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ABSTRACT

	
Abstract
Aims: The present study investigates the in vitro immunomodulatory potential of a fifty percent hydromethanolic leaf extract of Catharanthus roseus (CRE) 	Comment by Asus: Correct version:
The present study investigates the in vitro immunomodulatory potential of a 50% hydromethanolic leaf extract of Catharanthus roseus (CRE).
Study design:  Presence of various phytoconstituents through biochemical assays was conducted using various biochemical tests and immunomodulatory potential was explored by assessing lymphocyte blastogenic responses using a chicken lymphocyte culture–based proliferation assay. 
Place of Study: The study is conducted in the Department of Molecular Biology and Genetic Engineering, College of Basic Sciences and Humanities, G.B. Pant University of Agriculture and Technology, Pantnagar, Uttarakhand, India.
Methodology: After collection of the plant material (leaves) from the authentic source, fifty percent hydro-methanolic extract was prepared that was used for phytochemical and cell culture-based analyses
Results: Preliminary phytochemical screening of the CRE indicated the presence of several bioactive constituents, including phenolic compounds, flavonoids, alkaloids, tannins and saponins. A concentration of 0.6 mg/mL was identified as the highest level that maintained full cell viability and was therefore designated as the maximum non-cytotoxic dose (MNCD) for further immunomodulatory studies. At non-cytotoxic concentrations, CRE markedly stimulated lymphocyte activation, as evidenced by enhanced blastogenic responses. Both B-lymphocyte and T-lymphocyte proliferation showed a significant increase relative to mitogen-stimulated control cultures.
Conclusion: The detection of multiple phytochemical classes in CRE suggests a bioactive profile that may contribute to immune modulation. Accordingly, the present findings furnish preliminary experimental evidence for the potential immunostimulatory role of CRE in avian model. 	Comment by Asus: the work is only in vitro and limited to lymphocyte proliferation.Increased blastogenesis alone does not fully establish immunomodulatory potential.

correction:
State that the extract demonstrates immunostimulatory activity in vitro rather than confirming immune modulation broadly

No description of:
Number of biological replicates
Statistical tests used
Controls (positive and negative)
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1. INTRODUCTION

Medicinal plants remain one of the most important natural resources for disease prevention and therapy and continue to support primary healthcare in many parts of the world. Their long-standing use in traditional medical systems reflects the empirical knowledge accumulated over centuries regarding plant-based remedies and their therapeutic potential (Ekor, 2014). The pharmacological significance of botanicals is largely attributed to their chemically diverse secondary metabolites, which include alkaloids, phenolics, flavonoids, terpenoids, tannins, and saponins. These compounds occur in different plant organs such as leaves, roots, stems, flowers, and bark and their distribution often determine the biological activity and medicinal utility of the plant (Ambwani et al, 2018). A growing body of evidence indicates that such phytochemicals can influence multiple physiological pathways and contribute to clinically relevant effects, including antioxidant defense, modulation of inflammatory responses, antimicrobial action and regulation of immune functions (Alamgir and Uddin, 2010; Ambwani et al., 2019; Pandey and Ambwani, 2022). 	Comment by Asus: Missing comma before and

Corrected:
bark, and their distribution often determines…
Catharanthus roseus (L.) G. Don, commonly known as Madagascar periwinkle (Vinca rosea), Sadabahar or sadaphuli is a widely recognized medicinal and ornamental plant belonging to the family Apocynaceae. Although native to Madagascar, it is now distributed throughout tropical and subtropical regions, including the Indian subcontinent (Das and Sharangi, 2017). The plant has a long-standing reputation in traditional medicine systems, particularly in Chinese and Asian folk practices, where it has been used for managing a range of ailments such as diabetes, inflammatory conditions, and microbial infections (Ibrahim et al., 2011; Kumar et al., 2013; Chaturvedi et al., 2022).
A major scientific interest in Catharanthus roseus arises from its ability to synthesize a diverse spectrum of secondary metabolites, notably indole alkaloids. Among these, vincristine and vinblastine are highly valued plant-derived anticancer agents and have been extensively studied for their role in chemotherapy, especially in hematological malignancies and pediatric cancers (Noble, 1990; van der Heijden et al., 2004; Mendonce et al., 2025). Beyond anticancer alkaloids, Catharanthus roseus also contains phenolic compounds and other phytochemicals that contribute to its biological activities (Mustafa and Verpoorte, 2007; Nisar et al., 2017; Paarakh et al., 2029). Since oxidative stress and reactive oxygen species are linked to cellular damage, aging and multiple pathological conditions, plant-based antioxidants are increasingly explored as natural therapeutic candidates (Pisoschi et al., 2016). In this context, leaf extracts of Catharanthus roseus have demonstrated dose-dependent free radical scavenging properties, supporting its potential role as an antioxidant-rich medicinal resource (Esther et al., 2016).	Comment by Asus: “Paarakh et al., 2029” and “Mendonce et al., 2025” appear to reference future years.
Despite substantial research on alkaloid-mediated anticancer effects, other bioactive fractions of Catharanthus roseus, including non-alkaloid components and primary metabolites such as polysaccharides, have received comparatively less attention, particularly in relation to immune modulation and immunotherapy-oriented applications. Therefore, further investigations are warranted to explore its immunomodulatory potential using relevant experimental models. In the present study, the fifty percent hydromethanolic leaf extract of Catharanthus roseus (CRE) was evaluated for its in vitro immunomodulatory activity using a chicken lymphocyte culture system, with emphasis on lymphocyte blastogenic response as an indicator of immune stimulation. Phytochemical screening of CRE was carried out using qualitative and quantitative biochemical methods, and its antioxidant activity was determined by assessing hydrogen peroxide scavenging potential.

2. material and methods

2.1 Plant collection
Leaves of Catharanthus roseus used in the present study were obtained from the Medicinal Plant Research and Development Center (MRDC), G.B. Pant University of Agriculture and Technology (GBPUA&T), Pantnagar. The plant material was taxonomically authenticated by Dr. D. S. Rawat, Department of Biological Sciences, C.B.S.H., GBPUA&T, Pantnagar. Freshly collected leaves were rinsed thoroughly with clean water to remove adhering debris, shade-dried at room temperature and pulverized into a fine powder. The dried powdered material was subsequently used for preparation of a 50% hydromethanolic extract (CRE).  
2.2 Extraction of plant material and sample preparation
The hydromethanolic extract of Catharanthus roseus leaves (CRE) was prepared by maceration with minor modifications (Deb et al., 2018). Briefly, 50 g of leaf powder was soaked in a 1:1 solvent mixture of methanol and distilled water in a tightly sealed container and incubated for 48 h at 40°C under continuous agitation in a shaking incubator. This extraction procedure facilitates the release of soluble phytoconstituents by softening plant tissues and improving diffusion of metabolites into the solvent.  After extraction, the mixture was filtered to remove insoluble debris and the filtrate was concentrated by evaporating the solvent under hot circulating air at 40°C. The concentrated residue obtained was finally lyophilized to yield a dry extract, which was stored under appropriate conditions (-20°C) until further use.  The percentage yield of CRE after lyophilization was calculated using the formula:
Percent yield (%) = (Weight of lyophilized extract / Dry weight of plant material) × 100  

2.3 Phytochemical analysis
The qualitative phytochemical analysis of Catharanthus roseus leaves was conducted to identify phenolics, alkaloids, flavonoids, saponins, and tannins, following the standard protocols outlined by Deb et al. (2018).
Phytochemical profiling of CRE was performed by estimating the total phenolic content (TPC) and total flavonoid content (TFC) using standard spectrophotometric methods (Ben Mansour et al., 2011).  The total phenolic content was determined using a calibration curve of Gallic acid, while the flavonoid content was assessed using a calibration curve of Rutin (Ambwani et al., 2025). 
TFC in CRE was quantified using the Folin–Ciocalteu method. Gallic acid (50–350 µg/mL) was used as a reference standard. Briefly, 1 mL of CRE (200 µg/mL) or standard solution was mixed with 5 mL of Folin–Ciocalteu reagent (pre-diluted 1:10 with distilled water) followed by 4 mL of 7.5% sodium carbonate. The mixture was vortexed briefly and incubated at 20°C for 30 min for colour development. Absorbance was measured at 765 nm using a spectrophotometer against a blank.  The TFC of CRE was determined using a colorimetric aluminium chloride assay. Briefly, 0.5 mL of CRE (500 µg/mL) was diluted with 2.5 mL distilled water, followed by addition of 150 µL of 5% NaNO2. After incubation at room temperature for 6 min, 300 µL of 10% AlCl3·6H2O was added and the mixture was allowed to stand for another 5 min. Subsequently, 1 mL of 1 M NaOH was added to develop the colour, and the final reaction volume was made by adding 0.55 mL distilled water. The solution was mixed thoroughly and absorbance was recorded immediately at 510 nm against a reagent blank (all reagents excluding extract, replaced by distilled water).	Comment by Asus:   No voucher specimen number is provided.
  Storage conditions of powdered plant material before extraction are not specified.


  Evaporation under “hot circulating air” is not a standard precise method.
Rotary evaporator is usually expected.
  Lyophilization after hot-air drying is redundant unless clarified.
  No mention of extract sterility before cell culture use.


2.4 Hydrogen peroxide scavenging effects
The ability of the hydromethanolic leaf extract (CRE) to scavenge hydrogen peroxide was assessed as per the method described by Ruch et al. (1989). Ascorbic acid was taken as positive control.
2.5 In vitro lymphocyte culture
Peripheral blood was collected from healthy broiler chickens (4–6 weeks old) obtained from a local poultry processing facility and transported to the laboratory under sterile conditions for immediate processing (Thakur et al., 2025a; 2025b). Lymphocytes were isolated immediately using lymphocytes separation media (LSM, Himedia, India) by density gradient centrifugation. After collection of lymphocytes these were cultured in Roswell Park Memorial Institute medium (RPMI-1640). Viable cell counts were determined using the trypan blue dye exclusion method, and the cell density was adjusted to 1 × 10⁷ cells/mL. Cell seeding and culture conditions were maintained as per standardized lymphocyte culture procedures (Ambwani et al., 2023). The cells were incubated for 24 h at 37°C in 5% CO₂, providing optimal conditions for stabilization prior to experimental treatments.  
As the study was conducted exclusively in vitro using blood samples collected from healthy birds after slaughter, prior approval from the Institutional Animal Ethics Committee was not required. 	Comment by Asus:   Incubation for only 24 h before treatment:
Lymphocyte proliferation assays usually run 48–72 h.
  No antibiotics mentioned (penicillin/streptomycin).

2.6 Determination of maximum non-cytotoxic dose (MNCD)
The cytotoxicity of CRE was assessed by the MTT assay, which estimates viability based on mitochondrial metabolic activity (Ambwani et al., 2024). Lymphocytes were exposed to different concentrations of CRE in triplicate and incubated for 24 h at 37°C in 5% CO₂. Following incubation, culture media was replaced with MTT solution and the plates were incubated for an additional 4 h in the dark. Formazan crystals formed during the reaction were dissolved using dimethyl sulfoxide (DMSO). After 15 min, absorbance was measured at 570 nm using a microplate ELISA reader.  Cell viability was calculated using the formula:  
Percent cell viability (%) = (OD of treated cells / OD of control cells) × 100  
The highest concentration of CRE showing no cytotoxicity was considered as the MNCD and was used for subsequent immunomodulatory evaluation.  	Comment by Asus:   No statistical comparison shown.

2.7 Evaluation of immunomodulatory activity by lymphocyte proliferation assay
The immunomodulatory effect of CRE was examined by lymphocyte proliferation assay using mitogen stimulation (Thakur et al., 2025a; 2025b; 2025c). Lymphocytes were exposed to the MNCD of CRE in the presence of mitogens, including concanavalin A (Con A) and phytohaemagglutinin (PHA) for assessing T-cell proliferation, and lipopolysaccharide (LPS) for assessing B-cell proliferation.  Lymphocyte density was adjusted to 1 × 10⁷ cells/mL, and 200 µL of cell suspension was dispensed into flat-bottom 96-well tissue culture plates. CRE-treated wells were compared with mitogen-stimulated control wells (without extract). Proliferation responses were assessed using the MTT method, and the proliferative response of B and T lymphocytes was interpreted based on metabolic activity relative to controls. 	Comment by Asus:   No untreated negative control described.
  No stimulation index (SI) formula provided.
  Only MNCD tested — no dose-response evaluation.

2.8 Statistical analysis
All experimental results were expressed as mean ± standard deviation (SD). Data were analyzed using one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test for multiple comparisons. Differences were considered statistically significant at P < 0.05.
3. results and discussion

3.1 Percent yield of the extract
Per cent yield of hydromethanolic extract of leaves of Catharanthus roseus (CRE) was calculated to be 20.71%. (Table 1; Figure 1).
3.2 Phytochemical Analysis
Qualitative biochemical assays revealed presence of phenolics, flavonoids, alkaloids, tannins, saponins, etc. in CRE (Table 2). In CRE total phenolic content was estimated to be 81.5 µg GAE/mg of extract while the flavonoid content was found to be 55 mg RE/ g of the extract (Table 3).
3.4 Hydrogen peroxide scavenging effect of CRE
The hydrogen peroxide scavenging activity increased progressively with incubation time, indicating a time-dependent effect. A clear dose–response relationship was observed in the hydrogen peroxide scavenging assay for CRE. Increasing concentrations of the extract resulted in progressively greater scavenging activity, reflecting its potential to mitigate oxidative stress through reactive oxygen species neutralization. The scavenging efficacy of CRE highlighted its promising antioxidant potential. (Figure 2). 
3.4 Cytotoxicity profiling and selection of maximum non-cytotoxic dose (MNCD) of CRE
The hydromethanolic leaf extract of Catharanthus roseus (CRE) produced a clear dose-dependent cytotoxic response in chicken splenocyte/lymphocyte cultures (Figure 3). Cell viability progressively declined with increasing extract concentration, indicating that higher doses adversely affected lymphocyte survival under in vitro conditions. Among the tested doses, CRE concentrations ranging from 0.8 to 4 mg/mL showed marked cytotoxicity, and the highest concentration (4 mg/mL) resulted in 43.76% cytotoxicity, confirming concentration-linked cellular stress and loss of viability. In contrast, lower concentrations (0.6 mg/mL to 0.05 mg/mL) maintained 100% cell viability, suggesting that these doses were biologically safe for functional lymphocyte assays.  Since 0.6 mg/mL was the maximum concentration that retained complete viability, it was selected as the maximum non-cytotoxic dose (MNCD) for subsequent immunomodulatory evaluation. Establishing MNCD is essential in immunopharmacological screening, because immune activation or suppression can only be meaningfully interpreted when the tested dose does not compromise baseline cell survival.  
3.4 Effect of CRE on mitogen-induced lymphocyte proliferation  
Following MNCD standardization, CRE was evaluated for immunomodulatory activity using mitogen-stimulated chicken lymphocyte culture. Treatment of lymphocytes with MNCD of CRE resulted in significant enhancement of lymphocyte blastogenic response, reflected as an increase in both B-cell and T-cell proliferation compared with mitogen-treated control cultures (Figure 4). This observation indicates that CRE at a non-cytotoxic concentration exhibits an immunopotentiating effect, potentially by improving lymphocyte responsiveness to mitogenic stimulation rather than causing nonspecific cellular activation.  This is a functionally important finding, because lymphocyte proliferation assays serve as a reliable indicator of immunomodulatory activity and are widely used for screening plant extracts intended for immune support. In poultry health management, such immunopotentiation may translate into improved resistance against infectious challenges, especially during periods of physiological stress and high production demand.  	Comment by Asus: Overinterpretation:
immunopotentiating effect
Only proliferation measured — no cytokines, no immune markers.

The present findings align with existing literature indicating that Catharanthus roseus leaves are a rich source of bioactive phytochemicals with antioxidant and immunomodulatory potential. Phytochemical screenings across multiple studies have consistently reported the presence of flavonoids, phenolic compounds, alkaloids, tannins, and terpenoids in different parts of the plant. Such diversity of secondary metabolites supports the biological activities attributed to this species (Jayaraj et al., 2019; Mendonce et al., 2025). These compounds are known to participate in plant defense and stress adaptation and often translate into pharmacological effects in animal systems. Flavonoids, in particular, play multifunctional roles in both plant physiology and mammalian health. Beyond their protective role against oxidative stress in plants, flavonoids exhibit radical-scavenging, metal-chelating, and signalling-modulatory functions that can influence immune responses in higher organisms (Mathesius, 2018). The antioxidant capacity demonstrated by Catharanthus roseus leaf extracts in earlier comparative studies further corroborates the ability of this species to neutralize reactive oxygen species (Bhutkar and Bhise, 2011). Since oxidative stress is closely linked with immune dysregulation and inflammatory responses, the antioxidant properties of the extract may partly explain its immunological effects. Traditionally, Catharanthus roseus is recognized for its anticancer alkaloids such as vincristine and vinblastine; however, non-alkaloid phytochemicals also contribute to its therapeutic value (Sain and Noble, 1990; Sharma, 2013; Kumar et al., 2013). Anti-inflammatory effects observed in animal models following supplementation with Catharanthus roseus leaf extract suggest that the plant can modulate inflammatory pathways and cytokine responses (Wahjuni et al., 2015). Because immune activation and inflammation are tightly interconnected, such anti-inflammatory activity may reflect broader immunomodulatory potential. Recent pharmacological research highlights that phenolics and flavonoids can regulate immune cell proliferation, cytokine secretion, and oxidative balance, thereby influencing both innate and adaptive immunity. The immunostimulatory effect of CRE observed in the present work is consistent with earlier indications that Catharanthus roseus contains biologically active constituents capable of modulating physiological pathways. Gulati et al. (2002) previously categorized Catharanthus roseus among plants with suggested immunomodulatory potential, supporting the plausibility of the findings. Additionally, Catharanthus roseus is well recognized for its strong pharmacological profile, particularly its anticancer and antidiabetic activities, largely attributed to its diverse secondary metabolite composition including terpenoid indole alkaloids (Ibrahim et al., 2011). The presence of these compounds in Catharanthus roseus leaves supports the hypothesis that its immunomodulatory action may occur through redox-sensitive signalling pathways and cytokine regulation. Moreover, several plant-derived antioxidants are now recognized as adjuncts in immune-supportive therapies due to their capacity to mitigate oxidative damage and sustain cellular immune functions. Overall, the available evidence indicates that Catharanthus roseus leaves represent a promising phytochemical reservoir with combined antioxidant and immune-modulating properties. Nevertheless, most data remain derived from in vitro assays or limited animal studies. Future work should prioritize standardized extraction methods, dose–response studies, and molecular-level investigations to clarify mechanisms of action. Such studies will be essential to translate traditional knowledge into evidence-based therapeutic applications. While these therapeutic properties have been extensively reported, immunological investigations remain comparatively less explored in avian systems.  Notably, despite the rich body of literature on the anticancer potential of Catharanthus roseus, particularly through vinca alkaloids such as vincristine and vinblastine, direct evidence of its immunomodulatory effects in chicken lymphocytes is limited. 	Comment by Asus: Such phytochemical diversity supports…
4. Conclusion

The present findings, therefore, provide preliminary experimental support for CRE as a potential avian immunostimulant, and suggest that Catharanthus roseus may possess bioactivity extending beyond its well-known anticancer and metabolic applications. Although in vitro findings indicate immunopotentiation, further investigations are required before application in poultry production systems can be proposed. Future studies should focus on in vivo validation in broilers or layers, assessment of humoral and cell-mediated immune markers (antibody titres, cytokine profiles, oxidative stress indices), evaluation of safety margins and dose optimization and identification of the bioactive fraction(s) responsible for lymphocyte activation. Such evidence would help determine whether CRE could be developed as a phytogenic immune enhancer for improving poultry health and productivity under field conditions.	Comment by Asus: potential avian immunostimulant
→ Should be limited to “in vitro immunostimulatory activity
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Table 1: Percentage Yield of CRE
	S. No.
	Plant Material
	Weight of Dried plant leaves (gm)
	Weight of hydromethanolic extract obtained (gm)
	Percent Yield (%)

	1.
	Leaves of Catharanthus roseus
	100
	20.71
	20.71






Table 2: Qualitative assessment of phytochemical constituents present in the hydromethanolic extract of Catharanthus roseus leaves.
	S. No.
	Phytochemical constituent
	Result

	1
	Alkaloids
	+

	2
	Flavonoids
	+

	3
	Phenolic compounds
	+

	4
	Tannins
	+

	5
	Saponins
	+

	6
	Terpenoids
	+

	7
	Carbohydrates
	+






Table 3. Total phenolic and flavonoid content of hydromethanolic extract of Catharanthus roseus leaves.
	S. No.
	Parameter
	Concentration (µg/ml)
	Content

	1
	Total phenolic content (TPC)
	400
	81.5 mg GAE/ g extract

	2
	Total flavonoid content (TFC)
	500
	55 mg RE/ g extract
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Figure 1 Dried leaves of Catharanthus roseus (sadabahar) and powderd extract 
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Figure 2: Hydrogen peroxide (H₂O₂) scavenging activity of Catharanthus roseus at different concentrations. Values are expressed as mean ± standard deviation (SD) of triplicate determinations.
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Figure 3: Determination of the maximum non-cytotoxic dose of the hydromethanolic extract of Catharanthus roseus using the MTT cytotoxicity assay. Results are expressed as mean ± SD of triplicate experiments.
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Figure 4: Effect of LPS, ConA, and PHA on lymphocyte proliferation under Catharanthus roseus extract treatment. Results are expressed as mean ± SD (n = 3).
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