


SYNERGISTIC IN-VITRO ANTI-FLAMMATORY AND PHYTOCHEMICAL INSIGHT FROM COMBINED ETHANOL LEAVE EXTRACT OF FICUS CAPENSIS AND MENTHA SPICATA


ABSTRACT
Inflammation is a key factor in the development of many chronic diseases, and the search for safer, plant-based anti-inflammatory agents remains important. This study investigated the synergistic in-vitro anti-inflammatory and antiplatelet potential of the combined ethanol leaf extract of Ficus capensis and Mentha spicata, alongside its phytochemical compositions. Phytochemical screening showed that the combined extract is rich in phenolics and flavonoids, with moderate levels of tannins, saponins, alkaloids, terpenoids, and steroids, and trace amounts of glycosides. The anti-inflammatory activity was assessed using phospholipase A₂ (PLA₂) induced haemolysis, hypotonic solution induced human red blood cell (HRBC) membrane stabilization, and platelet aggregation assays. The extract significantly (P <.001) reduced haemoglobin release caused by PLA₂, demonstrating a concentration-dependent effect with a maximum inhibition of 89.4% at 1.0 µg/ml. It also protected red blood cells against hypotonic-induced lysis, showing inhibition values comparable to diclofenac. In addition, the extract significantly (P <.001) decreased platelet aggregation, with the highest inhibition (80.3%) observed at the highest concentration tested. These findings imply that the combined extract exerts its protective effects through membrane stabilization, inhibition of inflammatory enzymes, and antioxidant activity linked to its rich phytochemical constituents. This study addresses an important research gap by evaluating the synergistic activity of the combined extracts rather than assessing each plant individually. By addressing the limited scientific evidence on their synergistic action, this research supports the traditional use of plant combinations and highlights their potential as natural alternatives for managing inflammation. Further in-vivo and structural elucidation studies are recommended to confirm these promising results.
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1.0  Introduction 
    Inflammation is the body’s natural way of protecting itself from injury, infection, or harmful substances. While this response is essential for healing, prolonged or excessive inflammation can become harmful and is linked to many chronic conditions such as arthritis, heart disease, diabetes, and even cancer (Dar et al., 2023; Jongrungraungchok et al, 2023). Although non-steroidal anti-inflammatory drugs (NSAIDs) and corticosteroids are effective, their long-term use is often associated with unwanted side effects, including stomach irritation, kidney problems, and cardiovascular illnesses (Amponsah  et al., 2022; Wirth et al., 2024). These limitations have encouraged growing interest in safer and more affordable plant-based alternatives.
Medicinal plants continue to play an important role in healthcare and treatment of diseases, particularly in developing and under developed countries where traditional medicine remains widely employed. Over the years, several studies have investigated plant-derived components for their anti-inflammatory potential. Flavonoids (Rakha et al., 2022), phenolics (Dominguez-López et al., 2024), tannins (Maugeri et al., 2022), and terpenoids (Blevins et al., 2022) from various medicinal plants have been reported to inhibit inflammatory mediators such as prostaglandins, cytokines, and nitric oxide.
Ficus capensis (Bush fig tree) belongs to the family Moraceae and commonly used in African traditional medicine for managing wounds, infections, treating diarrhoea, oedema, epilepsy and inflammatory conditions (Sawadogo et al., 2024; Nwadibia et al., 2024). It is known to contain bioactive compounds such as flavonoids, tannins, and phenolic substances that may contribute to its therapeutic properties (Odion et al., 2023; Sasidharan et al., 2023). 
Mentha spicata (spearmint) is a perennial aromatic herb in the mint family, Lamiaceae. It is known for its soothing, antimicrobial, antioxidant, anti-malaria and anti-inflammatory effects (Chatterjee et al., 2022). Its rich phytochemical composition including phenolic compounds, flavonoids, alkaloids, tannins supports its biological activities (Chatterjee et al., 2022; Silva et al., 2023).
While several studies have investigated their individual anti-inflammatory effects, most research has focused on single-plant extracts. In traditional medicine, however, medicinal plants are often combined to enhance therapeutic effectiveness through synergistic interactions among their bioactive components. Scientific validation of such combinations remains limited. There is a notable research gap regarding the synergistic in-vitro anti-inflammatory potential of combined ethanol leaf extracts of these two plants, as well as the phytochemical insights into how their bioactive compounds may interact to produce enhanced effects. Although some studies have explored synergistic effects in other plant combinations, there remains limited scientific evidence regarding the combined ethanol leaf extracts of Ficus capensis and Mentha spicata.
Therefore this research lies in evaluating the synergistic anti-inflammatory potential of the combined ethanol leaf extracts of Ficus capensis and Mentha spicata, alongside phytochemical evaluation. By building on previous research conducted on each plant individually, this work seeks to provide scientific validation for their combined use and contribute to the growing body of evidence supporting polyherbal approaches in inflammation management.
2.0 MATERIALS AND METHOD
2.1 PLANT COLLECTION/IDENTIFICATION
The leaves of Ficus capensis and Mentha spicata were collected from Aguehi Amauzam Ugbawka, Nkanu East Local Government Area, Enugu State.  The identification and authentication of both plants were done by Mr. Ossai I. Isacc, the Chief Taxonomist/Herbarium Curator at International Center for Ethnomedicine and Drug Development (interCEDD). The specimen was then labeled for easy identification. Voucher number or identification number for Ficus capensis - BDCP/C43/009 and Mentha spicata - BDCP/E11/005.


2.2 STANDARD DRUGS
The standard drug used was Diclofenac 
2.3 PLANT SAMPLES PREPARATION
The fresh leaves of Ficus Capensis and Menta Spicata were air-dried, milled into coarse powder and macerated into absolute ethanol. The mixture was agitated intermittently for 72 hours at room temperature. The resulting mixture was filtered using Whatman No. 1 filter paper. The filtrate was concentrated to dryness under reduced pressure using a rotary evaporator at 40°C respectively. The extract obtained were then stored in sample containers stored in a cool room for further analytical procedures.
3.0 METHODS
3.1 QUALITATIVE AND QUANTITATIVE ANALYSIS FOR PHYTOCHEMICALS
These were evaluated by the method outline by Trease and Evans 1989.
3.2 PHOSPHOLIPASE A2

The preparation of phospholipase A2 from Aspergillus niger and assay of the effects on its activity was performed using the method of Vane (1971). 
Fresh whole blood (5 ml) each was collected from healthy volunteers who were free from drugs for at least two weeks, the blood was centrifuged at 3000 rpm for 10 minutes and the supernatant (plasma) was discarded. The red cells obtained were re-suspended in a volume of normal saline equal to that of plasma, re-centrifuged at 3000 rpm for 10 minutes and the supernatant discarded. The red cells were reconstituted as a 40 % (v/v) suspension with isotonic buffer solution (10 mM sodium phosphate buffer pH 7.4) and this served as the substrate for phospholipase.
Fungal enzyme preparation was obtained from Aspergillus niger which was cultivated in a sabouraud dextrose broth for three days with intermittent shaking. The culture was transferred into a test tube containing 3 ml phosphate buffer saline and centrifuged at 3000 rpm for 10 minutes. The fungal cells settled at the bottom of the test tube while the supernatant contained the enzyme preparation that was used for enzyme assay. A volume of phosphate buffered saline (1 ml) was added into each set of test tubes for both “test” and “blank”. Aliquots (0.2 ml) of red blood cells suspension and CaCl2 solution (0.2 ml) were added into each set of test tubes. While each test tube labelled “test” was treated with 1 ml of free enzyme, the test tubes labelled “blank” were treated with 1 ml of boiled enzyme separately. Aliquots (1 ml) of varying concentrations of each extract (0.2-1.0 µg/ml) and (0.2-1.0 µg/ml) of diclofenac in phosphate buffered saline were dispensed into the respective test tubes. The set up was incubated for 1 hour at room temperature. The incubates were then centrifuged at a speed of 3000 rpm for 10 minutes and absorbance taken at a wavelength of 418 nm using spectrophotometer. 

3.3 MEMBRANE STABILIZATION

[bookmark: _y5z78kx0of08]The effects of the extract on haemolysis of human red blood cells (HRBC) induced by hypotonic solution (distilled water) was evaluated using the method of Shinde et al. (1999).
Samples of each used in this assay were dissolved in distilled water (hypotonic solution) and normal (isotonic solution). The hypotonic solution (5 ml) containing graded doses of the extract (0.2-1.0 µg/ml) were put into two sets of centrifuge tubes. The isotonic solution (5 ml) containing graded concentrations of each (0.2-1.0 µg/ml) were also put into duplicate (per dose) of the centrifuge tubes. Controls tubes contained 5 ml of distilled water and 5 ml of (0.2-1.0 µg/ml) of diclofenac respectively. Erythrocyte suspension (0.1) was added to each of the tubes and mixed gently. The mixtures were incubated for 1 hour at room temperature, and afterwards, centrifuged at 1300 g for 3 minutes. The absorbance (OD) of the haemoglobin content of the supernatant was determined at a wavelength of 418 nm using a spectrophotometer. The percentage haemolysis was calculated by assuming the haemolysis produced in the presence of distilled water as 100 %.  The percentage inhibition of haemolysis by each fraction was calculated thus:
The percentage inhibition of haemolysis by each fraction was calculated thus: = {Abs control- Abs sample]/Abs control x 100}.
3.4 PLATELET AGGREGATION INHIBITION

Manaharan et al., and Murugan: The platelet rich plasma was re-suspended in pH 7.4 Tris buffer together with 1.2 x107 platelet cells for the experiment. Platelet aggregation was measured using a spectrophotometer, which recorded absorbance values. A variety of concentrations of ethanolic extract (0.2, 0.4, 0.6, 0.8 and 1.0 g/ml) in isosaline were employed to assess the in vitro suppression of platelet aggregation. ADP was used to induce platelet aggregation at a concentration of 1mM. The typical drug used was Diclofenac. At 660 nm, the absorbance was taken after 5 minutes. Control was taken without the extract. The inhibition was calculated using the formula: Percentage inhibition (%) = {Abs control- Abs sample]/Abs control x 100}.
4.0 RESULTS
4.1 Qualitative Phytochemical Composition of Combined Ethanol Leave Extract of Ficus capensis and Mentha spicata.
Table 1: shows the results of the qualitative contents of the combined leave extract of Ficus Capensis and Mentha spicata. The combined methanol extracts contain high concentration of phenolics, flavonoids. In moderate amount were Tannin, Saponin, Alkaloids, Terpenoids and Steriods were while Glycosides is in trace amount.
Table 1: Qualitative phytochemical analysis of combined ethanol leave extract of Ficus capensis and Mentha spicata.
	PHYTOCHEMICAL CONSTITUENT
	BIOAVAILABILITY 

	Phenol
	+++

	Flavonoids
	+++

	Tannins
	++

	Saponin
	++

	Alkaloid
	++

	Terpenoids
	++

	Steroids
	++

	Glycosides
	+


Key: + Low concentration,    ++  Moderate concentration   +++  High concentration

4.2  Quantitative Phytochemical Analysis of Combined Ethanol Leave Extract of Ficus capensis and Mentha spicata
Table 2: shows the results of the quantitative phytochemical constituents of the combined ethanol extract of Ficus Capensis and Menta Spicata. The combined ethanol extract had a high amount of flavonoids (70.30 ± 0.8 mg/g), phenols (75.62 ± 1.3 mg/g); moderate amount of saponin (42.61 ± 1.7 mg/g), alkaloids (49.13 ± 1.0 mg/g), terpenoids (40.04 ± 0.1 mg/g) and tannin (46.88 ± 1.7 mg/g)

Table 2: Quantitative phytochemical compositions of combined ethanol leave extract of Ficus capensis and Mentha spicata
	         Phytochemicals                    
	Mean Quantity (mg/g) of Combined 
Ethanol Extract  ± SD

	Phenolics
	75.62 ± 1.3 mg/g

	Flavonoids
	70.30 ± 0.8 mg/g

	Tannins
	46.88 ± 1.7 mg/g

	Saponin
	42.61 ± 1.7 mg/g

	Alkaloids
	49.13 ± 1.0 mg/g),

	Terpenoids
	40.04 ± 0.1 mg/g



4.3  COMBINED ETHANOL EXTRACT OF FICUS CAPENSIS AND MENTHA SPICATA LEAVES ON PHOSPHOLIPASE A2 (PLA2) ACTIVITY
The results presented in Table 3 show that both the combined ethanol extracts and the standard drug diclofenac effectively inhibited the release of haemoglobin into the medium induced by phospholipase A₂ (PLA₂). This effect was demonstrated by the significant reduction (P <.001) in optical density values across the different concentrations of the extract and diclofenac, indicating a decrease in haemoglobin release.
When compared with the control group, the percentage inhibition increased with concentration. The highest concentration tested (1.0 µg/ml) showed the greatest inhibitory activity (89.4%), whereas the lowest concentration (0.2 µg/ml) exhibited a lower inhibition of 71.6%. 
Table 3: Combined ethanol extract of Ficus capensis and Mentha spicata leaves on Phospholipase A2 (PLA2) Activity

	
	Concentration (µg/ml)
	Absorbance (418 nm) Combined 
Extract
	% Inhibition PLA2 Activity 
	Absorbance (418) Std Diclofenac
	% Inhibition PLA2 Activity 

	Control
	-
	1.239 ± 0.01
	
	
	

	
	0.2
	0.352 ± 0.02*
	71.6
	0.311 ± 0.01*
	74.9

	
	0.4
	0.239 ± 0.00*
	80.7
	0.278 ± 0.01*
	77.6

	
	0.6
	0.191 ± 0.01*
	84.6
	0.199 ± 0.00*
	83.9

	
	0.8
	0.165 ± 0.00*
	86.7
	0.173 ± 0.00*
	86.0

	
	1.0
	0.131 ± 0.00*
	89.4
	0.152 ± 0.00*
	87.7


Absorbance values are presented as mean±SD n=3. *P<.001 is significantly different compared with control. 

4.4 COMBINED ETHANOL EXTRACT OF FICUS CAPENSIS AND MENTHA SPICATA LEAVES ON MEMBRANE STABILIZATION OF HUMAN RED BLOOD CELL (HRBC).
The results in table 4 indicate that the combined ethanol leaf extract effectively prevented the lysis of human red blood cells (HRBC) exposed to a hypotonic solution. This was observed through lower optical density (OD) values compared to the control, reflecting reduced haemoglobin release and better membrane stability.
The protective effect increased with concentration, showing a clear dose-dependent pattern. The extract produced percentage inhibitions ranging from 64.7% to 83.6%, which were comparable to those of diclofenac (63.2% to 80.2%), indicating similar membrane-stabilizing activity.
Table 4: Combined ethanol leaves extract of Ficus capensis and Mentha spicata on membrane stabilization of Human Red Blood Cell (HRBC)
	
	Concentration (µg/ml)
	Absorbance (418 nm) Combined 
Extract
	% Inhibition Hemolysis HRBC 
	Absorbance (418) Std Diclofenac
	% Inhibition Hemolysis HRBC 

	Control
	-
	1.905 ± 0.01
	
	
	

	
	0.2
	0.672 ± 0.01*
	64.7
	0.702 ± 0.01*
	63.2

	
	0.4
	0.606 ± 0.00*
	68.2
	0.624 ± 0.01*
	67.2

	
	0.6
	0.458 ± 0.01*
	76.0
	0.553 ± 0.00*
	70.9

	
	0.8
	0.375 ± 0.02*
	80.3
	0.416 ± 0.00*
	78.2

	
	1.0
	0.313 ± 0.00*
	83.6
	0.377 ± 0.00*
	80.2


Absorbance values are presented as mean±SD n=3.  *P<.001 is significantly different compared with control. 

4.5 COMBINED ETHANOL EXTRACTS FICUS CAPENSIS AND MENTA SPICATA LEAVES ON PLATELET AGGREGATION INHIBITION.
The extract significantly (P <.001) reduced platelet aggregation as the concentration increased. The highest activity was observed at 1.0 µg/ml, with a percentage inhibition of 80.3%, compared to the lower doses. Overall, inhibition increased steadily from 0.2 µg/ml to 1.0 µg/ml, showing a clear concentration-dependent effect. A similar trend was seen when the extract’s activity was compared with the standard drug, Diclofenac, suggesting comparable antiplatelet potential (Table 5).
Table 5:  Combined ethanol extract of Ficus capensis and Mentha spicata leaves on platelet aggregation inhibition

	
	Concentration (µg/ml)
	Absorbance (660 nm) Combined 
Extract
	% Inhibition Platelet Aggregation 
	Absorbance (660) Std Diclofenac
	% Inhibition Platelet Aggregation 

	Control
	-
	2.100 ± 0.00
	
	
	

	
	0.2
	0.708 ± 0.00*
	61.8
	0.754 ± 0.01*
	64.1

	
	0.4
	0.643 ± 0.01*
	68.4
	0.643 ± 0.01*
	69.4

	
	0.6
	0.504 ± 0.00*
	71.3
	0.504 ± 0.00*
	76.0

	
	0.8
	0.378 ± 0.00*
	80.9
	0.378 ± 0.00*
	820

	
	1.0
	0.355 ± 0.01*
	85.0
	0.355 ± 0.00*
	83.1



5.0 DISCUSSION
The phytochemical screening revealed that the combined ethanol leaf extract of Ficus capensis and Mentha spicata contains a rich variety of bioactive components. The extract showed a high presence of phenolics and flavonoids, moderate amounts of tannins, saponins, alkaloids, terpenoids, and steroids, while glycosides were detected in trace amounts. These diverse phytochemical constituents point that combined extract possesses multiple biologically active constituents that may work together to produce therapeutic effects. Prior studies have shown that these compounds play a major role in antioxidant and anti-inflammatory activities (Zafar et al., 2023; Nwozo et al., 2023). These bioactive compounds help reduce the effect harmful free radicals and lower the production of inflammatory substances such as prostaglandins and cytokines in the body. 
Previously, research on Ficus capensis has reported similar findings, linking its phenolic compounds and flavonoid content to its medicinal effects (Uchegbu et al., 2024). In the same way, studies on Mentha spicata have identified phenolic compounds, such as rosmarinic acid, as key contributors to its anti-inflammatory and protective properties (Silva et al., 2023). The presence of tannins and saponins further enhance the biological activity of the combined extract. Tannins are well known for their astringent properties and their ability to stabilize cell membranes, which can help reduce inflammation by preventing protein denaturation and lowering tissue damage (Wu et al., 2023; Ekambaram et al., 2022).
The results in Table 3 show that the combined ethanol leaf extract reduced the release of haemoglobin caused by phospholipase A₂ (PLA₂). The significant drop in optical density means that the extract helped protect the red blood cell membrane from damage. Since PLA₂ is an enzyme involved in triggering inflammation, blocking its action and cyclooxygenase (COX) suggests that the extract has strong anti-inflammatory potential. Previously, studies on Ficus capensis and Mentha spicata have reported similar anti-inflammatory and membrane-protective effects, mainly due to their rich phenolic and flavonoid content (Nwozo et al., 2023). These compounds are known to block inflammatory enzymes and reduce cell damage.
The combined ethanol leaf extract protected human red blood cells from lyses when placed in a hypotonic solution. Normally, a hypotonic solution causes red blood cells to swell and burst, releasing haemoglobin into the surrounding medium. However, the lower optical density (OD) values recorded in the treated groups indicate that less haemoglobin was released, meaning the cell membranes were protected and limiting tissue damage. This membrane-stabilizing effect is vital because the red blood cell membrane is similar to the lysosomal membrane in the body. During inflammation, lysosomal membranes can rupture and release enzymes that worsen tissue damage (Asadu et al., 2025; Scott et al., 2025). Therefore, substances that stabilize red blood cell membranes are often considered to have anti-inflammatory potential. By preventing haemolysis, the combined extract may help reduce the release of harmful inflammatory substances. Previous studies on Ficus capensis and Mentha spicata have reported that their bioactive contents contribute to membrane stabilization and anti-inflammatory ability (Zafar et al., 2023). These compounds are well known to strengthen cell membranes and reduce oxidative stress, which can cause cell damage.
The results showed that the extract significantly (P <.001) reduced platelet aggregation in dose dependent concentration. Platelet aggregation is a vital process in blood clot formation, but excessive aggregation can contribute to inflammation and cardiovascular complications. Therefore, substances that can reduce platelet clumping may help in controlling inflammatory and thrombotic conditions. The reduction in platelet aggregation suggests that the extract may exert its effect through various mechanisms and possibly by interfering with inflammatory mediators involved in platelet activation. 
The extract may also interfere with intracellular signaling pathways involved in platelet activation, such as calcium mobilization and phospholipase A₂ (PLA₂) activity. By limiting calcium influx or blocking PLA₂, the extract can reduce the cascade of reactions that lead to platelet aggregation and inflammatory mediator release. Earlier studies on Ficus capensis have reported the presence of bioactive compounds with antioxidant and anti-inflammatory properties, some of which are known to inhibit platelet activation pathways. Likewise, research on Mentha spicata has shown that its phenolic constituents, including rosmarinic acid and other flavonoids, can reduce oxidative stress and modulate platelet function (Umerah et al., 2022 Mgbemena et al., 2022). These earlier findings support the present results and suggest that the observed antiplatelet potential may be due to the combined action of these bioactive compounds.
CONCLUSION
The findings of this study demonstrate that the combined ethanol leaf extract of Ficus capensis and Mentha spicata possesses strong anti-inflammatory and antiplatelet effects in vitro. The extract reduced enzyme-induced cell damage, protected red blood cells from breaking, and prevented platelets from aggregating together. These effects increased with higher concentrations and were comparable to standard drugs like diclofenac. The rich presence of phenolics and flavonoids, along with other secondary metabolites such as tannins, saponins, alkaloids, and terpenoids, likely contributed to these effects through enzyme inhibition, antioxidant action, and membrane stabilization.
However, unlike most previous studies that focused on single-plant extracts, this combined formulation may offer enhanced activity due to possible synergistic interactions among these bioactive compounds. This study therefore addresses an important research gap by providing experimental evidence that combining these two medicinal plants may enhance their therapeutic effectiveness.
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