



Phytochemical Screening and Antibacterial activity of Different Two Varieties of Catharanthus roseus (L.) G. Don from South Africa



.     
.
              . 
                     
	.
..


.

____________________________________________________________________________________________

*Corresponding author: Email: XYZ@ABC.COM


ABSTRACT

	Background and Aims: The rapid emergence of antimicrobial resistance (AMR) has created an urgent need for alternative antibacterial agents from natural sources. Catharanthus roseus is a medicinal plant rich in bioactive secondary metabolites with reported biological and pharmacological activities; however, comparative evaluation of its antibacterial efficacy across different leaf types remains limited. The present study aims to systematically evaluate the antimicrobial potential of methanolic extracts of C. roseus.
Study design:  Phytochemical screening and antibacterial activity evaluation of fresh and air-dried leaves samples of C. roseus (Pink and white floral varieties). 
Place and Duration of Study: Fresh plant materials of C. roseus were collected from University of Zululand, KwaDlangezwa campus, KwaDlangezwa, South Africa.
Methodology: Methanol extracts of C. roseus leaves (pink and white varieties of fresh and dried leaves) were subjected to qualitative phytochemical screening using standard protocols. In vitro antibacterial activity of the extracts was assessed against Bacillus cereus (ATCC 10702), Staphylococcus aureus (ATCC 6538) and Enterococcus faecalis (ATCC 29212), Enterobacter cloacae (ATCC 13047), Escherichia coli (ATCC 4983), Kiebsiella pneumoniae (ATCC 2983), Pseudomonas aeruginosa (ATCC19582), Serratia marcescena (ATCC 9986), Acinetobacter calcaoceticus, Enterococcus faecailis, Micrococcus kristinae and Shigella flexineri using the disc diffusion and broth dilution methods, with gentamycin serving as positive control and reference antibiotic.
Results: Phytochemical screening of the extracts revealed the consistent presence of alkaloids, flavonoids, glycosides, saponins, and terpenoids/steroids, while tannins and reducing sugars were absent. The extracts exhibited strong, broad-spectrum antibacterial activity, with zones of inhibition ranging from (8.3 ± 0.8 to 34.3 ± 1.4 mm). The highest activity was observed against Escherichia coli (34.3 ± 1.4 mm) and Staphylococcus aureus (30.7 ± 0.8 mm), with some extracts demonstrating comparable or superior effects to gentamycin. MIC and MBC values ranged between 0.3 to >10 µg/mL, and with low MBC/MIC ratios indicated predominantly bactericidal activity. 
Conclusion: Catharanthus roseus leaf extracts exhibit potent, broad-spectrum antibacterial activity. The strong inhibitory and bactericidal effects, particularly against relevant pathogens, highlight the potential of this plant as a promising source of novel antimicrobial agents. 
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1. INTRODUCTION

Antibacterial resistance (AMR) represents a major and escalating global health burden affecting both Gram-negative and Gram-positive bacteria. Recent estimates indicate that bacterial AMR was directly responsible for approximately 1.27 million deaths and associated with nearly 4.7–4.95 million deaths globally, underscoring its significant contribution to mortality worldwide (Murray et al., 2024; Naghavi et al., 2024; Qin et al., 2026). Gram-negative pathogens such as Escherichia coli, Klebsiella pneumoniae, Acinetobacter baumannii, and Pseudomonas aeruginosa are of particular concern due to their high levels of multidrug resistance and increasing resistance to last-resort antibiotics like carbapenems, leading to limited therapeutic options and increased mortality (Antimicrobial Resistance Collaborators, 2024; WHO, 2023). Conversely, Gram-positive bacteria, notably methicillin-resistant Staphylococcus aureus (MRSA) and resistant Enterococcus species, continue to contribute substantially to the global AMR burden, with marked increases in associated deaths over recent decades (Murray et al., 2024; CDC, 2023). Alarmingly, recent surveillance reports indicate that approximately one in six bacterial infections worldwide are now resistant to commonly used antibiotics, with resistance rates rising across multiple pathogen–drug combinations (WHO, 2023; ECDC, 2023). Consequently, the accelerating emergence of resistance across both Gram-negative and Gram-positive pathogens necessitates the urgent exploration of alternative therapeutic strategies, with medicinal plants representing a promising reservoir of structurally diverse bioactive compounds with potential antimicrobial and resistance-modifying properties (Matei & Visan, 2025; Perez-Flores et al., 2025). In response, there has been a renewed and intensified interest in natural products, particularly medicinal plants, as alternative and complementary sources of antimicrobial agents (Iskandar et al., 2025; Silva et al., 2023).
Historically, natural products have served as a cornerstone of drug discovery, contributing significantly to the development of modern therapeutics (Newman & Cragg, 2020). Medicinal plants are characterized by a remarkable diversity of secondary metabolites—including alkaloids, flavonoids, terpenoids, and phenolic compounds—which exhibit broad-spectrum biological activities (Atanasov et al., 2021). Importantly, these compounds often possess structurally complex and unique chemical scaffolds that are not easily replicated through synthetic approaches, thereby offering valuable templates for pharmaceutical innovation (Newman & Cragg, 2020). Emerging evidence also suggests that plant-derived antimicrobials frequently act via multi-target mechanisms, disrupting multiple cellular pathways simultaneously, which may reduce the likelihood of resistance development compared to conventional single-target antibiotics (Atanasov et al., 2021; Ahmed et al., 2024).
Among medicinal plants of notable pharmacological importance is Catharanthus roseus (L.) G. Don (Apocynaceae), commonly referred to as Madagascar periwinkle. Although native to Madagascar, this species is now widely distributed across tropical and subtropical regions and has long been utilized in traditional medicine for the management of diverse conditions, including diabetes, hypertension, infections, and cancer (Khan et al., 2024; Kumar et al., 2022). Its extensive ethnomedicinal relevance has driven substantial scientific interest in recent years (Goswami et al., 2024; Mendonça et al., 2025; Sarkar et al., 2025). Phytochemically, C. roseus is distinguished by its rich repertoire of terpenoid indole alkaloids (TIAs), a unique class of secondary metabolites with significant pharmacological importance. Notably, this plant is the source of vincristine and vinblastine—two clinically indispensable anticancer agents—alongside more than 130 structurally related alkaloids and other emerging bioactive compounds with diverse therapeutic potentials (Hashim et al., 2024; Szymańska et al., 2025; Lourenço et al., 2025).
Despite increasing interest in the antimicrobial properties of C. roseus, particularly within the context of AMR, existing studies remain relatively fragmented. Extracts derived from different plant parts—including leaves, stems, and roots—have demonstrated antibacterial activity against a wide spectrum of microbial pathogens (Roy et al., 2020; Jamal & Ahmad, 2024). However, systematic investigations that account for critical variables such as plant processing conditions (e.g., fresh versus dried material) and phenotypic diversity—particularly floral variants such as the pink (rosea) and white (alba) forms—remain limited (Gajalakshmi et al., 2013; Nejat et al., 2015). Such factors are known to significantly influence phytochemical composition and, consequently, biological activity. Additionally, the methodological approaches employed in many previous studies are largely restricted to agar diffusion assays, which report antimicrobial activity based on zones of inhibition. While, useful for preliminary screening, these methods provide only qualitative or semi-quantitative insights and may not accurately reflect antimicrobial potency (Das et al., 2010; Govindasamy & Srinivasan, 2012; Al-Snafi, 2016). On the other hand, quantitative parameters such as minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) are essential for robust antimicrobial evaluation, enabling precise determination of potency, mechanistic insights, and differentiation between bacteriostatic and bactericidal effects (Balouiri et al., 2016; Eloff, 1998). The integration of these approaches is therefore critical for advancing plant-derived antimicrobials toward clinical relevance.
As part of ongoing investigations into the medicinal flora of KwaDlangezwa, KwaZulu-Natal Province, South Africa (Hlophe et al., 2020; Lawal et al., 2023), the present study aims to systematically evaluate the antimicrobial potential of methanolic extracts of C. roseus. Specifically, the study examines variations across floral phenotypes (pink and white) and leaf conditions (fresh and dried). Such comparative analyses are essential, given that phytochemical composition and biological activity in medicinal plants are strongly influenced by phenotypic traits and post-harvest processing methods (Figueiredo et al., 2008; Nejat et al., 2015). By integrating both qualitative and quantitative antimicrobial assessments, this study seeks to provide deeper insights into variability in antibacterial efficacy and to contribute to the identification of promising plant-derived antimicrobial agents in the context of the escalating global burden of AMR (WHO, 2023; Ahmed et al., 2024).

2. material and methods

2.1 Collection and identification of plant materials 

Fresh plant materials of C. roseus (Pink and white flowers) were collected from University of Zululand, KwaDlangezwa campus, KwaDlangezwa, South Africa. Dr. T.H.C. Moretet, Department of Botany, University of Zululand, KwaDlangezwa, identified the plant materials. Voucher specimens [LAWAL, OA-41 (ZULU)] were deposited in the Herbarium, Department of Botany, University of Zululand, KwaDlangezwa campus, South Africa.

2.2 Preparation of extract   

Fresh (115 g) and air-dried (85 g) leaves of the pink and white floral varieties of C. roseus were separately subjected to exhaustive extraction using methanol following established phytochemical extraction procedures (Harborne, 1998; Sofowora, 2008). The extraction was carried out under maceration conditions, and the combined filtrates were concentrated to dryness under reduced pressure at 40 °C using a rotary evaporator. The percentage yields of the dried methanolic extracts were calculated relative to the initial plant material and were found to be 11.06% (fresh pink leaves), 10.47% (dried pink leaves), 10.06% (fresh white leaves), and 11.21% (dried white leaves). Each dried extract was accurately weighed and reconstituted in dimethyl sulfoxide (DMSO) to obtain stock solutions for subsequent phytochemical screening and antibacterial assays (Eloff, 1998; Doughari, 2012).

2.3 Phytochemical screening 

Preliminary phytochemical screening of C. roseus (Pink and white) fresh and dry leaf extracts was performed following established protocols (Harborne, 1984; Sofowora, 1993, Edeoga, et al., 2005). 

2.4 Test bacterial strains 

Catharanthus roseus extracts were tested against eight Reference bacterial strains and four local isolates (comprises of two each - clinical and environmental isolates), obtained from Applied and Environmental Microbiology Research Group (AEMREG), Department of Biochemistry and Microbiology, University of Fort Hare, Alice 5700, South Africa. Gram-positive bacteria: Bacillus cereus (ATCC 10702), Staphylococcus aureus (ATCC 6538) and Enterococcus faecalis (ATCC 29212). Gram-negative strains:  Enterobacter cloacae (ATCC 13047), Escherichia coli (ATCC 4983), Kiebsiella pneumoniae (ATCC 2983), Pseudomonas aeruginosa (ATCC19582), Serratia marcescena (ATCC 9986), Acinetobacter calcaoceticus UP‡, Enterococcus faecailis UKZN‡, Micrococcus kristinae§ and Shigella flexineri§. The stock cultures were maintained at 4 oC in Müeller-Hinton agar (Oxoid, Germany). 

2.4.1 Determination of Antibacterial Assay

The antibacterial activity of the plant extracts was evaluated using the standard agar disk diffusion method as previously described (van Vuuren and Viljoen, 2006; Balouiri et al., 2016). Briefly, test microorganisms were cultured in 10 mL of Mueller–Hinton (MH) broth (Oxoid, England) and incubated at 37 °C for 18–24 h. The resulting bacterial suspensions were adjusted with sterile normal saline to match the turbidity of the 0.5 McFarland standard, corresponding to approximately 1.0 × 10⁸ CFU/mL, following established procedures (Lennette et al., 1987; CLSI, 2021). Sterile Petri dishes containing Mueller–Hinton agar (Oxoid, England) were uniformly inoculated with the standardized microbial suspensions using a sterile swab. Extract solutions were prepared at a concentration of 40 mg/mL. Sterile Whatman No. 1 filter paper discs (6 mm in diameter) were aseptically placed on the surface of the inoculated agar plates, and 10 µL of each extract was carefully applied onto the discs. The plates were incubated at 37 °C for 24 h, after which antibacterial activity was assessed by measuring the diameter of the zones of inhibition (in mm) surrounding each disc. All assays were performed in triplicate to ensure reproducibility. Gentamicin (25 µg/disc) was used as a positive control, while discs impregnated with DMSO served as negative control.

2.4.2 Minimal inhibitory and bactericidal concentrations 

The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of the plant extracts were determined using the standard broth microdilution method in accordance with established guidelines (Clinical and Laboratory Standards Institute (CLSI, 2021; Eloff, 1998; Balouiri et al., 2016). Briefly, bacterial isolates were cultured overnight in Mueller–Hinton (MH) broth at 37 °C, and the resulting suspensions were standardized and diluted in fresh MH broth prior to the assay. Serial two-fold dilutions of the extracts were prepared to yield final concentrations ranging from 10 mg/mL to 0.078 mg/mL. An aliquot of 100 µL of standardized bacterial inoculum (approximately 1.0 × 10⁸ CFU/mL) was dispensed into each well of a sterile 96-well microtiter plate containing the extract dilutions. The plates were incubated at 37 °C for 24 h. Following incubation, 40 µL of p-iodonitrotetrazolium violet (INT) solution (0.2 mg/mL) was added to each well and further incubated for approximately 30 min. A colour change to reddish-pink indicated microbial growth, resulting from the reduction of INT to formazan by metabolically active cells, whereas the absence of colour change indicated growth inhibition (Balouiri et al., 2016; Eloff, 2019). The MIC was defined as the lowest concentration of the extract that resulted in complete inhibition of visible bacterial growth. Gentamicin was included as a positive control.
For MBC determination, 10 µL aliquots were aseptically withdrawn from wells corresponding to the MIC and higher concentrations, and inoculated into 190 µL of fresh MH broth in a new sterile 96-well plate. Following incubation at 37 °C for 24 h under identical conditions, bacterial growth was assessed visually. The MBC was defined as the lowest concentration of the extract at which no visible growth was observed, indicating complete bactericidal activity (CLSI, 2021; Balouiri et al., 2016).

2.5 Statistical analyses

All experiments were conducted in triplicate, and results were expressed as mean ± standard deviation (SD) of three independent determinations. Statistical analysis was performed using Microsoft Excel (2003). Differences between mean values of the experimental groups were evaluated using one-way analysis of variance (ANOVA) following by tukey’s post hoc test, and significance was represented using superscript letters (Zar, 2010; Motulsky, 2018; Montgomery, 2019).

3. results and discussion

3.1 Phytochemical Screening 

The qualitative phytochemical screening of C. roseus leaf extracts (Table 1) revealed the consistent presence of alkaloids, flavonoids, glycosides, saponins, and terpenoids/steroids across all samples, including both floral variants (pink and white) and leaf conditions (fresh and dried), while tannins and reducing sugars were not detected. This uniform phytochemical profile suggests that neither varietal differences nor post-harvest processing (drying) significantly influenced the qualitative occurrence of major secondary metabolites, although variations in their concentrations cannot be excluded. Similar observations have been reported in previous studies, indicating relative stability of key phytochemical classes in C. roseus under varying conditions (Gajalakshmi et al., 2013; Al-Snafi, 2016). 

	Table 1 Phytochemical screening of different two varieties of Catharanthus roseus 

	Constituents
	Test
	Inference
	General Trend
	Remark

	
	
	PFFL
	PFDL
	WFFL
	WDFL
	
	

	Alkaloids
	Dragendorff’s 
	+
	+
	+
	+
	Widely present
	Rahamathullah et al., 2025

	
	Mayer’s 
	+
	+
	+
	+
	Widely present
	Rahamathullah et al., 2025

	Reducing sugar
	Fehling’s A 
	-
	-
	-
	-
	variability possible
	

	
	Fehling’s B 
	-
	-
	-
	-
	variability possible
	

	Flavonoids
	Ammonia solution
	+
	+
	+
	+
	strongly conserved
	Mishra et al., 2022

	Glycosides
	Keller-Killiani  
	+
	+
	+
	+
	Variable
	

	Saponins
	Frothing
	+
	+
	+
	+
	Very common
	

	Tannins
	Ferric chloride 
	-
	-
	-
	-
	Variable
	

	Terpenoids/ Steroids
	 Salkowski 
	+
	+
	+
	+
	Very common
	


PFFL - Pink flower fresh leaves; PFDL - Pink flower dry leaves; WFFL - White flower fresh leaves; 
WFDL - White flower dry leaves. + = present; _ = absent

The predominance of alkaloids is particularly noteworthy, as C. roseus is a well-known source of terpenoid indole alkaloids (TIAs), including vincristine and vinblastine, which exhibit diverse pharmacological activities (van Der Heijden et al., 2004). Flavonoids identified in the extracts are also widely recognized for their antimicrobial properties, acting through mechanisms such as disruption of bacterial cell membrane integrity, inhibition of nucleic acid synthesis, and interference with energy metabolism (Cushnie and Lamb, 2011). In addition, terpenoids and saponins contribute to antibacterial activity by increasing membrane permeability and inducing leakage of intracellular constituents, ultimately leading to cell lysis (Guimarães et al., 2019; Cowan, 1999). The presence of these bioactive constituents corroborates earlier reports and further supports the medicinal relevance of C. roseus (Al-Snafi, 2016). While, the absence of tannins in the present study contrasts with some earlier findings, suggesting that environmental conditions, geographical origin, plant maturity, or extraction methodologies may influence phytochemical composition (Figueiredo et al., 2008). Nevertheless, the combined presence of alkaloids, flavonoids, and terpenoids can provides a strong biochemical basis for antibacterial activity. In addition, accumulating evidence indicates that complex mixtures of phytochemicals often exhibit synergistic interactions, leading to enhanced antimicrobial efficacy compared to individual isolated compounds (Wagner and Ulrich-Merzenich, 2009; Caesar and Cech, 2019). 

3.2 Antibacterial activity

The methanol extracts of C. roseus demonstrated pronounced antibacterial activity against a broad spectrum of test microorganisms, encompassing both Gram-positive and Gram-negative bacteria, as well as clinical and environmental isolates (Table 2). The observed zones of inhibition ranged from 8.3 ± 0.8 mm to 34.3 ± 1.4 mm, indicating moderate to strong antibacterial effects. Notably, E. coli (ATCC 8739) exhibited the highest susceptibility, with a maximum inhibition zone of 34.3 ± 1.4 mm (PFFL), surpassing that of the reference antibiotic gentamicin (21.3 ± 1.5 mm). This observation is particularly significant in light of the growing global burden of multidrug-resistant E. coli strains (Prestinaci et al., 2015). Similarly, S. aureus (ATCC 6538) showed high sensitivity, with inhibition zones ranging from 20.6 ± 1.5 to 30.7 ± 0.8 mm. 

	Table 2 Antibacterial activity of methanol extracts of Catharanthus roseus£

	Microorganisms
	                                     Zones of inhibition (mm)$

	
	PFFL
	PFDL
	WFFL
	WDFL
	Gentamycin

	B. cereus  
	20.0 ± 1.5a        
	10.0 ± 1.0c            
	20.0 ± 0.3a        
	20.0 ± 0.0a        
	14.0 ± 2.0b

	S. aureus
	30.7 ± 0.8b                     
	22.6 ± 1.2d
	27.6 ± 0.8c         
	20.6 ± 1.5e        
	32.3 ± 1.2a

	S. faecalis
	19.0 ± 1.5a      
	17.0 ± 1.0b
	16.6 ± 0.6b         
	15.3 ± 0.6c        
	16.0 ± 2.0b

	E. cloacae
	10.3 ± 0.0c         
	11.0 ± 0.5b            
	13.3 ± 0.8a         
	10.6 ± 0.8c        
	12.6 ± 0.6ab

	E. coli
	34.3 ± 1.4a         
	23.6 ± 0.6c            
	25.3 ± 1.4b          
	21.3 ± 0.3d       
	21.3 ± 1.5d

	K. pneumoniae
	19.0 ± 0.5b                       
	14.6 ± 0.3c                 
	ND
	11.6 ± 0.6d         
	23.7 ± 1.5ª

	P. aeruginosa
	16.0 ± 0.0b                       
	16.0 ± 0.0b                 
	ND
	18.0 ± 2.1a        
	20.3 ± 1.2ª

	S. marcescens
	16.3 ± 0.6b                               
	ND
	12.3 ± 0.8c                           
	ND
	17.0 ± 0.0a

	A. calcaoceticus‡           
	13.6 ± 0.8b         
	10.3 ± 0.8c            
	20.6 ± 2.3a         
	13.0 ± 0.0b        
	15.6 ± 0.3b         

	E. faecailis‡ 
	11.3 ± 0.3c         
	ND
	13.6 ± 0.8c                                 
	9.3 ± 0.6d        
	20.0 ± 0.5a          

	M. kristinae§                   
	25.3 ± 1.4b                                
	ND
	10.0 ± 0.0c         
	19.6 ± 0.8d        
	26.3 ± 0.8a         

	S. flexineri§    
	22.0 ± 2.1b           
	8.3 ± 0.8d            
	17.0 ± 2.1c         
	15.3 ± 0.6 c        
	22.6 ± 0.8 a         


£Catharanthus roseus methanol extracts - 10 µg/mL/disk;  $zones of inhibition - (n = 3, X ± SEM); ND- Not determined
ATCC - American Type Culture Collection; ‡ = Clinical isolates; § = Environmental strain.
Letters (a, b, c, d, e) within a row indicate significant differences (p < 0.05); Values sharing the same letter are not significantly different (p > 0.05); 
a-often the reference control; b-significantly lower than a; c-lower than a and b; d-still low;
e-lowest activity group


Moderate antibacterial activity was recorded against B. cereus, E. faecalis, and S. marcescens, whereas relatively lower susceptibility was observed for E. cloacae. The reduced sensitivity of certain organisms, particularly Pseudomonas aeruginosa, may be attributed to intrinsic resistance mechanisms such as efflux pump systems, reduced outer membrane permeability, and biofilm-forming capacity (Breidenstein et al., 2011; Pang et al., 2019). These findings are consistent with earlier studies reporting significant antibacterial activity of C. roseus extracts against a range of pathogenic bacteria (Govindasamy and Srinivasan, 2012; Al-Snafi, 2016).
In general, Gram-positive bacteria were more susceptible than Gram-negative bacteria, which is in agreement with established microbiological principles. The relatively higher resistance of Gram-negative bacteria is largely due to the presence of an outer membrane enriched with lipopolysaccharides (LPS), which constitute a major component of the outer membrane of Gram-negative bacteria, act as an effective permeability barrier that limits the penetration of many antimicrobial agents (Nikaido, 2003). However, the substantial activity observed against Gram-negative organisms such as E. coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa suggests that the extracts contain bioactive constituents capable of penetrating or disrupting these structural defences. 
Overall, the fresh leaf extracts, particularly from the pink variety (PFFL), consistently exhibited higher antibacterial activity compared to their dried counterparts. These findings suggest that while the extracts demonstrate notable antibacterial activity, their effectiveness is influenced by both the extraction solvent and the target microorganism, underscoring the critical role of appropriate controls in the interpretation of antimicrobial susceptibility testing (AST) results (Chew et al., 2018;). In addition, the drying process may lead to degradation or volatilization of bioactive phytochemicals, especially thermolabile compounds. Similar trends have been reported in previous studies, where fresh plant materials retained higher levels of active secondary metabolites and exhibited stronger biological activity than dried samples (Figueiredo et al., 2008; Sultana et al., 2009).

3.3 Minimum Inhibitory and Bactericidal Concentrations

The determination of minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values (Table 3) provided a quantitative and precise assessment of the antibacterial potency of C. roseus methanol extracts. The MIC values ranged from 0.3 to >10 µg/mL, indicating strong inhibitory activity against several tested bacterial strains. Notably, the lowest MIC values (0.3 µg/mL) were recorded for E. coli and S. flexneri, highlighting the remarkable sensitivity of these organisms to the extracts. Similarly, S. aureus exhibited a low MIC of 0.6 µg/mL, confirming its pronounced susceptibility. These values are comparable to, and in some cases exceed, the antibacterial potency reported for other plant-derived extracts, where MICs below 1 µg/mL are considered indicative of high efficacy (Balouiri et al., 2016; Eloff, 1998). MBC values ranged from 1.3 to >10 µg/mL and were generally higher than the corresponding MICs, as expected.

	Table 3 Minimum inhibitory and bactericidal concentrations of C. roseus£              

	Microorganisms
	PFFL
	PFDL
	WFFL
	WDFL
	Gentamycin

	
	MIC$
	MBC^
	MIC
	MBC
	MIC
	MBC
	MIC
	MBC
	MIC
	MBC

	B. cereus  
	1.3ᵇ
	5ᵇ
	5ᵈ
	10ᵉ
	2.5ᶜ
	5ᵇ
	10ᵉ
	10ᵉ
	0.6ᵃ
	2.5ᵃᵇ

	S. aureus
	0.6ᵇ
	1.3ᶜ
	2.5ᵈ
	2.5ᵈ
	1.3ᶜ
	5ᵉ
	1.3ᶜ
	5ᵉ
	0.1ᵃ
	0.1ᵃ

	S. faecalis
	1.3ᶜ
	2.5ᵇ
	5ᵈ
	5ᵈ
	2.5ᶜ
	5ᵈ
	5ᵈ
	10ᵉ
	0.6ᵃ
	1.3ᵇ

	E. cloacae
	10ᶜ
	10ᶜ
	10ᶜ
	>10ᵉ
	10ᶜ
	>10ᵉ
	>10ᵉ
	>10ᵉ
	1.3ᵃ
	2.5ᵇ

	E. coli
	0.3ᵇ
	1.3ᶜ
	2.5ᵈ
	2.5ᵈ
	1.3ᶜ
	5ᵉ
	2.5ᵈ
	5ᵉ
	0.1ᵃ
	0.1ᵃ

	K. pneumoniae
	2.5ᵇ
	10ᵉ
	5ᶜ
	10ᵉ
	2.5ᵇ
	5ᶜ
	10ᵉ
	>10ᵉ
	0.3ᵃ
	0.6ᵃ

	P. aeruginosa
	2.5ᵇ
	10ᵉ
	10ᵉ
	>10ᵉ
	5ᶜ
	10ᵉ
	10ᵉ
	>10ᵉ
	0.3ᵃ
	1.3ᵇ

	S. marcescens
	1.3ᵇ
	5ᶜ
	5ᶜ
	10ᵉ
	5ᶜ
	5ᶜ
	10ᵉ
	10ᵉ
	0.3ᵃ
	0.6ᵃᵇ

	A. calcaoceticus‡           
	1.3ᵇ
	2.5ᶜ
	2.5ᶜ
	5ᵈ
	2.5ᶜ
	10ᵉ
	5ᵈ
	>10ᵉ
	0.3ᵃ
	2.5ᶜ

	E. faecailis‡ 
	0.6ᵇ
	5ᵉ
	2.5ᶜ
	10ᵉ
	2.5ᶜ
	5ᵉ
	10ᵉ
	10ᵉ
	0.2ᵃ
	0.3ᵃ

	M. kristinae§                   
	1.3ᵇ
	1.3ᵇ
	2.5ᶜ
	5ᵈ
	2.5ᶜ
	10ᵉ
	5ᵈ
	>10ᵉ
	0.2ᵃ
	0.6ᵃ

	S. flexineri§    
	0.6b      
	1.3c           
	5d        
	>10e        
	0.6b        
	1.3c       
	10e       
	>10e         
	0.3a       
	1.3c 


£Catharanthus roseus methanol extract - 40 µg/mL; $MIC - minimum inhibitory concentration (µg/mL); ^MBC - minimum bactericidal concentration (µg/mL)


The MIC and MBC results revealed that C. roseus extracts exhibited concentration-dependent antibacterial activity, with PFFL showing the lowest inhibitory concentrations across most isolates. Statistical grouping indicated significant differences (p < 0.05) among extracts and between extracts and the positive control (gentamicin). Generally, gentamicin demonstrated superior antibacterial potency, while the plant extracts showed moderate but notable activity, particularly against Gram-positive organisms and selected Gram-negative isolates. The observed MIC–MBC relationships further suggest that the extracts exert bactericidal effects, rather than merely bacteriostatic activity, confirming their potential as effective antimicrobial agents.

3.4 Bactericidal and Bacteriostatic Activities 

The MBC/MIC ratio provides a reliable indication of the antimicrobial mode of action of plant extracts and serves as a critical parameter for distinguishing between bactericidal and bacteriostatic activity. An MBC/MIC ratio ≤ 4 is generally considered indicative of bactericidal activity, whereas values > 4 indicate bacteriostatic activity (Akinwale et al., 2024; Ishak et al., 2025; Batista et al., 2025). In the present study, C. roseus extracts demonstrated predominantly bactericidal activity against a wide spectrum of tested microorganisms, although some strain-dependent bacteriostatic responses. Notably, the white dried leaf extract (WDFL) demonstrated the strongest activity against B. cereus (MBC/MIC = 1.0), indicating rapid and effective bacterial killing. Similarly, the pink dried leaf extract (PFDL) exhibited potent bactericidal activity against S. aureus and S. faecalis (ratio = 1.0), comparable to the standard antibiotic. However, the pink fresh leaf extract (PFFL) displayed bacteriostatic activity against S. aureus (MBC/MIC = 5.17), suggesting that the antibacterial effect may vary depending on extraction conditions and phytochemical concentration (Figueiredo et al., 2008; Sultana et al., 2009). Enterococcus faecalis showed mixed susceptibility, with bactericidal effects observed in some extracts (WDFL, WFFL) and bacteriostatic responses in others, reflecting the intrinsic resistance often associated with enterococci. Escherichia coli was particularly sensitive, with most extracts exhibiting bactericidal effects (MBC/MIC ≤ 4), especially PFDL and the reference drug. Enterobacter cloacae and S. marcescens also showed consistent bactericidal responses, suggesting effective penetration and disruption of bacterial cell structures by the bioactive compounds. Although, K. pneumoniae was generally susceptible, slight variations in activity among extracts were observed. In contrast, P. aeruginosa exhibited reduced susceptibility, with some extracts showing borderline or bacteriostatic effects, likely due to its well-documented resistance mechanisms such as efflux pumps and low membrane permeability.

	Table 4 bactericidal and bacteriostatic effects of Catharanthus roseusa              

	Microorganisms
	PFFL
	PFDL
	WFFL
	WDFL
	Gentamycin

	
	MBC/MICb
	MBC/MIC
	MBC/MIC
	MBC/MIC
	MBC/MIC

	B. cereus  
	3.85       
	2.0     
	2.0      
	1.0          
	4.17        

	S. aureus
	5.17       
	1.0        
	3.85     
	3.86      
	1.0        

	S. faecalis
	1.92    
	1.0     
	2.0       
	2.0          
	2.17     

	E. cloacae
	1.0      
	> 1      
	> 1    
	1.0    
	1.92    

	E. coli
	4.33      
	1.0    
	3.85
	2.0        
	1.0       

	K. pneumoniae
	4.0      
	2.0        
	2.0       
	> 1     
	2.0      

	P. aeruginosa
	4.0      
	> 1              
	2.0             
	> 1       
	4.33       

	S. marcescens
	3.85
	2.0        
	1.0       
	1.0          
	2.0    

	A. calcaoceticus‡           
	1.92 
	2.0       
	4.0       
	> 2       
	8.33      

	E. faecailis‡ 
	8.33  
	4.0   
	2.0        
	1.0        
	0.2      

	M. kristinae§                   
	1.0  
	2.0        
	4.0      
	> 2        
	3.0      

	S. flexineri§    
	2.17 
	> 2       
	2.17      
	> 1       
	4.33   


aCatharanthus roseus methanol extract - 40 µg/mL; bMBC/MIC ratio - bactericidal or bacteriostatic effects

When compared with the standard antibiotic, the extracts demonstrated comparable bactericidal activity against certain organisms, although the antibiotic exhibited more consistent effects across all strains. Nonetheless, the findings of this study corroborate previous reports and demonstrate that C. roseus possesses significant bactericidal potential against both Gram-positive and Gram-negative bacteria (Cushnie & Lamb, 2005; Voukeng, et al., 2016; Jamal & Ahmad, 2024), with variability depending on extract type and bacterial species. This highlights its promise as a natural source of antimicrobial agents and supports further investigation into its active constituents and mechanisms of action.

3.5 Statistical significance of antibacterial activity

Table 5 shows the statistical significance of antibacterial activity of c. roseus extracts and the reference control (gentamycin).  

	Table 5 Statistical Significance of Antibacterial Activity

	Comparison
	Observation
	p-valuea
	Interpretation

	PFFL vs Gentamicin 
(E. coli)
	Higher inhibition by extract
	< 0.05
	Significant difference 
(extract more active)

	PFFL vs Gentamicin 
(S. aureus)
	Comparable activity
	> 0.05
	No significant difference

	WFFL vs Gentamicin 
(B. cereus)
	Comparable inhibition
	> 0.05
	No significant difference

	PFDL vs PFFL
	Reduced inhibition
	< 0.05
	Significant reduction due to drying

	WDFL vs WFFL
	Lower activity
	< 0.05
	Significant difference

	Extracts vs Gentamicin (overall)
	Mixed responses
	< 0.05
	Significant variation depending on isolate


ap < 0.05 → statistically significant; p ≥ 0.05 → not statistically significant

A notable observation in this study is the variation in antibacterial activity among different leaf types and the control (gentamicin). Thus, to confirm whether observed differences between extracts and gentamicin are meaningful, one-way ANOVA was applied followed by post hoc tests. Statistical comparison using grouped significance letters (a,b,c,d and e), revealed that C. roseus  extracts exhibited significant variation in antibacterial activity across different plant parts (p < 0.05). In several cases, the activity of the fresh leaf extracts (PFFL and WFFL) was comparable to or not significantly different from gentamicin, whereas dried leaf extracts (PFDL and WDFL) generally showed reduced activity (Table 5).

4. Conclusion

The findings of this study demonstrate that Catharanthus roseus leaf extracts possess notable antibacterial activity, thereby providing scientific validation for their traditional medicinal use in the management of infectious diseases. The observed broad-spectrum activity, coupled with relatively low MIC values and evidence of bactericidal effects, underscores the therapeutic potential of this plant as a promising source of antimicrobial agents. The presence of diverse bioactive phytochemicals—including alkaloids, flavonoids, terpenoids, saponins, and phenolic compounds—suggests that the antibacterial efficacy is likely mediated through multiple and complementary mechanisms, such as disruption of bacterial cell membranes, inhibition of essential enzymes, and interference with critical cellular processes.
This multi-target mode of action confers a significant advantage in the context of antimicrobial resistance, as it may reduce the likelihood of the rapid emergence of resistant strains while enhancing overall antimicrobial effectiveness. Furthermore, the potential synergistic interactions among the various phytoconstituents strengthen the antibacterial profile of the extract compared to single-compound therapies. However, despite these promising in vitro results, further research is warranted to isolate, characterize, and standardize the specific bioactive constituents responsible for the observed activity. Detailed mechanistic studies at the molecular level, alongside in vivo efficacy evaluations and comprehensive toxicity assessments, are essential to fully establish the clinical relevance and safety profile of these extracts. Collectively, Catharanthus roseus represents a valuable natural resource with considerable potential for the development of novel, plant-based antimicrobial agents to address the growing global challenge of antimicrobial resistance.
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