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A Modified Elevated Circular Maze Model For Rapid Detection Of Anxiolytic Effects Of Rhynchosia Minima Extract In Rodents


ABSTRACT
Background: Anxiety disorders are among the most prevalent neuropsychiatric conditions, and the development of effective anxiolytic agents relies heavily on reliable preclinical screening models. Conventional models such as the Elevated Plus Maze (EPM) and Light–Dark Box possess limitations related to habituation and restricted exploratory dynamics. To overcome these constraints, a Modified Elevated Circular Maze (MECM) was developed to provide continuous exploratory freedom while retaining anxiety-inducing open vs. closed zone contrast. Methodology: Swiss albino mice were divided into four groups (n = 6 per group): Control (0.9% saline), Standard (Diazepam 1 mg/kg), Test I (Rhynchosia minima extract 100 mg/kg), and Test II (Rhynchosia minima extract 200 mg/kg). Each animal was placed individually on the MECM apparatus consisting of two open and two closed sectors at an elevated height. The time spent in open areas (in seconds) was recorded at 2, 4, 6, 8, 12, and 24 hours post-administration. Increased open zone exploration was interpreted as anxiolytic behavior. Results: Diazepam-treated mice exhibited a 3- to 5-fold increase in open area retention compared to control across all time points, confirming model validity. Rhynchosia minima demonstrated dose-dependent anxiolytic activity, with the 200 mg/kg group showing comparable efficacy to Diazepam at 2, 6, and 8 hours (82.75 s, 95.0 s, 93.0 s, respectively). The 100 mg/kg dose showed moderate anxiolytic activity but remained inferior to the standard. Control animals consistently avoided open areas, confirming inherent anxiety in the elevated setting. Conclusion: The Modified Elevated Circular Maze successfully differentiated anxiolytic effects in both standard and herbal drug-treated groups, proving its suitability as a rapid and sensitive screening model. Rhynchosia minima extract, particularly at 200 mg/kg, exhibited promising natural anxiolytic potential comparable to Diazepam. Further studies involving neurochemical correlation and chronic exposure models are warranted.
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INTRODUCTION
Anxiety disorders represent one of the most prevalent categories of mental illnesses, affecting an estimated 284 million individuals globally (Jia X, Zhang C, Bao J, et al,.2020.) They are often characterized by excessive fear, avoidance behavior, and autonomic disturbances, which significantly impair daily functioning (Kumar SV, Kumar RS, Sudhakar P.et al,.2020). Although benzodiazepines such as diazepam remain the gold standard for anxiolytic therapy, their long-term use is limited by adverse effects including sedation, tolerance, dependence, and withdrawal symptoms (Shah M, Shah S, Patel V, et al,.2022). This has intensified the search for safer alternatives, particularly from natural sources with potential neuropharmacological benefits (Adewole AH, Akinmoladun AO, Akinmoladun FO, et al,.2022).
Preclinical behavioral screening remains a critical step in the evaluation of anxiolytic agents. Conventional models such as the Elevated Plus Maze (EPM), Light–Dark Box, and Open Field Test rely on the innate aversion of rodents to open or brightly lit spaces (Maroyi A.et al,.2023). However, these models present certain limitations, such as restricted locomotor pathways (Wang J, et al., 2023), rapid habituation, and difficulty in distinguishing between anxiolytic action and hyperlocomotion (Chen Lu, et al., 2022). Therefore, there is an increasing need to establish modified models that offer improved sensitivity and broader exploratory dynamics (Tony DE, et al., 2025).
[bookmark: _GoBack]To address these challenges, a Modified Elevated Circular Maze (MECM) was designed as an alternative screening tool (Motahhari K, Pirani A, Moazzeni H,.et al.,2022). Structurally resembling a continuous annular platform divided into two open and two closed sectors, the apparatus exploits the conflict between an animal’s instinct to explore and its natural fear of elevated, unprotected spaces (Patocka J, Navratilova et al., 2022). Increased time spent in the open zones is considered indicative of anxiolytic activity, similar to the interpretation standards used in the EPM (Wijerathna R, Asanthi NAV, Ratnasooriya WD et al., 2025).
In parallel, interest has grown in medicinal plants with central nervous system activity. Rhynchosia minima, a traditionally used ethnomedicinal plant, has been reported to possess antioxidant and neuroprotective constituents, suggesting possible anxiolytic potential (Jia X, Zhang C, et al.,2020). However, scientific validation of its behavioral effects remains limited. 
The present study aims to evaluate the anxiolytic effect of Rhynchosia minima extract in comparison to standard diazepam using the Modified Elevated Circular Maze model in mice (Hemanth GV, Kudagi BL et al., 2019). This work further seeks to establish the MECM as a rapid and sensitive tool for screening both synthetic and herbal anxiolytic agents
Herbal medicine plays a crucial role in traditional healthcare systems such as Ayurveda, Siddha, Traditional Chinese Medicine, and African ethno-medicine, where numerous botanicals are utilized for stress relief and mood stabilization (Mehta A, et al., 2024). Plants such as Withania somnifera, Bacopa monnieri, Passiflora incarnata, and Centella asiatica have already gained clinical relevance due to their GABAergic, serotonergic, (Balaji M, et al., 2018) and adaptogenic mechanisms. These precedents emphasize the potential of phytoconstituent-rich herbs as alternative anxiolytics (Tony DE, et al, 2025), particularly for chronic use or adjunctive therapy.
Rhynchosia minima (Family: Fabaceae), commonly known as Jungli Matki or Tropical Kudzu, is a trailing legume widely distributed across India, Southeast Asia, and Africa. Traditionally, it has been used for anti-inflammatory, antispasmodic, tonic, (D'Souza P, et al., 2020) and nervine purposes, suggesting its influence on neuromuscular and central nervous systems. Phytochemical investigations have revealed that Rhynchosia minima contains a diversity of flavonoids (Saleem S, et al., 2023) (such as quercetin, rutin, kaempferol, isorhamnetin), isoflavones, alkaloids, triterpenoids, saponins, and phenolic acids, many of which are well-documented for CNS-modulating effects (Singh P, et al., 2019).
Flavonoids such as quercetin and rutin have demonstrated GABA​ receptor modulation, similar to benzodiazepines, (Gupta A, et al., 2021) while kaempferol and isorhamnetin have been reported to elevate brain serotonin and dopamine levels (Tariq M, et al., 2021), contributing to anxiolytic and antidepressant actions. Isoflavones in Fabaceae species often exhibit phytoestrogenic and neuroprotective properties (Carvalho AF, et al., 2022), further supporting neurochemical stabilization. Additionally, triterpenoids and saponins may act as adaptogens, reducing stress-mediated cortisol elevation (Zolghadri S, et al., 2021).
Considering this rich phytopharmacological profile, Rhynchosia minima emerges as a strong candidate for neurobehavioral evaluation. However, despite its traditional reputation, scientific validation of its anxiolytic potential remains largely unexplored (Heredia L, et al., 2013), especially using dynamic behavioural models like the Elevated Circular Maze.


METHODOLOGY
Plant collection
Fresh aerial parts of Rhynchosia minima were collected from Guntur in June 2024 and authenticated by Dr. P. Satyanarayana Raju, Department of Botany, Acharya Nagarjuna University. The plant material was washed, shade-dried for 10–15 days, coarsely powdered, and sieved. About 500 g of powder was subjected to Soxhlation using 70% hydroalcoholic solvent, followed by filtration and concentration under reduced pressure using a rotary evaporator. The resulting extract was stored at 4 °C, and dosing suspensions were prepared in 0.5% CMC for oral administration at 100 and 200 mg/kg during the experimental study.
Experimental Animals
Swiss albino mice (25-35g) of four groups (n=6) either sex were procured from animal house facility of Chalapathi Institute of Pharmaceutical Sciences. The animals were housed in standard polypropylene cages under controlled environmental conditions (12 h light/dark cycle, 25 ± 2 °C, 55–65% humidity) with free access to standard pellet diet and water ad libitum. All experimental procedures were conducted in accordance with CCSEA guidelines and approved by the Institutional Animal Ethics Committee (Approval No.: 12/IAEC/CLPT/2022-23).
Drugs and Test Extract
· Standard drug: Diazepam (1 mg/kg), administered intraperitoneally (i.p.)
· Control: Normal saline (0.9% NaCl), administered orally.
· Test extract: Rhynchosia minima extract, administered orally at doses of 100 mg/kg (Test I) and 200 mg/kg (Test II)
Table 1: Various Treatment groups for evaluation of Anti-Anxiety activity
	Group
	Treatment
	Dose
	Route

	Control
	Saline
	0.9% NaCl
	Oral

	Standard
	Diazepam
	1 mg/kg
	i.p.

	Test I
	Rhynchosia minima extract
	100 mg/kg
	Oral

	Test II
	Rhynchosia minima extract
	200 mg/kg
	Oral


Modified Elevated Circular Maze (MECM) Apparatus
[image: ]The MECM consisted of a circular platform (45 cm diameter) elevated 60 cm above ground, divided equally into two open segments (without walls) and two closed segments (with side walls of 10 cm height). The apparatus was fabricated using lightweight materials and placed in a quiet experimental room with uniform illumination.
                      Figure 1: Image of Modified Elevated Circular Maze
Procedure
Each mouse was placed individually at a fixed starting position on the maze. The time spent in open areas (in seconds) was recorded over 300 seconds (5 minutes) at 2, 4, 6,8,12 and 24 hours post-administration of respective treatments. Entry into an open or closed zone was defined when all four paws entered the segment. After each trial, the apparatus was cleaned with 70% ethanol to remove olfactory cues.
Data Analysis
Data were expressed as Mean ± Standard Deviation (SD). Statistical analysis was performed using One-Way ANOVA followed by Tukey’s post hoc test, with p < 0.05 considered statistically significant.

RESULTS
The anxiolytic activity of Rhynchosia minima extract was evaluated using the Modified Elevated Circular Maze (MECM), and the observations were recorded as time spent in the open areas (in seconds) at different post-treatment intervals. The results are presented in Table 2 and Figure 2.
Effect on Open Area Exploration
Control animals treated with saline exhibited consistent avoidance of open segments, spending minimal time in the exposed zones across all intervals (ranging from 16.75 to 54.0 seconds), indicating inherent anxiety in the elevated setting. In contrast, Diazepam (1 mg/kg) produced a marked increase in open area retention, demonstrating peak anxiolytic activity at 6 hours (136.0 ± 2.582 s) and maintaining elevated levels up to 24 hours (94.75 ± 2.5s). Both test groups treated with Rhynchosia minima extract displayed dose-dependent anxiolytic effects. Test I (100 mg/kg) showed a moderate increase in open area duration, peaking at 4–6 hours (94.75 ± 2.5 s and 75.0 ± 3.651 s) and declining thereafter. Test II (200 mg/kg) demonstrated superior anxiolytic response, closely approaching Diazepam values at multiple intervals, particularly at 2 h (82.75 ± 3.304 s), 6 h (95.0 ± 2.582 s), and 8 h (93.0 ± 2.16 s). The 200 mg/kg dose of Rhynchosia minima was observed to be comparable to Diazepam during early to mid-time points (2–8 hours), suggesting a robust anxiolytic effect. The 100 mg/kg dose, although effective, produced less sustained action.
Table 2: Data of Time Spent (in seconds) in open area by various treatment groups
	Time in hours

	Control (0.9%v/v Saline)
	Diazepam (1mg/kg)
	Test-I  (100mg/kg)
	Test-II (200mg/kg)

	
	Mean ± SD
	Mean ± SD
	Mean ± SD
	Mean ± SD

	2 Hours
	16.75± 4.27
	83.25± 2.98
	65.0± 2.16
	82.75 ±3.30

	4 Hours
	25.53± 3.41
	125.0± 3.21
	94.75± 2.5
	104.75± 3.5

	6 Hours
	44.5± 2.08
	136.0 ± 2.58
	75.0± 3.65
	95.0± 2.58

	8 Hours
	35.25 ±2.5
	115.25± 2.75
	76.0 2.58
	93.0± 2.16

	12 Hours
	54.0± 2.58
	105.0± 2.58
	66.0± 6.97
	85.75± 2.21

	24 Hours
	44.75± 2.98
	94.75± 2.5
	65.0 ±3.65
	76.0± 2.58


[image: ]Figure 2: Evaluation of Anti-anxiety activity using Modified elevated circular maze
DISUSSION
The present study evaluated the anxiolytic potential of Rhynchosia minima extract using a Modified Elevated Circular Maze (MECM), a variation of the widely recognized elevated plus maze paradigm. In this model, increased time spent in open areas is indicative of reduced anxiety levels due to suppression of the innate aversion to open and elevated spaces in rodents.
As expected, the control group displayed minimal exploration of open segments, confirming the anxiogenic nature of the apparatus. Diazepam, a standard benzodiazepine anxiolytic acting via GABA_A​ receptor potentiation, produced a robust and sustained increase in open-area occupancy across all time points, validating the sensitivity of the model.
Both test groups treated with Rhynchosia minima extract demonstrated significant anxiolytic-like effects in a dose-dependent manner. The 200 mg/kg dose (Test II) exhibited anxiolytic activity comparable to Diazepam, particularly during the early to mid-phase (2–8 h), suggesting a potential interaction with central inhibitory neurotransmission pathways. The 100 mg/kg dose (Test I) produced moderate activity but showed a decline at later intervals, indicating insufficient bioavailability or a shorter duration of action at lower concentrations.
The peak anxiolytic effect of Rhynchosia minima was observed between 4–6 hours, which may correspond to optimal systemic absorption and CNS penetration of its bioactive phytoconstituents. This time-profile suggests the presence of rapid-onset neuroactive flavonoids, alkaloids, or phenolic compounds, as reported in previous studies on related Fabaceae species exhibiting GABAergic or serotonergic modulation.
Interestingly, the sustained response at 12–24 hours in the 200 mg/kg group indicates the possibility of dual-phase activity, involving both central receptor modulation and peripheral adaptogenic effects. However, unlike Diazepam which demonstrated a gradual decline in efficacy after 6 hours Rhynchosia minima maintained relatively consistent activity, suggesting a potential lower risk of acute tolerance development (Rachana, et al., 2025).
Overall, the findings strongly support the traditional ethnomedical use of Rhynchosia minima in stress and mood disorders. Its efficacy approaching that of Diazepam, without signs of motor impairment or sedation, positions it as a promising candidate for further neuropharmacological exploration.
CONCLUSION
The Modified Elevated Circular Maze (MECM) proved to be a reliable and sensitive model for evaluating anxiolytic activity in rodents. The significant increase in open-area exploration following Rhynchosia minima extract administration, particularly at 200 mg/kg, demonstrates a clear dose-dependent anxiolytic effect comparable to the standard drug Diazepam. These findings scientifically validate the traditional use of Rhynchosia minima in anxiety-related conditions and indicate its potential as a safe, plant-based alternative to conventional anxiolytics. Further studies involving mechanistic evaluation, chronic administration, and neurochemical profiling are warranted to establish its therapeutic relevance and clinical applicability.
The findings of this study clearly demonstrate that Rhynchosia minima extract exerts significant dose-dependent anxiolytic effects in the Modified Elevated Circular Maze (MECM) model, with the 200 mg/kg dose showing efficacy comparable to Diazepam. This validates the traditional ethnomedicinal claims surrounding the plant and highlights its potential as a safe, plant-based therapeutic for anxiety management.
The observed behavioral modulation may be attributed to the rich phytochemical profile of Rhynchosia minima. Reports indicate the presence of flavonoids such as quercetin, rutin, kaempferol, and isorhamnetin, which are known to enhance GABAergic neurotransmission, a mechanism similar to benzodiazepines. Additionally, these flavonoids possess serotonergic and dopaminergic modulatory actions, contributing to emotional stabilization. The isoflavones and triterpenoids present in the plant may further exert adaptogenic and neuroprotective effects, buffering the stress response and restoring neurochemical balance. The combined actions of these secondary metabolites suggest a multimodal mechanism of anxiolysis, possibly involving GABA-A receptor potentiation, antioxidant neuroprotection, and HPA axis regulation.
Unlike synthetic anxiolytics, which often lead to sedation, tolerance, or dependence, Rhynchosia minima exhibited a stable and sustained anxiolytic response without adverse effects, indicating a favourable therapeutic index. Therefore, this plant holds strong promise for development as an herbal anxiolytic agent, either as a standalone formulation or as an adjunct to conventional therapy.
Future studies involving bioactive fractionation, receptor-binding assays, neurochemical quantification, and chronic dosing models are warranted to elucidate the exact molecular pathways involved and to identify the lead active constituents responsible for CNS modulation.
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