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DESIGN AND PRECLINICAL EVALUATION OF A NOVEL ANXIETY CHAMBER FOR ASSESSING AROMATHERAPY-MEDIATED ANXIOLYTIC EFFECTS IN RODENTS
ABSTRACT
Background: Anxiety disorders are increasingly prevalent, often linked to chronic social defeat stress and everyday social challenges such as hesitation and fear in routine interactions. While pharmacological agents like benzodiazepines remain standard therapy, their side effects necessitate safer alternatives. Essential oils contain bioactive phytochemicals that may serve as potential anxiolytic agents. Objective: The present study aimed to design and evaluate a novel Anxiety Chamber for behavioural screening of anxiolytic activity and to investigate the role of volatile oils (Eucalyptus, Rosemary, and Lemongrass), with supporting FTIR analysis of their chemical constituents. Methods: A square wooden chamber was divided into two compartments: a dark chamber and an anxiety-inducing chamber (fitted with bright LEDs and a buzzer). Mice (Swiss albino) were allowed to explore both chambers through a semi-arched tunnel. Anxiety was induced in the illuminated chamber, and the time spent in each chamber was recorded at 5, 15, 30, 60, and 120 minutes. Animals were divided into six groups: Control, Negative Control, Standard (Diazepam 1 mg/kg), and three Test groups exposed to aromatherapy with volatile oils in varying ratios (50:25:25, 25:50:25, 25:25:50). FTIR analysis identified phytoconstituents previously reported to possess anxiolytic and CNS-modulating activity, thereby supporting the observed behavioural outcomes. Results: The negative control group exhibited reduced exploration of the anxiety chamber (38 sec at 30 min). Diazepam-treated animals showed progressive increases in chamber exploration (173 sec at 120 min). Test groups exposed to volatile oils demonstrated anxiolytic activity, with the 25:50:25 ratio (Rosemary-dominant) producing the greatest effect (188 sec at 120 min). Time spent in the chamber increased significantly (p < 0.05) from 38 sec in control to 173 sec with diazepam and 188 sec with the rosemary-rich formulation. Conclusion: The novel Anxiety Chamber demonstrated cost-effectiveness and reliability as a behavioural model for anxiolytic screening in rodents. Validation with diazepam and volatile oils confirmed its applicability, with increased time spent in the chamber indicating reduced anxiety levels. Among the tested formulations, the rosemary-enriched blend (25:50:25) exhibited superior anxiolytic efficacy. FTIR analysis identified phytoconstituents with established CNS-modulating properties, supporting the pharmacological relevance of these essential oils. Overall, the findings suggest that optimized aromatherapy formulations may serve as a natural and effective alternative for anxiety management.
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INTRODUCTION
Anxiety disorders represent one of the most prevalent classes of mental health conditions worldwide, characterized by excessive fear, apprehension, and avoidance behaviour that interfere with daily functioning (PB Gomes, et al., 2010). Chronic exposure to stressful or threatening conditions often results in maladaptive coping responses, leading to the development of persistent anxiety states (Bishnoi M, et al., 2016). Preclinical models such as the Chronic Social Defeat Stress (CSDS) paradigm have provided valuable insights into the neurobiology of anxiety (Mendes AC, et al., 2020), demonstrating how repeated social stress can induce fear, withdrawal, and impaired sociability in rodents (Lopez CM, et al., 2011), closely mimicking human anxiety disorders (Selman et al., 2016).
In modern society, similar anxiety manifestations are increasingly observed among youth and adults (Ferlemi AV, et al., 2015), where individuals often report fear in routine social interactions, including hesitation to stand in queues, difficulties in gatherings, or fear of performing daily responsibilities (Dugal J, et al., 2014). These behavioural disturbances highlight the rising burden of anxiety disorders and underscore the importance of developing novel screening models and therapeutic strategies (Tankam JM, et al., 2016).
Conventional pharmacotherapy for anxiety, particularly benzodiazepines such as diazepam, provides effective symptomatic relief but is often limited by adverse effects (Blanco MM, et al., 2007) including sedation, dependence (Carvalho-Freitas MIR, et al., 2002), and cognitive impairment. This has prompted growing interest in complementary approaches, such as aromatherapy (Bawa Yusuf M, et al., 2016), which utilizes volatile plant-derived essential oils rich in bioactive phytochemicals (Solon IG, et al., 2025). Essential oils such as Eucalyptus (Koyama, et al., 2020), Rosemary, and Lemongrass contain constituents like 1,8-cineole, camphor, α-pinene, citral, and geraniol (Ferlemi AV, et al., 2015), many of which have demonstrated central nervous system (CNS) modulating and anxiolytic properties.
To evaluate these effects in a cost-effective and reproducible manner, we designed a novel behavioural apparatus termed the “Anxiety Chamber.” The setup consists of a two-chamber wooden box with a semi-arched tunnel, where one compartment remains dark while the other is equipped with bright LED lights and a buzzer to induce anxiety-like conditions (Kim JK, et al., 2015). This design allows for direct measurement of time spent in the aversive (anxiety-inducing) vs. safe (dark) chamber, providing a simple yet effective model for screening anxiolytic activity (Kim KY, et al., 2014). The present study was therefore undertaken to design and validate the Anxiety Chamber as an experimental model (de Almeida, et al., 2010), and to evaluate the anxiolytic potential of volatile oils using both behavioural assessment and FTIR analysis of phytoconstituents. Additionally, the study aimed to compare the efficacy of aromatherapy with the standard anxiolytic drug diazepam, thereby offering translational relevance to the management of stress-induced anxiety.
 MATERIALS AND METHODS
Apparatus: Anxiety Chamber Design
A square wooden box with a removable lid was custom-designed to observe anxiety-like behaviour in rodents. The box was internally divided into two equal chambers (Costa CA, et al., 2011), connected by a semi-arched tunnel.
· Chamber I (Control chamber): Maintained in dark conditions.
· Chamber II (Anxiety-inducing chamber): Equipped with a bright standard white LED, a passing LED strip, and a 9V buzzer speaker to create aversive stimuli.
The setup was termed the “Anxiety Chamber.” The apparatus allowed free exploration by animals between the two chambers through the tunnel, while enabling measurement of time spent in each chamber.
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  Fig 1: Anxiety Chamber with LED ON                    Fig 2: Anxiety Chamber with LED OFF
Experimental Animals
Swiss albino mice of either sex (20–25 g) were used in the study. Animals were housed under standard laboratory conditions (12 h light/dark cycle, 22 ± 2°C, relative humidity 55 ± 5%) with free access to food and water. 
Grouping of Animals
Animals were randomly divided into six groups (n = 6 each):
· Group I – Control: Animals exposed to the chamber without activation of LED and buzzer. (Aromatherapy is not applicable in case of control group)
· Group II – Negative Control: Animals exposed to the chamber with LED and buzzer stimuli (anxiety induction).
· Group III – Standard: Animals administered Diazepam (1 mg/kg, i.p.).
· Group IV – Test 1: Exposed to aromatherapy with essential oil mixture (Eucalyptus:Rosemary:Lemongrass = 50:25:25).
· Group V – Test 2: Exposed to aromatherapy with essential oil mixture (25:50:25).
· Group VI – Test 3: Exposed to aromatherapy with essential oil mixture (25:25:50).
Procedure for Behavioural Assessment
Each mouse was initially placed in the dark chamber and allowed to freely explore both chambers through the tunnel. After habituation, when the mouse entered the anxiety-inducing chamber (Dounon V, et al., 2020), the LED lights and buzzer were switched on to generate aversive stimuli (Kayashima T, et al., 2020). The time spent in the anxiety-inducing chamber was recorded at 5, 15, 30, 60, and 120 minutes (Riaz A, et al., 2017). The increased time in this chamber was considered indicative of reduced anxiety (anxiolysis). The total time set for evaluation is 5 minutes. Each animal was placed in the Anxiety Chamber for a 5-minute behavioral trial. Treatments were administered prior to testing, and animals were evaluated at successive time points (30, 60, 90, and 120 minutes post-treatment) to monitor the time-dependent effects of test formulations.
Aromatherapy Administration
Volatile oils of Eucalyptus, Rosemary, and Lemongrass were used in different ratios. Cotton swabs were impregnated with the oil mixtures and placed inside a small container (De Sousa DP, et al., 2015) within the chamber to allow inhalation by the animals (Agatonovic-Kustrin S., et al., 2020). The exposure was continued throughout the experimental session.
FTIR Analysis of Volatile Oils
The volatile oils were subjected to Fourier Transform Infrared (FTIR) spectroscopy to identify functional groups and bioactive constituents (Mrabet AE, et al., 2024).
· Eucalyptus oil: Peaks confirmed presence of 1,8-cineole and limonene. (Noori Ahmad Abadi M, et al., 2016)
· Rosemary oil: Peaks indicated camphor and α-pinene. (Dougnon G, et al., 2020)
· Lemongrass oil: Peaks corresponded to citral and geraniol.
These phytoconstituents were correlated with reported anxiolytic and CNS-modulating properties. (Pritchard MP, et al., 2014)

Statistical Analysis
All values were expressed as mean ± SEM. Data were analysed using one-way ANOVA followed by post hoc Tukey’s test to compare between groups. A p-value of < 0.05 was considered statistically significant.
RESULTS
The present study evaluated the anxiolytic potential of volatile oils using a newly designed Anxiety Chamber in mice. The time spent in the anxiety-inducing chamber at different intervals (5–120 min) was considered the primary behavioural parameter. Results are expressed as Mean ± SEM (n = 6) (Table 1).
Control animals showed a balanced exploratory behaviour between the two chambers without significant preference, while the Negative control group (with LED and buzzer ON) exhibited a marked reduction in time spent in the anxiety chamber, indicating induction of anxiety. Administration of Diazepam (1 mg/kg, i.p.) significantly (p < 0.05) increased the time spent in the anxiety chamber compared with the negative control group, confirming its anxiolytic activity. Test Group 1 (50:25:25 Eucalyptus:Rosemary:Lemongrass) showed a gradual increase in time spent in the anxiety chamber, with values approaching those of diazepam by 120 min (168 ± 16.8 sec).Test Group 2 (25:50:25) produced the most pronounced effect, with animals spending significantly higher time in the anxiety chamber at 30, 60, and 120 min (147 ± 14.7, 151 ± 15.1, and 188 ± 18.8 sec, respectively). Test Group 3 (25:25:50) displayed moderate anxiolytic activity, with increased time compared to negative control, but lower than diazepam and Test Group 2. Overall, the results indicate that volatile oil exposure reduced anxiety-like behaviour in rodents. Among the tested ratios, Test Group 2 (25:50:25) exhibited the maximum anxiolytic effect, nearly comparable to diazepam.
Table 1: Time spent in the anxiety chamber (Mean ± SEM, seconds, n=6)
	Time Interval
	Control
	Negative Control
	Standard (Diazepam 1mg/kg)
	Test 1 (50:25:25)
	Test 2 (25:50:25)
	Test 3 (25:25:50)

	5 min
	86 ± 8.6
	45 ± 4.5
	68 ± 6.8
	51 ± 5.1
	60 ± 6.0
	41 ± 4.1

	15 min
	93 ± 9.3
	52 ± 5.2
	91 ± 9.1
	94 ± 9.4
	88 ± 8.8
	76 ± 7.6

	30 min
	112 ± 11.2
	38 ± 3.8
	102 ± 10.2
	92 ± 9.2
	147 ± 14.7
	92 ± 9.2

	60 min
	84 ± 8.4
	66 ± 6.6
	145 ± 14.5
	139 ± 13.9
	151 ± 15.1
	128 ± 12.8

	120 min
	91 ± 9.1
	59 ± 5.9
	173 ± 17.3
	168 ± 16.8
	188 ± 18.8
	134 ± 13.4
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Fig 3: Time spent in Anxiety Chamber by different treatment groups
DISCUSSION
The present study introduces a novel Anxiety Chamber as a reliable tool to evaluate anxiolytic activity in rodents, using aversive light and sound stimuli to simulate anxiety-provoking conditions. This design differs from conventional models such as the elevated plus maze or open field test by providing a more controlled environment with distinct safe (dark) and aversive (light + sound) zones, thereby mimicking real-life avoidance and exploratory behaviour.
The behavioural results demonstrated that the negative control group spent significantly less time in the anxiety chamber, validating the aversive potential of the chamber design. Conversely, diazepam (1 mg/kg, i.p.) increased exploration in the anxiety chamber, serving as a positive control for anxiolytic activity. Among the test groups, the rosemary-dominant volatile oil combination (25:50:25) showed the greatest anxiolytic potential, surpassing diazepam at 120 minutes. This finding suggests that aromatherapy with specific ratios of essential oils can modulate anxiety-like behaviour effectively. Both standard (Diazepam) and volatile oils significantly increased the time spent in the anxiety chamber compared to control (p < 0.05), validating the model.
FTIR Analysis of Volatile Oils
FTIR spectra confirmed the presence of bioactive phytoconstituents responsible for the anxiolytic effects:
· Eucalyptus Oil: Peaks in the region 1,050–1,150 cm⁻¹ (C–O stretching) and 2,850–2,950 cm⁻¹ (C–H stretching) confirmed the presence of 1,8-cineole and limonene, compounds known for sedative and calming properties.
· Rosemary Oil: Characteristic C=O stretching (1,730 cm⁻¹) and C=C stretching (1,600–1,650 cm⁻¹) indicated the presence of camphor and α-pinene, associated with GABAergic modulation and central nervous system relaxation.
· Lemongrass Oil: Strong bands at 3,200–3,600 cm⁻¹ (O–H stretching) and 1,720 cm⁻¹ (C=O stretching) confirmed citral and geraniol, known for stress-reducing and mood-enhancing effects.
The synergistic presence of these compounds likely contributed to the observed anxiolytic activity, with the rosemary-dominant combination producing the most pronounced effects.
The enhanced efficacy of Test Group 2 (25:50:25) may be attributed to the synergistic action of rosemary-derived camphor and α-pinene with citral from lemongrass, leading to a more pronounced effect than eucalyptus-rich combinations. This aligns with earlier reports highlighting rosemary oil as a potent anxiolytic agent when inhaled, with documented effects on both central nervous system neurotransmitters and autonomic nervous regulation. Similarly, lemongrass oil has been shown to reduce stress-induced hyperactivity in rodents, supporting its role in the observed behavioural outcomes.
Thus, the present findings not only validate the anxiolytic efficacy of volatile oils but also demonstrate the relevance of phytoconstituents identified by FTIR in explaining the observed effects. Importantly, these results resonate with the growing body of evidence that aromatherapy can serve as a complementary approach to anxiety management by targeting GABAergic and serotonergic pathways. FTIR analysis confirmed the presence of phytoconstituents with reported anxiolytic properties. While the present findings demonstrate strong behavioural evidence, future studies incorporating neurochemical assays (e.g., receptor binding or neurotransmitter profiling) will be necessary to delineate the precise molecular mechanisms underlying the anxiolytic effects.
CONCLUSION
The present study successfully designed and validated a novel Anxiety Chamber as a reliable experimental model for screening anxiolytic agents in rodents. The chamber effectively differentiated between control, anxiety-induced, and drug-treated groups, thereby confirming its utility. Aromatherapy with volatile oils demonstrated significant anxiolytic activity, with the rosemary-dominant mixture (25:50:25) showing the most pronounced effect, comparable to or exceeding diazepam at later intervals.
FTIR analysis highlighted the presence of 1,8-cineole, camphor, α-pinene, citral, and geraniol, phytoconstituents known for their GABAergic and serotonergic modulatory properties, which likely underlie the observed behavioural outcomes. These findings support the role of phytochemical synergy in anxiolysis and suggest that aromatherapy could serve as a complementary approach to conventional anxiolytic therapy.
Overall, this study underscores both the importance of apparatus innovation in pharmacological screening and the therapeutic potential of volatile oils in managing anxiety disorders. Future studies should include neurochemical, molecular docking, and clinical investigations to strengthen translational relevance.

Ethical Approval: The experimental protocol was reviewed and approved by the Institutional Animal Ethics Committee (IAEC) (IAEC No: 11/IAEC/CLPT/2024-25) and all procedures were carried out in accordance with CCSEA guidelines.
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