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Introduction:-

Schizophrenia is an incapacitating ailment, generally characterised by stereotypic behaviour, bizarre behaviours or
positive symptoms, depressive or negative symptoms and cognitive symptoms with the global burden around 1%
(Fineberg et al., 2013). Dopaminergic deregulation, hypofunction of NMDA receptors and GABAergic activity,
diminished cholinergic firing. The increased oxidative stress and neuroinflammation have been shown to play a
pathophysiological role in schizophrenia. Typical (first generation) and atypical (second generation) antipsychotic
agents are currently being use for the management of schizophrenia, which are also effective against hallucinations,
delusions and thought disorders.

First-generation antipsychotics are only effective in the management of positive symptoms of schizophrenia and are
also associated with extrapyramidal effects. In contrast, second-generation antipsychotics are beneficial in cognitive
symptoms of schizophrenia with lesser extra-pyramidal effects, but may cause diabetes mellitus, cardiovascular
disorders and agranulocytosis. Though antipsychotics have been used clinically for several decades, most of them
have incomplete efficacy. They are also coupled with many adverse effects as well as an increased risk of psychotic
relapse. Thus, there is a great need for therapeutic interventions for managing psychiatric disorders, which will not
only provide symptomatic relief but also halt the progression of the disease. Natural medicinal agents are the
powerhouse of various bioactive constituents which possess medicinal properties, biochemical specificity, and
chemical diversity that make them essential remedies for various human disorders including schizophrenia®. Various
medicinal herbs have been specifically studied in different neuropsychiatric disorders and many others have shown
promising results based on their therapeutic potential and safety profile(Allman, 1959).

Chromolaena odorata is formerly known as Eupatoriu odoratum which belongs to the kingdom Plantae, family
Asteraceae, genus Chromolaena, and species Chromolaena odorata L.(Boudjeko et al., 2015). The family Asteraceae
or Compositae (known as the aster, daisy, or sunflower family) is the most prominent family of flowering plants,
represented by about 950 genera and 20,000 species worldwide. C. odorata plants are distributed all over the world
in almost all habitats. The common names for these plants are Siam weed, devil weed, eupatorium, Jack in the bush,
Jack- in-the- bush, king weed, paraffin bush, and paraffin weed (Sirinthipaporn and Jiraungkoorskul, 2017). C.
odorata has been introduced extensively to tropical Asia, West Africa and some parts of Australia (Zahara, 2019). In
general, this plant can grow in a wide range of soil pH. However, it grows best in acidic soil areas that contain a
high amount of potassium and phosphorus. Herbal plants are known to be rich sources of phytochemical ingredients
that contribute to healthcare management.

Thereby, the demand for plant-based medicinal treatment using natural herbal plants has been shown to rise
worldwide(Kumar et al., 2016).Chromolaena odorata has a wound healing properties,. Anti bacterial,anticancer(Kigi
gha&Zige, 2013)anticonvulsant, antidiabetic, anti-diarrheal(Aba et al., 2015), anti-fungal, anti-inflammatory,
antioxidant,Vijayaraghavan et al., 2017; Lee et al., 2020), and antiparasitic(Thoden et al., 2007), hemostatic and
wound healingVaisakh et al., 2012), and hepatoprotective activities(Bissangouet al., 1997). Several studies have
investigated the pharmacological properties of Chromolaena odorata leaf extract. Phytochemical constituent has
revealed the presence of bioactive compounds such as:monoterpenes, sesquiterpenes hydrocarbons, triterpenes/steroi
ds, alkaloids and flavonoids(Elion et al., 2017. The leaves of C. odorata also contain the highestconcentration of
allelochemicals isolated from a plant, flavonoid aglycones (flavanones, flavonols, flavones) including acacetin,
chalcones, eupatilin, luteolin, naringenin, kaempferol, quercetin, quercetagetin, and sinensetin(Anyasor et al., 2011),
terpenes and terpenoids(Tilak et al., 2016).

Materials and Method:-

SPlant MaterialsThe leaves of C. odorata used in this experiment was collected in April Road 7, OAU, ILE-IFE,
Osun State, Nigeria. It was identified by a botanist (Mr. G.A Ademoriyo) in the herbarium unit of the Botany
Department, Faculty of Sciences, Obafemi Awolowo University, Ile Ife, Nigeria, where a voucher specimen was
kept with the voucher number IFE-18267. The leaf was washed, air-dried, and then pulverized using a mortar and
pestle.

Extraction Procedure

One hundred grams of the pulverized, air-dried leaf of C. odorata were dissolved in 500 mL of distilled water in a
conical flask. The mixture was shaken vigorously and then allowed to stand for 72 hours. It was subsequently
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filtered using Whatman (No. 1) filter paper, and the filtrate was evaporated at 50°C using a rotary
evaporator(Eduador et al., 2000).

Animal materials

Male albino mice weighing approximately (20-25 g) grams were used for this study. The animals were housed in
polypropylene cages maintained at room temperature. They were fed standard pellet feed and had access to water ad
libitum. The albino mice were acquired from the LAUTECH Animal House, located within the College of Health
Sciences at Ladoke Akintola University of Technology (LAUTECH) in Ogbomosho, Oyo State, Nigeria. The mice
were kept in transparent, wire-gauged cages in a well-lit and adequately ventilated room, under standard
environmental conditions consisting of a 12-hour light and 12-hour dark cycle. Prior to the commencement of the
experiment, the mice were acclimatized for three weeks while continuing to receive standard pellet feed and water
ad libitum.

Behavioural Observations

Behaviour assays were performed using method previously described(Hanieh et al., 2023). Briefly, mice,
acclimatized previously were randomly selected and distributed into various groups of 7 animals (n = 7), i.e.: (a)
hyperlocomotor activity (representing positive symptoms, evaluated using Open field test), (b) Forced Swim Test
(representing negative symptoms) (c) Novel Object recognition test and Y-maze (representing cognitive symptoms).
Drug administration was generally done one hour prior to ketamine treatment.

Effect of ethanol leaf extract of Chromolaena odorata on Novel object recognition test

In assessing the efficacy of schizophrenia using animal models, Novel object recognition test is commonly
usedrecognition(Rajashri et al., 2020; Sung et al., 2023). Mice were place individually in a box measured 32x30 cm
with beige walls for 5 min habituation followed by injection with saline or extract (before or after acquisition) and
returned to the chamber. Twenty minutes later mice were injected (i.p.) with saline or 100mg/kg ketamine and 30
min later, it was placed in a chamber with two identical objects for 10 min (acquisition session). After acquisition,
mice was returned to home cages and 1.5 h later they were place back into the experimental chamber with retained
and one novel object of about the same size but a different shape and color (recognition session). The acquisition
and recognition sessions were video recorded and the time spent exploring the objects was scored by an observer
who was blinded to the drug treatments. Exploratory behavior was defined as sniffing, touching and direct attention
to the object. Exploration times were expressed as the means + s.e.m. For the recognition session, the recognition
index was calculated as (time for the exploration of the novel object divided by time exploring both the familiar and
the novel object) multiply by 100

Effect of ethanol leaf extract of Chromolaena odorata onY-Maze

The Y-maze can be used for short term working memory and locomotive activity. Spontaneous alternation is the
measure of spatial working memory. To alternate among spatial location a mouse must remember its previous
location(Akanmu et al., 2007). The effects of antipsychotic drug on cognitive function as an index for the cognitive
dysfunction of schizophrenia are assessed using the method of Julia et al.,(2023). Six groups of mice (n = 6) were
randomly selected and treated orally or by intraperitoneal injection; each mouse is only tested once. Group 1 was
given distilled water (10ml/kg) once daily for 14 days. Group 2 to 6 were pretreated with sub-anesthetic dose of
ketamine (20 mg/kg) once daily for 14 days. From 8th to 14th day of treatment, group 2 was treated with vehicle (10
ml/kg) once daily as negative control; group 6 (positive control) received risperidone 1mg/kg. Group 3 to 5 were
given three graded dose of the extract till day 14th. Twenty-four hours after the last treatment (15th day), animals
were assessed for behavioral activity on Y- maze. The apparatus consists of three identical arms (33 x 11 x 12 cm)
in which arms are symmetrically separated at one twenty degree specifically each mouse is place at the end of arm A
and allow to explore all the three arms (A, B, C freely for 5 minutes taking record of the number of arms visited and
the sequence (alternation) of arm visits visually. An arm entry is defined as the entry of the body of mouse except its
tail into an apartment. Alternation is defined as the entry into all three arms on consecutive device. The percentage
alternation was determined as the ratio of actual alternation to visible alternation (defined as total number of arm
entry minus two) multiply by 100(Akanmu et al., 2007). After each mouse observation the chamber will be clean
with 70% ethanol.

Effect of ethanol leaf extract of Chromolaena odorata onForced Swimming Test

Force swimming test, as described previously(Hanieh et al., 2023) in mice is a measure of despair behavior. In brief,
mice were placed individually in glass cylinders (20 cm height, 10 cm diameter) containing 10 cm depth of water at
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25 °C. After 5 min, the animals were removed from water, dried and returned back to their home cages. They were
again placed in the cylinder 24 h later and after the initial 1 min acclimatization period, the total duration of
immobility was measured for 5 min. The duration of swimming during the 6 min test period was recorded by a
camera mounted above the cylinders.

Effect of ethanol leaf extract of Chromolaena odorata on Open field test (Locomotor Activity)

Gross open field activity(Ghaderi et al., 2020) was studied using plexiglass arena, fitted with a video camera
containing horizontal square lines on the floor of the arena. The number of interruptions of the central and peripheral
square cross by the animals was interpreted as horizontal activity and locomotive behavior. Group 1 received only
distilled water, while group 2-6 received ketamine with 3, 4, 5 receiving graded doses of extract and group 6
received risperidone 1mg/kg. Prior to the experiment, both the control and the treated animals were habituated in the
experimental cage forl5 min. After the initial habituation process, the activities of the animals were studied for 5
min. All cages were connected with video camera.

Effect of ethanol leaf extract of Chromolaena odorata on Catalepsy Test

The catalepsy procedure has been described previously(Prinsen et al., 2002;Zarrinkalam et al 2016). Animals will
first be examined in the crossed-leg position test, and immediately thereafter in the bar test. In the crossed-leg
position test, the hind limbs are placed over the ipsilateral forelimbs and the time during which an animal remained
in this position was determined up to a maximum of 30 seconds. In the bar test, the forelimbs were placed on a
horizontal, cylindrical metal bar (diameter 1.25 cm; height 10 cm) and the time during which both forelimbs
remained on the bar was determined up to a maximum of 30 seconds. The bartest was repeated 3 and 6 min later and
the mean of three trials was used for data analysis. Animals were returned to their cage between tests. Six animals
were tested in each group. Positive control: Haloperidol, negative control: distilled water and test groups received
500, 1000 and 2000 mg/kg of the extract.

Data and Statistical Analysis

The data obtained are presented as means (= SEM) for each group of animals (n=6). Data from distilled water or
normal saline-treated 'control' rats were utilized as the baseline. In all cases, the results from the extract- and
reference drug-treated 'test' animal groups were compared to those from the normal saline groups. A one-way
analysis of variance (ANOVA) was used to examine the differences between the 'test' animal groups and the
vehicle-treated 'control' groups, using a 95% confidence interval. Following this analysis, Dunnett's post-hoc test
was applied. A statistical significance level of p < 0.05 was set for all tests.

Results:-

The ethanol leaf extract of C. odorata significantly increased the percentage of spontaneous alternation at doses of
1000 and 2000 mg/kg compared to the control group (p < 0.05), as shown in Table 1. Additionally, Table 2
demonstrates that the extract dose-dependently increased both the duration of novel object exploration and the
percentage recognition index when compared to the control group, with statistical significance (p < 0.05).

However, the extract also led to a significant decrease in the number of central and peripheral square crossings (p <
0.05), indicating reduced hyperlocomotor activity, as detailed in Table 3.

Table 4 shows a significant decrease in the duration of immobility at a dose of 1500 mg/kg, although this effect was
not observed at the lower doses of the extract.

There was no significant increase in the duration of catalepsy induced by haloperidol across all doses of the extract
when compared to the control group (Table 5, p <0.05).

Furthermore, Table 6 indicates that there were no significant changes in any liver function parameters after 28 days
of oral administration of the ethanol leaf extract of C. odorata at doses of 500, 1000, and 2000 mg/kg (p < 0.05).
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Table 1: Effect of C. odorata ethanol leaf extract on acute ketamine induced spatial memory impairment in

Y- maze

Treatments Doses (mg/kg) No. of alternation** Spontaneous alternation%**
NOAA NOVA

Control 0 3.5£0.13 11.1£1.16 24.0

C. odorata 500 27+0.0689 +£1.12 233

C. odorata 1000 53+0.058.2+0.07 39.3

C. odorata 20008.1£1.21 7.5+1.23 52.0

Risperidone 18.7£1.356.9 £ 0.42 55.8

**Values are mean + SEM (n=5).
*Values are statistically significant (P<0.05) compared with control using one-way ANOVA followed by Dunnett’s
post-hoc test.

Table 2; Effect of C. odorata extract on acute ketamine induced memory impairment in Novel object
recognition test.

— YA

Treatments Doses (mg/kg) A, Exploration time(s)** Recognition index %
TENO TEFO

Control 0 53.1+£4.0675.1 £ 5.3541.4

C. odorata 500  61.4+4.1372.5£6.71 45.9

C. odorata 1000 61.8+521 69.3+5.28 47.1

C. odorata 2000 72.3£5.23*% 70.1£5.63  50.8

Risperidone 1 75.6% 6.45*%73.8+£7.35 50.6

**Values are mean + SEM (n=5).
*Values are statistically significant (P<0.05) compared with control using one-way ANOVA followed by Dunnett’s
post-hoc test.

Table 3: Effect of C. odorata extract on acute ketamine induced hyperactivity in open field test.

Treatment Doses (mg/kg) NO. of central square cross** NO. of peripheral square cross**
Control 0 8.4+1.35 17.83 +£0.34

C. odorata 500 7.1£1.05 8.50+ 1.17*

C. odorata 1000 6.5£0.79 6.61 +1.42*

C. odorata 2000 2.3£0.21 3.66£0.21%

Risp 1 0.45+0.48 0.65+0.08*

**Values are mean + SEM (n=5).
*Values are statistically significant (P<0.05) compared with control using one-way ANOVA followed by Dunnett’s
post-hoc test.

Table 4: Effect of C. odorata ethanol leaf extract on acute ketamine induced immobility in forced swim test.

Treatments Doses (mg/kg) Duration of immobility**
Control 0 5.72+0.43

C. odorata 500 4.07+0.21

C. odorata 1000 4.17+0.03

C. odorata 2000 2.75£0.19*%

Rispl 1.97 £0.05*

**Values are mean + SEM (n=5).
*Values are statistically significant (P<0.05) compared with control using one-way ANOVA followed by Dunnett’s

post-hoc test.

Table 5: Effect of C. odorata extract on catalepsy duration in glass bar test.

Treatments Doses (mg/kg) Catalepsy (sec)**

Control 0 31.71£3.41
C. odorata 500 29.35 £3.27*
C. odorata 1000 28.9 +3.72%
C. odorata 2000 28.17 £3.08*
Risp 1 11.31 £2.63*
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**Values are mean + SEM (n=5).

*Values are statistically significant (P<0.05) compared with control using one-way ANOVA followed by Dunnett’s
post-hoc test.

Table 6: Effect of C. odorata on liver function indices following 28 days subchronic oral treatment in mice

Treatment Dose(mg/kg) ALK(m/l) AST(m/l) ALT(m/l) T.P(g/l) Albumin(g/l)

Control 0 75.31+2.11  53.06+4.21 61.42+£5.57 56.63+3.42 28.37+2.21
C.odorata 500 69.25+7.25  56.37+4.05 67.42+545 61.13+4.53 31.53+3.35
C. odorata 1000 61.32+5.40  51.25+4.23 52.35+£3.34 4831£3.71 35.81£2.07
C.odorata 2000 62.05+4.09 54274439 61.15£5.64 55.75+4.47 31.21£2.43

**Values are mean + SEM (n=5).
*Values are statistically significant (P<0.05) compared with control using one-way ANOVA followed by Dunnett’s
post-hoc test.

Discussion:-

Medicinal plants, with their antioxidant properties and fewer side effects, remain the preferred choice compared to
synthetic chemical compounds. Hence, we select the C. odorata plant for its vast spectrum of medicinal value,
ranging from antiulcer to memory-enhancing properties. The study has evaluated the effects of C. odorataagainst the
ketamine induced experimental psychosis model in mice.

In this study, we evaluated the effects of C. odorata, which is known to possess neuroactive properties, for the
management of insanity and lactation-enhancing effects. Pharmacological, post-mortem, neuroimaging and clinical
studies have implicated the glutamatergic N-methyl-D-aspartate (NMDA) receptor in the pathology of
schizophrenia(Anushika et al., 2017). NMDA receptor antagonists such as MK 801, phencyclidine and ketamine
induce schizophrenia-like symptoms in healthy humans(Jentsch & Roth, 1999) and augment psychotic symptoms in
patients with schizophrenia(Hanich et al., 2023). Most importantly, phencyclidine, as well as its derivatives, MK-
801 and ketamine, also impaired cognitive function in both humans and animals(Nan et al., 2024), producing
anomalies matching those present in schizophrenia(Upadhyaya et al., 2019). Therefore, in this present study, we
have used the ketamine model to investigate the efficacy of C. odorata as a possible antischizophrenic agent.

In our findings, C. odoratawas able to reverse the ketamine-induced hyperactivity at doses of 1000 and 1500mg/kg;
however, it showed a delayed response in blocking ketamine effects at the 100mg/kg dose. The stimulation of high
locomotor activity has been mainly achieved through the administration of dopamine agonists, and the dopamine
antagonists counteract the motor activation induced by the systemic administration of NMDA(Lorrain et al., 2003;
Dehbani, 2019). Furthermore, dopamine release in the nigrostriatal neurons remains in direct presynaptic control of
glutamate via both AMPA and NMDA receptors located in neuronal terminals of dopamine neurons. An indirect
inhibitory regulation of dopamine release was also demonstrated due to the combined stimulatory effect of N-
methyl-D-aspartate on the medium-sized GABAergic efferent neurons.

Also, a possible mechanism by which ketamine might produce these adverse behavioural effects, at least partially,
has been related to the blockade of NMDA receptors located on inhibitory GABAergic neurons in the mesolimbic
and subcortical brain regions(Lorrain et al., 2003). This disinhibitory action has been reported to facilitate neuronal
activity and excessive DA release in the limbic striatal regions(Saykin et al., 1991). Our finding revealed that C.
odorata can attenuate dopamine levels in the striatal areas but does not normalise D2 receptor gene expression
suggests that C. odoratamay modulate dopamine, thereby showing efficacy against the positive symptoms of
schizophrenia. Cognitive impairments such as deficits in executive function, attention, working short-term memory,
and long-term memory are core symptoms in patients with schizophrenia(Lueptow, 2017).

Among these, learning and memory impairments are known to be particularly resistant to treatment by conventional
antipsychotics(Sandeep, 2020). The Novel object recognition test is a widely accepted method for assessing
recognition memory in mice based on their natural innate character for exploring novelty(Ezejindu et al., 2014). In
this study, the groups treated with C. odorata displayed a clear preference for novelty. In contrast, the ketamine-
treated group was unable to pass the novelty preference test, indicating memory impairment. Similar outcomes were
observed with the percentage recognition index; the extract and Risperidone treated groups significantly enhanced
the recognition index. This indicates the ability of the animals to retain a preference for the novel object. This
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reveals that the C. odorata ameliorated object recognition memory that was impaired by ketamine. Based on these
behavioural tests, it can be inferred that C. odorata improved the retention and recognition memory and can augment
the effect of antipsychotic drugs on memory. Our findings also depict the memory-impairing properties of
ketamine(Hanieh et al., 2023), which were reversed by C. odorata treatment and also by the standard atypical drug,
Risperidone. The Y-maze can also be used for short-term working memory. Spontanecous alternation is the measure
of spatial working memory.

To alternate among spatial locations, a mouse must remember its previous location(Akanmu et al., 2007).This study
revealed that C. odoratawas able to increase the number of actual alternation and improve spontaneous alternation in
Y maze which indicate a favorable effect toward cognition as glutamate via NMDA receptors mediates long term
potentiation, memory formation and ketamine administration could decrease in glutamate content and reversal by C.
odorata could correlate its memory improving aspects. The enhancement of immobility after administration of
ketamine has been used previously as a model for the negative symptoms of schizophrenia, such as flattening of
affect and avolition(Hanieh et al., 2023). Administration of C. odoratareduced the immobility duration in the forced
swim test, similar to Risperidone.

The efficacy of atypical agents in the negative symptoms of schizophrenia has been attributed to their SHT-2
receptor blocking ability; hence, our C. odorata possibly contained phytochemicals that antagonise the SHT2a
receptors in the brain. Urea and creatinine are the major biomarkers of renal toxicity. Accumulation of serum urea is
used as the acute marker, and accumulation of serum creatinine is used in detecting chronic renal toxicity(Nikfarjam
et al., 2016). In this study, 28 days of administration of C. odorata did not produce a significant alteration in the
renal function indices. A similar finding was reported by Ezedinju et al, (2014) who evaluated the renoprotective
effects of Moringa oleifera leaf extract on the kidneys of adult mice. They observed no changes in renal function
indices and found no tissue lesions in their histopathological study.

The severity of chemically-induced liver damage can be used to evaluate or determine the level of biochemical
markers of liver function, such as Alanine transaminase (ALT), Aspartate transaminase (AST), and Alkaline
phosphatase (ALP)(Manzar et al., 2022), located in the cytoplasm, is released into circulation after liver cells are
damaged. ALT and AST are also enzymes released as a result of hepatic injury, especially damage to the
mitochondria of liver cells (Salem et al., 2017). Elevation of the level of these enzymes can be an indication of
cellular damage, leakage and loss of functional integrity of the liver cell membrane. The result of this study
displayed no significant differences in the level of liver enzymes when C. odorata-treated groups were compared
with the distilled water group. This is an indication that the ethanol leaf extract of C. odorata is safe at the doses
used in this study.

Conclusion :-

This study revealed that the plant extract used in this experiment is effective against ketamine-induced cognitive
impairments. Additionally, the extract exhibited no extrapyramidal side effects typically associated with
antipsychotic medications.
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