


Centella lujica® supplement ameliorates depressive and anxiety-like behaviour in stressed mice.

Abstract
Depression and anxiety are prevalent neuropsychiatric disorders often exacerbated by chronic stress, necessitating the exploration of effective, natural therapeutic alternatives. Centella lujica, a known species within the Centella genus, has shown potential neuroprotective properties due to its antioxidant and anxiolytic compounds. This study investigated the effects of Centella lujica supplementation on depressive- and anxiety-like behaviours in mice subjected to chronic unpredictable mild stress (CUMS), a validated model of stress-induced mood disorders. Sixty adult male mice were divided into five groups: group 1 served as control, group 2 CUMS group, group 3-5 received 50mg/kg, 100mg/kg of Centella lujica and 10mg/kg of imipramine respectively. Behavioural assessments predictive of depression and anxiety were conducted using the social interaction test (SIT), elevated plus maze (EPM), light and dark transition test (LDT), and hole board test (HBT) as well as histological examination of the prefrontal cortex and hippocampus were carried out. Mice treated with C. lujica exhibited significantly improved social preference in the SIT, and decreased exploration in EPM and LDT, increased exploration in the HBT indicating reduced depressive- and anxiety-like behaviours. Histological analysis of the hippocampus and prefrontal cortex revealed improved neuronal integrity in the treatment groups. These findings suggest that Centella lujica possesses promising antidepressant and anxiolytic properties, likely mediated through its antioxidant and neuroprotective mechanisms, and may serve as a potential adjunct in the management of stress-related mood disorders.
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1. INTRODUCTION
Depression and anxiety are among the most prevalent neuropsychiatric disorders worldwide, contributing significantly to the global burden of disease and disability (Anthony et al., 2025; Dong et al., 2025). These disorders are often precipitated or exacerbated by chronic stress (Olayinka et al., 2025), which triggers maladaptive neurobiological responses including dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis, oxidative stress, neuroinflammation, and impaired neurogenesis (Eduviere et al., 2022; Nady et al., 2024). Rodent models of chronic stress, such as restraint stress or chronic unpredictable mild stress (CUMS), have become pivotal tools for studying the pathophysiology of these disorders and testing the efficacy of novel therapeutic agents (Gyles et al., 2024; Otomewo et al., 2024).
Traditional medicinal plants have gained increasing attention for their neuroprotective and mood-regulating properties. Among these, Centella species—particularly Centella asiatica—have been well documented for their adaptogenic, anxiolytic, and antidepressant-like effects (Ren et al., 2024). These effects have been primarily attributed to triterpenoid compounds such as asiaticoside and madecassoside, which have been shown to enhance synaptic plasticity, modulate monoaminergic neurotransmission, and upregulate brain-derived neurotrophic factor (BDNF) expression (Mando et al., 2024; Zakaria et al., 2023). Recently, the congener Centella lujica, native to certain parts of Africa, has drawn scientific interest due to its similar phytochemical profile and traditional usage in local ethnomedicine for calming and restorative purposes. Though relatively underexplored in comparison to C. asiatica, preliminary phytochemical screenings suggest that C. lujica contains bioactive flavonoids, saponins, and triterpenoids that may confer neuroprotective and mood-stabilizing effects (Anthony et al., 2025; Eduviere et al., 2022). However, empirical data on its neurobehavioral impact, particularly under stress conditions, remains limited. This study investigates the potential of Centella lujica supplementation in ameliorating depressive and anxiety-like behaviors in mice subjected to chronic unpredictable mild stress CUMS. We hypothesize that chronic administration of C. lujica extract will attenuate behavioral indices of depression and anxiety in stressed mice. This research not only contributes to the scientific validation of traditional herbal medicine but also opens a new avenue for the development of plant-based adjunct therapies for mood disorders.
2. MATERIALS AND METHODS
Experimental Animals
Sixty (60) adult albino Swiss mice weighing 25-28 g used in the study were obtained from the Central Animal House, Delta State University, Abraka and were housed in plastic cages at room temperature. They were fed with balanced rodent pellet diet and water ad libitum. Mice were acclimatized for at least one week before commencement of experiments. All experimental procedures were performed in accordance with the Guide for Care and Use of Laboratory Animal (NIH guidelines), and approval was gotten from the Faculty of Basic Medical Sciences ethical committee (RBC/FBMC/DELSU/25/660).

Equipment and Apparatus
ATKE Centrifuge model C-250 (2023), Equitron Water Bath EWB-30 (2023), Spectrophotometer Inesa 752N Pro (2023), pH meter EDT 3000 (2023), BioTrack Social interaction Chamber (2023), Behavioral Light and dark transition (2023), Behavioral Elevated plus Maze (2023), Behavioral Hole board apparatus (2023), weighing balance Ohaus Scout SPX (2023), test tubes Pyrex Test Tubes (2023), Eppendorf tubes Eppendorf Safe-Lock Tubes (2023), tube racks Labcon Tube Rack (2023), plastic cylinders Corning 50-mL Conical Centrifuge Tubes (2023), R. Michael Dissection Kit (2023) and boards. 
Drugs and Chemicals.
Centella lujica, Imipramine, trichloroacetic acid—TCA (Burgoyne Burbidges & Co., Mumbai, India), thiobarbituric acid—TBA (Guangdong Guanghua Chemical Factory Co., Ltd.) 5,5′- dithio-bis (2-nitrobenzoic acid)—DTNB (Aldrich, Germany) and Tris (hydroxymethyl)-amino-methane (Tris-buffer) (Hopkin & Williams Company, USA) were used in the study.

Chronic Unpredictable Mild Stress (CUMS) Protocol
The procedure for CUMS was performed as previously described by Katz et al., 1981; Willner et al., 1987, with some modifications as stated by Olayinka et al., 2023. Mice were subjected to CUMS for two weeks and were subjected to different stressors daily in a randomized manner. Experimental animals were exposed to two different types of stressors each day in a manner unpredictable to them. These stressors were randomly scheduled in the first week and alternated in the second week. All the stressors were applied individually and regularly during the day and at night. The control animals were not disturbed in their home cages except during regular cage cleaning and weighing of animals.

List 1 : Stressors Applied for Chronic Unpredictable Mild Stress Paradigm 
	Days
	Stressors and Duration

	1.
	 Damp bedding (2 h); shaking the cages vigorously (1.5 h)

	2.
	 Food deprivation (12 h); tail pinch (5 min)

	3
	 45◦C cage tilting (2 h); cat noise (1 h)

	4
	  Overnight illumination (12 h); sawdust-free cage (1 h)

	5
	  Food and water deprivation (12 h); change of cage mates (30 min)

	6
	  Water deprivation (12 h); exposure to predator odour (30 min)

	7
	  Sawdust free cage + 120 ml of water (2 h); background noise (30 min)

	8
	  Tail pinch (5 min); food deprivation (12 h)

	9
	  Shaking the cages vigorously (1.5 h); damp bedding (2 h)

	10
	   Cat noise (1 h); 45◦C cage tilting (2 h)

	11
	   Sawdust-free cage (1 h); overnight illumination (12 h)

	12
	  Change of cage mates (30 min); food and water deprivation (12 h)

	13
	  Exposure to predator odour (30 min); water deprivation (12 h) 

	14
	 Background noise (30 min); sawdust-free cage + 120 ml of water (2 h).


	
Drug Preparation
Centella lujica capsules were obtained from New Era Oluji Nig. Ltd©, Ondo State, Nigeria. One capsule (100 mg) was dissolved in 20 mL of distilled water to obtain a stock solution of 5 mg/mL, which was further diluted in distilled water to obtain the concentrations used in the study conducted by Eduviere et al., (2022). Other drugs that were used in the study was dissolved in distilled water immediately before use. The doses of CL used in the study were selected based on the results obtained from preliminary investigations.

Experimental Design.
Mice were randomly assigned to 5 groups (where n = 10 animals per cage or group). 
· Group 1 received distilled water and served as the normal control group. 
· Group 2 received distilled water and was exposed to CUMS. 
· Group 3 received CL 50 mg/kg (p o) + CUMS. 
· Group 4 received CLS 100 mg/kg/day (p o.) + CUMS while 
· Group 5 was administered to imipramine 10 mg/kg (p.o) + CUMS.


BEHAVIOURAL TEST
Assessment of Depression using the social interaction chamber
The social interaction test (SIT) was used to determine possible depressive-like symptoms 
in the experimental mice using the method described by Morin et al. (2021) with slight modification. Briefly, the setup is made up of a gray Plexiglas open arena (LWH: 75 × 75 × 30cm), an opaque gray floor and two identical wire cups, one of them was used as empty and the
other as a cover for the stranger animal. The apparatus is divided into three-rectangular boxes (LW: 75 × 25 cm) with a displaceable door on each of them which allows access to any of the chambers, and cardboard was used to demarcate the test from the experimenter’s recording area. The social interaction test was conducted in three phases:

• Habituation: the test animal was placed in the middle chamber of the experiment and allow
to explore the two outer chambers containing similar empty wire cups for 5 min.

• Social interaction: this phase lasted for 10 min. SIT session in which the experimental mice were presented with choosing between initiating direct interaction with a stranger mouse (S1) under the wire cup in the first box or spending time with the empty cup (EC) in the second box. The time spent with S1 vs the time spent in the empty cup indicates the level of sociability

• Social preference: this phase commenced immediately after the social interaction phase and
it lasted another 10-minute session (SP). In this phase, a novel conspecific mouse (S2) was
placed under the empty cup in the second box, and the experimental mice were allowed to freely interact directly or indirectly with the mice in either chamber. Stranger mice placement was counterbalanced between trials. At the end of the session, all the animals were returned to their home cage.

Assessment of anxiety levels using elevated plus maze test
Elevated plus maze (EPM); an accepted test for anxiolytic and anxiogenic effects of a drug was utilized to measure possible anxiety levels altercation effects of Centella lujica of the experimental mice using the procedure described by Eduviere et al. (2022) with little modifications. Briefly, the plus maze apparatus consists of two open arms and two closed arms and an elevation to a height of 25 cm above the floor level. Each mouse was placed at the tip or end of an open arm, with the head facing pointing towards the center of the apparatus. The experimental animal was allowed to explore the maze for a duration of 5 min, in which the number of arm entries (either open or closed) and the time spent in open and closed arms will be noted and recorded.

Assessment of anxiety levels using light /dark box
The light/dark transition test will be utilized to further justify the possible anxiolytic property of
Centella lujica using the method of Eduviere et al., (2022). Shortly, the apparatus consisted of a
rectangular box (45 × 27 × 27 cm), partitioned into two compartments connected by a 7.5 × 7.5 cm opening in the wall between the two compartments. The mouse was dropped in the illuminated compartment of the box and the number of entries and time spent in the light and dark compartments of the box will be taken and recorded within the period of 5 min session.



Assessment of anxiety behaviour using the hole board test
The Hole Board Test was used to assess anxiety, exploration, and general activity in rodents according to the method of Brown and Nemes, (2008). The test involves placing a rodent on an elevated board with evenly spaced holes and observing its behavior for 5 minutes. Key behaviors measured include head dips (indicating exploration), latency to the first head dip, quadrant crossings (general activity), rearing, and grooming (often linked to anxiety) were observed and analyzed. Ethical guidelines were followed to ensure the well-being of the animals during the experiment.

Preparation of Brain Tissues for Histology
After the behavioural tests, mice in the respective groups were euthanized. Thereafter, mice were perfused, and their brains were harvested, and fixed with 10% phosphate buffered formaldehyde. Paraffin-wax embedded tissue blocks were obtained for each extracted mouse brain. About 5–6 µm thick transverse sections of the brains were obtained using a microtome (Leica, Germany) and the sections were fixed on glass slides. Histology and approximation of neuronal density Representative brain tissue sections of each treatment group were stained with Hematoxylin and Eosin (H&E) to evaluate general histology of the prefrontal cortex and hippocampus (CA1) region (Eltony and Elgayar, 2014).  Thereafter, the stained sections were viewed under a microscope (Olympus BX-51 binocular) at 400X magnification for evaluating the Pfc and CA1 region of the hippocampus and photographed using a digital camera (Optronics) connected to a computer (MagnaFire interface) to obtain photomicrographs. The slides were analyzed for morphological changes. The number of viable neuronal cells was analyzed using computer-based image analysis (Image J at 400X or 250X) at different microscopic fields. Viable neuronal cells were designated as round-shaped with cytoplasmic membrane-intact cells and without any nuclear condensation. Neuronal density was then estimated as a ratio of viable neuronal cell counts to square (sq) area of the view in a section.
Statistical Analysis
All data were presented as Mean ± SEM. The result was analyzed using one way analysis of variance (ANOVA) and post hoc tests (Tukey test) to determine the source of significant main effect using Graph Pad InStat® Biostatistics software version 8. The level of significance for all tests will be set at p˂0.05.
3. RESULTS
Effect of Centella lujica on depressive-like behavior, in mice exposed to chronic unpredictable mild stress.
The effect of Centella lujica (CL) given daily for 14 days on depressive-like behaviour, as measured by the percentage social preference in the social interaction test (SIT), as shown in Figure 1. One-way ANOVA showed that there was significant difference between treatment groups. Post hoc analysis using Tukey’s post hoc test revealed that the CUMS group showed a significant (p<0.05) reduction in sociability as depicted by a reduced social preference when compared to the control group, while CL (50mg/kg, 100 mg/kg) given daily for 14 days produced a significant (p<0.05) increase in sociability, as evidenced by an increased in social preference when compared with the CUMS group alone. 


[bookmark: _Hlk191234284]Figure 1: The effect of Centella lujica on depressive-like behavior, using the social interaction test in mice exposed to CUMS.
Values represent the mean ± S.E.M for 10 animals per group
# p<0.05 compared to the control group (ANOVA followed by Tukey’s post hoc test).  
* p<0.05 compared to the pathologic group (ANOVA followed by Tukey’s post hoc test).
Effect of Centella lujica on anxiety-like behavior, in mice exposed to chronic unpredictable mild stress.
The effect of Centella lujica (CL) given daily for 14 days on anxiety-like behaviour, as measured by the time spent in the closed arm as seen in the elevated plus maze (EPM), as shown in Figure 2. One-way ANOVA showed that there was significant difference between treatment groups. Post hoc analysis using Tukey’s post hoc test revealed that the CUMS group showed a significant (p<0.05) increase in anxiety-like behaviour as depicted by an increased in the time spent in the closed arm when compared to the control group, while CL (100mg/kg) given daily for 14 days produced a significant (p<0.05) decrease in anxiety-like behaviour, as evidenced by an decreased in time spent in the closed arm when compared with the CUMS group alone. 
The effect of Centella lujica (CL) given daily for 14 days on anxiety-like behaviour, as measured by the time spent in the dark box as seen in the light and dark transition box (LDT), as shown in Figure 3. One-way ANOVA showed that there was significant difference between treatment groups. Post hoc analysis using Tukey’s post hoc test revealed that the CUMS group showed a significant (p<0.05) increase in anxiety-like behaviour as depicted by an increased in the time spent in the dark box when compared to the control group, while CL (100mg/kg) given daily for 14 days produced a significant (p<0.05) decrease in anxiety-like behaviour, as evidenced by an decreased in time spent in the dark box when compared with the CUMS group alone. 
The effect of Centella lujica (CL) given daily for 14 days on anxiety-like behaviour, as measured by the number of head dips as seen in the hole board test, as shown in Figure 4. One-way ANOVA showed that there was significant difference between treatment groups. Post hoc analysis using Tukey’s post hoc test revealed that the CUMS group showed a significant (p<0.05) increase in anxiety-like behaviour as depicted by an decreased in the number of head dips when compared to the control group, while CL (100mg/kg and imipramine 10mg/kg) given daily for 14 days produced a significant (p<0.05) decrease in anxiety-like behaviour, as evidenced by an increased in number of head dips when compared with the CUMS group alone. 



Figure 2: The effect of Centella lujica on anxiety-like behavior, using the Elevated plus maze in mice exposed to CUMS.
Values represent the mean ± S.E.M for 10 animals per group
# p<0.05 compared to the control group (ANOVA followed by Tukey’s post hoc test).  
* p<0.05 compared to the pathologic group (ANOVA followed by Tukey’s post hoc test).



Figure 3: The effect of Centella lujica on anxiety-like behavior, using the Light and Dark Transition box in mice exposed to CUMS.
Values represent the mean ± S.E.M for 10 animals per group
# p<0.05 compared to the control group (ANOVA followed by Tukey’s post hoc test).  
* p<0.05 compared to the pathologic group (ANOVA followed by Tukey’s post hoc test).



Figure 4: The effect of Centella lujica on anxiety-like behavior, using the Hole board test in mice exposed to CUMS.
Values represent the mean ± S.E.M for 10 animals per group
# p<0.05 compared to the control group (ANOVA followed by Tukey’s post hoc test).  
* p<0.05 compared to the pathologic group (ANOVA followed by Tukey’s post hoc test).

[bookmark: _Hlk194567788][bookmark: _Hlk179288555]Plate 1 : Photomicrograph on the effect of Centella lujica (CL) on neuronal density count of the cornu ammonis (CA2) of the hippocampi in mice exposed to chronic unpredictable mild stress (CUMS).
[image: ]
Representative photomicrograph (H and E- stained section) of the effect of Centella lujica (CL) on the histology of the hippocampus in mice exposed to chronic unpredictable mild stress (CUMS).
Magnification= HE × 40. A= control, B=CUMS, C=CUMS+50mg/kg, D=CUMS+100mg/kg, E=CUMS+IMP 10mg/kg.

Slide A appeared normal (black arrow) and are well structurally organized with multiple lamina arrangement, slide B few neurons appeared degenerated(atrophic) with viable basophilia (red arrow), slide C few neurons appeared degenerated(atrophic) with viable basophilia (red arrow), slide D few neurons appeared degenerated(atrophic) with viable basophilia (red arrow), slide E few neurons appeared degenerated(atrophic) with viable basophilia (red arrow).
[bookmark: _Hlk194567383]
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Figure 5: The effect of Centella lujica (CL) on the histology and neuronal density count of the cornu ammonis (CA2) of the hippocampi in mice exposed to CUMS.
Values represent the mean ± S.E.M for 10 animals per group
# p<0.05 compared to the control group (ANOVA followed by Tukey’s post hoc test).  
* p<0.05 compared to the pathologic group (ANOVA followed by Tukey’s post hoc test).

[bookmark: _Hlk194567499]Plate 2 : Photomicrograph on the effect of Centella lujica (CL) on neuronal density count of the Prefrontal cortex PFC in mice exposed to chronic unpredictable mild stress (CUMS).
[image: ]

Representative photomicrograph (H and E- stained section) of the effect of Centella lujica on the histology of the prefrontal cortex in mice exposed to chronic unpredictable mild stress (CUMS).
Magnification= HE × 40. A= control, B=CUMS, C=CUMS+50mg/kg, D=CUMS+100mg/kg, E=CUMS+IMP 10mg/kg.

Slide A appeared normal (black arrow) and are well structurally organized with multiple lamina arrangement, slide B few neurons appeared degenerated(atrophic) with viable basophilia (red arrow), slide C few neurons appeared degenerated(atrophic) with viable basophilia (red arrow), slide D few neurons appeared degenerated(atrophic) with viable basophilia (red arrow), slide E few neurons appeared degenerated(atrophic) with viable basophilia (red arrow).
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Figure 6: The effect of Centella lujica (CL) on the histology and neuronal density count of the Prefrontal cortex PFC in mice exposed to CUMS.
Values represent the mean ± S.E.M for 10 animals per group
# p<0.05 compared to the control group (ANOVA followed by Tukey’s post hoc test).  
* p<0.05 compared to the pathologic group (ANOVA followed by Tukey’s post hoc test).

4. DISCUSSIONS
The present study investigated the antidepressant- and anxiolytic-like effects of Centella lujica (CL) in mice subjected to chronic unpredictable mild stress (CUMS), a well-validated model of depression and anxiety in rodents (Anthony et al., 2025; Eduviere et al., 2022). Findings from behavioral paradigms—such as the social interaction test (SIT), elevated plus maze (EPM), light-dark transition test (LDT), and hole board test (HBT)—revealed that CL mitigated CUMS-induced behavioural deficits. Histological analyses further showed that CL preserved neuronal architecture and density in the hippocampal CA2 region and prefrontal cortex (PFC), brain regions heavily implicated in mood regulation. Mice exposed to CUMS exhibited a significant reduction in social preference, indicative of depressive-like behaviour, consistent with earlier studies showing social withdrawal and anhedonia in stressed animals (Otomewo et al., 2024; Zhang et al., 2025). Daily administration of Centella lujica at 50 and 100 mg/kg significantly reversed this deficit, suggesting its potential antidepressant properties. This aligns with findings on Centella asiatica, a related species, which has been shown to alleviate social avoidance behaviour and increase sociability in rodent models of chronic stress and neurodevelopmental disorders (Anamika and Muralidharan, 2024; Costa et al., 2024). The improvement in social behaviour may be attributed to CL’s potential modulation of monoaminergic systems and neurotrophic factors such as brain-derived neurotrophic factor (BDNF), known to be reduced in depression (Kandemir, 2023.).
In the EPM test, CUMS-exposed mice spent significantly more time in the closed arm, indicating heightened anxiety levels. CL at 100 mg/kg significantly reduced this behaviour, similar to the effects observed with standard antidepressants such as imipramine. Likewise, in the LDT test, CL significantly decreased the time spent in the dark compartment, reflecting reduced anxiety. In the HBT, CL increased the number of head dips, a behaviour inversely related to anxiety (Bourin & Hascoët, 2003).
These results collectively indicate that Centella lujica exerts robust anxiolytic effects. These may be due to its antioxidative, anti-inflammatory, and neuroprotective properties. Research on Centella asiatica has shown it modulates GABAergic transmission and elevates antioxidant enzyme activities (Firdaus et al., 2024), which may similarly apply to Centella lujica. The observed anxiolytic effects could also involve normalization of the hypothalamic-pituitary-adrenal (HPA) axis, often dysregulated in CUMS-exposed animals (Eduviere et al., 2022; Holsboer, 2000).
Histological analyses of the CA2 region of the hippocampus and PFC revealed that CUMS caused neuronal degeneration, as evidenced by atrophic neurons and loss of laminar structure. However, treatment with CL preserved the structural integrity and increased neuronal density in these regions. Chronic stress has long been associated with structural atrophy and neuronal loss in the hippocampus and PFC, brain regions central to emotion regulation and cognitive function (Eduviere et al., 2022; McEwen et al., 2015). Restoration of neuronal integrity by CL may be due to its ability to attenuate oxidative stress and enhance neurogenesis. Several flavonoid-rich plants, including species within the Centella genus, have been reported to enhance dendritic arborization and synaptogenesis (Cichon et al., 2020). The observed neuroprotection mirrors findings by El Kabbaoui et al. (2017), who demonstrated that Centella asiatica promoted hippocampal neurogenesis and improved learning and memory in a mouse model of stress-induced cognitive impairment.
5 CONCLUSION
This study demonstrates that Centella lujica significantly ameliorates both depressive- and anxiety-like behaviors in CUMS-exposed mice. It also protects against stress-induced neuronal degeneration in the hippocampus and prefrontal cortex. These findings are supported by existing literature on related Centella species and phytochemicals with neuroprotective properties, highlighting the potential of Centella lujica as a candidate for further preclinical and clinical evaluation in stress-related disorders.
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