


Investigation into the Phytochemical Constituents and the anti-nociceptive activity of the leaves of Ficus umbellata [VAHL] in mice

ABSTRACT
Nociceptive pain is a specific type of pain arising from activation of nociceptors. Ficus umbellata also known as umbrella fig tree with the genus Ficus and Moraceae family is a medicinal plant with numerous pharmacological activities.  This study investigated the phytochemical constituents, acute toxicity, and anti-nociceptive potential of Ficus umbellata leaves. An extraction of 1.6g powder of Ficus umbellata using methanol was performed, followed by fractionation in order of polarity. The crude extract obtained was tested for the presence of phytochemicals and the The analgesic (antinociceptive) activity was evaluated by measuring pain thresholds over a 120-minute period by hot plate method. The crude extract showed the presence of alkaloid, tannins, saponins, steroids, terpenoids, phenolic compounds, flavonoids, quinones, phytosteroids, triterpenes. Acute toxicity studies demonstrated a favorable safety profile, with no mortality observed at the administered dose levels. Results indicated that the extract significantly increased the pain threshold, particularly at the 60-minute interval, where it outperformed both control. The findings suggest that Ficus umbellata possesses significant anti-nociceptive properties and supports its traditional use as a therapeutic agent for pain management	Comment by Vaibhav Shukla: Please define the control specimen in the abstract 
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Introduction
Pain management remains a critical area of pharmacological research, with a persistent demand for novel therapeutic agents, particularly those derived from natural sources (Ali et al., 2021). Pain defined by the international Association for the Study of Pain is "an unpleasant sensory and emotional experience associated with, actual or potential tissue damage.(Raja et al, 2020) It can be caused by various factors ranging from illness, injury etc (Zimmer et al., 2022). Pain is a complex and subjective experience that many people go through at some point in their lives irrespective of ages and backgrounds (Tamrat et al., 2017). It’s the body’s way of telling us something is wrong but it serves also as a protective mechanism, alerting one to potential harm or damage (Silihe et al., 2022). 
Medicinal plants have historically been a rich reservoir for diverse therapeutic compounds, offering potential alternatives to conventional pain medications which often present undesirable side effects (Ali et al., 2021). Ficus species, in particular, have garnered significant attention due to their documented analgesic and anti-inflammatory properties, with various extracts demonstrating antinociceptive effects in preclinical models (Alqahtani et al., 2025), (Howlader, 2012). The affordability, accessibility, wider acceptability factor among the population as well as low toxic profile of medicinal plants has negated the numerous problems associated with synthetic therapeutics (Labu et al., 2025).  Ficus species are recognized for their diverse ethnomedicinal applications, prompting scientific investigation into their pharmacological properties, including analgesic effects (MARASINI et al., 2020) Specifically, Ficus umbellate Vahl has been traditionally employed for managing physiological disorders and possesses documented antioxidant and anti-inflammatory activities (Silihe et al., 2022), which are often linked to antinociceptive potential. 
Specifically, there are two major established nociceptive assays; the acetic acid-induced writhing test and hot plate test to assess both peripheral and central antinociceptive mechanisms, respectively (Singh et al., 2022) (Ali et al., 2021). The acetic acid-induced writhing test is a common method for assessing peripheral analgesic activity by quantifying abdominal contractions in mice (Falcão et al., 2018). However, the hot plate method is particularly relevant for evaluating the efficacy of natural products that may modulate opioid receptors or influence descending pain modulatory pathways (Nahar et al., 2020).  The hot plate test also evaluates centrally mediated antinociception by measuring the latency of a thermal stimulus to elicit a pain response (Ali et al., 2021) (Tamrat et al., 2017). This study, therefore, specifically employs established nociceptive assay; hot plate test to investigate the antinociceptive potential of Ficus umbellata crude extract and its subsequent fractions, evaluating their efficacy across various pain models in mice. Previous studies on other Ficus species, such as Ficus palmata, have demonstrated analgesic and anti-inflammatory properties, further supporting the rationale for investigating Ficus umbellata's antinociceptive potential (Alqahtani et al., 2025).
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Fig. 1 Fresh leaves of Ficus umbellata	
	
Taxonomic Classification Level
Domain: Eukaryota
  Kingdom: Plantae
  Phylum: Spermatophyta
  Subphylum: Angiospermae
  Class: Magnoliopsida
  Subclass: Dilleniidae
  Order: Urticales
  Family: Moraceae
  Genus: Ficus
 Species: Ficusumbellata


Materials and methods
	
Chemical and Reagent

Fresh leaves of Ficus Umbellata. Methanol, ethyl acetate, n-hexane, n-butanol (Sigma Adrich, Germany), Ferric chloride, Mayer’s reagent,  Hager’s reagent, 2% hydrochloric acid, chloroform, concentrated H2SO4, acetic  anhydride, dilute Hcl, 5% FeCl3, lead acetate solution, KOH solution in ethanol, 10% (GHTECH Guandong Guanghua Sci-Tech., Co., Ltd China).   Filter paper( Whatman No 1 by GE Healthcare UK Ltd), a pure sample of ibuprofen (Juhel Nigeria Ltd).
	
Experimental Animals

Albino Mice (18) weighing 20-28 kg were used for the study. The animals were obtained from the animal house of Department of Pharmacology, Faculty of Pharmaceutical Sciences, Enugu State University of Science and Technology, ESUT, Enugu State. 

Methods

Collection and identification of F.umbellata leaves

The fresh leaves of F.umbellata were collected from Chimaroke road, Agbani in Nkanu West Local Government Area, Enugu State Nigeria, between the hours of 8am-11am in the month of August 2025. Authentication was carried out by a botanist, Dr Patrick Obi of the  Department of  Pharmacognosy, Enugu State University of Science and Technology. A voucher specimen number: (PCG/121/B/023) was deposited at the Department of Pharmacognosy Enugu State University of Science and Technology.
Preparation extraction and fractionation procedures
 
The leaves were washed and shade dried four weeks. Powdered sample of 1600g of F.umbellata leaves was macerated with methanol (250ml) and shook at intervals for 72 hours. filtration was carried out using Whatman (no.1) filter paper. Afterwards, concentration was carried out using rotary evaporator at 40 oC. liquid-liquid fractionation was carried out on the crude methanol extract using n-hexane, ethyl acetate,and n-butanol  on the basis of polarity.

Phytochemical screening of the methanol extract of F.umbellata leaves

Phytochemical screening was carried out on the crude methanol extract to assess for secondary metabolites  such as Alkaloids, tannins, glycosides, steroids,  terpenoids, saponins, flavonoids, carbohydrates using standard qualitative phytochemical screening procedures as described by (Kim and Kang 2023)

Acute toxicity (LD 50) test

Acute toxicity of the extracts was evaluated using Lorke’s  (1983) method  as modified by Enegide et al., 2013).
Thirteen rats were used in two (2) phases. In the first phase, nine of rats divided into 3 groups of 3 animals each and were administered 10,100 and 1000 mg/kg body weight of the methanol extract. The animals were observed for 24 hours for obvious adverse effects and number of deaths in each group. In the second phase, four doses of the extract were selected based on the result of phase 1 and were administered to 4 groups of one animal each. After twenty-four hours, the number of death was recorded and the LD50 was calculated as the geometric mean of the highest non-lethal dose and the least lethal dose.

 Animal Studies 
Anti-nociceptive study

Body weights of the animals (18) were recorded and they were randomly divided into six(6) groups, with each group having three mice. One dose assay of 200 mg/kg used accordingly: 
Group I: animals served as negative control 
Group II: animals were administered extract of Ficus umbellata orally 
Group III: animals were administered n-hexane fraction of Ficus umbellata orally 
Group IV: animals were administered ethyl acetate fraction of Ficus umbellata orally
Group V: animals were administered n-butanol fraction of Ficus umbellata orally
Group VI: animals served as positive control which were administered the standard drug ibuprofen orally

Hot Plate Test
 
Evaluation of analgesic activity of the plant samples was carried out using hot plate method (Eddy and Leimback, 2000). The mice were properly weighed and marked at different parts for easy identification and administered the calculated dose of the samples via oral route. the mice were placed on a hot plate maintained at 55° C within the restrainer. The reaction time (in seconds) or latency period was determined as the time taken for the mice to react to the thermal pain by licking their paws or jumping. The reaction time was recorded using a stopwatch before (0 min) and at 30, 60 and 120 minutes intervals after the administration of the samples at 200 mg/kg. The maximum reaction time was fixed at 45 seconds to prevent injury to the tissues of the paws. Reading above 45 seconds was considered as maximum analgesia. This same procedure was repeated for all the groups.

Statistical Analysis

Data were presented as mean ± standard deviation (SD) and results were analyzed using Statistical Package for the Social Sciences (SPSS) version 25. Statistical significance was determined by one way ANOVA. Differences between the data were considered significant at P < 0.05.

Results

Yield of Ficus umbellata leaves 	
The percentage yield was calculated to be 5.6% as seen in Table 3.1

Table 1: Yield of F. umbellata leaves 

	Mass of initial powder
(M1) in gram 
	 	
	Mass of final extract 

(M2)  in gram 
	   Percentage yield
        % 

	 
	 

	1600
	
	89.04
	5.6
	
	



Phytochemical constituents of Ficus umbellata leaves

The phytochemical analysis of Ficus umbellata leaves revealed the presence of alkaloids, tannins, saponins, steroids, terpenoids, flavonoids, and triterpenoids in the plant.. 
	Table 2: Phytochemical constituents of Ficus umbellata leaves
	

	S/N
	Phytochemical constituents
	Results

	1
	Alkaloids 
	+

	2
	Tanins
	+

	3
	Saponins
	+

	4
	Steroids 
	+

	5
	Terpenoids
	+

	6
	Flavonoids 
	+

	7
	Glycosides
	-

	8
	Triterpenoids
	+

	
Key: + = present, - = absent


Acute toxicity studies 
The result of preliminary acute toxicity study revealed the extract’s safety up to the dose of 500mg/kg.


Anti-nociceptive effects of the extract and fractions

 Results in table 3 that positive control group exhibited a decreasing trend in pain threshold, with significance observed at 30 minutes compared to the baseline. The negative control group showed variations in pain threshold, with a significant decrease at 60 minutes compared to the baseline. The extract demonstrated an increasing trend in pain threshold, with significant 
 differences compared to both controls at 60 minutes and an overall positive trend over time.
	Table 3: Results of the anti-nociceptive effects of the crude extract and fractions of Ficus umbellata leaves.	

	Groups
	
	Time interval (seconds)
	

	
	30 mins
	60 mins
	90 min
	120 min
	Baseline 

	Negative control
	27 ±3.06
	13.33 ±1.2
	24.67 ±4.67#
	17 ±2.52
	20.33 ±1.33

	extract
	22.17 ±3.92
	26 ±2.89
	23.33 ±1.67
	20.33 ±1.76
	21.33 ±4.7

	n-Hexane fraction
	21.67 ±5.36
	21.33 ±4.84
	8.33 ±2.33*
	19.67 ±4.33
	20.33 ±4.18

	Ethylacetate fraction 
	18 ±0.58
	21.33 ±4.67
	15 ±3
	18 ±2
	15.33 ±1.86

	
Butanol fraction
	21 ±3.61
	19 ±1.15
	13.33 ±2.4
	18.33 ±2.03
	21.33 ±2.6

	Positive control
	28 ±2.65
	20.33 ±5.49
	10.67 ±2.19*
	18 ±3.79
	19 ±5.86

	N = 18. Results are expressed as mean ± SEM. Significant difference is set at p<0.05 ANOVA followed by Turkey HSD. #Represent a group where there is a significant difference when compared with the positive control, * Represent a group where there is a significant difference when compared with the negative group








Figure 2: Pain threshold versus different time interval

Discussion
The results of this study provide significant insights into the pharmacological potential of Ficus umbellata leaves, especially with regard to their phytochemical constituents, safety profile and anti-nociceptive. The extraction process yielded a substantial amount of methanol extract (89.04 g from 1600 g of plant material), representing a percentage yield of approximately 5.6% as revealed in Table 1. This yield is indicative of the plant's abundance in extractable bioactive components which aligned with previous study by Silihe et a., (2022). In Table 2, the preliminary phytochemical screening revealed the presence of several secondary metabolites, including alkaloids, tannins, saponins, steroids, terpenoids, flavonoids, and triterpenoids. These classes of compounds are well-documented in academic literature for their biological activities (Adegbolagun and Adewuyi, 2017) and (Prasad et al., 2024). Specifically, flavonoids and alkaloids are frequently associated with the modulation of pain perception and anti-inflammatory responses (Hasnat et al., 2024) and (Tolulope et al., 2020).
With respect to safety, the acute toxicity study demonstrated that Ficus umbellata is relatively non-toxic. No mortality was observed in mice even at the highest administered dose of 5000 which is also in line with the study by Secham, S. and El-hawaryZeinab Y.  (2019).
The anti-nociceptive evaluation was conducted using the hot plate method, which is a common experimental model for studying centrally acting analgesics (Ali et al., 2021).
In Table 3, the results of anti-nociceptive study revealed distinct patterns in pain threshold across different groups. All the fractions and extract at dose level of 200 mg/kg showed anti-nociceptive activity comparable to that of ibuprofen. The results revealed that a dose of 200 mg/kg of the crude extract and its fractions produced significant anti-nociceptive effects, compare to the standard drug, ibuprofen (Rudeck, , et al., 2016).
Proper evaluation of the timing of these effects revealed that the crude extract provided a sustained increase in the pain threshold, suggesting a prolonged duration of action compared to the positive control and individual fractions (Pessoa et al., 2024). Interestingly, the n-hexane fraction exhibited strong anti-nociceptive activity as early as 30 minutes, whereas the n-butanol fraction showed a rapid decrease in activity, indicating a shorter duration of effect. The ethyl acetate fraction was found to be the least active among the tested samples. The involvement of central mechanisms is likely, as the hot plate test primarily assesses pain responses integrated at the supraspinal level (Zingue S., & Behav N., 2018).  A significant difference (p<0.05) in the anti-nociceptive activity began to show at 30 minutes where n-hexane fraction showed a good anti-nociceptive activity, but the n-butanol fraction showed an immediate decrease implying a short duration of action when compared to the positive control. The extract showed a sustained increase in pain threshold implying a prolonged antinociceptive activity when compared to both positive and negative control. The ethylacetate fraction showed the least activity in varying intervals.  This supports the potential safety of Ficus umbellata at the administered doses. Overall, the study provides a foundation for Ficus umbellata as a potential anti-nociceptive agent for pain management with a promising safety profile.
	
4.2 Conclusion 
This study illuminates the anti-nociceptive activity, safety profile and the phytochemical constituents of crude extract and fractions (n-hexane, ethylacetate and n-butanol) of Ficus umbellata leaves. The extract and fractions revealed distinct patterns in pain threshold with the n-hexane fraction showing best and noteworthy anti-nociceptive activity, thereby providing scientific justification for its traditional use in pain management. Therefore, this current finding supports the forkloric usage of this plant in pain management and also provides a strong foundation for further research into the precise mechanisms underlying the observed antinociceptive activity and warrants more extensive investigation into the specific compounds responsible for these effects  source (Singh et al., 2022)
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Pain threshold at different time intervals
Positive ctrl	30 mins	60 mins	90 min	120 min	Baseline	28	20.329999999999998	10.67	18	19	Negative ctrl	30 mins	60 mins	90 min	120 min	Baseline	27	13.33	24.67	17	20.329999999999998	Hexane extract	30 mins	60 mins	90 min	120 min	Baseline	21.67	21.33	8.33	19.670000000000002	20.329999999999998	Ethylacetate fraction	30 mins	60 mins	90 min	120 min	Baseline	18	21.33	15	18	15.33	Butanol fraction	30 mins	60 mins	90 min	120 min	Baseline	21	23	13.33	18.329999999999998	21.33	Crude	30 mins	60 mins	90 min	120 min	Baseline	22.17	26	23.33	20.329999999999998	21.33	
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