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INTRODUCTION 
Schizophrenia is a complex and diverse mental illness 
characterized by persistently disturbed thinking, paranoid 
delusions, emotional disengagement, as well as auditory and 

visual hallucinations [1]. It is an idiopathic, highly complex and 
polygenetic brain order that is linked with neurodevelopmental 
and environmental risk factors [2[, and characterized by 
negative, positive, disorganized symptoms [3]. The positive 
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Ketamine challenge is a suitable animal model for evaluating cognitive, positive and negative 
symptoms of schizophrenia, besides oxidative stress, cholinergic, dopaminergic, GABAergic 
and nitrergic dysfunctions observed in the disease. Effects of Ficus platyphylla (FP) methanol 
extract on behavioral alterations triggered by ketamine were investigated in forced swim, 
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cholinergic, and oxidative pathways in the antipsychotic properties of FP, 
acetylcholinesterase activity, levels of oxidative stress biomarkers, and nitrite in the brain 
were also evaluated. In silico molecular docking analysis was conducted to predict the 
interactions between bioactive compounds from FP and potential drug targets for the 
treatment of schizophrenia. FP administered alone or in conjunction with risperidone (RIS) 
significantly reversed ketamine-induced schizophrenic-like behaviors in rats; the increased 
brain levels of glutathione, catalase and superoxide dismutase activities, the decreased 
acetylcholinesterase activity, levels of nitrite and malonyladehyde in ketamine-treated rats. 
The bioactive compounds from FP demonstrated binding affinities for the recognized drug 
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symptoms include hallucinations, auditory and visual 
delusions, thought disorder, conceptual disorganization and 
paranoia [4]. The negative symptoms include depression, 
deficiencies in social interactions, motivation and expression, 
emotional blunting, avolition, anhedonia, poverty of thought, 
and speech content [1]. These deficiencies have a unique 
psychopathological component that sets them apart from 
cognitive impairment, disorganization, and reality distortion [5]. 
Compromised working memory, executive functioning and 
attention are cognitive dysfunctions linked to this crippling 
mental illness [4]. 
Although the exact cause of schizophrenia is unknown, studies 
have demonstrated multiple pathophysiologic abnormalities in 
brain functions and structures that may have significant roles 
in the pathophysiology of this mental illness. A neuro-
developmental model with evidence supplied by the abnormal 
neural migration that most schizophrenic brains exhibit 
suggests that an unidentified in utero disruption takes place, 
most likely during the second trimester of pregnancy. In 
addition to functionally leading to the creation of aberrant brain 
circuits, these "schizophrenic lesions" may cause anomalies in 
cell shape, location, symmetry, and connection [6–7]. It is 
believed that the secondary "synaptic disorganization" that 
results from such injuries does not cause overt clinical signs of 
psychosis until adolescence or early adulthood, when neural 
development occurs [8]. 
Additionally, research has linked schizophrenia to obstetric 
problems or neonatal hypoxia. A glutamatergic cascade that 
leads to enhanced neuronal pruning is thought to be triggered 
by obstetric difficulties, hypoxia, and a genetic susceptibility 
associated with genes governing N-methyl D-aspartate 
(NMDA)-receptor activity [9]. Other research linked 
schizophrenia to low birth weight (less than 2.5 kg) [11] and 
upper respiratory infections in the second trimester of 
pregnancy [10]. 
Several other theories have emerged, suggesting many 
possible causes of schizophrenia. According to psychological 
beliefs, some people with schizophrenia have left hemisphere 
limbic dysfunction, and others have a diminished capacity to 
manage the volume and velocity of incoming perceptual stimuli 
[12]. Schizophrenia may be caused by disruptions in family 
connections or communication, according to a widely accepted 
sociological idea that is unsupported by scientific data [12]. 
 The pathophysiology of schizophrenia also involves the 
malfunctioning of many neurotransmitter systems, besides the 
genetic, neuro-developmental, psychological, and social 
factors. Schizophrenia is caused by a distinct imbalance in 
neurotransmitter systems, although patients may be 
predisposed to the disorder by abnormal neuro-developmental 
processes [13]. Many neurotransmitter systems, including 
serotonergic, glutamatergic, dopaminergic and GABAergic 
systems, may be sites of major pathophysiologic anomaly in 
schizophrenia, with alterations in other neurotransmitters 
occurring secondarily [8].  
 

Currently, schizophrenia is thought to be a systemic illness that 
involves disorders of the immune system, the endocrine and 
the cardiovascular systems [14]. Increased levels of 
immunological response, inflammation and oxidative stress are 
observed in schizophrenics [15], besides aberrations in 
dopaminergic, GABAergic, glutamatergic and serotonergic 
neurotransmission systems [16], one-carbon (C1) metabolism 
and membrane lipid composition [17, 18]. 
Schizophrenia is accompanied by severe physical, social and 
psychological apprehensions that transcend racial, social, age, 
sexual or geographical borders. Schizophrenia prevalence 
varies from 0.6% to 1.9% worldwide, with an average of about 
1% [19], making it the most prevalent psychiatric condition 
often linked to significant economic and social consequences 
[20]. Males and females have the same prevalence of 
schizophrenia, but males typically develop the illness earlier. 
Males commonly experience their initial episodes in their early 
twenties, while females typically experience them in their late 
twenties to early thirties [21–22]. While the frequency of 
schizophrenia is increasing in developing nations, 
schizophrenic patients in Sub-Saharan Africa do not receive 
adequate care [23]. Traditional antipsychotic drugs have not 
achieved the expected results in schizophrenia treatment. The 
most significant limitations in schizophrenia treatment are the 
demoralizing adverse reactions of conventional antipsychotics, 
coupled with their inability to adequately manage core negative 
symptoms and cognitive dysfunctions of the disease [4], while 
giving the patients' quality of life little to no discernible increase. 
To overcome these barriers, schizophrenia research is 
increasingly focusing on the development of novel 
antipsychotic medications that are accessible, affordable, and 
effective. The medicinal plants are desirable targets in the 
quest for novel medications and lead compounds to treat these 
crippling mental illnesses [24–25]. For many years, traditional 
Nigerian medicine has utilized extracts from Ficus platyphylla 
Delile (Moracea) to treat schizophrenia with generally 
acclaimed efficacy among rural communities of Northern 
Nigeria. Previous studies on extracts from Ficus platyphylla 
demonstrated the plant’s safety [26], and central nervous 
system activities [27–30] that suggest antipsychotic properties. 
In order to validate the antipsychotic potentials of FP shown in 
previous studies, we examined its effects on behaviors 
resembling schizophrenia induced by ketamine in this study 
and examined the roles of nitrergic, cholinergic and oxidative 
mechanisms in the antipsychotic properties of FP. Effects of 
continuous administration of FP on schizophrenic-like 
behaviors were evaluated alongside, to determine the effects 
of treatment with the extract in rats. We also conducted In silico 
molecular docking analysis to predict the interactions between 
potential therapeutic targets for the treatment of schizophrenia 
and the bioactive compounds from FP. 

 
MATERIALS AND METHODS 
Animals 
For this study, we used nine-week-old, wiser rats (weighing 
180–200 g), bought from Kaduna State University's (KASU) 
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Animal House and kept in cages made of clear plastic 
cushioned with wood shavings under conventional 12/12 h 
(dark/light) cycles, temperature, and humidity settings. The 
animals were given regular feeds and unlimited water following 
approval by the Animal Ethics Committee of the university (No. 
KASU/AEC/2025/0002). The study was conducted in 
compliance with the 2011 revised publication of the National 
Institutes of Health on the use and care of laboratory animals 
(NIH Publications No. 80–23). 
 
Extract Preparations  
Mallam Ibrahim Muazzam of the National Institute for 
Pharmaceutical Research and Development (NIPRD), Abuja, 
Nigeria, identified and authenticated the stem bark of FP after 
collection. A voucher sample (No. 4035) has been stored in the 
Herbarium of NIPRD for reference. A pestle and mortar were 
used to grind the bark into a coarse powder after it had been 
cleaned, sliced, and allowed to air dry. A Soxhlet extractor was 
used to extract the coarse powder (100 g) for 12 h using 500 
mL of methanol until it was completely extracted. A rotary 
evaporator set at 40 °C was then used to remove the solvent, 
yielding 34.8% (w/w) of the crude methanol extract used in the 
investigation. 
 
High Performance Liquid Chromatographic (HPLC) and 
Gas Chromatography-Mass Spectrometric (GC–MS) 
Analysis 
Acute toxicity testing, HPLC analysis, and preliminary 
phytochemical screening were performed on FP, and the 
outcomes have been published [28, 31]. Additionally, the 
Shimadzu GC–MS QP2010 ultra model and the 
chromatographic technique previously outlined by Beschi et al. 
[32] were used to analyze FP. 
 
Drugs and Chemicals  
Adrenaline (Sigma-Aldrich), ellman Reagent [5′,5′-Dithiobis-(2-
nitrobenzoate) DTNB] (Sigma-Aldrich), hydrogen peroxide 
(H2O2) (BDH Chemicals Ltd.), Ketamine (Rotexmedica, 
Germany), risperidone (Jassen-Cilag), trichloroacetic acid 
(TCA) (Burgoyne Burbidges & Co., India), thiobarbituric acid 
(TBA) (Guanghua Chemical Factory Co. Ltd., China) were 
employed in this investigation. 
 
Drug Preparations and Treatments 
Physiological saline solution was used as solvent to re-
suspend FP and risperidone (RIS) and also used for other 
drugs. KET was administered intraperitoneally (i.p.), while FP 
and RIS were given orally (p.o.). Volumes of 10 mL/kg of the 
vehicle (physiological saline solution) were administered. 
Doses of RIS (0.5 mg/kg), KET (20 mg/kg) and FP (25, 50, and 
100 mg/kg) used in this investigation were selected from earlier 
research [28, 31, 33–34]. 
 
Experimental Protocol 
With slight modifications, the method outlined by Ben-Azu and 
colleagues [34] was employed to produce biochemical 

alterations and behaviors resembling schizophrenia in rats. 
The rats (n = 8) were randomly divided into 12 groups. For 14 
days, groups 2–7 got ketamine (KET) (20 mg/kg, i.p.) once 
daily, while group 1 received saline (10 mL/kg, p.o.). KET (20 
mg/kg, i.p.) plus FP (25 – 100 mg/kg, p.o.) was administered 
to groups 3–5 from day 8 to day 14. Group 6 received KET (20 
mg/kg, i.p.) plus RIS (0.5 mg/kg, p.o.), and Group 7 received 
both FP (50 mg/kg, p.o.) and RIS (0.5 mg/kg, p.o.) plus KET 
(20 mg/kg, i.p.) once daily with a one-hour break between 
therapies. From the eighth to the fourteenth day, different sets 
of animals in groups 8–10 received FP (25 – 100 mg/kg, p.o.), 
RIS (0.5 mg/kg, p.o.) in group 11, and FP (50 mg/kg, p.o.) and 
RIS (0.5 mg/kg, p.o.) in group 12 once daily (Figure 1). 
 
Behavioral Studies 
Negative, cognitive and positive symptoms are hallmarks of 
schizophrenic disorder [3]. The effects of FP on ketamine-
induced hyperlocomotion, cognitive deficits and depressive 
behavior, which correspond to the positive, cognitive and 
negative symptoms of the disease, were investigated here 
using the open field, new object recognition and forced swim 
tests 24 h after the last administration of Sal, FP, RIS, and KET. 
Trained observers conducted all behavioural tests from 8:00 
am to 3:00 pm. 
 
Open-field test  
To assess the locomotor behavior in rats, we used an open-
field (35 × 30 × 23 cm) featuring a glass front wall, 36 squares 
(20 cm × 20 cm), and a central square (20 cm × 20 cm) divided 
by lines [35]. The open field was situated in a soundproof room 
with the lighting adjusted to about 90 lux. Lines crossing activity 
served as the primary basis for the open-field test (OFT). Rats 
were kept for at least 1 h in the test room before the OFT to 
reduce anxiety. Each rat was positioned  
at the open field's back left square, and given five minutes to 
investigate the equipment. Line crossings were counted and 
recorded. Between sessions, 70% ethanol was used to clean 
and dry the equipment to eliminate any odour cues from the 
prior animal [36–37]. 
 
Forced swim test (FST) 
There were two sessions for the FST [38]. During the pretest 
(first day), each rat was given 15 minutes to swim in a glass 
cylinder measuring 46 cm in height by 20 cm in circumference, 
filled with water 30 cm deep and at 25 0C [1]. Following the 
pretest, the rats were returned to their cages after being dried 
in a heated arena. After 24 h, each rat was put back in the 
water, made to swim, and their five-minute immobility period 
was noted [39]. If a rat stayed passive or did nothing but make 
small movements to maintain its head above the water, it was 
considered immobile [1, 36]. 
 
Novel object recognition test (NORT)  
Twenty–four hours following ten minutes of free exploration in 
an open field raised 27 cm from the ground and measured 52 
cm by 52 cm by 31 cm. Each rat was given two identical objects 
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to examine for five minutes. One of the identical objects was 
swapped out for an unfamiliar object on the second day. Five 
minutes were allotted to each rat's exploration of the known 
(tA) and novel (tB) objects [40]. Rats were deemed to have 
inspected an object if they touched or poked their snout at it 
within two millimeters [41]. For every rat [41], the preference 
(PI) and discrimination (DI) indexes were computed as follows: 
PI = (tB/(tB + tA) X 100, and DI = (tB – tA/tB + tA). 
 
Biochemical Assays 
Preparations of brain tissue  
Following the behavioral evaluations, rats were placed in bell 
jars filled with cotton wool soaked in ether to be decapitated 
under deep ether anaesthesia [34, 42–44]. The tissues of the 
entire brain were then promptly removed. The following 
biochemical parameters were assessed after the brain 
samples were centrifuged for 10 minutes at 10,000 × g force at 
4 0C after being homogenized in a standard phosphate buffer. 
 
Superoxide dismutase activity 
In a spectrophotometer set at 480 nm, superoxide dismutase 
(SOD) activity was assessed by suppressing superoxide-
dependent adrenaline auto-oxidation. [45]. Freshly made 0.3 
mM adrenaline was used to start the reaction after 2.5 milliliters 
of 0.05 M carbonate buffer (pH 10.2) were mixed with the 
diluted brain supernatant. A blank sample comprising 0.3 mL 
of substrate (adrenaline), 2.5 mL of buffer, and 0.2 mL of 
distilled water was used to measure the absorbance at 480 nm 
and 25 °C. 
 
Catalase activity 
The activity of catalase (CAT) was determined by measuring 
the amount of hydrogen peroxide (H2O2) that vanished when 
an enzyme source (catalase) was present [46]. The brain 
supernatant of the homogenate combined with distilled water 
was added to 4 mL of H2O2 solution and 5 mL of phosphate 
buffer (pH 7.0), and the mixture was slowly stirred at room 
temperature. After adding some of the combination to 2 
milliliters of the dichromate/acetic acid reagent, the 
absorbance was measured at 570 nm. The catalase activity 
was expressed as micromoles of H2O2 degraded per minute 
per milligram of protein. 
 
Glutathione concentration 
The addition of 5′, 5′-dithio-bis-(2-nitrobenzoic acid) (DTNB) to 
sulfhydryl compounds produced a rather stable (yellow) color 
that was used to determine the concentration of glutathione 
(GSH) [47]. After adding an equal volume of 20% 
trichloroacetic acid (TCA), brain homogenates were gently 
swirled and centrifuged at 5400 g for 20 minutes in a cool (4 
°C) centrifuge. Phosphate buffer (0.2 M, pH 8.0) was used to 
raise the final volume of the solution to 3 mL after 0.25 mL of 
the supernatant was added to 2 mL of 0.6 mM DTNB. In 
comparison to a blank reagent [2 mL of 0.6 mM DTNB + 1 mL 
of phosphate buffer (0.2 M, pH 8.0)], the absorbance was 
measured at 412 nm using a spectrophotometer. Nanomoles 

per gram of tissue (nmol/mg protein) was the unit of 
measurement for the brain tissues' reduced GSH content. 
 
Malondialdehyde  
The amount of malondialdehyde (MDA) in the brain was 
assessed based on the unstable lipid peroxides that are 
produced by lipid peroxidation and decompose to yield a 
complex series of molecules, including reactive carbonyl 
compounds [48]. The Ohkawa et al. (1979) approach was used 
to detect the MDA levels in tissue samples. Aliquots of brain 
supernatant, Tris-KCl buffer, thiobarbituric acid (TBA), and 
30% TCA were progressively mixed and then placed on a 
water bath heated at 80 °C for 45 minutes. After cooling, the 
mixture was centrifuged at 1800 × g force for 15 minutes. After 
obtaining a pink supernatant, the absorbance at 532 nm was 
measured with reference blanks of pure water. Moles per gram 
of tissue were used to express the MDA levels. 
 
Brain nitrite level  
Nitrite levels were assessed as previously described [49], to 
ascertain how drugs affect the synthesis of nitric oxide (NO). 
After the supernatant was incubated with Griess reagent at 
room temperature for ten minutes, the absorbance was 
measured at 550 nm. The level of nitrite in the brain was 
measured in nmol/g of tissue. 
 
Acetylcholinesterase activity   
A previously described method was employed to gauge the 
acetylcholinesterase (AChE) enzyme's activity [50]. After 
mixing 0.4 mL of the homogenate, (0.1 M, pH 7.4), 0.1 mL of 
DTNB, 0.1 mL of acetylthiocholine iodide solution, and 2.6 mL 
of phosphate buffer, the absorbance at a wavelength of 412 
nm was measured using a spectrophotometer.  The color 
increased by the interaction of thiocholine and DTNB was used 
to gauge the rate of acetylcholinesterase activity. The unit of 
measurement for acetylcholinesterase activity was 
μmoles/min/g tissue. 
 
Molecular docking studies 
The methods [51–52] as previously described were used to 
conduct in silico molecular docking examination to predict the 
interactions of pentadecanoic acid, 2, 3-
dimethylphenylisothiocyanate, and 11-octadecenoic acid from 
FP with proteins such as serotonin receptors, metabotropic 
glutamate receptors, phosphodiesterase, and dopamine 
receptors, which are acknowledged drug targets for 
pharmacotherapy of schizophrenia. The ligands and proteins 
were processed using AutoDockTools4 [53]. Torsion angles 
within the ligand were identified; polar hydrogens were added, 
and water molecules were removed from the proteins to avoid 
empty atom groups and unnecessary interactions with the 
ligands. Grid (affinity) maps of 120 × 120 × 120 grid points with 
a spacing of .375 Å that covered the entire protein chain 
containing the active site were generated. AutoDock Vina 1.1.2 
was used to perform the molecular docking calculations [54]. 
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Statistical Analysis 
Two-way ANOVA and either the Bonferroni or Turkey post hoc 
tests were used to analyze the data using Graph Prism version 
4.00 (GraphPad Software, Inc., La Jolla, CA, USA). The 
findings, which were presented as mean ± S.E.M., were 
significant at p < 0.05. For every experiment, "n" represents the 
number of animals in each group. 

 
RESULTS 
Bioactive compounds in F. platyphylla 
Twenty bioactive compounds were identified by GC–MS 
analysis, with the main compound being pentadecanoic acid 
(13.10 %), 2, 3-dimethylphenylisothiocyanate (13.47 %), and 
11-octadecenoic acid (14.35 %) (Data not yet published). FP's 
HPLC fingerprint has previously been published [31]. 
  
Effect of FP on ketamine-induced hyperlocomotion 
Repeated exposure of rats to FP and RIS significantly 
decreased locomotor activities (F5, 31 = 9.700, p < 0.0001; *p < 
0.05; ***p < 0.001; **P < 0.01) in contrast to the controlled rats 
treated with saline (Fig. 2A). Sub-chronic intraperitoneal 
injections of ketamine substantially (+p < 0.05) increased 
locomotor activities in rats in contrast to rats treated with saline. 
Ketamine administration with FP (25 – 100 mg/kg), RIS 0.5 
mg/kg and FP 50 mg/kg + RIS markedly (F5, 20 = 29.40, p < 
0.0001; ***p < 0.001) reversed hyperlocomotion triggered by 
ketamine in rats. Concomitant administration of both FP 50 
mg/kg + RIS to ketamine treated rats significantly (XXp < 0.01) 
attenuated ketamine enhanced hyperlocomotion compared to 

administration of RIS 0.5 mg/kg only (Figure 2B). 
 
Effects of FP on Forced Swim Test Immobility Time  
Recurrent administration of FP and RIS significantly (F5, 31 
=15.59, p < 0.0001; *p < 0.05; ***p < 0.001) decreased the 
immobility time by the rats during the mandatory swimming 
period relative to saline-treated group. Administration of both 
FP 50 mg/kg +and RIS significantly (&&p < 0.01) compared to 
administration of FP 50 mg/kg alone (Fig. 3A). Repeated 
administration of ketamine substantially (+p < 0.05) inccreased 
immobility time in contrast to saline treated rats. Concomitant 
administration of ketamine with RIS (0.5 mg/kg), FP (50 and 
100 mg/kg) and FP 50 mg/kg + RIS) substantially (F 5, 32 = 
6.925, p = 0.0003; *p < 0.05; **p < 0.01) reversed ketamine 
augmented immobility in rats treated with ketamine (Fig. 3B). 
 
Effects of FP on rats' performance on the Novel Object 
Recognition Test (NORT).   
Repeated administration of FP substantially (F 5, 25 =12.11, P < 
0001; *p < 0.05) increased exploration of a familiar object (Fig. 
4A). Continuous injections of ketamine had no significant 
effects on the exploration of a familiar object in contrast to rats 
that received saline. Administration of ketamine with FP (25 – 
100 mg/kg), RIS 0.5 mg/kg or FP 50 mg/kg + RIS significantly 
(F5, 37=14.36, p < 0.0001; ***p <0.001) reduced exploration of 

familiar object by ketamine treated rats (Fig. 4B). 
Administration of FP RIS 0.5 mg/kg, (25 – 100 mg/kg) or FP 50 
mg/kg + RIS significantly (F5, 30 =11.29, p < 0.0001; **p < 0.01; 
***p < 0.001) reduced exploration of novel object by rats 
treated with saline, while concurrent administration of RIS and 
FP 50 mg/kg substantially (Xp < 0.05) reduced novel object 
exploration in contrast with administration of RIS 0.5 mg/kg 
alone (Fig 4C). Repeated ketamine treatments markedly (+++p 
< 0.001) decreased exploration of novel objects in contrast to 
the group treated with saline. Concurrent treatment with of FP, 
RIS and FP 50mg/kg + RIS substantially (F5, 36 = 4.237, 
p=0.0047; *p<0.05; **p < 0.01) increased exploration of the 
novel object in ketamine treated rats (Fig. 4D). Repeated 
treatments with FP (25 – 100 mg/kg), RIS 0.5 mg/kg, FP 50 
mg/kg + Ris had no significant (F3, 24 = 0.5002, p= 0.7723) 
effects on the recognition index of control treated rats (Fig 4E). 
Rats treated with only ketamine markedly (+p < 0.05) 
decreased recognition index in contrast to the group that 
received saline. Concurrent treatments of ketamine with Ris 
0.5 mg/kg, FP (25 – 100 mg/kg), FP 50 mg/kg + Ris 
significantly {(F5. 20 = 8.564, p < 0.0001; *p < 0.05; **p < 0.01; 
***p < 0.001) increased the recognition index (Fig, 4F). 
Recurrent oral administration of FP 50 mg/kg, FP 50 mg/kg + 
RIS significantly (F3, 26 = 12.11, p < 0.0001; *p<0.05; ***p < 
0.001) reduced the discrimination index compared to those 
treated with saline. Concurrent administration of FP 50 mg/kg 
and RIS substantially (XXXp < 0.01) reduced the discrimination 
index in contrast to administration of RIS 0.5 mg/kg alone (Fig. 
4G). Recurrent ketamine treatments substantially (+++p < 
0.001) reduced the discrimination index in contrast to rats 
treated with only saline. Recurrent administration of ketamine 
with RIS 0.5 mg/kg, FP (25 – 100 mg/kg), FP 50 mg/kg + RIS 
significantly (F5, 27 = 52.89, p < 0.0001; ***p < 0.001) 
augmented the index of discrimination (Figure 4G). 
 
Effects of FP on malondialdehyde (MDA) and glutathione 
(GSH) levels in the brain 
Repeated administration of significantly (F5, 23 =16.14, p < 
0.0001; ***p < 0.001)  
increased the brain’s levels of glutathione. FP 50 mg/kg and 
Ris 0.5 mg/kg administered together significantly (&&p < 0.01) 
reduced the brain’s concentrations of GSH compared to 
administration of FP 50 mg/kg only (Figure 5A). Continuous 
injections of ketamine substantially (+++p < 0.001) decreased 
the brain’s concentrations of GSH, while co-administration of 
ketamine with FP, RIS and FP + RIS significantly (F5, 24 = 
19.17, p < 0.0001; ***p < 0.001) elevated the brain 
concentrations of glutathione compared to animals that 
received ketamine only (Fig. 5B). Repeated administration of 
FP had no significant (F5, 19 =1.010, p = 0.4477) effects on 
brain concentrations of malondialdehyde (MDA) (Fig. 5C); 
injections of ketamine  
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Figure 1: Treatment protocol: Sal = Saline solution, KET = Ketamine, FP = Ficus platyphylla, RIS = Risperidone 

 
 

 
Figure 2: Effects of repeated administration of Ficus platyhylla on Locomotor activities A) Control rats {(F5, 31 = 9.700, p < 0.0001; *p 
< 0.05 (Saline vs FP 50 mg/kg, ***p < 0.001 (Saline vs FP 100 mg/kg), **P < 0.01 (Saline vs Ris 0.5 mg/kg)}. B), ketamine-enhanced 
locomotion {(F5, 20 = 29.40, p < 0.0001; +p < 0.05 (Saline vs Ket 20 mg/kg); ***p < 0.001 (Ket 20 mg/kg vs Ket + FP 25 mg/kg;  Ket 
20 mg/kg vs Ket + FP 50 mg/kg;  Ket 20 mg/kg vs Ket + FP 100 mg/kg;  Ket 20 mg/kg vs  Ket + Ris 0.5 mg/kg;  Ket 20 mg/kg vs Ket 

+ FP 50 mg/kg + Ris); XXp <  0.01 (Ket + Ris 0.5 mg/kg vs Ket + FP 50 mg/kg + RiS)} in rats. 
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Figure 3: Effects of FP on ketamine-enhanced immobility in the forced swim test. A) Controlled rats {(F5, 31 =15.59, ***p < 0.0001; 
*p < 0.05 (Saline vs FP 100 mg/kg), **p < 0.01 (Saline vs FP 50 mg/kg), ***p < 0.001 (Saline vs Ris 0.5 mg/kg; Saline vs FP 50 mg/kg 
+ Ris), &&p < 0.01 (FP 50 mg/kg vs FP 50 mg/kg + Ris). B) ketamine-enhanced immobility in rats {(F 5, 32 = 6.925, p = 0.0003; +p < 
0.05 (Ket 20 mg/kg vs Saline); *p < 0.05 (Ket 20 mg/kg vs Ket + FP 50 mg/kg;  Ket 20 mg/kg vs Ket + FP 100 mg/kg); **p < 0.01 (  

Ket 20 mg/kg vs  Ket + Ris 0.5 mg/kg;  Ket 20 mg/kg vs Ket + FP 50 mg/kg + Ris)}. 
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Figure 4: Effects of FP on novel object recognition test (NORT) in rats. A) Familiar objects exploration by controlled rats {(F 5, 25 
=12.11, P<0001; *p < 0.05 (Saline vs FP 50 mg/kg)}. B) Exploration of familiar object induced by ketamine {(F5, 37=14.36, p < 0.0001; 
***p <0.001 (Ket 20 mg/kg vs Ket + FP 25 mg/kg;  Ket 20 mg/kg vs Ket + FP 50 mg/kg;  Ket 20 mg/kg vs Ket + FP 100 mg/kg;  Ket 
20 mg/kg vs  Ket + Ris 0.5 mg/kg;  Ket 20 mg/kg vs Ket + FP 50 mg/kg + Ris)}  C) Novel object exploration by controlled rats {(F5, 30 
=11.29, p < 0.0001; **p < 0.01 (Saline vs FP 25 mg/kg; Saline vs FP 100 mg/kg); ***p < 0.001 (Saline vs FP 50 mg/kg;  Saline vs FP 
50 mg/kg + Ris0; Xp < 0.05 (Ris 0.5 mg/kg vs FP 50 mg/kg + Ris)}. D) exploration of novel object induced by ketamine {(F5, 36 = 
4.237, p=0.0047; +++p < 0.001 (Saline vs Ket 20 mg/kg); *p<0.05 (Ket 20 mg/kg vs Ket + FP 25 mg/kg;  Ket 20 mg/kg vs Ket + FP 
100 mg/kg;  Ket 20 mg/kg vs Ket + FP 50 mg/kg + Ris); **p < 0.01 (Ket 20 mg/kg vs  Ket + Ris 0.5 mg/kg)}. E) Index of recognition 
of control treated rats (F3, 24 = 0.5002, p= 0.7723). F) Index of recognition of ketamine treated rats {(F5. 20 = 8.564, p < 0.0001; +p < 
0.05 (Saline vs Ket 20 mg/kg); **p < 0.01 (Ket 20 mg/kg vs Ket + FP 25 mg/kg); ***p < 0.001 (Ket 20 mg/kg vs Ket + FP 50 mg/kg;  
Ket 20 mg/kg vs Ket + FP 100 mg/kg;  Ket 20 mg/kg vs  Ket + Ris 0.5 mg/kg); *p < 0.05 (Ket 20 mg/kg vs Ket + FP 50 mg/kg + Ris)}.  
G) Index of discrimination of controlled rats {(F3, 26 = 12.11, p < 0.0001; *p<0.05 (Saline vs FP 50 mg/kg); ***p < 0.001 (Saline vs 
FP 50 mg/kg + Ris)   H) Index of discrimination of ketamine treated rats {(F5, 27 = 52.89, p < 0.0001; +++p < 0.001 (Saline vs Ket 20 
mg/kg); ***p < 0.001 (Ket 20 mg/kg vs Ket + FP 25 mg/kg;  Ket 20 mg/kg vs Ket + FP 50 mg/kg,  Ket 20 mg/kg vs Ket + FP 100 
mg/kg,  Ket 20 mg/kg vs  Ket + Ris 0.5 mg/kg,  Ket 20 mg/kg vs Ket + FP 50 mg/kg + Ris)}. 
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Figure 5: Effects of FP on oxidative stress markers in brains of controlled and ketamine treated rats. (A) Levels of glutathione (GSH) 
concentrations in controlled treated rats {(F5, 23 =16.14, p < 0.0001; P < 0.001 (Saline vs FP 50 mg/kg); &&p < 0.01 (FP 50 mg/kg 
vs FP 50 mg/kg + Ris). (B) Levels of glutathione (GSH) in ketamine treated rats {(F5, 24 = 19.17, p < 0.0001; +++p < 0.001 (Saline vs 
Ket 20 mg/kg); ***p < 0.001 (  Ket 20 mg/kg vs Ket + FP 25 mg/kg,  Ket 20 mg/kg vs Ket + FP 50 mg/kg,  Ket 20 mg/kg vs Ket + FP 
100 mg/kg,  Ket 20 mg/kg vs  Ket + Ris 0.5 mg/kg,  Ket 20 mg/kg vs Ket + FP 50 mg/kg + Ris). (C) Malondialdehyde (MDA) levels in 
controlled treated rats (F5, 19 =1.010, p = 0.4477); (D) MDA levels in ketamine treated rats {(F5, 20 =3.506, p = 0.0268; +p < 0.05 (Saline 
vs Ket 20 mg/kg); *p < 0.05 (Ket 20 mg/kg vs Ket + FP 100 mg/kg)}. 
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Figure 6: Effects of FP on oxidative stress biomarkers in the brains of controlled and ketamine treated rats. (A) Catalase (CAT) 
activity in brains of control-treated rats {(F5, 26 =17.55, p < 0.0001; *p < 0.05 (Saline vs FP 25 mg/kg); ***p < 0.001 (Saline vs FP 50 
mg/kg, Saline vs FP 100 mg/kg)}. (B) CAT activity in ketamine treated rats {(F5, 22 = 18.11, p < 0.0001; +p < 0.05 (Saline vs Ket 20 
mg/kg); **p < 0.01 (Ket 20 mg/kg vs Ket + FP 50 mg/kg + Ris); ***p < 0.001 (  Ket 20 mg/kg vs Ket + FP 25 mg/kg;  Ket 20 mg/kg vs 
Ket + FP 50 mg/kg;  Ket 20 mg/kg vs Ket + FP 100 mg/kg;  Ket 20 mg/kg vs  Ket + Ris 0.5 mg/kg)}. (C) Activity of superoxide 
dismutase (SOD) in brains of control-treated rats (F5, 21 =9.801, p = 0.0002; **p < 0.01 (Saline vs FP 25 mg/kg; Saline vs FP 50 mg/kg 
+ Ris); ***p < 0.001 (Saline vs FP 50 mg/kg; Saline vs FP 100 mg/kg)}. (D) Activity of SOD in brains of ketamine treated rats {(F5, 22 
= 35.43, p < 0.0001; ++p < 0.01 (Saline vs Ket 20 mg/kg); ***p < 0.001 (  Ket 20 mg/kg vs Ket + FP 25 mg/kg;  Ket 20 mg/kg vs Ket 
+ FP 50 mg/kg;  Ket 20 mg/kg vs Ket + FP 100 mg/kg;  Ket 20 mg/kg vs  Ket + Ris 0.5 mg/kg;  Ket 20 mg/kg vs Ket + FP 50 mg/kg 
+ Ris); &&p < 0.01 (Ket + FP 50 mg/kg vs Ket + FP 50 mg/kg + Ris). 
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Figure 7: Effects FP on activity of acetylcholinesterase (AChE) in rats’ brains (A) Controlled treated rats (F5, 23 = 0.4839, p = 0.7837) 
(B) ketamine treated rats {(F5, 26 = 5.636, p = 0.0019; +++p < 0.001 (Saline vs Ket 20 mg/kg); *p < 0.05 (  Ket 20 mg/kg vs Ket + FP 
50 mg/kg;  Ket 20 mg/kg vs  Ket + Ris 0.5 mg/kg; **p < 0.01 (  Ket 20 mg/kg vs Ket + FP 100 mg/kg;  Ket 20 mg/kg vs Ket + FP 50 
mg/kg + Ris)}; and nitrite concentrations (C) Controlled treated rats (F5, 22 = 3.708, p = 0.0188); (D) ketamine-treated mice {(F5, 26 
= 9.369, p < 0.0001; ++p < 0.01 (Saline vs Ket 20 mg/kg); *p < 0.05 (Ket 20 mg/kg vs  Ket + Ris 0.5 mg/kg); **p < 0.01 (Ket 20 mg/kg 

vs Ket + FP 50 mg/kg + Ris); ***p < 0.001 (Ket 20 mg/kg vs Ket + FP 25 mg/kg;  Ket 20 mg/kg vs Ket + FP 50 mg/kg)}. 
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Table 1: Binding affinities of major bioactive compounds from FP to some acknowledged target proteins for pharmacotherapy of 
schizophrenia 

S/N Protein PDB ID Compound/ligand Binding Affinity (Kcal/mol) 

1 Serotonin receptor 5HT1a 7E2Y 11-octadecanoic acid -5.2 

2 Serotonin receptor 5HT1a 7E2Y Pentadecanoic acid -3.9 

3 Serotonin receptor 5HT1a 7E2Y 2, 3-dimethylphenylisothiocyanate -4.4 

4 Serotonin receptor 5HT2b 5TVN 11-octadecanoic acid -4.5 

5 Serotonin receptor 5HT2b 5TVN Pentadecanoic acid -4.4 

6 Serotonin receptor 5HT2b 5TVN 2, 3-dimethylphenylisothiocyanate -5.2 

7 Serotonin receptor 5HT7 7XTC 11-octadecanoic acid -5.7 

8 Serotonin receptor 5HT7 7XTC Penta decanoic acid -4.9 

9 Serotonin receptor 5HT7 7XTC 2, 3-dimethylphenylisothiocyanate -4.7 

10 Metabotropic glutamate receptor mGlu3 7WI6 11-octadecanoic acid -2.8 

11 Metabotropic glutamate receptor mGlu3 7WI6 Pentadecanoic acid -3.7 

12 Metabotropic glutamate receptor mGlu3 7WI6 2, 3-dimethylphenylisothiocyanate -4.2 

13 Metabotropic glutamate receptor mGlu5 6FFI 11-octadecanoic acid -4.6 

14 Metabotropic glutamate receptor mGlu5 6FFI Pentadecanoic acid -4.6 

15 Metabotropic glutamate receptor mGlu5 6FFI 2, 3-dimethylphenylisothiocyanate -4.3 

16 Phosphodiesterase PDE10A 5XUI 11-octadecanoic acid -4.3 

17 Phosphodiesterase PDE10A 5XUI Pentadecanoic acid -4.0 

18 Phosphodiesterase PDE10A 5XUI 2, 3-dimethylphenylisothiocyanate -5.4 

19 Dopamine receptor D2 6VMS 11-octadecanoic acid -4.8 

20 Dopamine receptor D2 6VMS Pentadecanoic acid -4.2 

21 Dopamine receptor D2 6VMS 2, 3-dimethylphenylisothiocyanate -5.1 

 
 

 
Figure 8: Molecular interactions between (A) Serotonin receptor 5HT7 and 11-octadecanoic acid, (B) Metabotropic glutamate 
receptor mGlu5 and pentadecanoic acid, (C) Dopamine (D2) receptor and 2, 3-dimethylphenylisothiocyanate. The ligands are 
presented in brown stick, while the interacting atoms are presented in blue ball and stick presentations. 
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substantially (+p < 0.05) elevated the levels of MDA in the brain 
in contrast to rats treated with saline. Co-administration of 
ketamine with FP, RIS and FP + RIS significantly (F5, 20 =3.506, 
p = 0.0268; *p < 0.05) reduced the brain’s levels of MDA 
(Figure 5D). 
 
Effects of FP on the activities of Superoxide Dismutase 
(SOD) and Catalase (CAT) in rat brains 
Repeated administration of FP significantly (F5, 26 =17.55, p < 
0.0001; *p < 0.05; ***p < 0.001) elevated activity of CAT in rats’ 
brains in contrast to saline-treated rats (Fig. 6A). Injections of 
ketamine markedly (+p < 0.05) decreased CAT activity in 
contrast to saline-treated rats. Co-administration of ketamine 
with FP, RIS and FP + RIS significantly (F5, 22 = 18.11, p < 
0.0001; **p < 0.01; ***p < 0.001) increased CAT activity related 
to rats that received only ketamine. Repeated administration of 
FP, RIS and FP + RIS significantly (F5, 21 =9.801, p = 0.0002; 
**p < 0.01; ***p < 0.001) augmented SOD activity in contrast to 
saline-treated rats (Fig. 6C). Injections of ketamine significantly 
(++p < 0.01) reduced brain activity of SOD compared to rats that 
were treated with physiological saline. Co-administration of 
ketamine with FP, RIS and FP + RIS substantially (F5, 22 = 
35.43, p < 0.0001; ***p < 0.001) elevated activity of SOD in 
rats’ brain compared to rats that received only ketamine. Co-
administration of ketamine and FP + RIS substantially (&&p < 
0.01) reduced the effects of FP 50 mg/kg without significant 
effects on RIS (Figure 6D). 

 
Effects of FP on brain acetylcholinesterase (AChE) 
activities and nitric oxide (NO) concentrations in rats 
Repeated administration of FP, RIS and FP + RIS had no 
significant (F5, 23 = 0.4839, p = 0.7837) effects on AChE activity 
in rats’ brains (Figure 7A). Treatment with only ketamine 
substantially (+++p < 0.001) elevated the activity of AChE in rats’ 
brains, in contrast to rats that received only saline. 
Administration of FP, RIS and FP +RIS significantly (F5, 26 = 
5.636, p = 0.0019; *p < 0.05; **p < 0.01) reduced activity of 
AChE in rats’ brains compared to rats that received only 
ketamine. Treatment with RIS and FP + RIS significantly (F5, 22 

= 3.708, p = 0.0188) demonstrated effects on brain FP 
concentrations of NO. Repeated treatment with ketamine 
substantially (++p < 0.01) elevated NO concentrations 
compared to rats treated with saline. Administration of FP, RIS 
and FP + RIS substantially (F5, 26 = 9.369, p < 0.0001; *p < 0.05; 
**p < 0.01; ***p < 0.001) decreased NO concentrations in the 
brain compared to ketamine treated rats (Figure 7D). 

 
Molecular Interactions  
Table 1 shows a summary of the binding affinities of the major 
bioactive compounds from FP, including pentadecanoic acid, 
2, 3-dimethylphenylisothiocyanate and 11-octadecenoic acid 
to acknowledged drug targets for the management of 
schizophrenia. These compounds demonstrated binding 
affinities ranging from -2.8 to -5.7 Kcal/mol on serotonin 
receptors, metabotropic glutamate receptors, 
phosphodiesterase, and dopamine receptors with fairly strong 

molecular interactions. Molecular interactions of each of the 
three compounds with each of the receptors revealed 
numerous non-bonded interactions (Figure 8A, B & C). For 
instance, 11-octadecanoic acid formed one hydrogen bond 
with serotonin receptor 5HT7, involving the H30 hydrogen 
atom of the ligand and the OG1 atom of THR167. The 11-
octadecanoic acid had contact with 70 atoms within the van der 
Waals interacting distance of -0.4 Å. Similarly, binding between 
metabotropic glutamate receptor mGlu5 and pentadecanoic 
acid is mediated by one hydrogen bond and 40 van der Waals 
interactions. No hydrogen bond was involved in Dopamine 
receptor D2 interaction with 2, 3-dimethylphenylisothiocyanate; 
however, 23 Vander Waals were recoded. These interactions 
between these ligands and their respective receptors appear 
to be what is holding the ligands in their binding sites and are 
attributed to the strong binding affinities. 

 
DISCUSSION 
The present study revealed that extracts of Ficus platyphylla 
(FP) reversed ketamine-induced schizophrenic-like behaviors 
in rats via modulation of cholinergic, nitrergic and oxidative 
pathways. Twenty bioactive compounds were identified by 
GC–MS analysis of FP, with the main components being 
pentadecanoic acid, 2, 3-dimethylphenylisothiocyanate and 
11-octadecenoic acid. In silico molecular dicking studies 
demonstrated binding affinities of these major bioactive 
compounds from FP to acknowledged macromolecular drug 
targets for the management of schizophrenia, including 
dopamine, serotonin and metabotropic glutamate receptors, 
and phosphodiesterase [55–59] with fairly strong molecular 
interactions. 
Ketamine challenge is a suitable animal model for evaluating 
cognitive, negative and positive symptoms, age of onset, 
cholinergic, dopaminergic, GABAergic and nitrergic 
dysfunctions, oxidative stress, abnormal cortical alterations 
and functional dysconnectivity observed in schizophrenia [34, 
60–61].  
Ketamine induces schizophrenia-like behaviors, including 
hyperlocomotion, sensorimotor gating, and working memory 
deficiencies [62]. Repeated exposure to sub-anaesthetic 
doses of ketamine induces positive and negative phenotypes: 
working memory impairments, sensorimotor gating, and 
hyperlocomotion; prepulse inhibition (PPI) reduces acoustic 
startle responses’ sensorimotor gating, impairment of working 
memory and increased ambulatory activity [33. 63–67], thus 
confirming that NMDA receptor dysfunction has a role in the 
development of schizophrenia. Moreover, Glutamate release 
at the prefrontal cortex (PFC) is increased by blocking the 
NMDA receptor [68], and pyramidal neurons become more 
excitable [69]. The capacity to restore PFC functions may offer 
potential treatment strategies in addition to behavior testing, as 
PFC dysfunction has been linked to behaviors associated with 
schizophrenia [70]. 
 
Ketamine inhibits gamma-aminobutyric acid (GABA) 
interneurons’ NMDA receptors and reduces GABAergic 
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inhibitory tone [71–73], resulting in disinhibition of excitatory 
systems [68, 72, 74] and increased PFC’s dopamine release, 
leading to psychotic disorders [33, 68, 74 – 78] and 
hyperlocomotion [74]. Ketamine-induced hyperlocomotion 
resulting from  
blocking GABAergic neurons' NMDA receptors in the 
subcortical and limbic areas of the brain is an acceptable 
model for screening new substances that may have 
antipsychotic effects in rodents [34, 61]. Hyperlocomotion 
connotes the positive symptoms of schizophrenia and is 
connected to augmented limbic striatal circuits' neural activity 
[79 – 80]. Compounds with antipsychotic properties attenuate 
ketamine-enhanced hyperlocomotion [34, 61]. In this study, 
FP, RIS and FP + RIS significantly reversed ketamine 
enhanced hyperlocomotion, suggesting antipsychotic-like 
activity in rats. The concomitant administration of both FP and 
RIS to ketamine treated rats significantly potentiated the 
effects of RIS on ketamine enhanced hyperlocomotion, 
indicating that FP might improve RIS's ability to treat positive 
symptoms of schizophrenia. In comparison to the saline-
treated group, FP and RIS markedly reduced locomotor activity 
in the control rats. 
Depressive symptoms, which have long been identified as a 
separate symptom domain of schizophrenia, and can arise at 
any point throughout illness, are frequently present in 
conjunction with the illness [81]. Depressive symptoms in 
schizophrenia may be psychological in nature, or they could be 
a fundamental symptom of the psychotic illness that eventually 
manifests as negative symptoms [81]. The brain mechanism 
underlying depression in schizophrenia is still fundamentally 
unknown. Studies have shown that neuroinflammation plays a 
part in schizophrenia and depression by impairing neuronal 
calcium activity in the thalamic nuclei and cortico-limbic circuit. 
[82–83]. Research on schizophrenia and depression in animals 
should yield important insights for clinical diagnosis and 
treatments [83]. The effects of FP on ketamine-enhanced 
depressed behavior, a negative sign of schizophrenia, were 
investigated using FST, an animal model for depression. 
Repeated application of ketamine in this study significantly 
enhanced immobility in FST. FP and RIS reduced the 
ketamine-treated rats' immobility period, which improved their 
depressive-like behaviour. Furthermore, in controlled rats that 
received FP and RIS, only significantly decreased immobility 
time in FST and oral administration of FP and  RIS together 
markedly enhanced the effects of FP 50 mg/kg, indicating that 
RIS might improve FP's effectiveness in treating negative 
symptoms of schizophrenia. 
Here, NORT was employed to evaluate how FP affected 
cognitive symptoms that are often associated with 
schizophrenic disorders. This test is used for evaluating 
various aspects of learning and memory, including working, 
both long-term and short-term memory, which are believed to 
be impaired in schizophrenia [41, 84]. Several studies have 
reported impairment of memory and learning after long-term 
ketamine infusions, including mechanisms linked to blockage 
of the α-7nACh receptor [85], an increase of AChE enzyme 

activity [80], and the release of proinflammatory cytokines [86 
– 88]. In the present study, ketamine significantly decreased 
memory performance in NORT akin to previous studies [33, 34, 
89]. Given that FP can correct ketamine-induced memory 
impairments, it suggests that it may be useful in treating 
cognitive abnormalities in psychotic patients. 
Dysfunctions in central cholinergic, dopaminergic, 
glutaminergic and serotonergic pathways [80] as well as 
nitrergic and oxidative alterations are implicated in the 
pathogenesis of schizophrenia [90–91]. Studies have proven 
that ketamine escalates central synaptic cortical AChE 
enzymatic activity, reduces brain concentrations of ACh and 
cholinergic neurotransmissions culminating in ketamine-
induced memory impairment [80]. FP reversed the elevated 
ketamine-induced AChE activity and enhanced cholinergic 
neurotransmissions to ameliorate memory deficit in this study.  
Nitrergic and oxidative alterations are linked to the 
development of numerous neuropsychiatric disorders, 
including schizophrenia [33, 90]., Consequently, the 
suppression of oxidative stress and nitrergic pathways is are 
new therapeutic methodology for alleviation of neuronal 
damage ad altered signal processes in schizophrenic brains 
[92–93]. Nitric oxide (NO) is involved in the storage, 
absorption, and release of neurotransmitters and mediators, 
including acetylcholine, GABA, glutamate, glycine, 
noradrenaline and taurine, as well as peroxidation and reactive 
oxidative stress [94]. Investigations revealed substantial 
alterations in NO levels in brain structure and fluids of 
schizophrenic patients that culminate in neurodevelopmental 
changes associated with the disease, and antipsychotics can 
change the brain's NO metabolism by suppressing the activity 
of nNOS [93, 95]. Studies have demonstrated that nitric oxide 
levels are elevated in post-mortem brain tissue [96–98] and in 
plasma [91, 99] of schizophrenics, which substantiates the 
relationship between schizophrenia and NO synthase activity. 
In this investigation, a sub-aesthetic dosage of ketamine 
administered repeatedly increased the brain levels of nitrite in 
rats, which were reversed by FP and RIS co-administration. 
Our findings corroborate earlier studies demonstrating that 
treatments with clozapine and risperidone reversed the 
increased nitrite levels in mice's whole and specific brain 
regions [33, 34, 61]. There were no significant effects of FP 
and RIS on treatments in the control-treated rats, 
One prevalent pathogenic route that underlies the 
pathophysiology of schizophrenia is oxidative stress. High 
oxygen consumption can lead to oxidative stress in the brain 
and elevated levels of polyunsaturated fatty acids in the 
membrane that is susceptible to lipid peroxidation, a low 
antioxidant defence system and activity that is redox regulated 
at glutamate and dopamine receptors [90, 100]. Lipid 
peroxidation, which results in neuronal degeneration and 
changes in neurotransmission, is caused by ROS and RNS 
molecules that alter D2 and N-methyl-D-aspartate (NMDA) 
receptors to modulate dopaminergic and glutamatergic 
neurotransmissions [33, 100–102], which makes them 
candidates for the treatment of negative and cognitive 
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symptoms associated with schizophrenia [84] believed to be 
connected with deceased antioxidant defense systems and 
increased oxidative stress [33]. To evaluate the effects of FP 
on the antioxidant defence status of the brain in rats treated 
with ketamine, we measured the levels of GSH and MDA as 
well as the activities of CAT and SOD. Continuous 
intraperitoneal injections of sub-anaesthetic doses of ketamine 
markedly elevated MDA, decreased GSH, and decreased CAT 
and SOD activity [61]. FP raised GSH levels as well as SOD 
and CAT activities, but MDA concentrations were reduced to 
ameliorate oxidative stress in ketamine treated rats, which 
supports the therapeutic benefits of FP in the management of 
schizophrenia. 
 

CONCLUSION 
The results showed that Ficus platyphylla modulates 
cholinergic, nitrergic, and oxidative pathways to correct 
schizophrenic-like symptoms in rats produced by ketamine. 
The major bioactive compounds in FP demonstrated binding 
affinities for recognized macromolecular drug targets for the 
management of schizophrenia including dopamine, serotonin 
and metabotropic glutamate receptors, and phosphodiestrase. 
These findings also suggest that co-administration of Ficus 
platyphylla extracts may improve risperidone's effectiveness in 
treating cognitive, negative, and positive symptoms of 
schizophrenia. 
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