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ABSTRACT
Background: Cognitive impairment is a pervasive and perplexing concern that transcends the 
boundaries of various neuropsychiatric disorders like schizophrenia and Alzheimer’s. As research 
continues to unravel the intricacies of Barleria cristata's bioactive compounds, it offers promising 
prospects for the new therapeutic agents in the realm of natural medicine. Materials and 
Methods: In present study the ameliorative effect of methanolic leaf extract of Barleria cristata 
in ketamine induced cognitive dysfunction in rats. Locomotor activity (forced swim test), step 
down latency and transfer latency were determined for behavioral assessment followed by 
biochemical estimation of malondialdehyde, reduced glutathione and catalase activity. Results: 
Barleria cristata methanolic extract treatment significantly mitigated cognitive impairment 
in ketamine induced rats with improvement in short and long term memory. Furthermore, it 
significantly reduced the lipid peroxidation and improved the levels of reduced glutathione 
and catalase in rats. On histopathological examination Barleria cristata methanolic extract 
revealed dose-dependent substantial neuroprotection, by maintaining normal neurons with 
less neurodegenerative changes. Conclusion: Barleria cristata methanolic extract effectively 
mitigates cognitive impairment, oxidative stress and neurodegeneration in ketamine-induced 
rats, demonstrating significant neuroprotective properties.
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INTRODUCTION

Cognitive impairment is a pervasive and perplexing concern that 
transcends the boundaries of various neuropsychiatric disorders 
like schizophrenia and Alzheimer’s, presenting a formidable 
challenge in the realm of clinical research.1 Cognitive impairment 
emerges prominently, characterized by an enduring and profound 
decline in mental faculties, resulting in a profoundly impactful 
reduction in an individual's quality of life.2

Schizophrenia, a complex neuropsychiatric disorder,  
characterized by a diverse array of symptoms. Within this 
spectrum, cognitive symptoms take center stage, entailing 

challenges in learning and memory.3 Pathological features of 
Alzheimer's disease involve the existence of beta-amyloid plaques 
and tangles formed by tau proteins, along with Neuroinflammation, 
oxidative stress and synaptic loss, all of which contribute to the 
deterioration of cognitive abilities.4 Given the brain's heightened 
vulnerability to oxidative stress, this phenomenon has become a 
pivotal element in the pathophysiology of psychotic disorders.5,6

The origins of cognitive impairment in these disorders are rooted 
in intricate neurochemical and neurobiological mechanisms. 
These encompass a myriad of contributing factors, including 
the intricate interplay of dopaminergic neurotransmission, the 
hypoactivity of N-Methyl-D-Aspartic Acid (NMDA) receptors, 
compromised Gamma-Aminobutyric Acid (GABAergic) 
activity, neuroinflammatory processes, reduced cholinergic 
neurotransmission and heightened oxidative stress. These 
intricacies collectively weave the tapestry of cognitive impairment 
in these diseases.7,8
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Current medications for cognitive impairment often exhibit 
limited efficacy across a spectrum of neuropsychiatric disorders. 
For instance, in the case of Alzheimer's disease, cholinesterase 
inhibitors and NMDA receptor antagonists offer modest 
symptomatic relief but fail to halt or reverse the relentless 
cognitive decline.9 Similarly, in schizophrenia, while atypical 
antipsychotics address positive and negative symptoms, they 
fall short in effectively ameliorating cognitive deficits, leaving 
a substantial gap in treatment outcomes.10 The utilization of 
existing medications may exacerbate oxidative imbalances, 
potentially worsening the overall progression of the underlying 
disorder, thereby limiting their long-term suitability as treatment 
options.11

In light of these challenges, there is an imperative need to novel 
and safer innovative therapeutic modalities to address cognitive 
impairment. Researchers are currently focusing on discovering 
natural origin potential compounds to alleviate mental 
disorders.12,13 Antioxidants serve as protective agents, safeguarding 
neurons from the harmful effects of oxidative stress.14 Various 
natural compounds, including those derived from plant extracts, 
have shown promising antioxidant properties.

The current research thrust is anchored in the pursuit of new 
treatments, for enhancing cognitive functions. Barleria cristata, 
commonly known as the Philippine violet, is a perennial plant 
native to Southeast Asia.15 This botanical species has drawn 
increasing attention in the field of natural medicine due to its 
potential pharmacological effects, including anti-inflammatory,16 
antioxidant,17 antidiabetic activity18 and antimicrobial activity.19 
The plant's phytochemical composition, which includes 
flavonoids, alkaloids and phenolic compounds, contributes 
to its diverse therapeutic potential.20 Recently, phenolic from 
Barleria cristata were reported to block carcinogenesis.21 This 
study delves into the effect of Barleria Cristata leaves extract in 
a ketamine-induced psychosis and cognitive dysfunction of rat 
model by examining the benefits of natural extracts.

MATERIALS AND METHODS

Chemicals
All chemicals employed in the experiment were sourced from 
Sigma-Aldrich Chemicals Private Limited, Bangalore and met 
stringent analytical grade standards. The doses are prepared in 
0.9% saline water using 5% tween.

Plant Extraction
The Barleria cristata leaves were responsibly gathered from the 
vicinity of Simhachalam Hill in the Visakhapatnam region and 
authenticated by Prof. Balaram Padal, botanist from Andhra 
University. The voucher has been submitted in the same. 
Subsequently, the plant material was subjected to a systematic 
sequential maceration technique using 70% methanol and the 
Concentrate (BCME) obtained is used for further evaluation.

Qualitative phytochemical analysis

The BCME was examined for the presence of alkaloids, 
terpenoids, flavonoids, phenols, saponins and reducing sugars 
through previously established literature.22

Determination of in vitro antioxidant activity

1,1-Diphenyl,2-Picryl-Hydrazyl (DPPH) activity of BCME was 
analyzed through Sanchez-Moreno et al., method to examine the 
in vitro antioxidant activity. Different concentrations of BCME 
were allowed to react with DPPH (0.25% w/v) by incubating in 
dark for 30 min. Percentage DPPH remained was calculated from 
the absorbance measured using UV-vis spectrophotometer.23

Acute toxicity studies

In accordance with the OECD 425 Guideline, albino Wistar mice 
(n=6), irrespective of gender, were randomly chosen. Following 
a 4 hr fasting period, the mice were orally administered with 
BCME at an initial concentration of 50 mg/kg and monitored for 
3 days. In absence of morality, the process was repeated with the 
higher doses.

Experimental animals

Albino Wistar rats of both male and female sex with a weight range 
of 25-30 g were included in the procedure. They were acclimatized 
and kept in suitable environment suggested by the Animal Ethical 
Committee. Animal experimental models were performed with 
prior approval by IAEC and in CPCSEA registered institutional 
facility with Regd no: 2003/PO/Re/S/18/CCSEA.

Ketamine induced psychosis

Repeated administration of ketamine has been shown to induce 
behavioral deficits in rodents, mirroring key aspects of psychosis, 
including cognitive symptoms.24 The daily injection of ketamine 
at a dose of 30 mg/kg per day (i.p.) over a continuous period of 
10 days, served as the inducing agent. The olanzapine and the 
BCME extracts were subsequently administered 1 hr after each 
ketamine dose to evaluate their potential mitigating effects on the 
behavioral deficits induced by ketamine.24,25

Effect of BCME on ketamine memory model

The experimental rats were methodically distributed into 5 distinct 
groups, each consisting of six individuals (n=6). In Group 1 
(control), 0.9% normal saline was administered intraperitoneally. 
Group 2 (disease control) received the ketamine (30 mg/
kg, intraperitoneally) treatment alone. In group 3, (standard) 
olanzapine (5 mg/kg, oral) dissolved in a solution of 5% tween 
80 in normal saline (0.9%) was administered. Meanwhile, 
Group 4 and Group 5 were the BCME-treated groups, each 
administered with 100 and 200 mg/kg of BCME oral, respectively 
dissolved in 0.9% normal saline using 5% tween 80. Following 
the distinct administrations, various behavioral and biochemical 
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parameters were meticulously observed to assess the impact of 
the administered drugs.26

Assessment of behavior in ketamine induced 
psychosis

To investigate the potential impact of BCME, various behavioral 
assessments were employed, encompassing novel object 
recognition test, forced swim test, step-down latency test and 
transfer latency test.

Novel Object Recognition test

The memory is assessed using a plastic rectangular arena (43 cm 
×31 cm×16 cm). Mice is encountered with two identical white 
square containers placed equidistantly for maximum 5 min in 
sample phase. In test phase (on 8th day of drug administration) 
mirrored the sample phase but replaced one object with a toy 
to evaluate object recognition. The rat was allowed to explore 
each object for 60 sec and the total time to 10 min. Cleaning 
with ethanol (70%) between trials eliminated olfactory cues. 
Discrimination Index (DI) is calculated as the percentage of time 
taken to recognize a novel object versus the total time taken to 
recognize both object types.27,28

Forced Swim Test (FST)

60 min after the acclimatization (1 hr), the rats were individually 
placed in a cylindrical tank filled with water at a temperature of 
25ºC and filled to a depth of 30 cm with a span of 6 min. Immobility 
in this context was defined as the minimal movements necessary 
for the rats to remain afloat in the water.29

Step-Down Latency Test (SDL)

Initially, the rat was positioned on a platform and the time latency 
to move was recorded. Following 10 sec of acclimatization in the 
first step, the rats were returned to cages. In the subsequent step, 
immediately after the descent, foot shock of 50 Hz was applied 
for 1 sec. These acquisition steps are performed on the 0th and 4th 
days. The retention was tested on 2nd, 5th and 9th days, by repeating 
the same process with 60 sec limit to assess short and long period 
memory. The duration of descent during was measured.26,29

Transfer Latency Test (TLT)

The Transfer Latency test is conducted with the elevated plus 
shaped maze, with slight modifications from previous studies.30,31 
The model consist a pair of open and covered arms each extended 
from a central platform, elevated to 25 cm from the floor. 
During the acquisition session on the 0th and 4th days, mice were 
individually placed on open arm and the latent time to move 
into a covered arm, with a cut-off time of 5 min.32 Subsequent 
assessments of memory retention were performed on the 2nd, 5th 

and 9th day of the schedule. After each session, an additional 2 
min were given for rat to discover surroundings.

Estimation of Biochemical parameters

On the 10th day, following behavioral tests, animals were 
humanely decapitated and their brains were carefully isolated and 
washed with buffer (pH 7.4). Brain separated was homogenized 
and centrifuged in phosphate buffer to collect the supernatant for 
estimation of biochemical markers and enzymatic activity. This 
contributed to the understanding of the experimental outcomes.

Thiobarbituric Acid Reactive Substances (TBARS), serving as an 
indicator of lipid peroxidation, were quantified following Wills 
ED et al., utilizing spectrophotometric analysis at 532 nm.33 The 
assessment of Glutathione (GSH) content in brain tissue was 
determined as described by Beutler et al.34 Catalase activity was 
determined using the millimolar extinction coefficient of H2O2 
(0.071 mmol-1 cm-1).35

Histopathological Evaluation

The brains were extracted, washed with saline and promptly 
immersed in 10% formalin for 72 hr. Following this, the 
samples were dehydrated in ethanol grades, cleared in xylene 
and infiltrated. Paraffin embedding was carried out and 4 μm 
small sections were sliced and then affixed onto glass slides. 
Subsequently, stained with hematoxylin and eosin and scrutinized 
under a light microscope.36

Statistical analysis

The results are expressed as mean±standard error and were 
statistically validated through One-way Analysis of Variance 
(ANOVA) followed by Tukey’s test using Microsoft Excel at a 
significance of p<0.01 and p<0.001.

RESULTS

Qualitative phytochemical analysis

On examining the leaf extract BCME (Barleria cristata Methanolic 
Extract) for the identification of secondary metabolites, results 
revealed the presence of alkaloids, terpenoids, flavonoids and 
phenols along with other constituents as represented in Table 
1. These bioactive compounds are recognized for their capacity 
to counteract free radicals, which are implicated in the onset of 
chronic diseases.

Determination of in vitro antioxidant activity

Before examining the in vivo performance of BCME, in vitro 
DPPH scavenging activity was determined with quercetin as 
standard. BCME showed good antioxidant potential apparent 
from continues neutralization of the DPPH free radicals with an 
increase in concentration as shown in Figure 1 and has an IC50 

value of 37.97 µg/mL.
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The finding
Acute oral toxicity of Barleria cristata (BCME)

BCME exhibited no symptoms of toxicity even at a dose of 2000 
mg/kg. Hence 1/10th of it, 200 mg/kg is selected as higher dose 
and 100 mg/kg as lower dose for further studies.

Novel object recognition

Induction of cognitive impairment on continues ketamine 
treatment significantly (p<0.05) decreased the total time spent 
exploring the object even if novel with respect to time (Figure 
2a). Treatment with olanzapine, BCME (100 and 200 mg/kg) 
prevented worsening of the cognitive impairment and were able 
to improve the attention and memory of the subject compared 
to disease control significantly (p>0.001) as seen in Figure 2b. 
BCME (100 mg/kg), though able to improve the differentiation 
of novel and familiar objects in disease control rats, it showed 
a discrimination percentage of 39.54% (Figure 2b). Treatment 
with BCME (200 mg/kg) resulted in discrimination percentage 
of 50.75% and is equivalent to the standard treatment of 51.68% 
(p>0.05).

Forced Swim Test

The evaluation is centered on the decrease in immobility, 
which serves as an indicator of cognitive dysfunction.37 The 
induced disease made increased immobility compared to the 
control group (p<0.001). BCME treatment (100 and 200 mg/kg) 
decreased the immobility compared to disease control (p<0.001) 
as depicted in Figure 3. However, the effect of BCME 100 mg/kg 
is significantly lower than the BCME 200 mg/kg and olanzapine 
(p<0.05). Overall comparison of BCME and standard with the 
control group indicates improvement of cognitive conditions but 
not statistically (p<0.05) equivalent to control rats (rats without 
disease induction).

Step-down latency
Effect of BCME on short term memory

As represented in Figure 4, in the retention test on 2nd day of the 
study inspite of the short duration of 24 hr a significant (p<0.001) 
variation in SDL is observed in disease control rats with respect 
to control group. Evident from the results ketamine model has 

induced psychosis with in hours after administration.38,39 All 
the treatment groups showed slight increase in SDL but none of 
them, standard (p=0.0518), BCME 100 mg/kg (p=0.1436) and 
BCME 200 mg/kg (p=0.0795) showed significant variation in 
SDL from the disease control and were significantly (p<0.001) 
lower than the normal control group. BCME and olanzapine 
showed insignificant variation at the doses used (p>0.98).

From 5th day retention test, an improvement in the short 
memory of the disease control rats was observed in group 3, 4 
and 5 irrespective of the treatment received in comparison to the 
non-treated rats in group 2. The SDL values increased significantly 
(p<0.001) on treatment with olanzapine, BCME (100 mg/kg) 
and BCME (200 mg/kg) in comparison to diseased. However, a 
significant (p<0.001) difference still existed with respect to the 
normal rats. Even though BCME 100 mg/kg showed a significant 
increase in SDL, this improvement is not comparable to the 
olanzapine. BCME at a dose of 200 mg/kg showed insignificant 
(p=0.7976) difference with standard olanzapine. Thus these 
results indicate a significant improvement in short term memory 
of rats with cognitive impairment on treatment with BCME.

Effect of BCME on long term memory

Retention test was performed on 9th day of treatment without 
a prior acquisition test within last 24 hr. Similar to short term 
memory test, olanzapine, BCME (100 mg/kg) and BCME (200 mg/
kg) significantly (p<0.001) increased the SDL values with respect 
to disease control rats. Continues treatment of rats with ketamine 
50 mg/kg alone, resulted in further cognitive impairment and 
decreased attention span evident from SDL values lower than 
10 sec. BCME at 200 mg/kg treatment improved the long-term 
memory of diseased rats equivalent to the standard treatment 
group with a p>0.05. Treatment with BCME at 200 mg/kg and 
olanzapine increased the SDL values to show an insignificant 
(p>0.05) difference compared to control group. BCME at 
lower dose of 100 mg/kg was significantly (p<0.05) differing 
from control group. Thus, BCME at higher dose of 200 mg/kg 
showed significant improvement in long term memory inspite 
of ketamine induction and though lower dose improved the 
memory it was unable to reverse the ketamine effect completely 
owing to insufficient dose.

Sl. No. Phytochemical constituent Test employed, reference method adopted Results
1. Alkaloids Dragendroff ’s test, Mayer’s test, Hager’s test. +
2. Terpenoids Horizon test. +
3. Flavonoids Alkaline reagent test, Shinod’s test. +
4. Phenols Ferric chloride test, Lead tetra acetic acid test. +
5. Saponins Sodium carbonate test. +
6. Sugars (Reducing) Benedict’s test, Fehling’s test. +

* ‘+’ indicates presence and ‘-’ indicates absence.

Table 1: Phytochemical analysis of BCME.
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Transfer latency test
Effect of BCME on short term memory

On 2nd day retention test, BCME 100 mg/kg and 200 mg/kg has 
not shown significant difference in treatment than the disease 
control. However, as seen in Figure 5, BCME and standard 
showed slight decrease in transfer latency but was not statistically 
significant compared to disease control. Further acquisition and 
retention test on 5th day showed significant reduction in latency 
of BCME 200 mg/kg treated rats and is statistically (p>0.05) 
comparable to the action of olanzapine. BCME at lower dose also 
showed protective effect against ketamine action and a specific 
improvement in rats in comparison to disease control (p>0.001), 
however is much lesser (p<0.05) than the olanzapine and BCME 
200 mg/kg dose. Hence BCME at both the dose was able to prevent 
the ketamine associated cognitive impairment and significantly 
improved the short-term memory of rats but only higher dose of 
200 mg/kg treated rats equivalent to the standard.

Effect of BCME on long term memory

In retention test on the 9th day of the treatment, rats treated 
with BCME 200 mg/kg and olanzapine are comparable (p>0.05) 
to control group. BCME 200 mg/kg showed better results with 
less latency period than the standard olanzapine however the 
difference is not significant (p>0.05) enough to declare better 
therapy by BCME than the olanzapine. Long term memory with 
BCME 100 mg/kg is significantly improved compared to disease 
control but not equivalent (p<0.05) to the olanzapine, BCME 
200 mg/kg or control group. Yet even at lower doses it prevented 
further deterioration of condition in diseased rats and also 
showed improve the memory.

Biochemical Studies
Lipid Peroxidation

Elevated lipid peroxidation in the brain, indicated by 
increased levels of Malondialdehyde (MDA), is closely linked 
to cognitive dysfunction in neurodegenerative conditions. 
Conditions like Alzheimer's disease exhibit heightened lipid 
peroxidation, underlining its role in cognitive decline. TBARS 
(malondialdehyde-Thiobarbituric acid adducts) levels of brain 
homogenates are directly proportional to the lipid peroxidation 
and oxidative stress in the brain.40 BCME (100 mg/kg and 200 mg/
kg) significantly reduced the MDA levels (p<0.01) in rats treated 
for 10 days indicating a reduction in oxidative stress. The MDA 
levels of BCME 200 mg/kg was comparable to the olanzapine and 
control (Figure 6a).

Reduced Glutathione Assay

The increase in oxidative stress impact GSH, a pivotal antioxidant. 
As GSH levels decline due to heightened oxidative stress, the 
brain's defense against free radicals weakens.41 Administration 
of ketamine alone caused oxidative stress evident from the 
significantly (p<0.0001) decreased GSH levels of rat brain in 
disease control. Treatment with BCME not only prevented the 
building up of oxidative stress comparable (p=0.978) to olanzapine 
but also restored the GSH levels in the brain to near normal as 
control rats (p=0.062). However, the capacity to improve the GSH 
levels was observed to be dose dependent. BCME (100 mg/kg) 
caused a rise (p<0.05) in GSH levels compared to disease control 
but a significant difference (p<0.001) still existed with respect to 
the control rats. Consequently, BCME protected the GSH from 
depletion preventing the oxidative stress (Figure 6b).

Figure 1: Antioxidant activity of BCME.
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Figure 2: Effect of BCME on Novel objection recognition model a) sample phase b) test phase c) discrimination percentage. Results are 
presented as mean±SE (n=6). ‘*’ indicates p<0.001 in comparison to control group and ‘a’ signifies p<0.001 in comparison to Ketamine 

treated disease control.

Figure 3:  Effect of BCME on forced swim test model. Results are presented as mean±SE (n=6). ‘*’ indicates p<0.001 
in comparison to control group and ‘a, b’ signifies p<0.001 and p<0.01 in comparison to Ketamine treated disease 

control respectively.
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Catalase Assay

Alterations in catalase activity may disrupt the delicate equilibrium 
between oxidative stress and antioxidant mechanisms, 
contributing to neuronal damage and cognitive decline.42 The test 
results of catalase activity are similar to the GSH levels of brain 
homogenates. The depletion of catalase activity in disease control 
is significant to the level of p<0.00001 and treatment with BCME 
successfully prevented the depletion of catalase activity, which 
can be accounted to the antioxidant capability of the BCME 
(Figure 6c). The rise in catalase enzyme observed with BCME 
is significant (p<0.0001) compared to disease control at both 
lower and higher doses and the effect of 200 mg/kg is comparable 
(p=0.99) to standard olanzapine and control group (p=0.99).

Histopathology

Cognitive impairment manifestation is associated with disruption 
of neurons specifically in entorhinal cortex and hippocampus.43 
In the histopathological assessment, the hippocampus of control 
rats displayed typical features, portraying intact neurons and 
undisturbed intracellular brain matrices. In contrast, disease 
control rats exhibited notable neuronal degeneration and 
edema with increased gliosis, resulting in observable neuronal 
loss compared to the control group. Olanzapine treated 
rats showcased minimal neurodegeneration revealing its 
neuroprotective action. Interestingly, BCME at both 100 and 200 
mg revealed substantial neuroprotection, by maintaining normal 
neurons with less neurodegenerative changes. BCME at higher 
dose further exhibited reduced gliosis and both BCME doses 

mitigated neuronal loss. This histopathological examination 
underscores the potential neuroprotective effects of BCME, akin 
to olanzapine, in alleviating ketamine-induced neuronal damage 
in the brain as shown in Figure 7.

DISCUSSION

The plant-derived antioxidants, rich in polyphenols, flavonoids 
and other bioactive compounds, exhibit the capacity to counteract 
oxidative stress and serve as efficient neuroprotective agents.44,45 
Therefore Barleria cristata, with prior tremendous medicinal 
properties and promising antioxidant17 and anti-inflammatory 
activity16 was evaluated for the impact on cognitive impairment 
in ketamine induced rat models. The phytochemicals identified in 
BCME is in agreement with the earlier literature of other species 
of Barleria genus (B. acanthoides, B. noctiflora, B. prionitis, B. 
strigose), which indicated the presence of primary metabolites 
like flavonoids, phenolic acids, terpenoids with a prominent 
antioxidant activity.45

BCME antioxidant activity from the in vitro antioxidant studies 
were in alignment with previously reported literature, indicating 
the efficacy of BCME in mitigating oxidative stress and has 
a possibility to protect neural cells, which are crucial factors 
in cognitive improvement. BCME's activity was compared 
to olanzapine, as the standard drug due to its effectiveness in 
addressing stereotypic behaviors and cognitive symptoms. The 
reduced novel object exploration time in sample phase of disease 
induced groups can be correlated to the fact that cognitive 
impairment causes easy distraction of the subject decreasing the 

Figure 4:  Effect of BCME on step down latency test. Results are presented as mean±SE (n=6). ‘*’ indicates p<0.001 in 
comparison to control group and ‘a’ signifies p<0.001 in comparison to Ketamine treated disease control.
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attention span.46 The results demonstrated that BCME, particularly 
at a higher dose of 200 mg/kg, effectively mitigated cognitive 
deficits induced by continuous ketamine administration. In the 
novel object recognition test, BCME improved the ability of rats 
to distinguish between novel and familiar objects, suggesting an 
enhancement in recognition memory. Similarly, in the forced 

swim test, BCME significantly reduced immobility, indicating an 
improvement in motivation and overall cognitive function.

The step-down latency and transfer latency tests further 
corroborated the positive effects of BCME on both short-term 
and long-term memory. The step-down latency test revealed that 
BCME improved short-term memory retention, as evidenced by 

Figure 5: Effect of BCME on transfer latency test. Results are presented as mean±SE (n=6). ‘*’ indicates p<0.001 in 
comparison to control group and ‘a’ signifies p<0.001 in comparison to Ketamine treated disease control.

Figure 6:  Effect of BCME on lipid peroxidation, reduced glutathione and catalase levels in brain homogenates of rats. Results 
are presented as mean±SE (n=6). ‘*’ indicates p<0.001 in comparison to control group and ‘a, b’ signifies p<0.001 and p<0.01 in 

comparison to Ketamine treated disease control respectively.
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increased SDL values in the retention tests conducted on the 5th 
and 9th days of the study. This indicates a potential for BCME to 
reverse ketamine-induced cognitive deficits over time. Notably, 
the higher dose of BCME was comparable to the standard 
treatment with olanzapine, a known antipsychotic with cognitive 
benefits, underscoring the efficacy of BCME as a potential 
therapeutic agent. The transfer latency test results reinforced 
these findings, showing significant reductions in transfer latency 
in BCME-treated rats, particularly at the higher dose, indicating 
improved cognitive function and memory retention.

The neuroprotective and cognitive-enhancing effects of BCME 
may be attributed to its rich phytochemical composition, including 
flavonoids, alkaloids and phenolic compounds, known for their 
antioxidant and anti-inflammatory properties.47 Flavonoids are 
known to enhance cognitive function by promoting synaptic 
plasticity and neuronal survival, while polyphenols are reported 
efficient for age related cognitive decreased.48-50 These compounds 
could mitigate oxidative stress and neuroinflammation, which are 
critical factors in the pathogenesis of cognitive disorders.

The biochemical analyses further support this explanation. 
Elevated lipid peroxidation, as indicated by increased 
Malondialdehyde (MDA) levels, is a hallmark of oxidative stress 
and has been linked to cognitive dysfunction in neurodegenerative 
diseases such as Alzheimer's.51 In this study, BCME significantly 
reduced MDA levels in the brain, suggesting a decrease in lipid 
peroxidation and oxidative stress. The reduction in MDA levels 
with BCME treatment was comparable to that achieved with 
olanzapine, indicating that BCME is effective in mitigating 
oxidative damage.

Moreover, the reduced Glutathione (GSH) assay revealed that 
BCME prevented the depletion of this critical antioxidant in the 
brain. GSH is vital for neutralizing free radicals and protecting 
neuronal integrity. Ketamine-induced oxidative stress led to a 
significant reduction in GSH levels, which was ameliorated by 
BCME treatment in a dose-dependent manner. This restoration 
of GSH levels highlights BCME's potential to enhance the 
brain's antioxidant defenses, thereby protecting against oxidative 
stress-related cognitive impairment.47 Catalase is an enzyme 
that helps decompose hydrogen peroxide, a harmful byproduct 
of oxidative stress. The significant increase in catalase activity 
in BCME-treated rats, particularly at the higher dose, suggests 
that BCME enhances the brain's enzymatic antioxidant defense 
system. The comparable efficacy of BCME and olanzapine in 
restoring catalase activity underscores the potency of BCME as 
an antioxidant.

The hippocampus is crucial for memory and cognitive function 
and its damage is often associated with cognitive impairments. 
In ketamine-treated rats, significant neuronal degeneration and 
gliosis were observed, indicating severe neurotoxicity. However, 
BCME treatment preserved neuronal integrity, reduced gliosis 

and mitigated neuronal loss. These neuroprotective effects were 
evident at both doses of BCME, with the higher dose showing 
results comparable to olanzapine. The ability of BCME to maintain 
normal neuronal structure and reduce neurodegenerative changes 
suggests that it can effectively protect against ketamine-induced 
neuronal damage.

Ketamine, employed as a psychosis inducer in this study, acts 
as an N-Methyl-D-Aspartate (NMDA) receptor antagonist 
and is known to induce cognitive impairment at lower doses. 
Recently, novel drugs targeting the glycine site associated with 
NMDA receptors have shown promise in alleviating cognitive 
symptoms. The observed prevention of neurodegeneration 
in ketamine-induced rats by BCME suggests its potential in 
mitigating the NMDA antagonist effects of ketamine. Studies 
indicate that flavonoids can attenuate hyper locomotor activity 
induced by NMDA antagonists.52 Therefore, BCME's mechanism 
for ameliorating cognitive impairment may involve countering 
ketamine-induced oxidative stress, protecting neurons and 
preserving synaptic plasticity and memory functions and 
mitigating NMDA antagonist activity. Additionally, BCME's 
efficacy in enhancing cognitive function and memory could 
be linked to its potential role in modulating neurotransmitter 
systems, particularly the cholinergic and dopaminergic pathways, 

Figure 7:  Histopathology images of hippocampus region of a) control group 
b) disease control c) olanzapine (Standard) d) BCME (100 mg/kg) e) BCME (200 

mg/kg) treated rats.
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which are crucial for learning and memory processes.53 Further 
exploration of the plant's therapeutic benefits in this context 
is warranted, providing a hopeful path for treating cognitive 
dysfunction in psychotic disorders.

CONCLUSION

This study demonstrates that BCME has significant 
neuroprotective properties by mitigating cognitive symptoms 
induced by ketamine in rat, with no observed side effects 
throughout the study period. The extract’s bioactive compounds, 
including flavonoids, polyphenols and terpenoids, contribute to 
its antioxidative and anti-inflammatory effects. BCME effectively 
improved both short and long-term memory, reduced lipid 
peroxidation and enhanced levels of endogenous antioxidants like 
GSH and catalase. These promising findings suggest that BCME 
could serve as a significant lead in developing novel antipsychotic 
agents. Further clinical investigations are warranted to explore 
its potential efficacy in patients presenting with predominant 
psychotic symptoms.
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ABBREVIATIONS

NMDA: N-Methyl-D-aspartic acid; GABA: 
Gamma-aminobutyric acid; DPPH: 1,1-Diphenyl,2-picryl-
hydrazyl; BCME: Barleria cristata leaves methanolic extract; 
w/v: Weight/volume; mg/kg: Milligram/kilogram; OECD: 
Organization Economic Cooperation and Development; IAEC: 
Institutional Animal Ethical Committee; CPCSEA: Committee 
for the Purpose of Control and Supervision of Experiments on 
Animals; FST: Forced Swimming test; SDL: Step-down Latency; 
TLT: Transfer Latency test; DI: Discrimination index; TBARS: 
Thiobarbituric acid reactive substances; MDA: Malondialdehyde; 
GSH: Glutathione; ANOVA: One-way analysis of variance.

ETHICAL APPROVAL AND CONSENT TO 
PARTICIPATE

Animal experimental models were performed with prior approval 
by IAEC and in CPCSEA registered institutional facility with 
Regd no: 2003/PO/Re/S/18/CCSEA.

SUMMARY

Cognitive impairment is a prevalent issue in neuropsychiatric 
disorders such as schizophrenia and Alzheimer’s disease. Recent 
research highlights the potential of Barleria cristata's bioactive 
compounds in addressing cognitive dysfunction. This study 
investigates the ameliorative effects of Methanolic leaf Extract 
of Barleria cristata (BCME) on ketamine-induced cognitive 
impairment in rats. Behavioral assessments included locomotor 
activity, step-down latency and transfer latency tests, while 

biochemical evaluations measured Malondialdehyde (MDA), 
reduced Glutathione (GSH) and catalase activity. BCME 
significantly improved both short and long-term memory, 
reduced lipid peroxidation and increased GSH and catalase 
levels. Histopathological analysis revealed dose-dependent 
neuroprotection, maintaining normal neuronal structures with 
minimal neurodegenerative changes. Qualitative phytochemical 
analysis confirmed the presence of alkaloids, terpenoids, 
flavonoids and phenols, which are known for their antioxidant 
properties. In vitro antioxidant activity of BCME showed good 
DPPH scavenging potential with an IC50 value of 37.97 µg/mL. 
BCME exhibited no toxicity at doses up to 2000 mg/kg, with 200 
mg/kg selected as the higher dose for further studies.

REFERENCES
1.  Dokholyan NV, Mohs RC, Bateman RJ. Challenges and progress in research, 

diagnostics and therapeutics in Alzheimer's disease and related dementias. 
Alzheimer's and Dementia: Translational Research and Clinical Interventions. 2022; 
8(1): e12330.

2.  Pan CW, Wang X, Ma Q, Sun HP, Xu Y, Wang P. Cognitive dysfunction and health-related 
quality of life among older Chinese. Scientific reports. 2015; 5(1): 17301.

3.  Patel KR, Cherian J, Gohil K, Atkinson D. Schizophrenia: overview and treatment 
options. Pharmacy and Therapeutics. 2014; 39(9): 638-45.

4.  Imbimbo BP, Lombard J, Pomara N. Pathophysiology of Alzheimer's disease. 
Neuroimaging Clinics. 2005; 15(4): 727-53.

5.  Salim S. Oxidative stress and psychological disorders. Current neuropharmacology. 
2014; 12(2): 140-7.

6.  Teleanu RI, Niculescu AG, Roza E, Vladâcenco O, Grumezescu AM, Teleanu DM. 
Neurotransmitters-Key Factors in Neurological and Neurodegenerative Disorders 
of the Central Nervous System. International Journal of Molecular Sciences. 2022; 
23(11): 5954.

7.  Kaur S, DasGupta G, Singh S. Altered neurochemistry in Alzheimer’s disease: Targeting 
neurotransmitter receptor mechanisms and therapeutic strategy. Neurophysiology. 
2019; 51: 293-309.

8.  Gao L, Zeng XN, Guo HM, Wu XM, Chen HJ, Di RK, et al. Cognitive and neurochemical 
alterations in hyperhomocysteinemic rat. Neurological Sciences. 2012; 33: 39-43.

9.  Salomone S, Caraci F, Leggio GM, Fedotova J, Drago F. New pharmacological 
strategies for treatment of Alzheimer's disease: focus on disease modifying drugs. 
British journal of clinical pharmacology. 2012; 73(4): 504-17.

10.  Millan MJ, Fone K, Steckler T, Horan WP. Negative symptoms of schizophrenia: clinical 
characteristics, pathophysiological substrates, experimental models and prospects 
for improved treatment. European Neuropsychopharmacology. 2014; 24(5): 645-92.

11.  Ermakov EA, Dmitrieva EM, Parshukova DA, Kazantseva DV, Vasilieva AR, Smirnova 
LP. Oxidative stress-related mechanisms in schizophrenia pathogenesis and new 
treatment perspectives. Oxidative Medicine and Cellular Longevity. 2021; 2021.

12.  Yadav M, Parle M, Sharma N, Jindal DK, Bhidhasra A, Dhingra MS, et al. Protective 
effects of Spinacia oleracea seeds extract in an experimental model of schizophrenia: 
Possible behavior, biochemical, neurochemical and cellular alterations. Biomedicine 
and Pharmacotherapy. 2018; 105: 1015-25.

13.  Chatterjee M, Verma R, Kumari R, Singh S, Verma AK, Dwivedi AK, et al. Antipsychotic 
activity of standardized Bacopa extract against ketamine-induced experimental 
psychosis in mice: evidence for the involvement of dopaminergic, serotonergic and 
cholinergic systems. Pharmaceutical Biology. 2015; 53(12): 1850-60.

14.  Pisoschi AM, Pop A, Iordache F, Stanca L, Predoi G, Serban AI. Oxidative stress 
mitigation by antioxidants-an overview on their chemistry and influences on health 
status. European Journal of Medicinal Chemistry. 2021; 209: 112891.

15.  Christophe W. Endemic Philippine Medicinal Plants and their Uses. In Medicinal 
Plants of the Asia-Pacific: Drugs for the Future. Wiart, C. World Scientific. 2006.

16.  Gambhire MN, Wankhede SS, Juvekar AR. Anti-inflammatory activity of aqueous 
extract of Barleria cristata leaves. Journal of Young Pharmacists. 2009; 1(3): 220-4.

17.  Vasanth S, Bupesh G, Vijayakumar TS, Balachandar V, Gunasekaran DR. Evaluation 
of in vitro antidiabetic and antioxidant potential of Barleria cristata leaves extracts. 
Asian J Pharm Clin Res. 2018; 11(4): 287-90.

18.  Ansari MN, Saeedan AS, Bajaj S, Singh L. Evaluation of antidiabetic and hypolipidemic 
activity of Barleria cristata Linn. leaves in alloxan-induced diabetic rats. 3 Biotech. 
2021; 11: 1-1.

19.  Chellathai D, Gunasekaran P, Mani A. Evaluation of antibacterial and antifungal 
activity of Barleria cristata–an in vitro study. World J Pharm Res. 2015; 2: 1253-8.

20.  Prabuseenivasan S, Jayakumar M, Ignacimuthu S. In vitro antibacterial activity of 
some plant essential oils. BMC complementary and alternative medicine. 2006; 6(1): 
1-8.



Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 3 (Suppl), Jul-Sep, 2025S960

Chaitanya, et al.: Potential of Barleria cristata in Cognitive Dysfunction

21.  El-Halawany AM, Abdallah HM, Hamed AR, Khalil HE, Almohammadi AM. Phenolics 
from Barleria cristata var. Alba as carcinogenesis blockers against menadione 
cytotoxicity through induction and protection of quinone reductase. BMC 
complementary and alternative medicine. 2018; 18: 1-7.

22.  Kancherla N, Dhakshinamoothi A, Chitra K, Komaram RB. Preliminary analysis of 
phytoconstituents and evaluation of anthelminthic property of Cayratia auriculata 
(in vitro). Maedica. 2019; 14(4): 350-6.

23.  Sánchez-Moreno C, Larrauri JA, Saura-Calixto F. Free radical scavenging capacity 
and inhibition of lipid oxidation of wines, grape juices and related polyphenolic 
constituents. Food research international. 1999; 32(6): 407-12.

24.  OECD. Test No. 425: Acute Oral Toxicity-Up and Down Procedure. Guidelines for the 
Testing of Chemicals, Section 4, OECD Publishing, Paris; 2001. Available at: https:// 
ntp.niehs.nih.gov/iccvam/suppdocs/feddocs/oecd/oecd_gl425-508.pdf. Accession 
date: 25th October 2019.

25.  Sharma K, Parle M, Yadav M. Evaluation of antipsychotic effect of methanolic extract 
of Ocimum sanctum leaves on laboratory animals. Journal of Applied Pharmaceutical 
Science. 2016; 6(5): 171-7.

26.  Habibyar AF, Sharma N, Khurana N. PASS assisted prediction and pharmacological 
evaluation of hesperidin against scopolamine induced amnesia in mice. European 
Journal of Pharmacology. 2016; 789: 385-94.

27.  Mugwagwa AT, Gadaga LL, Pote W, Tagwireyi D. Antiamnesic Effects of a 
Hydroethanolic Extract of Crinum macowanii on Scopolamine‐Induced Memory 
Impairment in Mice. Journal of Neurodegenerative Diseases. 2015; 2015(1): 242505.

28.  Jilani MS, Tagwireyi D, Gadaga LL, Maponga CC, Mutsimhu C. Cognitive-enhancing 
effect of a hydroethanolic extract of Crinum macowanii against memory impairment 
induced by aluminum chloride in BALB/c mice. Behavioural Neurology. 2018; 2018.

29.  Yekkaladev A, Chaitanya KR. A Review on Spatial Memory, Psychosis and Cognitive 
Dysfunction Screening Methods in Rat models: World Journal of Pharmaceutical 
Sciences. 2022: 285-9.

30.  Vasudevan M, Parle M. Memory-Enhancing Activity of Thespesia populnea. in Rats. 
Pharmaceutical Biology. 2007; 45(4): 267-73.

31.  Khurana N, Ishar MP, Gajbhiye A, Goel RK. PASS assisted prediction and 
pharmacological evaluation of novel nicotinic analogs for nootropic activity in mice. 
European journal of pharmacology. 2011; 662(1-3): 22-30.

32.  Vogel GH. Drug effects on learning and memory. In: Vogel G, editor. Drug Discovery 
and Evaluation of Pharmacological Assay. 2nd ed. New York: Springer-Verlag Berlin 
Heidelberg; 2002.

33.  Yadav M, Parle M, Sharma N, Jindal DK, Bhidhasra A, Dhingra MS, Kumar A, Dhingra 
S. Protective effects of Spinacia oleracea seeds extract in an experimental model 
of schizophrenia: Possible behavior, biochemical, neurochemical and cellular 
alterations. Biomedicine and Pharmacotherapy. 2018; 105: 1015-1025.

34.  Beutler RG, Duron O, Kelly B. Reduced glutathione estimation. J. Lab. Clin. Med. 1963; 
61: 882-88. PMID: 13967893.

35.  Wills ED. The effect of inorganic iron on the thiobarbituric acid method for the 
determination of lipid peroxides. Biochimica et Biophysica Acta (BBA)-Specialized 
Section on Lipids and Related Subjects. 1964; 84(4): 475-77.

36.  Humanson GL. Animal tissue technique. San Francisco: Freeman WH; 1962.

37.  Huang P, Tunis J, Parry C, Tallarida R, Liu-Chen LY. Synergistic antidepressant-like 
effects between a kappa opioid antagonist (LY2444296) and a delta opioid agonist 
(ADL5859) in the mouse forced swim test. European journal of pharmacology. 2016; 
781: 53-9.

38.  Xu K, Krystal JH, Ning Y, He H, Wang D, Ke X, et al. Preliminary analysis of positive 
and negative syndrome scale in ketamine-associated psychosis in comparison with 
schizophrenia. Journal of psychiatric research. 2015; 61: 64-72.

39.  Lahti AC, Weiler MA, Michaelidis BT, Parwani A, Tamminga CA. Effects of ketamine 
in normal and schizophrenic volunteers. Neuropsychopharmacology. 2001; 25(4): 
455-67.

40.  Butterfield DA. Brain lipid peroxidation and alzheimer disease: Synergy between the 
Butterfield and Mattson laboratories. Ageing research reviews. 2020; 64: 101049.

41.  Forman HJ, Zhang H. Targeting oxidative stress in disease: Promise and limitations of 
antioxidant therapy. Nature Reviews Drug Discovery. 2021; 20(9): 689-709.

42.  Nandi A, Yan LJ, Jana CK, Das N. Role of catalase in oxidative stress-and age-associated 
degenerative diseases. Oxidative medicine and cellular longevity. 2019; 2019: 
9613090.

43.  DeTure MA, Dickson DW. The neuropathological diagnosis of Alzheimer’s disease. 
Molecular neurodegeneration. 2019; 14(1): 1-8.

44.  Tungmunnithum D, Thongboonyou A, Pholboon A, Yangsabai A. Flavonoids and 
other phenolic compounds from medicinal plants for pharmaceutical and medical 
aspects: An overview. Medicines. 2018; 5(3): 93.

45.  Gangaram S, Naidoo Y, Dewir YH, El-Hendawy S. Phytochemicals and biological 
activities of Barleria (Acanthaceae). Plants. 2021; 11(1): 82.

46.  Hamdy RC, Lewis JV, Kinser A, Depelteau A, Copeland R, Kendall-Wilson T, et al. Too 
many choices confuse patients with dementia. Gerontology and geriatric medicine. 
2017; 3.

47.  Adeneye AA. Protective activity of the stem bark aqueous extract of Musanga 
cecropioides in carbon tetrachloride-and acetaminophen-induced acute 
hepatotoxicity in rats. African Journal of Traditional, Complementary and Alternative 
Medicines. 2009; 6(2): 131.

48.  Spencer JP. Flavonoids and brain health: multiple effects underpinned by common 
mechanisms. Genes and nutrition. 2009; 4(4): 243-50.

49.  Sánchez-Martínez JD, Alvarez-Rivera G, Gallego R, Fagundes MB, Valdés A, Mendiola 
JA, et al. Neuroprotective potential of terpenoid-rich extracts from orange juice 
by-products obtained by pressurized liquid extraction. Food Chemistry: X. 2022; 13: 
100242.

50.  Silva R.F.M., Pogačnik L. Polyphenols from food and natural products: Neuroprotection 
and safety. Antioxidants. 2020; 9: 61.

51.  Butterfield DA, Halliwell B. Oxidative stress, dysfunctional glucose metabolism and 
Alzheimer disease. Nature Reviews Neuroscience. 2019; 20(3): 148-60.

52.  Okuyama S, Fukata T, Nishigawa Y, Amakura Y, Yoshimura M, Yoshida T, et al. Citrus 
flavonoid improves MK-801-induced locomotive hyperactivity: Possible relevance to 
schizophrenia. Journal of Functional Foods. 2013; 5(4): 2002-6.

53.  Bartus RT, Dean III RL, Beer B, Lippa AS. The cholinergic hypothesis of geriatric 
memory dysfunction. Science. 1982; 217(4558): 408-14.

Cite this article: Chaitanya KRVS, Korimelli S, Gaddam SR, Kavya M, Chandupatla R, Anusha VRS. Exploring the Ameliorative Potential of Barleria cristata 
in Cognitive Dysfunction Rat Model: Investigating Behavioral, Biochemical and Cellular Changes. Indian J of Pharmaceutical Education and Research. 
2025;59(3s):s950-s960.


