and 3 and the dentate gyrus of the
hippocampus

The cell count per pm? of tissue in CA1 & CA3 and the dentate
gyrus of the hippocampus is shown in Figure 13. Ketamine caused a
significant decrease in the number of cells due to necrosis and multi-
plication of hyperchromatic cells.

Ketamine caused a significant decrease (p < 0.001) in the number
of CALl cells from 311.33 + 1.14 of cells in the normal control to
157.83 + 1.28 in the negative control. The aqueous lyophilisate of
E mucuso restored the neuronal structure by significantly increasing
[F(5, 30)=3542, p<0.001] in the number of CAl cells to
203.66 + 1.42 and 200.16 + 1.57 with doses of 25 and 100 mg/kg,
respectively. Risperidone caused an increase (p < 0.001) in the number
of cells to 214.83 + 1.90 in CA1 compared to the negative control.

Ketamine caused a decrease (p < 0.001) in the number of nucle-
ated cells in CA3, which fell from 244.5 + 1.71 in the normal control
to 102.66 + 1.23 cells in the negative control. The aqueous lyophilisate
of E mucuso restored the neuronal structure through a significant
[F(5, 30) = 4545, p < 0.001] dose-dependent increase in the number
of CA3 cells to 114.66 + 1.71; 198.33 + 1.14 and 259.0 + 1.71 with

10.3389/fneur.2026.1788148

doses of 25, 50 and 100 mg/kg. Risperidone caused an increase
(p <0.001) in the number of CA3 cells to 197.33 + 1.42.

Finally, ketamine caused a significant decrease (p < 0.001) in the
number of nucleated cells in the dentate gyrus, which fell from
684.83 + 1.85 in the normal control to 408.0 + 1.71 in the negative
control. The aqueous lyophilisate of F. mucuso (25, 50 and 100 mg/
kg) significantly increased [F(5, 30) = 11824, p < 0.001] the number
of cells in the dentate gyrus to 526.16 + 1.61; 554.0 £ 1.71 and
706.33 + 1.42, respectively. Risperidone caused an increase
(p <0.001) in the number of cells to 623.5+ 1.57 in the den-
tate gyrus.

11.9 Effects of aqueous lyophilisate of Ficus
mucuso on cells of the prefrontal cortex
and striatum

Histological analysis of the prefrontal cortex and striatum in mice
from the normal control group shows a normal microstructure
(microphotograph 1) of the prefrontal cortex and striatum (Figure 14).
In mice from the negative control group (microphotograph 2), histo-
pathological changes were observed due to a loss of integrity of the
neuronal tissue marked by hyperchromatic cells, necrosis and neuro-
nal loss (Figures 14A,B). The groups receiving the aqueous lyophilisate
at different doses of 25, 50 and 100 mg/kg (microphotographs 4, 5 and
6) and the group receiving risperidone (microphotograph 3)
(Figures 14A,B) showed a microstructure of the prefrontal cortex and
striatum with a healthy architecture and no lesions, with an absence
of neurodegeneration similar to that of the normal control (micropho-
tograph 1).

FIGURE 12

Po = Polymorphic layer; Gr = Granular layer; Mo = Molecular layer.

Microphotographs of the Ammon’s horn 1 & 3 and the dentate gyrus of the hippocampus (x250); hematoxylin—eosin staining. 1 = Normal control;
2 = Negative control; 3 = Positive control; 4—6 = Groups receiving the aqueous lyophilisate of F. mucuso (25, 50, and 100 mg/kg). Cn = Normal cells;
Ch = Hyperchromatic cells; Nn = Necrotic neurons; Cn = Normal cells; Po = Polymorphic layer; Gr = Granular layer; Mo = Molecular layer;
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FIGURE 13

Effects of Ficus mucuso lyophilisate on the number of nucleated cells in the Ammon’s horn 1 & 3 and the dentate gyrus of the hippocampus. Each bar
represents the mean + SEM. N = 10; °p < 0.001 compared to NaCl. ***p < 0.001 significant difference compared to KET. Two-way ANOVA followed by
Bonferroni post hoc test. KET = Ketamine (20 mg/kg). NaCl = Saline solution (0.9%); RIS = Risperidone (0.5 mg/kg).

FIGURE 14

Microphotographs of the prefrontal cortex (A) and striatum (B): (x250); Hematoxylin-eosin staining. 1 = Normal control (NaCl, 0.9%); 2 = Negative
control (KET); 3 = Positive control (RIS); 4, 5, 6 = Groups receiving aqueous lyophilisate of Ficus mucuso (25, 50, and 100 mg/kg). NC = Normal cells;
Nn = Necrotic neuron; HC = Hyperchromatic cells; NP = Neuronal loss.
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FIGURE 15

Effects of Ficus mucuso lyophilisate on the number of nucleated cells in the prefrontal cortex and striatum. Each bar represents the mean + SEM.
N =10; p < 0.001 compared to NaCl. ***p < 0.001 significant difference compared to KET. Two-way ANOVA followed by Bonferroni post hoc test
KET = Ketamine (20 mg/kg). NaCl = Saline solution (0.9%); RIS = Risperidone (0.5 mg/kg).
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11.9.1 Effects of aqueous lyophilisate of Ficus
mucuso on the number of nucleated cells in the
prefrontal cortex and striatum

Figure 15 shows that ketamine administration leads to the appear-
ance of hyperchromatic cells and necrotic neurons in the prefrontal
cortex and striatum (Figure 15). A significant decrease (p < 0.001) in
cell number was observed, from 197 + 2.57 in the normal control to
105.5 + 2.28 in the negative control (KET). However, the aqueous
lyophilisate of F mucuso restored cell structure by significantly
increasing [F(5, 30) = 447, p < 0.001] the number of cells in the pre-
frontal cortex to 172.83 + 2.42; 147 + 1.71 and 171 + 2.57 at doses of
25, 50 and 100 mg/kg. Risperidone caused an increase (p < 0.001) in
the number of cells to 190.66 + 2.47.

A significant decrease (p < 0.001) in the number of ST cells was
also observed, from 414.5 + 1.28 in the normal control to 186.16 + 1.90
in the negative control. However, the aqueous lyophilisate of F. mucuso
significantly increased [F(5, 30) = 7,690, p < 0.001] the number of ST
cells to 382.16 £+ 1.61; 353.16 + 1.33 and 409.33 + 1.90 at all doses.
Risperidone caused an increase (p < 0.001) in the number of ST cells
to 417.33 + 1.71 compared to the negative control (Figure 15).

12 Discussion

The aim of this study was to evaluate the antipsychotic effect of
aqueous lyophilisate bark from the trunk of E mucuso on ketamine-
induced schizophrenia in albino mice. It appears that the central point
of neurobehavioral change in schizophrenia is based on changes in the
activities or release of neurotransmitters such as dopamine, serotonin,
glutamate, acetylcholinesterase, adrenaline, aspartate, glycine, GABA
and GABA-T (5, 10, 16, 18, 55, 56). The severity of schizophrenia
depends in part on oxidative stress and the level of neurochemical
imbalance affecting neural circuits in several brain structures such as the
hippocampus, prefrontal cortex, and striatum (18, 57). The results of this
study confirm those of previous research showing that repeated admin-
istration of ketamine causes positive symptoms, negative symptoms, and
cognitive symptoms or disorders (55, 58). Ketamine is an antagonist of
NMDA glutamate receptors. When ketamine binds to NMDA receptors,
an imbalance occurs between the release of dopamine, glutamate, and
GABA. Inhibition of NMDA receptors leads to stereotypical behaviors
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and locomotor hyperactivity. Blocking NMDA receptors located on
GABAergic interneurons reduces their inhibitory activity; GABAergic
interneurons are known to exert an inhibitory role on glutamatergic
neurons through the release of GABA. The reduction in the activity of
these GABAergic interneurons leads to excessive release of glutamate,
which in turn stimulates the mesolimbic circuits to release more dopa-
mine, causing delusions and hallucinations (8, 21). The literature has
shown that in addition to causing a state of NMDA receptor hypofunc-
tion, ketamine also activates D, receptors.

Stereotypy is used to diagnose the positive symptoms of ketamine-
induced schizophrenia in mice (37, 59). These symptoms are a series
of repetitive movements and gestures with no apparent purpose: head
movements, intense licking, chewing, and intermittent sniffing (60).
Previous studies have shown that the increase in the time and number
of escalations is due to an increase in dopaminergic and glutamatergic
activity in the cortical areas of the brain, which results in repetitive
behaviors (1, 42). The aqueous lyophilisate of E mucuso (25, 50, and
100 mg/kg) had a consistent calming effect on the time to climb and
the number of climbs between 10 and 65 min. The reduction in the
time and number of escalations reflects the simplification of the posi-
tive symptoms of schizophrenia. E mucuso appears to have a stimulat-
ing effect on GABA receptors, which promotes a decrease in neuronal
excitation by lowering dopamine levels (5). However, E mucuso
reduced ketamine-induced repetitive behavior between 10 and
65 min. Our results are consistent with those obtained for Morinda
citrifolia (61), Terminalia ivorensis (42), Scopoletin and Rutin (62), and
Terminalia macroptera (37), which reduced stereotypy in mice, dem-
onstrating their antipsychotic effects.

Ketamine-induced hyperlocomotion is partly attributed to the
blockade of NMDA receptors in the mesolimbic regions, leading to dis-
inhibition and a consequent increase in neuronal excitation (63). In
addition, ketamine acts as an indirect dopamine agonist, which explains
the behavioral stimulation (64). The aqueous lyophilisate of F. mucuso
(25, 50 and 100 mg/kg) attenuated the increase in locomotor activity by
significantly reducing (p < 0.001) the number of lines crossed and the
time spent moving. Consequently, E mucuso is likely to be used in the
treatment of the positive symptoms of schizophrenia. This is because it
lifts the blockage of NMDA receptors on the inhibitory GABAergic
system, often considered to be associated with the behavioral hyperactiv-
ity of schizophrenia (65). E mucuso acts as GABA agonist, preventing
the excessive release of dopamine in the hippocampus, prefrontal cortex,
and striatum. Our results are consistent with those of (2, 37), who
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showed that extracts that reduce the number of lines crossed and
increase immobility time are effective in reducing positive symptoms.

Negative symptoms of schizophrenia are a crucial feature of this
disorder (66). Frequently present at the onset of the disease, they per-
sist throughout its course, even during periods of remission. The
increase in immobility induced by ketamine in the forced swim test in
mice is a negative symptom (behavioral despair) characteristic of
schizophrenia (2, 18, 67). Previous studies have reported the involve-
ment of the 5-hydroxytryptaminergic (5-HT) system in the negative
symptoms of schizophrenia (18, 68). The work of (69) indicates that
increased immobility in forced swimming is caused by the blockade
of 5-HT2A receptors. Similarly, the work of (38) showed that increased
which showed that an increase in extracellular glutamate concentra-
tion causes hyperactivation of serotonin 5-HT2 receptors, responsible
for the increase in immobility time induced by ketamine. The aqueous
lyophilisate of E mucuso (25, 50 and 100 mg/kg) significantly reduced
(p < 0.001) immobility time in mice. The reduction in immobility in
the forced swim test by the plant suggests the existence of antidepres-
sant properties. Consequently, the lyophilisate acts as a 5-HT2A
receptor antagonist and may have antipsychotic effects. Our results
and observations are supported by previous studies conducted on
Terminalia ivorensis (42), Philenoptera cyanescens (67), Terminalia
macroptera (37), Cissampelos owariensis (59), and Diosgenin (2),
which have shown that reduced immobility is a sign of reduced
despair and negative symptoms in schizophrenia.

The Y-maze was developed to study learning and short-term
memory functions in mice (41). Cognitive disorders, such as deficits
in attention, language, executive functions, and working memory, are
fundamental cognitive symptoms in schizophrenia (70). Ketamine-
induced memory impairment is linked to antagonism of glutamatergic
and acetylcholine neurotransmission and to stimulation of oxidative
stress in the brain (2, 18). Increased acetylcholinesterase activity in the
brain also confirms memory deficits in schizophrenia (21).
Administration of FE mucuso lyophilisate (25, 50 and 100 mg/kg)
reduced cognitive function impairments, as indicated by an increase
in the number and percentage of correct alternations. Previous studies
have reported improvements in cognitive deficits with antipsychotic
drugs and plant extracts (7, 21, 37, 71). Mechanistically, learning is
associated with phosphorylation by calcium/calmodulin-dependent
protein kinase IT (Ca?*/CaMK II). Inhibition of the NMDA receptor,
which is a ligand-activated Ca** channel, decreases this phosphoryla-
tion, which could explain the cognitive deficits induced by ketamine
due to the disruption of long-term potentiation (72). In the early
stages of memory formation, ketamine also inhibits acetylcholine and
antagonizes the o-7nAchR nicotinic acetylcholine receptor (73).
Therefore, E mucuso lyophilisate improves cognitive impairment
through its ability to enhance working memory by stimulating the
synthesis of acetylcholine and glutamate.

The hypofunctionality of dopaminergic neurotransmission in the
prefrontal cortex is thought to be partly responsible for schizophrenia.
This is due to the blockade of NMDA receptors in the ventral tegmen-
tal area, which leads to a reduction in cortical dopamine release.
Ketamine is known to influence dopamine transmission and receptor
activation via multiple mechanisms (74). It is important to note that
ketamine has two major effects in the brain: it increases dopamine
release in the striatum and inhibits its uptake in the same organ (42).
In addition, one mechanism by which ketamine produces undesirable
behavioral effects is related to the blockade of NMDA receptors
located on GABAergic inhibitory neurons in the limbic and
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subcortical regions of the brain (75). This disinhibitory action would
increase neuronal activity and cause excessive dopamine release in the
limbic and striatal regions following dysfunction of the striatum, pre-
frontal cortex, and hippocampus, likely resulting in hyperdopaminer-
gic and glutamatergic signaling in schizophrenia (76, 77). NMDA
receptor antagonists are associated with increased dopamine and glu-
tamate release, leading to reduced cortical inhibition. The accumula-
tion of cytosolic dopamine can lead to neurotoxicity, a detrimental
effect on neuron survival (78, 79). Ketamine induced an increase in
dopamine levels in the brain (18, 80, 81). Administration of the aque-
ous lyophilisate (25, 50 and 100 mg/kg) normalized dopamine levels
in the hippocampus, prefrontal cortex, and striatum by significantly
reducing (p < 0.01; p < 0.001) dopamine levels. Our results corrobo-
rate previous studies (5, 21) which indicated that hypoglutamatergia
is responsible for the decrease in cerebral dopamine. E mucuso may
have acted through the mechanism of dopamine regulation and there-
fore as an antagonist of D1 and D2 receptors.

Numerous studies have examined the neural circuits responsible
for functional brain networks and cognitive processes (2). Several
studies have shown that, in addition to alterations in dopaminergic
and cholinergic transmission (82), the 5-HTergic system may also be
a key factor primarily linked to negative symptoms in schizophrenia
(21). Negative symptoms have been associated with an increase in
serotonergic transmission dependent on 5-HT2A/2C receptors (18).
Indeed, increased 5-HT2A receptor regulation is linked to exacerbated
GABAergic phosphorylation, increased dopamine release, and gluta-
matergic excitotoxicity in the striatum (18, 83). Consequently, these
disturbances could be the cause of behavioral abnormalities. Exposure
to ketamine caused an abnormal increase 5-HT concentration in the
hippocampus, prefrontal cortex, and striatum (4, 84). Previous studies
have shown that the sustained loss of GABAergic interneurons
induced by ketamine was linked to an upregulation of the enzyme
responsible for the synthesis of superoxide radicals, which are respon-
sible for stereotypical behaviors and depression (21, 85). However,
administration of the aqueous lyophilisate of F. mucuso (25, 50 and
100 mg/kg) significantly decreased (p < 0.05; p < 0.01; p < 0.001) sero-
tonin concentration in the striatal, prefrontal cortical, and hippocam-
pal regions of the mouse brain. A decrease in 5-HT could be caused
by an increase in the activity of the enzyme glutamate decarboxylase.
The latter plays a role in regulating the synthesis of GABA from glu-
tamate, suggesting an increase in GABAergic neurotransmission (2,
4). The improvement in negative deficits would be significantly influ-
enced by the reduction in serotonin in the PFC, HPC and ST and
therefore the plant would act as a 5-HT antagonist through its modu-
latory activity on the 5-HTergic system.

Alteration of glutamatergic neurotransmission pathways or inhi-
bition of glutamate reuptake has been considered a determining factor
in the severity of schizophrenic symptoms (86, 87). This hypothesis is
supported by previous studies showing altered expression and func-
tion of glutamate transporters on astrocytes or calcium-dependent
signaling in the pathophysiology of schizophrenia (87). This suggests
that elevated levels of glutamate in certain brain regions or increased
glutamate reuptake may contribute significantly to schizophrenia (5,
55). Impaired calcium-dependent glutamate release by glutamatergic
neurons has been associated with disturbances in plasma membrane
calcium ATPase (5). In addition, ketamine induces a state of hypo-
function of the NMDA receptor and its downstream signaling path-
ways, leading to disruption of glutamate activity toward other
receptors, which is linked to mitochondrial dysfunction causing
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hyperstimulation (15, 88). Ketamine can therefore cause excessive
calcium influx into the cytosol and glutamate-mediated excitotoxicity
(87). A significant flow of glutamate has been observed in the prefron-
tal cortex and a decrease in the hippocampus and striatum, leading to
dysfunction of the cortical and striatal pathways (10, 87, 89).
Administration of aqueous lyophilisate of E mucuso (25, 50 and
100 mg/kg) led to a decrease in glutamate levels in the hippocampus
and striatum, and the opposite effect in the prefrontal cortex. Our
results corroborate those of (5). This shows that the plant has antipsy-
chotic properties.

Research has established that the positive, negative, and cognitive
symptoms of schizophrenia have one thing in common: neurotrans-
mitter imbalance and disruption of connectivity between the hip-
pocampus, striatum, and cortex (90). Abnormalities in cholinergic
transmission have been identified as being associated with the cogni-
tive impairment observed in schizophrenia (2, 9). These involve
increased acetylcholinesterase concentration in the prefrontal cortex,
hippocampus, and striatum (21, 89, 91). This abnormality has been
observed during chronic administration of ketamine (56).
Acetylcholinesterase hyperactivity causes cognitive symptoms such
as memory and learning disorders (92). This further confirms ket-
amine ability to influence a7nAChR receptors and other regulatory
molecules essential for learning and memory (72). Ketamine causes
an increase in cholinesterase levels in the hippocampus, which leads
to the suppression of acetylcholine and glutamate and causes cogni-
tive symptoms in mice. The imbalance in cholinergic neurotransmis-
sion related to cognitive function is the result of dysregulated
acetylcholinesterase activity (84). Ketamine treatment increased
AchE flow in the HPC, PFC and ST and reduced Ach concentration,
thereby attenuating cholinergic transmission and suppressing nico-
tinic and muscarinic receptor activities. The aqueous lyophilisate of
F. mucuso (25, 50, and 100 mg/kg) reversed this effect by significantly
reducing (p < 0.001) AchE activity, clearly suggesting an increase in
the hippocampal, cortical, and striatal cholinergic system.
Furthermore, low AchE levels are linked to cholinergic improvement.
The ability of F. mucuso to reduce AchE activity, which is responsible
for the degradation of acetylcholine, suggests increased cholinergic
neurotransmission in the prefrontal cortex and hippocampus. Our
results are consistent with the work of (2, 5, 91), which showed that
the improvement in memory functions is due to a reduction in AchE
levels in the brain.

Ketamine-induced NMDA receptor blockade causes GABAergic
inhibition, leading to a decrease in gamma-aminobutyric acid
(GABA) levels and an increase in neuronal activity, resulting in excess
dopamine and serotonin in schizophrenia (91). The administration of
ketamine to mice resulted in a reduction in GABA release and, there-
fore, an increase in GABA-T activity and dopamine release, which
stimulates stereotypy and hyperlocomotion, which are positive symp-
toms (2, 93). This enzyme decreases the level of GABA in the brain
and at the same time increases the level of the excitatory neurotrans-
mitter glutamate, causing hyper-excitation of neurons (94). Increased
GABA levels and decreased GABA-T activity after administration of
different doses (25, 50 and 100 mg/kg) of the aqueous lyophilisate of
E mucuso were observed in different regions of the brain. These find-
ings suggest a close interaction between the lyophilisate and
GABAergic neurotransmission. These results show that the lyophilis-
ate may be capable of restoring and maintaining the balance between
the inhibitory system by downregulating dopamine in the prefrontal
cortex. The plant acts as a GABA receptor agonist and GABA-T
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antagonist, inhibiting voltage-dependent sodium channels and
increasing GABA concentration in the synapses, thereby facilitating
GABAergic neurotransmission. F. mucuso appears to act as a tranquil-
izer. Our results are consistent with those obtained for Lippia multi-
flora (95) and Cissus quadrangularis (90).

Under normal conditions, the human body has an oxidative
system and an antioxidant defense system, both of which are in
dynamic equilibrium. In abnormal situations, free radicals that are
not eliminated from the body can react with normal tissue cells,
damaging cell structure and causing cell dysfunction. Oxidative
stress occurs when the body is subjected to various internal and
external environmental stimuli, leading to an imbalance between
oxidative and antioxidant processes (6). Moderate oxidative stress is
necessary for normal physiological functioning of the body, while
excessive oxidative stress can have deleterious effects. The main tar-
gets of oxidative stress damage are DNA, lipids and proteins (96).
Ketamine administration induced a state of NMDA receptor hypo-
function, causing glutamate activity to shift to other receptors,
resulting in hyperstimulation (89). It causes excessive cytosolic Ca®*
influx and glutamate-mediated excitotoxicity (87). The brain
accounts for 2% of total body weight but consumes about 20% of the
body oxygen. Compared to other organs, it consumes more oxygen,
generates more free radicals, and has lower levels of antioxidants,
making it more susceptible to damage from oxidative stress (96).
Social isolation, vitamin D deficiency, chronic stress during adoles-
cence, perinatal infections, inflammation, etc. all ultimately lead to
the oxidative stress observed in schizophrenia (97). Various studies
have established a link between impaired glutamate metabolism and
the oxidative stress observed in the brains of schizophrenics.
Glutamate is converted to GSH via a two-step enzymatic process
requiring ATP (glutamate-cysteine ligase and GSH synthase) and
metabolized by the enzyme glutamate decarboxylase (GAD) to
GABA, the main inhibitory neurotransmitter (21). Thus, alterations
in the GAD biosynthesis pathway and GSH synthesis are associated
with redox imbalance, as evidenced by elevated MDA concentra-
tions (7, 86). This corroborates several previous studies showing that
repeated administration of ketamine in mice increased lipid peroxi-
dation (MDA) and reduced SOD, GSH and CAT activity (2, 5, 98,
99). Similarly, ketamine causes an increase in nitrite levels, associ-
ated with nitrergic stress. The increase in nitrite concentration in the
brain was associated with an increase in dopamine and glutamate
release through upregulation of calcium-induced nitric oxide syn-
thesis mediated by NMDA receptors (5, 91). However, treatment
with the aqueous lyophilisate of FE mucuso reversed these changes in
the hippocampal, striatal, and cortical areas by increasing GSH levels
and SOD and CAT activities. Nevertheless, E. mucuso reduced mark-
ers of lipid peroxidation (MDA) and nitrergic stress (NO) in the
HPC, PFC and ST. Risperidone also increased antioxidant levels and
decreased pro-oxidant levels (2, 91). Oxidative stress is recognized
as a pathological pathway involved in the alteration of NMDA recep-
tor response due to changes in GSH biosynthesis (100). It should be
noted that the increase in GSH concentration may reflect a modula-
tory action of neurotransmitters, due to the components of GSH
(glutamate, glycine, and cysteine). Our results corroborate those of
(2, 5, 80), which showed that reduced levels of MDA and NO and
increased levels of CAT, SOD and GSH in the HPC, PFC and ST
reflect a reduction in ketamine-induced oxidative stress. The plant
acts through the oxidative pathway, protecting the brain against exci-
totoxicity and alteration of neuronal structure.
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Brain alterations were observed in microphotographs of the HPC,
PFC and ST, confirmed by neuronal loss due to leukocyte infiltration,
cytolysis, and necrosis in schizophrenic mice. Necrosis, hyperchro-
matic cells and cell degeneration were observed in CA1 and CA3.
Pyknosed cells, degeneration of the pyramidal and radiatum layers,
and cell death due to the action of endocellular enzymes were
observed in CA1. Necrosis of the polymorphic, granular, and molecu-
lar layers was observed in the dentate gyrus. All of the above explains
the neurodegeneration and neuronal death due to oxidative stress and
neurochemical alteration induced by ketamine. E mucuso (25, 50 and
100 mg/kg) restored neuronal integrity in CA1, CA3, and GD in the
HPC, ST and PFC.

13 Conclusion

This study evaluated the antipsychotic effects of the aqueous
lyophilisate of F. mucuso bark on behavioral disturbances, oxidative
stress, neurochemical deficits, and neurodegeneration induced by
ketamine in mice. The results as a whole demonstrate the role of the
aqueous lyophilisate of F mucuso in managing stereotypy, hyperlo-
comotion, despair, and memory loss in schizophrenia. The reversal
of behavioral disorders in schizophrenia by E mucuso is mediated
by the modulation of neurochemical transmission and the mecha-
nism of oxidative and nitrergic stress inhibition. The plant repaired
brain damage by restoring the integrity of neuronal cells in the hip-
pocampus, prefrontal cortex, and striatum in mice. In addition, it
stimulated the production of new cells. All these observations con-
firm the use of E mucuso as an antipsychotic for the management of
schizophrenia.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors without undue reservation.

Ethics statement

The animal study was approved by the Ethics Committee of the
institutions of the Cameroon Ministry of Scientific Research and
Innovation. The study was conducted in accordance with the local
legislation and institutional requirements.

Author contributions

FO: Funding acquisition, Resources, Writing - review & editing,
Writing - original draft, Software, Visualization, Methodology, Project
Validation,
Supervision. JD: Software, Funding acquisition, Formal analysis,

administration, Conceptualization, Investigation,

Writing - original draft, Visualization, Methodology, Writing — review

Frontiers in Neurology

10.3389/fneur.2026.1788148

& editing, Validation, Investigation, Conceptualization, Resources,
Data curation. JK: Writing — review & editing, Resources, Writing —
original draft, Funding acquisition. AM: Writing — review & editing,
Writing - original draft, Formal analysis, Visualization. FM: Writing -
review & editing, Visualization. MA: Writing — review & editing,
Visualization. FN: Writing — review & editing, Visualization. SN:
Visualization, Writing - review & editing. EB: Supervision, Writing —
review & editing, Resources.

Funding

The author(s) declared that financial support was not received for
this work and/or its publication.

Acknowledgments

We wish to thank our collaborators in these studies. We also wish
to thank the Laboratory of Animal Physiology of the Higher Teacher
Training College of the University of Yaoundé I, the Laboratory of
Physiology and Pharmacology of the University of Maroua,
Laboratory of Medicinal Plants, Health and Galenic Formulations of
the University of Ngaoundéré.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that Generative Al was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organiza-
tions, or those of the publisher, the editors and the reviewers. Any
product that may be evaluated in this article, or claim that may be
made by its manufacturer, is not guaranteed or endorsed by the
publisher.

frontiersin.org


https://doi.org/10.3389/fneur.2026.1788148
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Okomolo Moto et al.

References

1. Eneni AEO, Ben-Azu B, Ajayi AM, Aderibibge AO. Lipopolysaccharide exacerbates
ketamine-induced psychotic-like behavior, oxidative stress, and neuroinflammation in
mice: ameliorative effect of diosmin. ] Mol Neurosci. (2023) 73:129-42. doi: 10.1007/
s12031-022-02077-9

2. Ben-Azu B, Fokoua AR, Annafi OS, Adebayo OG, Del Re EC, Okuchukwu N, et al.
Effective action of silymarin against ketamine-induced schizophrenia in male mice:
insight into the biochemical and molecular mechanisms of action. J Psychiatr Res. (2024)
179:141-55. doi: 10.1016/j.jpsychires.2024.09.003

3. Chien YL, Hwu HG, Hwang TJ, Hsieh MH, Liu CC, Lin-Shiau SY, et al. Implications
of oxidative stress in schizophrenia: acute relapse and chronic stable phase. Prog Neuro-
Psychopharmacol Biol Psychiatry. (2020) 99:109868. doi: 10.1016/j.pnpbp.2020.109868

4. Ben-Azu B, Uruaka CI, Ajayi AM, Jarikre TA, Nwangwa KE, Chilaka KC, et al. Reversal
and preventive pleiotropic mechanisms involved in the antipsychotic-like effect of taurine,
an essential f-amino acid in ketamine-induced experimental schizophrenia in mice.
Neurochem Res. (2023) 48:816-29. doi: 10.1007/s11064-022-03808-5

5. Eneni AO, Ben-azu B, Mayowa A. Brain disorders ketamine-induced behavioral per-
turbations, redox imbalances, and neurotransmitter deficits in mice: the preventive and
reversal neuromodulatory potential of diosmin as an antipsychotic. Brain Disord. (2025)
18:100210. doi: 10.1016/j.dscb.2025.100210

6. Zhang K, Zou L, Cai Y. Progress in the study of oxidative stress damage in patients with
schizophrenia: challenges and opportunities. Front Psychiatry. (2025) 16:1505397. doi:
10.3389/fpsyt.2025.1505397

7. Monte AS, de Souza GC, Mclntyre RS, Joanna KS, dos Santos JV, Rafaela CC, et al.
Prevention and reversal of ketamine-induced schizophrenia related behaviour by mino-
cycline in mice: possible involvement of antioxidant and nitrergic pathway. J
Psychopharmacol. (2013) 27:1032-43. doi: 10.1177/0269881113503506

8. Usman Y, Aderibigbe AO, Benneth B-A, Fehintola FA. Antipsychotic effects of ethanol
extract of Blighia Sapida (Sapindaecea) stem bark on pharmacological models of psycho-
sis in Swiss mice. Afr ] Med Med Sci. (2019) 48:151-60. Available online at: https://adhlui.
com.ui.edu.ng/jspui/handle/1234567893566

9. Ben-Azu B, Adebayo OG, Jarikre TA, Oyovwi MO, Edje KE, Omogbiya IA, et al.
Taurine, an essential f-amino acid insulates against ketamine-induced experimental psy-
chosis by enhancement of cholinergic neurotransmission, inhibition of oxidative/nitrergic
imbalances, and suppression of COX-2/iNOS immunoreactions in mice. Metab Brain Dis.
(2022) 37:2807-26. doi: 10.1007/s11011-022-01075-5

10. Ben-Azu B, Adebayo OG, Fokoua AR, Oritsemuelebi B, Chidebe EO, Nwogueze CBL,
et al. Antipsychotic effect of diosgenin in ketamine-induced murine model of schizophre-
nia: involvement of oxidative stress and cholinergic transmission. IBRO Neurosci Rep.
(2024) 16:86-97. doi: 10.1016/j.ibneur.2023.12.008

11. Ben-Azu B, Aderibigbe AO, Ajayi AM, Eneni AO, Umukoro S, Iwalewa EO. Morin
attenuates neurochemical changes and increased oxidative/nitrergic stress in brains of
mice exposed to ketamine: prevention and reversal of schizophrenia- like symptoms.
Neurochem Res. (2018) 43:1745-55. doi: 10.1007/s11064-018-2590-z

12. Ben-Azu B, Aderibigbe AO, Omogbiya IA, Ajayi AM, Owoeye O, Olonode ET, et al.
Probable mechanisms involved in the antipsychotic-like activity of morin in mice. Biomed
Pharmacother. (2018) 105:1079-90. doi: 10.1016/j.biopha.2018.06.057

13. da Silva AT, Maia CFA]J, Monte AS, Isabelle GQA, Cordeiro RC, de Jesus SMM, et al.
Reversal of schizophrenia-like symptoms and immune alterations in mice by immuno-
modulatory drugs. ] Psychiatr Res. (2017) 84:49-58. doi: 10.1016/j.jpsychires.
2016.09.017

14. Ben-Azu B, Aderibigbe AO, Ajayi AM, Eneni A-EO, Omogbiya IA, Owoeye O, et al.
Morin decreases cortical pyramidal neuron degeneration via inhibition of neuroinflam-
mation in mouse model of schizophrenia. Int Immunopharmacol. (2019) 70:338-53. doi:
10.1016/j.intimp.2019.02.052

15. Omeiza NA, Bakre AG, Abdulrahim HA, Isibor H, Ezurike PU, Sowunmi AA, et al.
Pretreatment with Carpolobia lutea ethanol extract prevents schizophrenia-like behavior
in mice models of psychosis. ] Ethnopharmacol. (2022) 295:115432. doi: 10.1016/j.
jep.2022.115432

16. Ishola IO, Ben-Azu B, Adebayo OA, Ajayi AM, Omorodion IL, Edje KE, et al.
Prevention and reversal of ketamine-induced experimental psychosis in mice by the neu-
roactive flavonoid, hesperidin: the role of oxidative and cholinergic mechanisms. Brain
Res Bull. (2021) 177:239-51. doi: 10.1016/j.brainresbull.2021.10.007

17. Finnema SJ, Scheinin M, Shahid M, Lehto ], Borroni E, Bang-Andersen B, et al.
Application of cross-species PET imaging to assess neurotransmitter release in brain.
Psychopharmacology. (2015) 232:4129-57. doi: 10.1007/s00213-015-3938-6

18. Chatterjee M, Verma R, Ganguly S, Palit G. Neurochemical and molecular character-
ization of ketamine-induced experimental psychosis model in mice. Neuropharmacology.
(2012) 63:1161-71. doi: 10.1016/j.neuropharm.2012.05.041

19. Ben-Azu B, Omogbiya IA, Aderibigbe AO, Umukoro S, Ajayi AM, Iwalewa EO.
Doxycycline prevents and reverses schizophrenic-like behaviors induced by ketamine in
mice via modulation of oxidative, nitrergic and cholinergic pathways. Brain Res Bull.
(2016) 139:114-24. doi: 10.1016/j.brainresbull.02.007

20. Koh M, Shao T, Sherwood YA, Smith DR. Impaired hippocampal-dependent
memory and reduced parvalbumin-positive interneurons in a ketamine mouse model
of schizophrenia. Schizophr Res. (2016) 171:187-94. doi: 10.1016/j.schres.2016.
01.023

Frontiers in Neurology

10.3389/fneur.2026.1788148

21. Ben-Azu B, Aderibigbe AO, Ajayi AM, Eneni A-EO, Umukoro S, Iwalewa EO.
Involvement of GABAergic, BDNF and nox-2 mechanisms in the prevention and reversal
of ketamine- induced schizophrenia-like behavior by morin in mice. Brain Res Bull.
(2018) 139:292-306. doi: 10.1016/j.brainresbull.03.006

22. Ben-azu B, Adebayo OG, Fokoua AR, Onuelu JE, Asiwe JN, Moke EG, et al. Brain
disorders containment of neuroimmune challenge by diosgenin confers amelioration of
neurochemical and neurotrophic dysfunctions in ketamine-induced schizophrenia in
mice. Brain Disord. (2024) 13:100122. doi: 10.1016/j.dscb.2024.100122

23. Horowitz MA, Jauhar S, Natesan S, Murray RM, Taylor D. A method for tapering
antipsychotic treatment that may minimize the risk of relapse. Schizophr Bull. (2021)
47:1116-29. doi: 10.1093/schbul/sbab017

24. Emudainohwo JOT, Ben-Azu B, Adebayo OG, Aduema W, Uruaka C, Ajayi AM, et al.
Normalization of HPA axis, cholinergic neurotransmission, and inhibiting brain oxidative
and inflammatory dynamics are associated with the adaptogenic-like effect of rutin
against psychosocial defeat stress. J Mol Neurosci. (2023) 73:60-75. doi: 10.1007/
512031-022-02084-w

25. Hutchinson J, Dalziel JM, Keay RW]. Flora of West Tropical Africa. 2nd ed. London,
England: Crown Agents for Oversea Governments and Adminstrations (1958). p. 600
(Berl) 120 (2), 128-133.

26. Djemgou PC, Ngandru F, Hegazy MEF, Nkanwen ER, Neguim G, Chosson E, et al.
GC-MC analysis of terpenes from Ficus mucuso. Pharm Res. (2009) 1:197-201.

27. Atasi OC, Ibegbulem E, Brown H. Toxicological effect of Ficus mucuso leaf Exract on
liver and kidney functions variables of male rats. IOSR ] Pharmacy Biol Sci. (2019) 14:1-7.
doi: 10.9790/3008-1403010107

28. Piba SC, Alain P, Konan K, Kone LN, Kouame G, Kouakoubah R, et al.
Phytochemistry, antioxidant activity, and acute toxicity of medicinal plants used against
the sequelae of stroke in Céte D'ivoire Phytochemistry, antioxidant activity, and acute
toxicity of medicinal plants used against (2021) 15:652-63. doi: 10.4314/ijbcs.v15i2.21

29. Constant AAR, Witabouna KM, Georgette KA, Honora TBE, Bassirau B. Antioxidant
activity of eight plants consumed by great apes in Cote d’Ivoire. Afr J Biotechnol. (2012)
11:11732-40. doi: 10.5897/AJB12.236

30. Tchiengang DJ, Njapdounke KJS, Nkemmo TWS, Moto OFC, Zogning DLM, Jerye
S, et al. Evaluation of the effects of decoction of Ficus mucuso trunk stem bark (Moraceae)
on lipopolysaccharide-induced schizoaffective psychoses in mice (Mus musculus). ] Exp
Appl Trop Biol. (2025) 5:1-15.

31. Coker ME, Adeniyi-aogo TE. Antimicrobial activity of leaf extracts and fractions of
Ficus vogelii and Ficus mucuso on urinary tract isolates. Nig J Pharm Res. (2021)
17:223-31. doi: 10.4314/njpr.v17i2.8

32. Oladipo OT, Akinpelu BA, Folorunso AE, Godwin A, Omotoso SE, Dosunmu OA,
et al. Chemotaxonomic study of six Nigerian Ficus species (Moraceae) (2017) 9:250-5.
doi: 10.15835/nsb9210024

33. George DG, Uwakwe AA, TIkewuchi JC. Evaluation of the antidiabetic properties of
the aqueous and methanol extracts of Ficus mucuso (wild figs) (2023) 1:15-9.

34. Bankeu JJ, Mustapha SA, Gojayev AS, Lenta BD, Tchamo ND, Ngouela SA, et al.
Ceramide and Cerebroside from the stem bark of Ficus mucuso (Moraceae). Chem
Pharm Bull (Tokyo). (2010) 58:1661-5. doi: 10.1248/CPD.58.1661

35. Szuster-Ciesielska A, Stotwinska M, Stachura A, Marmurowska MH, Dubas SH,
Bojarska JA, et al. Accelerated apoptosis of blood leukocytes and oxidative stress in blood
of patients with major depression. Prog Neuro-Psychopharmacol Biol Psychiatry. (2008)
32:686-94. doi: 10.1016/j.pnpbp.2007.11.012

36. Costall B, Naylor RJ, Nohria V. Climbing behaviour induced by apomorphine in mice:
a potent model for the detection of neuroleotic activity. Eur ] Pharmacol. (1978) 50:39-50.
doi: 10.1016/0014-2999(78)90251-0

37. Ior LD, Otimenyin SO, Okwuasaba FK. IBRO neuroscience reports antipsychotic-like
effect of ethyl acetate fraction of Terminalia macroptera leaf in mice. IBRO Neurosci Rep.
(2021) 10:83-9. doi: 10.1016/j.ibneur.2021.01.003

38. Ben-azu B, Omogbiya IA, Aderibigbe AO, Umukoro S, Ajayi AM, Eneni AO, et al.
Doxycycline ameliorates schizophrenia-like behaviors in experimental models in mice by
targeting underlying oxidative stress (2017) 6:539-62. doi: 10.4236/jbbs.2016.613048

39. Ngoupaye TG, Bray F, Amanda D, Bahane N, Bougolla D, Ngo E. Biomedicine &
pharmacotherapy antidepressant and anti-amnesic effects of the aqueous lyophilisate of
the leaves of Leptadenia arborea on an animal model of cognitive deficit associated
depression. Biomed Pharmacother. (2020) 130:110603. doi: 10.1016/j.biopha.2020.110603

40. Ben-azu B, Adebayo OG, Adebesin A, Oparaji KC, Ojiokor VO, Pender GC, et al.
Diosgenin reverses posttraumatic stress disorder in mice by augmenting neurochemical
release and inhibiting HPA axis dysfunction, oxidative stress, and neuroinflammation. J
Affect Disord Rep. (2024):100814. doi: 10.1016/j.jadr.2024.100814

41. Casadesus V, Webber KM, Atwood CS, Pappolla MA, Perry G, Bowen RL, et al.
Luteinizing hormone modulates cognition and amyloid-beta deposition in Alzheimer
APP transgenic mice. Biochim Biophys Acta. (2006) 1762:447-52. doi: 10.1016/j.
bbadis.2006.01.008

42. Ben-Azu B, Aderibigbe AO, Ajayi AM, Iwalewa EO. Neuroprotective effects of the
ethanol stem bark extracts of Terminalia ivorensis in ketamine-induced

frontiersin.org


https://doi.org/10.3389/fneur.2026.1788148
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1007/s12031-022-02077-9
https://doi.org/10.1007/s12031-022-02077-9
https://doi.org/10.1016/j.jpsychires.2024.09.003
https://doi.org/10.1016/j.pnpbp.2020.109868
https://doi.org/10.1007/s11064-022-03808-5
https://doi.org/10.1016/j.dscb.2025.100210
https://doi.org/10.3389/fpsyt.2025.1505397
https://doi.org/10.1177/0269881113503506
https://adhlui.com.ui.edu.ng/jspui/handle/1234567893566
https://adhlui.com.ui.edu.ng/jspui/handle/1234567893566
https://doi.org/10.1007/s11011-022-01075-5
https://doi.org/10.1016/j.ibneur.2023.12.008
https://doi.org/10.1007/s11064-018-2590-z
https://doi.org/10.1016/j.biopha.2018.06.057
https://doi.org/10.1016/j.jpsychires.2016.09.017
https://doi.org/10.1016/j.jpsychires.2016.09.017
https://doi.org/10.1016/j.intimp.2019.02.052
https://doi.org/10.1016/j.jep.2022.115432
https://doi.org/10.1016/j.jep.2022.115432
https://doi.org/10.1016/j.brainresbull.2021.10.007
https://doi.org/10.1007/s00213-015-3938-6
https://doi.org/10.1016/j.neuropharm.2012.05.041
https://doi.org/10.1016/j.brainresbull.02.007
https://doi.org/10.1016/j.schres.2016.01.023
https://doi.org/10.1016/j.schres.2016.01.023
https://doi.org/10.1016/j.brainresbull.03.006
https://doi.org/10.1016/j.dscb.2024.100122
https://doi.org/10.1093/schbul/sbab017
https://doi.org/10.1007/s12031-022-02084-w
https://doi.org/10.1007/s12031-022-02084-w
https://doi.org/10.9790/3008-1403010107
https://doi.org/10.4314/ijbcs.v15i2.21
https://doi.org/10.5897/AJB12.236
https://doi.org/10.4314/njpr.v17i2.8
https://doi.org/10.15835/nsb9210024
https://doi.org/10.1248/CPD.58.1661
https://doi.org/10.1016/j.pnpbp.2007.11.012
https://doi.org/10.1016/0014-2999(78)90251-0
https://doi.org/10.1016/j.ibneur.2021.01.003
https://doi.org/10.4236/jbbs.2016.613048
https://doi.org/10.1016/j.biopha.2020.110603
https://doi.org/10.1016/j.jadr.2024.100814
https://doi.org/10.1016/j.bbadis.2006.01.008
https://doi.org/10.1016/j.bbadis.2006.01.008

Okomolo Moto et al.

schizophrenia-like behaviors and oxidative damage in mice. Pharm Biol. (2016)
54:2871-9. doi: 10.1080/13880209.2016.1190382

43. Dall'igna OP, Fett P, Gomes MW. Caffeine and adenosine A(2a) receptor antagonists
prevent beta-amyloid (25-35)-induced cognitive deficits in mice. Exp Neurol. (2007)
203:241-5. doi: 10.1016/j.expneurol.2006.08.008

44. Schlumpf M, Lichtensteiger W, Langemann H, Waser PG, Hefti E A fluorometric
micromethod for the simultaneous determination of serotonin, noradrenaline and dopa-
mine in milligram amounts of brain tissue. Biochem Pharmacol. (1974) 23:2437-46. doi:
10.1016/0006-2952(74)90235-4

45. Sarasketa A, Vega-Mas I, Marino D. In vitro colorimetric method to measure plant
glutamate dehydrogenase enzyme activity. Bio-Protoc. (2019) 5, 16:¢1660. doi: 10.217669/
BioProtoc.1560

46. Lowe IP, Eli R, Geraldine SE. The fluorimetric measurement of glutamic decarboxyl-
ase and its distribution in brain. ] Neurochem. (1958) 3:8-18. doi: 10.1111/
jo147-4151-1958.tb-12604.x

47. Nayak P, Chatterjee AK. Effects of aluminium exposure on brain glutamate and
GABA systems: an experimental study in rats. Food Chem Toxicol. (2001) 39:1285-9. doi:
10.1016/50278-6915(01)00077-1

48. Ellman GL, Courtney KD, Andres V Jr, Feather-Stone RM. A new and rapid colori-
metric determination of acetylcholinesterase activity. Biochem Pharmacol. (1961) 7:88-95.
doi: 10.1016/0006-2952(61)90145-9

49. Wilbur K, Bernhein F, Shapiro O. Determination of lipid peroxidation. Arch Biochem
Biophys. (1949) 24:3959-64.

50. Sinha K. Colorimetric essay of catalase. Anal Biochem. (1972) 47:389-94. doi:
10.1016/0003-2697(72)90132-7

51. Ellman G. Tissue sulthydryl group. Arch Biochem Biophys. (1959) 82:70-7. doi:
10.1016/0003-9861(59)90090-6

52. Misra HP, Fridovich J. The role of superoxide anion in the autoxidation epinephrine
and a simple assay for superoxide dismutase. J Biol Chem. (1972) 247:3170-5. doi:
10.1016/50021-9258(19)45228-9

53. Slack P. Analytical Methods Manual, vol. 5 British Food Manufacturing Industries
Research Association (1987). p. 1-4.

54. Grishagin. Automatic cell counting with ImageJ. Anal Biochem. (2014) 473, 63-65.
doi: 10.1016/j.ab.2014.12.007

55. Ben-Azu B, Aderibigbe AO, Omogbiya IA, Ajayi AM, Iwalewa EO. Morin pretreat-
ment attenuates schizophrenia-like behaviors in experimental animal models. Drug Res
(Stuttg). (2018) 68:159-67. doi: 10.1055/5s-0043-119127

56. Oshodi TO, Ben-Azu B, Ishola IO, Ajayi AM, Emokpae O, Umukoro S. Molecular
mechanisms involved in the prevention and reversal of ketamine- induced schizophrenia-
like behavior by rutin: the role of glutamic acid decarboxylase isoform-67, cholinergic,
nox-2-oxidative stress pathways in mice. Mol Biol Rep. (2021) 48:2335-50. doi: 10.1007/
511033-021-06264-6

57. McCutcheon RA, Abi-Dargham A, Howes OD. Schizophrenia, dopamine and the
striatum: from biology to symptoms. Trends Neurosci. (2019) 42, 205-222. doi: 10.1016/j.
tins.2018.12.004

58. Aya-Ebi OE, Ben-Azu B, Abayomi MA, Aderibigbe AO. Diosmin attenuates schizo-
phrenia-like behaviors, oxidative stress, and acetylcholinesterase activity in mice. Drug
Metab Pers Ther. (2020) 35:20200119. doi: 10.1515/dmpt-2020-0119

59. Arowona IT, Sonibare MA, Yeye EO, Rauf K, Igbal J. Isolation and structure elucida-
tion of cyclohexanepentol, an anti-psychotic agent from Cissampelos owarensis (P. Beauv.)
leaves. Niger ] Pharm Res. (2022) 18:101-12. doi: 10.4314/njpr.v18i2.2

60. Isola AO, Arowona IT, Sonibare MA. Anti-psychotic effects of leaf extracts of Palisota
hirsuta (thunb) k. schum. (Commelinaceae) and costus afer ker-gawl (zingiberaceae) on
ketamine-induced psychotic mice. NJB. (2023) 36:59-68. doi: 10.4314/njbot.v36il.5

61. Pandy V, Narasingam M, Mohamed Z. Antipsychotic-like activity of noni (Morinda
citrifolia Linn.) in mice. BMC Complement Altern Med. (2012) 12:186. doi:
10.1186/1472-6882-12-186

62. Vijeepallam K, Pandy V, Kunasegaran T, Murugan DD, Naidu M. Mitragyna speciosa
leaf extract exhibits anti-psychotic-like effect with the potential to alleviate positive and
negative symptoms of psychosis in mice. Front Pharmacol. (2017) 7:464. doi: 10.3389/
fphar.2016.00464

63. Stahl SM. Beyond the dopamine hypothesis to the NMDA glutamate receptor hypo-
function hypothesis of schizophrenia. CNS Spectr. (2007) 12:265-8. doi: 10.1017/
$1092852900021015

64. Irifune M, Shimizu T, Nomoto M. Ketamine-induced hyperlocomotion associated
with alteration of presynaptic component of dopamine neurons in the nucleus
accumbens of mice. Pharmacol Biochem Behav. (1991) 40:399-407. doi: 10.1016/0091-
3057(91)90571-i

65. Gottlieb M, Rocro L, Marra RC. Neuroprotection by two polyphenols following exci-
totoxicity and experimental ischemia. Neurobiol Dis. (2006) 23:374-86. doi: 10.1016/j.
tips.2008.06.006

66. Coyle JT. Glutamate and schizophrenia: beyond the dopamine hypothesis. Cell Mol
Neurobiol. (2006) 26:365-84. doi: 10.1007/s10571-006-9062-8

Frontiers in Neurology

10.3389/fneur.2026.1788148

67. Sonibare MA, Arowona IT, Rauf K. Anti-psychotic effects of Philenoptera cyanescens
(Schum. & Thonn.) Roberty (Leguminosae) leaf extract and fractions against ketamine-
induced psychosis in mice. Acta Pharm Pharm Sci. (2020) 58:132-52. doi:
10.23893/1307-2080.aps.05808

68. Ben-Azu B, Aderibigbe AO, Ajayi AM, Omogbiya IA, Uruaka CI, Umukoro S, et al.
Evaluation of the role of monoaminergic and nonmonoaminergic systems in the psycho-
tropic effects of morin in mice: an interaction study with receptor blockers. Nutrire.
(2021) 46:8. doi: 10.1186/s41110-021-00137-5

69. Chindo BA, Bulus A, Tijani AY, Gamaniel KS. Ketamine-enhanced immobility in
forced swim test: a possible animal model for the negative symptoms of schizophrenia.
Prog Neuro-Psychopharmacol Biol Psychiatry. (2012) 38:310-6. doi: 10.1016/j.
pnpbp.2012.04.018

70. Harvey PD, Green ME, Keefe RS, Velligan DI. Cognitive functioning in schizophrenia:
a consensus statement on its role in the definition and evaluation of effective treatments
for the illness. J Clin Psychiatry. (2004) 65:361-72. doi: 10.4088/JCP.v65n0312

71. Ben-azu B, Aderibigbe AO. Ethanol extracts of Terminalia ivorensis (Chev a) stem
bark attenuates the positive, negative and cognitive symptoms of psychosis in experimen-
tal animal models. Br ] Pharm Res. (2016) 12:1-14. doi: 10.9734/BJPR/2016/28629

72. Mouri A, Yukihiro N, Akihiro N, Tomonobu N, Taknaobu T, Yoshimitsu Y, et al.
Involvement of a dysfunctional dopamine-D1/N-methyl-Daspartate- NR1 and Ca2+/
Calmodulin-dependent protein kinase II pathway in the impairment of latent learning in
a model of schizophrenia induced by phencyclidine. Mol Pharmacol. (2007) 71:1598-609.
doi: 10.1124/mol.106.032961

73. Coates KM, Flood P. Ketamine and its preservative, benzethonium chloride, both
inhibit human recombinant alpha7 and neuronal alpha4beta2 nicotinic acetylcholine
receptors in Xenopus oocytes. Br J Pharmacol. (2001) 134:871-9. doi: 10.1038/
5j.bjp.0704315

74. Benturquia N, Courtin C, Noble F, Marie-Claire C. Involvement of D1 dopamine
receptor in MDMA-induced locomotor activity and striatal gene expression in mice.
Brain Res. (2008) 1211:1-5. doi: 10.1016/j.brainres.2008.03.016

75. Duncan GE, Moy SS, Knapp DJ, Mueller RA, Breese GR. Metabolic mapping of the
rat brain after subanaesthetic doses of relevance to ketamine: potential schizophrenia.
Brain Res. (1998) 787:181-90. doi: 10.1016/S0006-8993(97)01390-5

76. Vines L, Sotelo D, Johnson A, Dennis E, Manza P, Volkow ND, et al. Ketamine use
disorder: preclinical, clinical, and neuroimaging evidence to support proposed mecha-
nisms of actions. Intell Med. (2022) 2:61-8. doi: 10.1016/j.imed.2022.03.001

77. Forti L, Ndoj E, Mingardi J, Secchi E, Bonifacino T, Schiavon E, et al. Dopamine-
dependent ketamine modulation of glutamatergic synaptic plasticity in the prelimbic
cortex of adult rats exposed to acute stress. Int ] Mol Sci. (2023) 24, 10, 8718. doi: 10.3390/
{jms24108718

78. Kita T, Miyazaki I, Asanuma M, Takeshima M, Wagner GC. "Dopamine-induced
behavioral changes and oxidative stress in methamphetamine-induced neurotoxicity". In:
International Review of Neurobiology, 1st Edn. British: Elsevier Inc (2009).

79. Masoud ST, Vecchio LM, Bergeron Y, Hossain MM, Nguyen LT, Bermejo MK, et al.
Increased expression of the dopamine transporter leads to loss of dopamine neurons,
oxidative stress and 1-DOPA reversible motor deficits. Neurobiol Dis. (2015) 74:66-75.
doi: 10.1016/j.nbd.2014.10.016

80. Yadav M, Jindal DK, Dhingra MS, Kumar A, Parle M, Dhingra S. Protective effect of
gallic acid in experimental model of ketamine-induced psychosis: possible behaviour,
biochemical, neurochemical and cellular alterations. Inflammopharmacology. (2018)
26:413-24. doi: 10.1007/s10787-017-0366-8

81. Akbar HM, Fatemeh ME, Sedigheh K], Tabarek AH, Soroush FP, Mohammad K.
Neuroprotective effects of alpha-pinene against behavioral deficits in ketamine-induced
mice model of schizophrenia: focusing on oxidative stress status. IBRO Neurosci Rep.
(2023) 16:182-9. doi: 10.1016/j.ibneur.2023.12.012

82. Yang GJ, Murray JD, Wang XJ, Glahn DC, Pearlson GD, Repovs G, et al. Functional
hierarchy underlies preferential connectivity disturbances in schizophrenia. Proc Natl
Acad Sci USA. (2016) 113:E219-28. doi: 10.1073/pnas.1508436113

83. Paolucci E, Berretta N, Tozzi A, Bernardi G, Mercuri NB. Depression of mGluR-
mediated IPSCs by 5-HT in dopamine neurons of the rat substantia nigra pars compacta.
Eur ] Neurosci. (2003) 18:2743-50. doi: 10.1111/j.1460-9568.2003.03015.x

84. Chatterjee M, Verma R, Kumari R, Singh S, Verma AK, Dwivedi AK, et al.
Antipsychotic activity of standardized Bacopa extract against ketamine- induced experi-
mental psychosis in mice: evidence for the involvement of dopaminergic, serotonergic,
and cholinergic systems. Pharm Biol. (2015) 53:1850-60. doi: 10.3109/13880209.
2014.976350

85. Behrens MM, Ali SS, Dao DN, Lucero J, Shekhtman G, Quick KL, et al. Ketamine-
induced loss of phenotype of fast-spiking interneurons is mediated by NADPH-oxidase.
Science. (2007) 318:1645-7. doi: 10.1126/science.1148045

86. Herrmann AP, Herrmann PL, Luisa KP, Tramontina AC, Viviane M, Linck COO, et al.
Effects of the putative antipsychotic alstonine on glutamate uptake in acute hippocampal
slices. Neurochem Int. (2012) 61:1144-50. doi: 10.1016/j.neuint.2012.08.006

87. Lisek M, Ferenc B, Studzian M, Pulaski L, Guo E, Zylinska L, et al. Glutamate deregu-
lation in ketamine-induced psychosis—a potential role of PSD95, NMDA receptor and
PMCA interaction. Front Cell Neurosci. (2017) 11:181. doi: 10.3389/fncel.2017.00181

frontiersin.org


https://doi.org/10.3389/fneur.2026.1788148
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1080/13880209.2016.1190382
https://doi.org/10.1016/j.expneurol.2006.08.008
https://doi.org/10.1016/0006-2952(74)90235-4
https://doi.org/10.217669/BioProtoc.1560
https://doi.org/10.217669/BioProtoc.1560
https://doi.org/10.1111/jo147-4151-1958.tb-12604.x
https://doi.org/10.1111/jo147-4151-1958.tb-12604.x
https://doi.org/10.1016/S0278-6915(01)00077-1
https://doi.org/10.1016/0006-2952(61)90145-9
https://doi.org/10.1016/0003-2697(72)90132-7
https://doi.org/10.1016/0003-9861(59)90090-6
https://doi.org/10.1016/S0021-9258(19)45228-9
https://doi.org/10.1016/j.ab.2014.12.007
https://doi.org/10.1055/s-0043-119127
https://doi.org/10.1007/s11033-021-06264-6
https://doi.org/10.1007/s11033-021-06264-6
https://doi.org/10.1016/j.tins.2018.12.004
https://doi.org/10.1016/j.tins.2018.12.004
https://doi.org/10.1515/dmpt-2020-0119
https://doi.org/10.4314/njpr.v18i2.2
https://doi.org/10.4314/njbot.v36i1.5
https://doi.org/10.1186/1472-6882-12-186
https://doi.org/10.3389/fphar.2016.00464
https://doi.org/10.3389/fphar.2016.00464
https://doi.org/10.1017/S1092852900021015
https://doi.org/10.1017/S1092852900021015
https://doi.org/10.1016/0091-3057(91)90571-i
https://doi.org/10.1016/0091-3057(91)90571-i
https://doi.org/10.1016/j.tips.2008.06.006
https://doi.org/10.1016/j.tips.2008.06.006
https://doi.org/10.1007/s10571-006-9062-8
https://doi.org/10.23893/1307-2080.aps.05808
https://doi.org/10.1186/s41110-021-00137-5
https://doi.org/10.1016/j.pnpbp.2012.04.018
https://doi.org/10.1016/j.pnpbp.2012.04.018
https://doi.org/10.4088/JCP.v65n0312
https://doi.org/10.9734/BJPR/2016/28629
https://doi.org/10.1124/mol.106.032961
https://doi.org/10.1038/sj.bjp.0704315
https://doi.org/10.1038/sj.bjp.0704315
https://doi.org/10.1016/j.brainres.2008.03.016
https://doi.org/10.1016/S0006-8993(97)01390-5
https://doi.org/10.1016/j.imed.2022.03.001
https://doi.org/10.3390/ijms24108718
https://doi.org/10.3390/ijms24108718
https://doi.org/10.1016/j.nbd.2014.10.016
https://doi.org/10.1007/s10787-017-0366-8
https://doi.org/10.1016/j.ibneur.2023.12.012
https://doi.org/10.1073/pnas.1508436113
https://doi.org/10.1111/j.1460-9568.2003.03015.x
https://doi.org/10.3109/13880209.2014.976350
https://doi.org/10.3109/13880209.2014.976350
https://doi.org/10.1126/science.1148045
https://doi.org/10.1016/j.neuint.2012.08.006
https://doi.org/10.3389/fncel.2017.00181

Okomolo Moto et al.

88. Lisek M, Boczek T, Ferenc B, Zylinska L. Regional brain dysregulation of Ca2C- han-
dling systems in ketamine-induced rat model of experimental psychosis. Cell Tissue Res.
(2016) 363:609-20. doi: 10.1007/s00441-015-2332-3

89. Omeiza NA, Bakre A, Ben-Azu B, Sowunmi AA, Abdulrahim HA, Chimezie J, et al.
Mechanisms underpinning Carpolobia lutea G. Don ethanol extracts neurorestorative
and antipsychotic-like activities in an NMDA receptor antagonist model of schizophrenia.
] Ethnopharmacol. (2023) 301:115767. doi: 10.1016/j.jep.2022.115767

90. Martins SG, Zilhdo R, Thorsteinsdéttir S, Carlos AR. Linking oxidative stress and
DNA damage to changes in the expression of extracellular matrix components. Front
Genet. (2021) 12:673002. doi: 10.3389/fgene.2021.673002

91. Khalid I, Saleem U, Ahmad B, Hawwal ME, Mothana RA. NMDA receptor modula-
tion by Esculetin: investigating behavioral, biochemical and neurochemical effects in
schizophrenic mice model. Saudi Pharm J]. (2024) 32:101994. doi: 10.1016/j.
jsps.2024.101994

92. Afolabi F, Alabi BA, Badejo JA, Nsor OO, Lawal SK, Iwalewa EO. Scopolamine-
induced memory impairment in mice: soursop leaf extract and fractions protect the hip-
pocampus and prefrontal cortex. Iran J Basic Med Sci. (2025) 28:355-65. doi: 10.22038/
ijbms.2024.80289.17379

93. Hons J, Zirko R, Ulrychova M, Cermakova E, Doubek P, Libiger J. Glycine serum level
in schizophrenia: relation to negative symptoms. Psychiatry Res. (2010) 176:103-8. doi:
10.1016/j.psychres.2009.11.008

94. Moto FC, Arsaa A, Ngoupaye GT, Taiwe GS, Njapdounke JS, Kandeda AK, et al.
Anxiolytic and antiepileptic properties of the aqueous extract of Cissus quadrangularis

Frontiers in Neurology

24

10.3389/fneur.2026.1788148

(Vitaceae) in mice pilocarpine model of epilepsy. Front Pharmacol. (2018) 9:751. doi:
10.3389/fphar.2018.00751

95. Ngaibi J, Bigued, Kandeda K, Nguezeye Y, Kodji JJ, Delu G, et al. Antiepileptic and
antioxidant effects of aqueous extract of Lippia multiflora Moldenke (Verbenaceae) on
pilocarpine-induced seizures in Mus musculus Swiss mice. GSC Biol Pharm Sci. (2024)
27:238-52. doi: 10.30574/gscbps.2024.27.2.0138

96. Juchnowicz D, Dzikowski M, Rog J, Waszkiewicz N, Zalewska A, Maciejczyk M, et al.
Oxidative stress biomarkers as a predictor of stage illness and clinical course of schizo-
phrenia. Front Psych. (2021) 12:728986. doi: 10.3389/fpsyt.2021.728986

97. Dudzinska E, Szymona K, Bogucki J, Koch W, Cholewinska E, Sitarz R, et al. Increased
markers of oxidative stress and positive correlation low-grade inflammation with positive
symptoms in the first episode of schizophrenia in drug-naive patients. ] Clin Med. (2022)
11:2551. doi: 10.3390/jcm11092551

98. An H, Du X, Huang X, Qi L, Jia Q, Yin G, et al. Obesity, altered oxidative stress, and
clinical correlates in chronic schizophrenia patients. Transl Psychiatry. (2018) 8:258. doi:
10.1038/541398-018-0303-7

99. Ermakov EA, Dmitrieva EM, Parshukova DA, Kazantseva DV, Vasilieva AR,
Smirnova LP. Oxidative stress-related mechanisms in schizophrenia pathogenesis and
new treatment perspectives. Oxidative Med Cell Longev. (2021) 2021:37. doi:
10.1155/2021/8881770

100. Berk M, Ng E Dean O, Bush Al Oxidative stress in psychiatric disorders: evidence
base and therapeutic implications. Int ] Neuropsychopharmacol. (2008) 11:851-76. doi:
10.1017/51461145707008401

frontiersin.org


https://doi.org/10.3389/fneur.2026.1788148
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1007/s00441-015-2332-3
https://doi.org/10.1016/j.jep.2022.115767
https://doi.org/10.3389/fgene.2021.673002
https://doi.org/10.1016/j.jsps.2024.101994
https://doi.org/10.1016/j.jsps.2024.101994
https://doi.org/10.22038/ijbms.2024.80289.17379
https://doi.org/10.22038/ijbms.2024.80289.17379
https://doi.org/10.1016/j.psychres.2009.11.008
https://doi.org/10.3389/fphar.2018.00751
https://doi.org/10.30574/gscbps.2024.27.2.0138
https://doi.org/10.3389/fpsyt.2021.728986
https://doi.org/10.3390/jcm11092551
https://doi.org/10.1038/s41398-018-0303-7
https://doi.org/10.1155/2021/8881770
https://doi.org/10.1017/s1461145707008401

	Antipsychotic effects of aqueous lyophilisate of Ficus mucuso on ketamine-induced schizophrenia
	1 Introduction
	2 Materials and methods
	2.1 Plant material
	2.1.1 Extraction protocol
	2.2 Animal material
	2.3 Chemical materials

	3 Distribution and treatment of mice
	4 Pharmacological tests
	4.1 Stereotypical climbing test
	4.2 Open arena test
	4.3 Forced swim test
	4.4 Y-maze test

	5 Sacrifice, organ removal for histology, and homogenate preparation
	5.1 Sacrifice and homogenate preparation
	5.2 Preparation of brains for histology

	6 Evaluation of neurotransmitter concentrations
	6.1 Dopamine assay
	6.2 Serotonin assay
	6.3 Glutamate assay
	6.4 Measurement of gamma-aminobutyric acid
	6.5 Measurement of gamma-aminobutyric acid transaminase
	6.6 Acetylcholinesterase assay

	7 Estimation of oxidative stress markers in the hippocampus, prefrontal cortex, and striatum
	7.1 Catalase assay
	7.2 Measurement of reduced glutathione in the brain
	7.3 Superoxide dismutase assay
	7.4 Malondialdehyde assay
	7.5 Nitrite oxide assay

	8 Histological sections of brain structures
	9 Cell counting
	10 Statistical analyses
	11 Results
	11.1 Effects of aqueous lyophilisate of Ficus mucuso bark on schizophrenia in the open arena test
	11.1.1 Effects of aqueous lyophilisate of Ficus mucuso on the number of lines crossed
	11.1.2 Effects of aqueous lyophilisate of Ficus mucuso on the duration of immobility induced
	11.2 Effects of aqueous lyophilisate of Ficus mucuso bark on ketamine-induced schizophrenia in the Y-maze
	11.2.1 Effects of aqueous lyophilisate of Ficus mucuso on the number of spontaneous alternations
	11.2.2 Effects of the aqueous lyophilisate of Ficus mucuso on the percentage of alternations
	11.3 Effects of aqueous lyophilisate of Ficus mucuso bark on schizophrenia induced by forced swimming
	11.3.1 Effects of aqueous lyophilisate of Ficus mucuso on swimming duration, immobility, and climbing time
	11.3.2 Effects of the aqueous lyophilisate of Ficus mucuso on the duration of immobility
	11.3.3 Effects of aqueous lyophilisate of Ficus mucuso on climbing duration
	11.4 Effects of aqueous lyophilisate of Ficus mucuso bark on schizophrenia induced in the stereotyped climbing test
	11.4.1 Effects of aqueous lyophilisate of F. Mucuso on climbing duration
	11.4.2 Effects of the aqueous lyophilisate of Ficus mucuso on the number of climbs
	11.5 Effects of aqueous lyophilisate of Ficus mucuso on neurotransmitter concentration
	11.5.1 Effects of aqueous lyophilisate of Ficus mucuso on dopamine concentration
	11.5.2 Effects of aqueous lyophilisate of Ficus mucuso on serotonin concentration
	11.5.3 Effects of aqueous lyophilisate of Ficus mucuso on cerebral glutamate levels
	11.5.4 Effects of aqueous lyophilisate of Ficus mucuso on acetylcholinesterase activity
	11.5.5 Effects of aqueous lyophilisate of Ficus mucuso on the concentration of gamma-aminobutyric acid in the brain
	11.5.6 Effects of aqueous lyophilisate of Ficus mucuso on the concentration of gamma-aminobutyric acid transferase in the brain
	11.6 Effects of aqueous lyophilisate of Ficus mucuso bark on markers of oxidative stress in the brain
	11.6.1 Effects of aqueous lyophilisate of Ficus mucuso on catalase activity
	11.7 Effects of aqueous lyophilisate of Ficus mucuso on reduced glutathione concentration
	11.7.1 Effects of aqueous lyophilisate Ficus mucuso on superoxide dismutase concentration
	11.7.2 Effects of aqueous lyophilisate of Ficus mucuso on malondialdehyde concentration
	11.7.3 Effects of Ficus mucuso aqueous lyophilisate on cerebral nitrite oxide concentration
	11.8 Effects of aqueous lyophilisate of Ficus mucuso bark on alterations in brain structures
	11.8.1 Effects of aqueous lyophilisate of Ficus mucuso on Ammon’s horn 1 & 3 and the dentate gyrus of the hippocampus
	11.8.2 Effects of aqueous lyophilisate of Ficus mucuso on changes in cell numbers in Ammon’s horn 1 and 3 and the dentate gyrus of the hippocampus
	11.9 Effects of aqueous lyophilisate of Ficus mucuso on cells of the prefrontal cortex and striatum
	11.9.1 Effects of aqueous lyophilisate of Ficus mucuso on the number of nucleated cells in the prefrontal cortex and striatum

	12 Discussion
	13 Conclusion

	Acknowledgments
	References

