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ABSTRACT 

Background and Purpose: Schizophrenia is a chronic, debilitating psychiatric disorder 

affecting many young adult populations worldwide. Evidence from studies of central changes 

in the oxidative defense system suggests the involvement of oxidative stress in the 

pathophysiology of schizophrenia. Jobelyn® (JB) is a commercial polyherbal formulation that 

has been documented to show beneficial effects on psychosis. Preliminary evidence from 

animal studies suggests that JB is efficacious in animal models of schizophrenia. This study 

investigated the effects of JB in the prevention and reversal of ketamine-induced 

schizophrenia-like behaviors and oxidative damage in mice.  

Methods: In the reversal protocol, mice received ketamine (20 mg/kg, i.p.) or saline for 14 

days, and JB (5, 10, or 50 mg/kg), risperidone (0.5 mg/kg, i.p.), or vehicle from days 8 to 14. 

In the prevention protocol, mice were pretreated with JB (5, 10, or 50 mg/kg daily), 

risperidone, or vehicle prior to ketamine. Behaviors related to positive (locomotor activity) 

and cognitive (Y-maze test) symptoms of schizophrenia were also assessed. Oxidative stress 

markers, including superoxide dismutase (SOD), catalase (CAT), glutathione (GSH), and 

thiobarbituric acid-reactive substances (TBARS) levels, were measured in the whole brain.  

Results: JB and risperidone significantly (P<0.05) prevented and reversed ketamine-induced 

hyperlocomotion and memory impairment. Ketamine-induced reductions (P<0.05) in SOD, 

CAT, and GSH levels, alongside increased TBARS content, were ameliorated by JB (P<0.05).  

These data provide a rationale for evaluating JB as a novel antipsychotic agent and suggest 

that its mechanism of action includes a neuroprotective antioxidant mechanism. 

Conclusion: Our findings showed that Jobelyn® prevented and reversed schizophrenia-like 

behavioral and oxidative alterations induced by ketamine. 
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INTRODUCTION 

Schizophrenia is a chronic, debilitating psychiatric disorder 

affecting 1% of the world's population (GBD Mental 

Disorders Collaborators, 2022; Solmi et al., 2023). It is a 

major health challenge in modern medicine and one of the 

last frontiers of brain research (Correll et al., 2024). It is a 

relatively common, chronic, and frequently devastating 

neuropsychiatric disorder (Benvenutti et al., 2022; Okubo 

et al., 2024), and it imposes a disproportionately large 

economic burden in terms of hospitalization, chronic 

treatment and rehabilitation, and lost productivity. 

Schizophrenia is a clinical syndrome with peak onset in late 

adolescence or early adulthood, and its symptoms have long 

been reported to manifest across multiple domains of 

behavior (Robinson et al., 1999). The full syndrome is 

characterized by positive symptoms (delusions and 

hallucinations), negative symptoms (impaired volition, 

affective flattening, social withdrawal), and cognitive 

symptoms (impaired memory and information processing) 

(Lewis and Lieberman, 2000; Zhu et al., 2014).  

Impaired interpersonal relations and cognitive function are 

increasingly recognized as core features of schizophrenia 

and are thought to be intrinsic to its pathogenesis (Elvevag 

and Goldberg, 2000). Cognitive impairments often precede 

the first psychotic episode (Erlenmeyer-Kimling et al., 

2000), are stable over time (Albus et al., 2002; Reichenberg 

et al., 2010), and strongly correlate with functional outcome 

(Green et al., 2000; Green and Nuechterlein, 2004; Eneni et 

al. 2025). Existing therapies do not adequately address 

these aspects of the disease, in part reflecting the 

generalized nature of schizophrenic deficits, which span 

several neuropsychological domains (Heinrichs and 

Zakzanis, 1998). Although the pathophysiological 

mechanisms associated with this disease remain unclear, 

the dopamine (DA) hypothesis has dominated theories of 

schizophrenia for several decades (McCutcheon et al., 

2020; Howes et al., 2024). However, focusing on the DA 

system has led to limited progress in understanding the 

pathophysiological processes in schizophrenia and, 

subsequently, to minimal development of novel 

therapeutics (Miyamoto et al., 2012). In the past two 

decades, hypotheses of schizophrenia have progressed 

beyond the DA hypothesis. In a major paradigm shift 

regarding the etiology of schizophrenia, it has been 

proposed that numerous genetic and environmental risk 

factors converge on the N-methyl-D-aspartate receptor 

(NMDAR)-mediated glutamatergic system, resulting in 

NMDAR hypofunction in the limbic system during 

neurodevelopment (Krystal et al., 1994; Okubo et al., 

2024), and possibly oxidative alterations, based on the 

redox regulatory role of these NMDA receptors (Javitt et 

al., 1998; Wood et al., 2010, Eneni et al., 2025). 

In this context, relatively little progress has been made in 

developing new therapeutic targets for negative and 

cognitive symptoms, despite the presence of compensatory 

mechanisms for neuroprotective actions (Buckley and 

Stahl, 2007). The relative absence of genuinely novel 

psychotropic agents for the most severe and persistent 

psychiatric disorders is largely a consequence of the lack of 

sufficient disease models (Chatterjee et al., 2012; Yee and 

Singer, 2013). A widely used animal model of 

schizophrenia involves the acute or repeated administration 

of phencyclidine and ketamine (Becker and Grecksch, 

2004; Chatterjee et al., 2012). Ketamine has been used 

clinically as a dissociative anesthetic since the 1960s and is 

regarded as a noncompetitive glutamate N-methyl-d-

aspartic acid (NMDA) receptor antagonist (Martin and 

Lodge, 1985). Subanesthetic doses of NMDA receptor 

antagonists, such as ketamine (20–50 mg/kg), induce 

behavioral and neurochemical changes associated with 

symptoms of schizophrenia in humans and animals (Verma 

and Moghaddam, 1996; Lahti et al., 2001; Nikiforuk et al., 

2013) and have been found to be associated with positive, 

negative, and cognitive symptoms (Chatterjee et al., 2012) 

as well as oxidative alterations (Ben-Azu et al., 2019; 

Ebrahimi et al., 2023; Moghaddam et al., 2024).  

Plants have offered mankind the first medicine, reserpine, 

clinically used for the treatment of psychotic disorders 

before the advent of chlorpromazine (Bleuler and Stoll, 

1955). Currently, especially in developing countries such as 

Nigeria, most patients with psychosis still depend on 

medicinal plants for the management of the disease 

(Omogbiya et al., 2013). One of the best approaches in the 

search for new medicines from plant sources (Omogbiya et 

al., 2013). 

Jobelyn® (JB), a unique polyherbal preparation used as an 

antianemic, immune booster, and energizer, is widely used 

by natives of Western Nigeria to treat neurological 

disorders, especially epilepsy in children (Okochi et al., 

2003; Oshiokoya et al., 2008; Omogbiya et al., 2021). JB is 

available as capsules and suspensions for the treatment of 

anemia and rheumatoid arthritis (Erah et al., 2003). It is also 

used to combat stress and promote general well-being 

(Oshiokoya et al., 2008; Omogbiya et al., 2021). JB is rich 

in several phytochemicals, including proanthocyanidins, 

anthocyanidins, apigenidins, proapigenidins, apigenins, 

luteolins, naringenins, flavonoids, and polyphenols (Erah et 

al., 2003; Okochi et al., 2003; Adeleke et al., 2025). Most 

of these compounds are present in the Sorghum bicolor, one 

of the herbal constituents of JB, and these phytochemicals 

have been found to exhibit a wide range of biological 

activities (Awika et al., 2004; Heo et al., 2004; Adeleke et 

al., 2025). JB also contains other phytochemicals obtained 

from Parquetina nigrescens (Periplocaceae) and 

Harungana madagascariensis (Clusiaceae). Apigenin, 

luteolin, and naringenin have been shown to exert 

neuroprotective effects and reduce neuroinflammation, 

indicating their therapeutic efficacy in central nervous 
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system (CNS) disorders (Awika et al., 2004; Heo et al., 

2004). Although previous studies have confirmed the 

antipsychotic property of JB (Omogbiya et al., 2013), no 

studies have elucidated its possible neuroprotective effect 

in psychosis. Therefore, this study aimed to elucidate the 

mechanisms behind its potential neuroprotective effect and 

extend knowledge regarding JB’s putative psychotropic 

properties by (1) investigating the possible effects of JB in 

the prevention and/or reversal of ketamine-induced 

schizophrenia-like behavior and (2) determining the effects 

of JB against ketamine-induced oxidative imbalance by 

measuring reduced glutathione (GSH), superoxide 

dismutase (SOD), catalase (CAT) levels, and lipid 

peroxidation, as indexed by malondialdehyde (MDA) 

content in mice, since oxidative damage has been 

implicated in the pathophysiology of schizophrenia (Wood 

et al., 2009; Zhang et al., 2010; Ben-Azu et al., 2022). 

 

MATERIALS AND METHODS 

 

Animals 

Adult male Swiss albino mice (Mus musculus) weighing 

20-25 g used in this study were obtained from the Central 

Animal House, Faculty of Basic Medical Sciences, Delta 

State University, Abraka. The animals were housed five per 

plastic cage (42 × 30 × 27 cm) in a controlled environment 

at 25±1°C with a 12:12 light/dark cycle. They were fed 

standard rodent pellets and water ad libitum throughout the 

experimental period. They were acclimatized for at least a 

week prior to the commencement of the experiments. All 

procedures in this study were performed in compliance with 

the National Institutes of Health Guide for Care and Use of 

Laboratory Animals (Publication No. 85-23, revised 1985) 

and approved by the University of Ibadan Animal Care and 

Use Research Ethics Committee (UI-

ACUREC/App/12/2016/01). 

 

Drugs 

The following drugs were used: ketamine hydrochloride 

(Sigma-Aldrich, St. Louis, USA), diluted in distilled water 

and administered intraperitoneally (i.p.); risperidone (RIS) 

(Sigma-Aldrich, St. Louis, USA), dissolved in distilled 

water and administered per os (p.o.); and JB, dissolved in 

distilled water. The doses (5, 10, or 50 mg/kg) of JB used 

in the present study were chosen according to the results of 

the preliminary study by Omogbiya et al. (2013). 

Appropriate vehicle groups were also assessed 

simultaneously per os at 10 mL/kg. Risperidone was used 

as a standard antipsychotic because the ketamine-induced 

model of schizophrenia has been shown to be more 

responsive to atypical antipsychotics (Becker and 

Grecksch, 2004).  

 

 

Experimental Procedure 

Briefly, in the prevention paradigm, the maintenance 

treatment phase of schizophrenia was simulated (Leucht et 

al., 2003). Different groups of animals (n=5) were treated 

daily with vehicle, JB (5, 10, or 50 mg/kg, p.o.), or 

risperidone 0.5 mg/kg, p.o., for 14 days. Between the eighth 

and 14th days, these animals additionally received a daily 

dose of ketamine (20 mg/kg, i.p.) or vehicle 30 min after JB 

administration. In the reversal model, the acute treatment of 

psychotic episodes was simulated (Hatta et al., 2009). 

Briefly, each animal group received a daily i.p. injection of 

either ketamine (20 mg/kg) or vehicle for 14 days. From the 

eighth day of treatment onwards, these animals additionally 

received daily oral administration of the vehicle JB (5, 10, 

and 50 mg/kg) or of risperidone (0.5 mg/kg), with a 30-min 

interval between treatments. Behavioral assessments of 

locomotor activity, evaluated using the open field test 

(OFT), and spatial recognition memory, evaluated using the 

Y-maze task (YMT), were conducted on the 14th day of 

treatment, 30 min after the last drug administration.  

 

Behavioral Analysis 

Open-Field Test (OFT) 

Locomotor behavior was monitored using the open field 

apparatus. The apparatus consisted of a wooden box 

measuring 35 × 30 × 23 cm, with visible lines dividing the 

floor into 36 (20 cm × 20 cm) squares and a front glass wall 

(Omogbiya et al., 2013), and was placed in a soundproof 

room. The animals were placed in the rear-left square and 

allowed to explore. The duration of ambulation and the 

number of lines crossed were recorded for 5 min using a 

stopwatch. After each mouse session, the observation 

chamber was cleaned with 10% ethanol to remove olfactory 

cues. 

 

Y-maze Test (YMT) 

The effect of JB on spontaneous alternation performance, 

which serves as an index of spatial working memory, was 

assessed using the Y-maze test (YMT) to evaluate the 

cognitive impairment associated with schizophrenia, as 

described by Akanmu et al. (2007). Animals were gently 

placed individually in the Y-maze apparatus, which 

consisted of three identical arms (33 × 11 × 12 cm each) 

symmetrically separated at 120° (Dall’igna et al., 2007). 

Specifically, each mouse was placed at the end of arm A 

and allowed to explore all three arms (labeled A, B, C) 

freely for 5 min, with the following parameters recorded: 

the number of arm visits and the sequence (alternation) of 

arm visits, assessed visually (Luszczki et al., 2005). The 

percentage of alternation was calculated as the total number 

of alternations/(total arm entries − 2), as previously 

described (Yamada et al., 1996; Dall’igna et al., 2007). 

After each mouse session, the observation chamber was 

cleaned with 10% ethanol to remove olfactory cues. 
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Biochemical Assays 

Following behavioral determinations, mice were sacrificed 

by decapitation under ether anesthesia and dissected. 

Thereafter, the whole brains were harvested, and each brain 

was homogenized with 5 mL of 10% w/v phosphate buffer 

(0.1 M, pH 7.4). Each brain tissue homogenate was 

centrifuged at 10,000 rpm for 10 min at 4°C. The pellet was 

discarded, and the supernatant was immediately divided 

into portions for oxidative stress measurements such as 

glutathione (GSH), catalase (CAT), superoxide dismutase 

(SOD), and thiobarbituric acid reactive substances 

(TBARS) levels (Misra and Fridovich, 1972; Ohkawa et al. 

1979; Aksenov and Markesbery, 2001). Additionally, 

protein was measured using the Biuret reagent assay, with 

bovine serum albumin as the standard. 

 

Superoxide Dismutase Assay 

SOD activity was assessed using the method outlined by 

Misra and Fridovich (1972). This technique relies on 

detecting the inhibition of superoxide-driven adrenaline 

auto-oxidation in a spectrophotometer set at 480 nm. The 

specific activity of SOD was expressed as units per 

milligram of protein. 

 

Catalase Assay 

Catalase (CAT) activity was assayed by the method of 

Sinha (1972). Hydrogen peroxide (H2O2) disappearance 

was continuously monitored spectrophotometrically at 570 

nm by measuring its absorbance in two cuvettes at 60- and 

180-second intervals. Catalase activity was expressed as 

µmol of H2O2 decomposed per minute per mg of protein. 

 

Glutathione (GSH) Assay 

This assay was performed as described by Aksenov and 

Markesbery (2001) and is based on the reduction of 5,5'-

dithiobis (2-nitrobenzoic acid) (DTNB) by thiols, which in 

turn become oxidized (disulfide), generating a yellow 

derivative, Trinitrobenzene (TNB), whose absorbance is 

measured spectrophotometrically at 412 nm. The amount of 

reduced glutathione in the sample was proportional to the 

absorbance at this wavelength. The concentration of 

reduced GSH in the brain tissues was expressed as 

nanomoles per milligram of tissue (nmol/mg protein). 

 

Lipid Peroxidation Assay 

Lipid peroxide formation was assessed by measuring 

thiobarbituric acid reactive substances (TBARS) using the 

method of Ohkawa et al. (1979). The samples were briefly 

mixed with 50 mM potassium phosphate monobasic buffer, 

pH 7.4. The homogenate (63 μL) was mixed with 100 μL 

of 35% perchloric acid, then the samples were centrifuged 

(5000 rpm/10 min). A quantity (150 μL) of the supernatant 

was collected and mixed with 50 μL of 1.2% thiobarbituric 

acid, then heated in a boiling water bath for 30 min. After 

cooling, lipid peroxidation was determined by the 

absorbance at 535 nm and expressed as nanomoles per 

milligram of tissue (nmol/mg protein) of malondialdehyde 

(MDA). 

Statistical Analysis 

The data are expressed as Mean ± S.E.M.  The data were 

analyzed using one-way analysis of variance (ANOVA), 

followed by a post hoc test (Bonferroni) where appropriate, 

with GraphPad InStat® Biostatistics software (GraphPad 

Software, Inc., La Jolla, USA, version 5.0). A level of 

P<0.05 was considered statistically significant for all tests. 

 

RESULTS 

Prevention and Reversal of Ketamine-Induced 

Hyperlocomotion by JB 

In the prevention protocol [F (5, 24) = 38.48, P<0.0001] 

(Figure 1A) and the reversal protocol [F (5, 24) = 49.66, 

P<0.0001] (Figure 1B), ketamine administration 

significantly increased the number of line crossings 

(hyperlocomotion) in the OFT and reduced the ambulation 

time in seconds for groups treated with ketamine alone as 

compared to vehicle-treated groups. This was observed in 

both the prevention [F (5, 24) = 51.17, P<0.0001] (Figure 

2A) and reversal protocols [F (5, 24) = 43.49, P<0.0001] 

(Figure 2B) when compared to animals treated with the 

vehicle (10 mL/kg, p.o.). In the prevention protocol, 

administration of JB (5 and 10 mg/kg, p.o.) and risperidone 

(0.5 mg/kg, p.o.) prevented (P<0.05) ketamine-induced 

hyperlocomotion and reduced ambulation time, except for 

JB (50 mg/kg), which was not significant. In the reversal 

protocol, JB (5, 10, and 50 mg/kg) and risperidone (0.5 

mg/kg, p.o.) significantly (P<0.05) reversed ketamine-

induced hyperlocomotion, as indicated by decreased line 

crossings and increased ambulation time. 

 

Prevention and Reversal of the Ketamine-Induced 

Memory Impairment by JB 

In the assessment of spatial working memory performance 

(Figures 3A and 3B), animals treated with ketamine showed 

a significant reduction in the percentage of correct 

alternations in the Y-maze during both the preventive [F (5, 

24) = 8.215, P<0.0001] and reversal [F (5, 24) = 24.32, 

P<0.0001] protocols, compared to the vehicle group (10 

mL/kg, p.o.). In both protocols, administration of JB (5, 10, 

and 50 mg/kg, p.o.) and risperidone (0.5 mg/kg, p.o.) 

significantly (P<0.05) prevented and reversed the 

ketamine-induced impairment in the percentage of correct 

alternations. 
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Prevention and Reversal of the Ketamine-Induced 

Memory Impairment by JB 

In the assessment of spatial working memory performance 

(Figures 3A and 3B), animals treated with ketamine showed 

a significant reduction in the percentage of correct 

alternations in the Y-maze during both the preventive [F (5, 

24) = 8.215, P<0.0001] and reversal [F (5, 24) = 24.32, 

P<0.0001] protocols, compared to the vehicle group (10 

mL/kg, p.o.). In both protocols, administration of JB (5, 10, 

and 50 mg/kg, p.o.) and risperidone (0.5 mg/kg, p.o.) 

significantly (P<0.05) prevented and reversed the 

ketamine-induced impairment in the percentage of correct 

alternations. 

 

Prevention of Ketamine-induced Brain Oxidative Stress 

by JB 

We also assessed JB's impact on whole-brain biochemical 

markers of oxidative stress. In preventive treatment, 

ketamine significantly reduced SOD activity [F(5, 24) = 

43.08, P<0.0001] compared to the vehicle group (Figure 

4A). Pretreatment with JB (5, 10, and 50 mg/kg, p.o.) and 

risperidone (0.05 mg/kg, p.o.) significantly (P<0.05) 

prevented the ketamine-induced decrease in SOD activity. 

Ketamine also markedly decreased CAT activity and GSH 

levels in the entire brain [F(5, 24) = 23.04, P<0.0001] 

(CAT) and [F(5, 24) = 44.01, P<0.0001] (GSH) (Figure 4B 

and 4C) compared to the vehicle group. Similarly, 

pretreatment with JB (5, 10, and 50 mg/kg, p.o.) and 

 

 

Figure 1: Preventive effect of JB administration (x14 days) on 

ketamine-induced (x7 days) hyperactivity in mice. A: number of 

line crossings; B: ambulation time. Value represents the mean ± 

S.E.M of 5 animals/group. **P<0.05 compared with the vehicle 

group; *P<0.05 with the ketamine group. One-way ANOVA plus 

Bonferroni post hoc test. VEH = Vehicle, KET = Ketamine, RIS 

= Risperidone, JB = Jobelyn®. 

 

 

 

0

50

100

150

200

250

300

VEH

KET (20 mg/kg)

KET + JB (5 mg/kg)

KET + JB (10 mg/kg)

KET + JB (50 mg/kg)

KET + RIS (0.5 mg/kg)

**

*
*

*

Treatments

A
m

b
u

la
ti

o
n

 T
im

e
 (

S
e
c

s
)

0

20

40

60

80

100

120

140

160

VEH

KET (20 mg/kg)

KET + JB (5 mg/kg)

KET + JB (10 mg/kg)

KET + JB (50 mg/kg)

KET + RIS (0.5 mg/kg)

**

*

* *

Treatments

N
u

m
b

e
r
 o

f 
L

in
e

 C
r
o

s
s
in

g

A B 

 

 

 

0

50

100

150

200

250

300

VEH

KET (20 mg/kg)

KET + JB (5 mg/kg)

KET + JB (10 mg/kg)

KET + JB (50 mg/kg)

KET + RIS (0.5 mg/kg)

**

*
*

*

Treatments

A
m

b
u

la
ti

o
n

 T
im

e
 (

S
e
c
s
)

0

20

40

60

80

100

120

140

160

VEH

KET (20 mg/kg)

KET + JB (5 mg/kg)

KET + JB (10 mg/kg)

KET + JB (50 mg/kg)

KET + RIS (0.5 mg/kg)

**

*

* *

Treatments

N
u

m
b

e
r
 o

f 
L

in
e

 C
r
o

s
s
in

g

A B 

 

 

Figure 2: Reversal effect of JB (x7 days) on following 14 days of 

ketamine-induced hyperactivity in mice. A: number of line 

crossings; B ambulation time.  Value represents the mean ± S.E.M 

of 5 animals/group. **P<0.05 compared with the vehicle group; 

*P<0.05 with the ketamine group. One-way ANOVA plus 

Bonferroni post hoc test. VEH = Vehicle, KET = Ketamine, RIS 

= Risperidone, JB = Jobelyn®. 
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risperidone (0.05 mg/kg, p.o.) significantly (P<0.05) 

mitigated the reductions in CAT activity and GSH levels 

caused by ketamine. Lastly, in preventive treatment, 

ketamine increased lipid peroxidation, as measured by 

MDA levels, in the whole brain [F(5, 24) = 95.34, 

P<0.0001] {Figure 4D}, reflecting decreased endogenous 

antioxidant levels compared to the vehicle group. 

Pretreatment with JB (5, 10, and 50 mg/kg, p.o.) and 

risperidone (0.5 mg/kg, p.o.) significantly (P<0.05) 

prevented the ketamine-induced rise in lipid peroxidation, 

as indicated by lower MDA levels in the neurochemical 

assay. 

 

 

Figure 3: Effect of JB on ketamine-induced memory impairment 

as measured by alternation in mice. A: preventive effect of JB (x 

14 days); B: reversal effect after 7 days administration of 

ketamine. Value represents the mean ± S.E.M of 5 animals/group. 

**P<0.05 compared with the vehicle group; *P<0.05 with the 

ketamine group. One-way ANOVA plus Bonferroni post hoc test. 

VEH = Vehicle, KET = Ketamine, RIS = Risperidone, JB = 

Jobelyn®. 
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Figure 4: Preventive effect of JB administration (x14 days) on 

ketamine-induced (x days) changes in activities/levels of 

oxidative stress markers in mice brain. A: superoxide dismutase 

(SOD); B: catalase (CAT); C: glutathione (GSH); D: 

malondialdehyde (MDA). Value represents the mean ± S.E.M of 

5 animals/group. **P<0.05 compared with the vehicle group; *-

P<0.05 with the ketamine group. One-way ANOVA plus 

Bonferroni post hoc test. VEH = Vehicle, KET = Ketamine, RIS 

= Risperidone, JB = Jobelyn®. 
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Reversal of Ketamine-induced Brain Oxidative Stress 

by JB 

In the reversal treatment, SOD and CAT activities followed 

the same pattern and were significantly decreased by 

ketamine administration [F (5, 24) = 55.92, P<0.0001] 

(SOD activity) and [F (5, 24) = 25.86, P<0.0001] (CAT 

activity) (Figure 5A and 5B), compared with the vehicle-

treated group. Administration of JB (5, 10, and 50 mg/kg, 

p.o.) and risperidone significantly reversed (P<0.05) the 

decrease in SOD and CAT activities in the whole brain 

compared with the group treated with ketamine only. As 

observed in the prevention treatment, ketamine 

administration also significantly decreased the GSH 

concentration [F (5, 24) = 34.98, P<0.0001] (Figure 5C) 

compared with the vehicle-treated group (10 mL/kg, p.o.). 

Treatment with JB (5, 10, and 50 mg/kg, p.o.) and 

risperidone (0.05 mg/kg, p.o.) significantly reversed 

(P<0.05) the decrease in GSH concentration in the whole 

brain compared with the group treated with ketamine only. 

As observed in the prevention protocol, ketamine 

administration also significantly increased lipid 

peroxidation, as indicated by an increase in MDA content 

[F (5, 24) = 34.56, P<0.0001] following the neurochemical 

assay (Figure 5D). However, in the same context, treatment 

with JB (5, 10, and 50 mg/kg, p.o.) and risperidone (0.5 

mg/kg, p.o.) significantly reversed (decreased) ketamine-

induced lipid peroxidation (P<0.05), as evidenced by a 

decrease in MDA content. 

 

 

Figure 4 (Cont’d): Preventive effect of JB administration (x14 

days) on ketamine-induced (x days) changes in activities/levels of 

oxidative stress markers in mice brain. A: superoxide dismutase 

(SOD); B: catalase (CAT); C: glutathione (GSH); D: 

malondialdehyde (MDA). Value represents the mean ± S.E.M of 

5 animals/group. **P<0.05 compared with the vehicle group; *-

P<0.05 with the ketamine group. One-way ANOVA plus 

Bonferroni post hoc test. VEH = Vehicle, KET = Ketamine, RIS 

= Risperidone, JB = Jobelyn®. 
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Figure 5: Reversal effect of JB (x7 days) on 14 days ketamine-

induced changes in activities/levels of oxidative stress markers in 

mice brain. A: superoxide dismutase (SOD); B: catalase (CAT); 

C: glutathione (GSH); D: malondialdehyde (MDA). Value 

represents the mean ± S.E.M of 5 animals/group. **P<0.05 

compared with the vehicle group; *P<0.05 with the ketamine 

group. One-way ANOVA plus Bonferroni post hoc test. VEH = 

Vehicle, KET = Ketamine, RIS = Risperidone, JB = Jobelyn®. 
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DISCUSSION 

Animal models used to study schizophrenia include both 

models of positive, negative, and cognitive symptoms and 

models of oxidative damage (Zhang et al., 2010). This 

study investigated the antipsychotic effect of JB and the 

underlying mechanisms. Therefore, our data suggest that JB 

may have a novel therapeutic effect in the management of 

different phases of schizophrenia.  

Schizophrenia is a heterogeneous chronic mental disease 

characterized by severe behavioral perturbations, including 

breakdown of thought processes and deficits in typical 

emotional responses (GBD Mental Disorders 

Collaborators, 2022; Howes et al., 2024). The symptoms 

and etiology of neuropsychiatric disorders like 

schizophrenia have been strongly linked to abnormalities in 

neurotransmitters such as dopamine, serotonin (5-HT), and 

gamma-aminobutyric acid (GABA), as well as to various 

systems involved in their transmission (McCutcheon et al., 

2020). Recently implicated are low levels of antioxidants in 

the brain that counteract reduction-oxidation (redox) 

reactions (Fraguas et al., 2017; Palaniyappan et al., 2021; 

Pillinger et al., 2022). Studies have demonstrated that 

subanesthetic doses of ketamine induce schizophrenia-like 

symptoms in humans, as well as behavioral activation 

(Lahti et al., 1995), and oxidative alterations in 

experimental animals (Behrens et al., 2009).  

Ketamine has been shown to act through noncompetitive 

blockade of NMDA glutamate receptors (NMDARs) 

(Krystal et al., 1994). Indeed, the positive and negative 

symptoms, as well as cognitive impairments, induced by 

ketamine (Hou et al., 2013) have been partially attributed to 

the blockade of NMDARs. Administration of ketamine 

thereby indirectly increases dopamine availability by 

decreasing activity in the glutamate-dopamine pathway 

(Geyer and Maghaddam, 2002). This is because NMDAR 

stimulation inhibits mesolimbic dopamine release but 

facilitates mesocortical dopamine release (Krystal et al., 

1994). Sub-anesthetic doses of ketamine produce several 

excitatory effects after systemic administration, and these 

effects result either from disinhibitory actions or from 

disruption of the negative feedback regulation of excitatory 

amino acid-secreting neurons (Duncan et al., 1998). The 

disinhibition of GABAergic neurons in limbic and 

subcortical brain regions leads to increased neuronal 

activity in limbic-striatal circuits via increased glutamate 

and dopamine release; these neurochemical events are 

associated with positive symptoms of schizophrenia 

(Lorrain et al., 2003; Chatterjee et al., 2012). The blockade 

of NMDARs in the prefrontal cortex (PFC) reduces 

dopamine release, which may, in part, help explain the 

cognitive symptoms of the disorder (Seamans and Yang, 

2004; Neill et al., 2010). This hypothesis underlies the 

lower density of glutamatergic receptors and high number 

of dopaminergic neurons in the brains of schizophrenic 

patients (Tsai et al., 1998). However, chronic 

administration of subanesthetic doses of ketamine induces 

an array of classical symptoms in mice and, at the same 

time, is susceptible to blockade by antipsychotic agents 

(Hirsch and Steinert, 2019; Javitt and Zukins, 2012).  

In line with this view, our study found that JB (5 to 10 

mg/kg demonstrated a significant preventive effect, except 

for JB (50 mg/kg). The study also showed that JB 

significantly reversed ketamine-induced behavioral deficits 

in locomotion. The ability of JB to attenuate ketamine-

induced hyperlocomotion may suggest the presence of 

phytochemical constituents with tranquilizing activity, with 

results comparable to those of risperidone, an atypical 

antipsychotic agent. In line with this evidence, JB has been 

tested for its antipsychotic property in a phase II clinical 

trial as an add-on therapy to a typical antipsychotic agent 

(Clinical trial, 2014; Adebesin et al., 2024). Previous 

studies by Omogbiya et al. (2013) demonstrated that acute 

administration of JB (5 and 10 mg/kg, p.o.) attenuated the 

behavioral alterations (stereotypy) induced by apomorphine 

(1 mg/kg, i.p.), a dopamine agonist, reduced the 

hyperlocomotion and stereotypy induced by amphetamine 

(1 and 10 mg/kg, i.p.), and antagonized the lethality induced 

by the same amphetamine (10 mg/kg, i.p.) (an indirect 

dopamine agonist) in the same study. In the same context, 

one of our present findings elsewhere shows that JB also 

 

Figure 5 (Cont’d): Reversal effect of JB (x7 days) on 14 days 

ketamine-induced changes in activities/levels of oxidative stress 

markers in mice brain. A: superoxide dismutase (SOD); B: 

catalase (CAT); C: glutathione (GSH); D: malondialdehyde 

(MDA). Value represents the mean ± S.E.M of 5 animals/group. 

**P<0.05 compared with the vehicle group; *P<0.05 with the 

ketamine group. One-way ANOVA plus Bonferroni post hoc test. 

VEH = Vehicle, KET = Ketamine, RIS = Risperidone, JB = 

Jobelyn®. 
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ameliorated ketamine-induced psychosis (ketamine-

induced hyperlocomotion (acute study) and ketamine-

enhanced immobility in the forced swim test). The 

antagonism of these behavioral alterations and protection 

from lethality due to hypersecretion of dopamine induced 

by these dopamine agonists and the NMDAR antagonist, 

respectively, clearly shows the antidopaminergic and 

glutamatergic modulatory properties of JB in its therapeutic 

effect on psychosis, thus further justifying its potential 

against the positive and negative symptoms of 

schizophrenia  

Notably, this study also showed that JB significantly 

prevented and reversed ketamine-induced cognitive 

dysfunction (learning and memory) in the Y-maze test 

(YMT), an index of cognitive function, suggesting an effect 

of JB against ketamine-induced deficits in working 

memory. The above-mentioned changes in neurotransmitter 

systems are associated with behavioral changes reported 

following long-term administration of NMDA receptor 

antagonists. Impairment of cognitive functions and 

information processing following chronic NMDA receptor 

antagonist (e.g., ketamine) has been reported in several 

studies across different animal species (Mandillo et al., 

2003). Consistent with these observations, this study also 

found that ketamine impaired cognitive function in the 

negative control groups treated with ketamine alone during 

the 14-day treatment protocol following the YMT 

evaluation. Therefore, the finding that ketamine induces 

cognitive dysfunction in mice, a typical characteristic 

symptom of schizophrenia, further supports its relevance as 

an animal model predictive of antipsychotic activity (Mouri 

et al., 2007). In this study, JB was able to prevent and 

reverse the decrease in percentage alternation (cognition) 

induced by ketamine, producing a cognition-enhancing 

effect comparable to that of risperidone in the experimental 

animals, thus suggesting the ability of JB to ameliorate the 

impaired working memory related to schizophrenia 

(Aultman and Moghaddam, 2001). 

In this study, the beneficial effects of JB on ketamine-

induced behavioral perturbations were associated with 

alterations in oxidative balance. Therefore, JB 

administration in this study restored GSH, SOD, and CAT 

levels and ameliorated ketamine-induced lipid 

peroxidation. Indeed, decreased endogenous antioxidant 

levels have been implicated in the pathophysiology of 

schizophrenia (Reddy et al., 2003; Radonjić et al., 2009). 

GSH is one of the most important tripeptides and a major 

non-enzymatic intracellular antioxidant (Zhang et al., 

2010). It is known to participate in the removal of free 

radicals such as peroxide, superoxide anions, and alkoxy 

radicals, in the maintenance of membrane protein thiols, 

and as a substrate for GPX and glutathione reductase. 

Ketamine-induced depletion of glutathione in the whole-

brain supernatant in the present experiments was 

significantly prevented and restored with JB treatment. 

Increased GSH levels may result from enhanced synthesis 

or improved glutathione reductase activity in the presence 

of JB. Generally, SOD and GPX constitute a mutually 

supportive enzyme system of the first line of cellular 

defense against oxidative injury, decomposing oxygen and 

hydrogen peroxide before they interact to form more 

harmful hydroxyl radicals (Ranjekar et al., 2003). 

In this study, SOD and CAT activities were notably reduced 

in the group treated solely with ketamine. This reduction is 

primarily due to excessive production of superoxide anions 

in neuronal cells. A decline in SOD and CAT activities can 

result from increased breakdown of superoxide anions, 

leading to elevated hydrogen peroxide levels (Reddy et al., 

1991). When JB was administered alongside ketamine, it 

effectively prevented and reversed the decrease in these 

antioxidant enzymes in the brain, likely by scavenging 

oxidative free radicals. This free radical scavenging activity 

is probably mainly due to the phenolic compounds present 

in JB. Both previous studies and our current findings 

indicate that JB treatment significantly alleviates ketamine-

induced oxidative stress by preserving endogenous 

neuronal antioxidants. This preservation may be a key 

factor in the observed reduction in ketamine-induced 

behavioral disturbances in this study. 

Increased MDA formation, a marker of lipid peroxidation, 

was also observed in the ketamine-treated group 

(Rougemont et al., 2002; Zhang et al., 2010). In such 

instances of an abnormal increase in MDA levels, excessive 

free radical formation occurs, triggering neuronal 

membrane damage and augmenting the activation of 

membrane-bound enzymes (Wood et al., 2009). It appears 

that lipid and neuronal damage are the primary causes of the 

marked increase in neuronal MDA content, which is an 

index of lipid peroxidation and the severity of 

schizophrenic symptoms (Pavlovic et al., 2002; 

Pazvantoglue et al., 2009). JB treatment prevented and 

reversed lipid peroxidation, resulting in decreased MDA 

formation in the whole-brain homogenate assayed. The 

decreased MDA formation in various treatment groups 

following JB prevention and reversal treatment confirms its 

antioxidant property. 

The antioxidant activity of JB may be attributed to chemical 

groups such as phenolic, sulfhydryl, alkyl, and hydroxyl 

groups present in various phytochemical constituents, 

including flavonoids, apigenins, luteolins, naringenins, and 

polyphenols (Umukoro et al., 2025). Many of these 

constituents have been shown to readily cross the blood-

brain barrier (BBB) and exert CNS activities, including 

neuroprotective, chemopreventive, and antioxidant effects 

(Aguirre-Hernandez et al., 2010). Flavonoids are well 

recognized for their antioxidant, tranquilizing, and 

anxiolytic activities (Zijia et al., 2009). It is known that 

most psychotic patients are in a dangerous state of 
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psychomotor excitement, thus requiring the use of drugs 

with tranquilizing or sedative properties (Hirsch and 

Steinert 2019; Baldessarini, 2001). Thus, from this study, it 

can be inferred that JB is able to prevent oxidative stress 

during possible inflammatory conditions by scavenging 

and/or neutralizing free radicals (such as superoxide anions 

and peroxides) and possibly down-regulating nitric oxide 

formation, known to participate in oxidative chain reactions 

(Halliwell, 2006; Wood et al., 2009). The involvement of 

the proinflammatory pathway through interleukin-6 (IL-6) 

to nicotinamide adenine dinucleotide phosphate oxidase 2 

[NADPH oxidase (Nox-2)] and the production of 

superoxide (Behrens et al., 2008), which in turn leads to an 

enduring decrease in inhibitory tone (inhibitory 

postsynaptic potential, IPSP) in the prefrontal cortex 

(Zhang et al., 2008), via the loss of the inhibitory 

GABAergic phenotype of the parvalbumin-labeled 

interneurons, has been linked to the pathogenesis of 

schizophrenia through oxidative stress and inflammation. In 

other words, IL-6 has been found to be altered in 

schizophrenia (Behrens and Margarita, 2008). Importantly, 

the cognitive symptoms of this mental disorder have been 

linked to hyper-microglial activation and the resulting 

inflammatory response (Monji et al., 2009). In this regard, 

JB’s effects on these behavioral and oxidative alterations 

may, in part, result from its anti-inflammatory and immune-

modulating properties (Benson et al., 2013; Ayuba et al., 

2014, Adebesin et al., 2024; Adeleke et al., 2025), as well 

as from effects on glutamate neurotransmission, based on 

our recent findings from our laboratory, which show that 

this drug has the potential to modulate NMDAR 

transmission, although the actual mechanism of action is 

still under active investigation. 

Furthermore, subchronic ketamine treatment induces 

oxidative stress, depleting putative non-enzymatic (GSH) 

and enzymatic (GPx and SOD) antioxidants and increasing 

superoxide anion levels in the brains of experimental 

animals (Ben-Azu et al., 2022; Ebrahimi et al., 2023). The 

antioxidant depletion observed in the ketamine-induced 

oxidative damage model was significantly prevented by JB 

treatment at 5, 10, and 50 mg/kg (p.o.). Therefore, the 

antioxidant activity of JB might be directly or indirectly 

associated with the maintenance or preservation of neuronal 

membrane integrity, which could help prevent alterations in 

neuronal marker enzymes such as SOD and CAT observed 

during oxidative stress. Keeping in mind the potential roles 

of proinflammatory cytokines and oxidative mechanisms in 

central nervous system disorders, such as schizophrenia, it 

is suggested that the antioxidant and antipsychotic 

properties of JB could provide a rationale for its use 

alongside standard antipsychotic drugs, or, if not, as a 

monotherapy regimen in clinical medicine for the 

management of psychosis. 

CONCLUSION 

Our findings show that Jobelyn® prevented and reversed 

schizophrenia-like behavioral and oxidative alterations 

induced by ketamine. These data provide a rationale for the 

design of clinical trials of Jobelyn® as an add-on therapy 

with atypical antipsychotics or a stand-alone antipsychotic 

agent targeting a wide array of schizophrenia syndromes.  
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