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A SHORT COMPARATIVE REVIEW OF: THE BIOSYNTHESIS OF SILVER NANOPARTICLES FROM CATHARANTHUS ROSEUS FOR ANTIBACTERIAL ACTIVITY
 

ABSTRACT:
	The objective of this review study gives an overview of silver nanoparticles synthesized from Catharanthus roseus Antibacterial activity since 2013 to 2023. The decade data of the research papers provides a compilation of the significance and activity of silver ions that has been synthesized from C. roseus. This plant, which is widely accessible, has antibacterial, antifungal, antioxidant, antibiotic, and cancer-prevention qualities. By using an aqueous leaf extract from Vinca rosea to reduce the silver ions in a silver nitrate solution, silver nanoparticles were synthesized. Spectroscopic tests demonstrated that these plant extracts function as a reducing agent to efficiently create silver nanoparticles, and the antibacterial efficacy was validated by the use of several antibiotic-resistant bacterial pathogenic species. Further, mechanistic insights into the antibacterial activity were highlighted. The activity may be related to the various ways that NPs and surface-functionalized phytoconstituents function.
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[bookmark: _GoBack]INTRODUCTION:
To create new materials and products, the discipline of nanotechnology works with materials that have at least one dimension in the range of 1 nm and 100 nm. Because of their superior, distinctive, and indispensable qualities, nanomaterials differ greatly from macroscopic materials. Due to their unique qualities, nanomaterials have recently gained the attention of researchers. Their high surface-to-volume ratio and more atoms in the grain boundaries are two of the main distinctions. Owing to their special characteristics, nanomaterials play a significant role in the creation of novel gadgets that have applications in a wide range of industries, including biomedicine, physics, medicine, pharmacy, and cosmetics. Nanoparticles are known to be crucial for several biotechnological sectors, science, and medicine in recent years [1]. Because of their diverse sizes, shapes, and high surface-to-volume ratios, nanoparticles are highly effective for a range of biological applications, including disease therapy, imaging and biosensors, target medication delivery, and diagnosis [2]. The development of nanoparticles using biological synthesis is far quicker, more commercially viable, and environmentally benign. It produces nanoparticles with the appropriate size and shape. Green synthesis of nanoparticles has attracted interest because of its advantages, including being nontoxic, safe for humans, eco-friendly, and economically viable, compared to chemical and physical synthesis methods [32]. Formation of nanoparticles which can act as highly potent antibiotic through C. roseus plant which 
is available in all season. Hence, there would be no dearth of raw material supply. Second, no toxic reagents are needed and the technique developed is easy to carry out, practical, affordable, and highly convenient [11].

 Biological materials, like plants, have been utilized recently as an effective way to create nanoparticles [5]. AgNPs have a broad spectrum of uses in the biomedical and healthcare industries, including molecular imaging, nanoelectronics, and diagnostics, among other subfields of nanomedicine. Based on their cytotoxic properties, they are also utilized as antibacterial, antifungal, anticancer, and anti-inflammatory drugs as well as wound healing agents [6-10]. Nanoparticles have been used to transport medications, heat, light, and numerous other chemicals to certain cancer cells in numerous biomedical applications. Metal nanoparticles are eminently illustrated as having antibacterial, anti-inflammatory, anticancer, and antioxidant properties and contribute to wound healing, prior to antibiotic discovery, silver (Ag) was frequently employed as an antibacterial agent to treat wound infections [32].

Silver Nanoparticle synthesis from plant extracts is safe, readily obtainable, and contains a wide range of metabolites [3]. Catharanthus roseus (apocyanaceae), is a native of the Caribbean Basin and has long been used as a remedy for a variety of illnesses. The plant was utilized by European herbalists as a traditional treatment for diabetes and for a variety of other ailments, including headaches. It contains about 400 identified alkaloids, some of which are licensed for use as antineoplastic treatments for malignancies, neuroblastoma, rhabdomyosarcoma, Hodgkin's disease, leukemia, and other conditions. [4]. Silver Nanoparticles employ Catharanthus roseus plant leaf extract, which contains around 200 alkaloids. This plant has a wide range of alkaloids, phenolics, terpenoids, and glycosides that are used to cure a variety of illnesses, including menorrhagia, diabetes, cancer, and malaria. It is regarded as a very valuable medicinal plant since it contains multiple secondary metabolites, such as vinblastine, serpentine, ajmalicine, phenolic compounds, and vincristine. C. roseus metabolites function as capping and reducing agents. These aid in stabilizing the production of nanoparticles and binding and decreasing metal ions [11].



METHODOLOGY
Inclusion Criteria:
	This work will dispel the fundamental questions of an individual who plans to work on the antibacterial activity of silver nanoparticles derived from Catharanthus. roseus. The aim of the review is a compilation of bacteria that have been treated by Catharanthus roseus synthesized silver nanoparticles, effects of the antibacterial activity of Catharanthus roseus synthesized silver nanoparticles and Social relevance from 2013 and 2023. The information was gathered by utilizing to search Google Scholar, Mendeley, and Web of Science in EndNote Format.

Exclusion criteria

Papers published before 2013, and certain publication types that are unrelated to the subject matter are not included. Neglecting the works that have been published in languages other than English. Evidence does not include study locations, pertinent field studies, ethical data, or data that is not completely accessible to prevent comprehensives from being manipulated [12].

RESULTS:

The bacteria that were treated with the silver nanoparticles synthesized from the Catharanthus roseus since 2013 to 2023 are listed in this review to be aware of the research done on the Antibacterial effect.

Table 1: 2013-2023 Bacteria Data

	S. No
	Gram Positive Bacteria
	Gram Negative Bacteria
	Years

	1
	Bacillus spp
	
	
  2013-2014

	2
	Lacto Bacillus
	
	

	3
	Staphylococcus.aureus
	
	

	4
	
	Pseudomonas.Fluroescens
	

	5
	
	E. coli
	
  2014-2015

	6
	
	Pseudomonas.putida
	

	7
	Staphylococcus.aureus
	
	

	8
	
	Klebisella.pneumoniae
	

	9
	Mycobacterium.smegmatis
	
	  2015-2016

	10
	Mycobacterium.tuberculosis
	
	

	11
	
	E.coli
	
   2016-2018

	12
	Staphylococcus.aureus
	
	

	13
	
	K.pneumoniae
	

	14
	
	Citrobacter.koseri
	

	15
	
	Klebisella.pneumoniae
	
   2018-2019

	16
	
	E.coli
	

	17
	Pseudomonas.spp
	
	

	18
	
	E.coli
	   2019-2020

	19
	Staphylococcus.aureus
	
	

	20
	
	Pseudomonas.aeruginosa
	

	21
	Klebisella.pneumoniae
	
	

	22
	
	Shigella.dysenteriae
	

	23
	Bacillus.anthracis
	
	

	24
	
	Pseudomonas.aeruginosa
	


   2020-2021

	25
	
	E.coli MTCC40
	

	26
	
	Proteus.mirablis MTCC3310
	

	27
	Staphylococcus.aureus MTCC9760
	
	

	28
	Staphylococcus.pyogenes MTCC1926
	
	

	29
	Bacillus.cereus MTCC430
	
	

	30
	
	Escherichia.coli
	

   2021-2023

	31
	Bacillus.subtilis
	
	

	32
	
	Pseudomonas aeruginosa
	

	33
	Klebisella.pneumoniae
	
	

	34
	Staphylococcus aureus ATCC 25923
	
	



MECHANISM OF ANTIBACTERIAL ACTIVITY FROM SILVER NANOPARTICLES TO MICROORGANISM.

	The majority of bacterial strains that cause illnesses are resistant to one or more common antibiotics. This challenge drives scientists to look for new substances that can effectively stop the growth of microorganisms. The bacteria are less likely to develop resistance when exposed to AgNps, the compound exhibits remarkable antibacterial action even at low concentrations [15]. In this regard, the use of nanotechnology in pharmaceutical and microbiological applications has the potential to address the problem of antibiotic resistance. Different bacterial strains develop unique resistance strategies to antibiotics, including changing the molecular target, overexpressing efflux pumps, forming biofilms, and modifying or breaking down drugs via enzyme-mediated processes [13]. Smaller size of nanoparticle efficiently enters the cell because of its bigger surface area. availability for interaction and interfere the metabolism of cell. Silver nanoparticles' antimicrobial properties depends on the nanoparticle's size [15]. The size of the nanoparticles to be produced influences their antimicrobial properties, as the negative charge on a cell surface can readily interact with Ag+, inhibiting its function. The release of silver ions (Ag+), which disrupts the cytoplasmic membrane and cell wall, denatures ribosomes and inhibits protein synthesis, and stops ATP production as they deactivate respiratory enzymes on the cytoplasmic membrane, is how silver nanoparticles (NPs) exert their antibacterial effects. Reactive oxygen species production also breaks down the membrane, attaches itself to DNA, and prevents DNA replication.
Moreover, Ag NPs travel across the cytoplasmic membrane, releasing organelles that can harm membranes and cell walls, creating many apertures and cytosolic content leakage [14]. In in addition to damaging bacterial cytoplasmic membranes and limiting DNA replication, silver ions can also promote cell death by lowering intracellular adenosine triphosphate concentration [17].
They reported that anchoring or permeating the bacterial cell wall and modifying cellular communication by dephosphorylating potential important peptide substrates on tyrosine residues were the main ways that silver nanoparticles displayed antibacterial qualities [20]. Currently, Ag NPs are utilized for wound dressing due to their antibacterial properties [15]. The synthesized Ag NPs' inherent physicochemical properties, which regulate the release of silver cations, are probably what give them their antibacterial potential. While the exact mechanism of action of Ag NPs as an antibacterial agent is still unknown, a number of researchers have proposed that reactive oxygen species are produced as a result of cell membrane damage and bacterial respiratory chain disruption [16]. Ag NPs serve as medication carriers that hinder the growth of bacteria and detoxify most microbial contaminations by breaking cell membranes and blocking different biological substances. Biosynthesized Ag NPs are commonly utilized as antibacterial components against numerous MDR bacteria and also reduce the development of antibiotic resistance. Because of their small size, biosynthesized Ag NPs concentrate on the cellular membranes of bacteria and produce an imbalance in microbial membrane integrity, leading to the death of the targeted bacteria, irrespective of their drug-resistant nature [32].
Using biological organisms, green nanotechnology allows us to remove all barriers of high energy consumption, low yield, imperfect surface structure, etc. Because green synthesis uses plants, fungi, algae, bacteria, actinomycetes, and other creatures as mediators, it is safe, affordable, and biocompatible. Compared to traditional techniques, the synthesis of NPs is greatly aided by the abundance of hydrogen (H+) atoms found in bacteria, fungus, and natural products [14]. 

CHARACTERIZATION OF SILVER NANOPARTICLES SYNTHESIZED FROM CATHARANTHUS ROSEUS BY UV-SPECTROSCOPY










Figure 1. C.roseus – 320nm UV-spec readings













                                        Figure 2. C.roseus - 340nm UV-spec readings













Figure 3. C.roseus – 325nm UV-spec readings















Figure 4. C.roseus – 410nm UV-spec readings


The reaction between C. roseus leaf extract and aqueous silver nitrate solution began to alter color from yellowish brown to reddish brown. It indicated. Silver nanoparticles are formed through the reduction of silver ion. Characteristic surface plasmon absorption Bands were detected at 440 nm also.

POTENTIALLY ACTIVE PHYTOCHEMICAL CONSTITUENTS:

	Plants are easily obtainable biological resources that generate more reducing agents in all of their different parts, including the roots, leaves, stems, and flowers [18]. Secondary metabolites that are useful in the reduction of metal ions into metallic NPs form include polyphenols, alkaloids, terpenoids, glycosides, alcohols, carbohydrates, ascorbic acid, flavonoids, and phenolic acids [14]. Under pressure A number of secondary metabolites that plants produce, including terpenes and polyphenols, have the ability to change metal ions into NPs [19]. The extracts' flavonoids stabilize and lessen the NPs. For synthesis and biomedical uses, choosing plants with bioactive compounds is essential [20]. Considering AgNP synthesis from plant extracts is safe, readily obtainable, and contains a wide range of metabolites that enable silver ion reduction, it has been developed. There is an assumption that suggests phytochemicals have a direct role in ion alleviation and AgNPs realization [22]. In order to carry out essential biological processes and protect themselves from predators like insects, fungus, and herbivorous mammals, plants may synthesis a vast range of chemical compounds. Alkaloids, saponins, flavonoids, and carbohydrates are all present in C. roseus. 
The major chemically active components of Catharanthus roseus are alkaloids. The plant contains more than 400 alkaloids, which are utilized as insecticides, agrochemicals, flavorings, fragrances, and medicinal substances. The alkaloids include vinblastine, vincristine, vindesine, vindeline tabersonine, actineo plastidemeric etc. Vinca rosea alkaloids, such as alstonine, that can lower blood pressure, are used to make the anticancer medications vincristine and vinblastine [23]. Vinca rosea It has around 70 alkaloids, the majority of which are indole types. Alkaloids with antispasmodic and hypotensive qualities include ajamalicine, serpentine, and resperpine [24]. Based on numerous studies in the literature, it can be concluded that the presence of different polyphenols and other heterocyclic chemicals affects a plant's ability to reduce, and that the quantity of nanoparticle accumulation changes with the reduction potential of ions [24]. Plant leaves are rich in flavonoids, or polyphenols, which have hydroxyl and ketonic groups that lower the concentration of metal salts. The AgNO3 solution contains flavonoids that are released by leaf extract. Ag⁺ ions then interact with the flavonoids to create a substrate complex and protein-capped AgNPs [17]. The need to discover new antibacterial agents has become essential due to drug resistance and the emergence of infections. The attempt to assess the antibacterial capability of produced Ag NPs, as NPs have been reported to be effective antimicrobials [14].

ANTIBACTERIAL ACTIVITY BY SILVER NANOPARTICLES SYNTHESIZED FROM CATAHRANRTHUS.ROSEUS

Table 2: Antibacterial Effect from 2013 to 2023

	S.No
	Years
	Name of the bacteria’s
	µg/µl; µg/ml;mM
	Zone of Inhibition (mm)

	1
	2013
	Pseudomonas.fluorescens
	100 µg
	15mm

	2
	2014
	Klebseilla.pneumoniae
	20 µl 
	18mm

	3
	2016
	M.smegmatis
	1 mg/ml
	24mm

	4
	2016*
	E. coli
	300 µg/ml -1
	20mm

	5
	2018
	E. coli
	60 µg
	9mm

	6
	2019*
	P. aeruginosa
	250 µl
	22mm

	7
	2019
	Bacillus.anthraces
	4mM
	12mm

	8
	2020
	Klebseilla.pneumoniae
	120 µg/µl
	19mm

	9
	2021
	Proteus.mirabilis MTCC3310
	200 µg/ml
	12.6mm

	10
	2023
	E. coli
	1000 µg/ml
	17mm






















Figure 5. Zone of Inhibition of Bacteria from 2013 to 2023

FACTORS INFLUENCING SYNTHESIZED SILVER NANOPARTICLES

1) COMPOSITION OF AN EXTRACT:
Extract influences the stability of Ag NPs and the decrease of silver ions. The hydroxyl groups and amides present in the extract aid in the reduction of silver ions and the encapsulation of the freshly generated Ag NPs. The size, shape, and stability of the produced Ag NPs are influenced by the silver ions and the callus extract obtained from seeds [25]. The appearance and production of Ag NPs are influenced by varying doses of phytoextracts with silver nitrate (AgNO3) [17]. The bio-reduction of silver ions and the stability of the resulting silver nanoparticles are influenced by these variables [24]. 

2) STORAGE CONDITIONS:
Since the nanoparticles indicated colloidal stability in an aqueous dispersion for a duration of 120 days under ambient circumstances, the stability of the produced Ag NPs in aqueous dispersion is dependent on the storage conditions [25]. When the stability of the nanoparticles was tracked over time, it was discovered that as storage times increased, both the nanoparticles' zeta potential and stability decreased [22]. The synthesis and properties of the silver nanoparticles are also influenced by the incubation time and the concentration of the silver nitrate solution [24].
	
3) TEMPERATURE:
The concentration of silver nitrate, the hotplate stirrer's temperature, and the application of phytohormones derived from the plant extract are the variables that affect the synthesis and properties of the silver nanoparticle [17]. The decrease proceeded rapidly at a very high temperature in the synthesized silver nanoparticles [26].

4) BIOLOGICAL PHYTOCONSTITUENTS:
The biological components included in the callus extract generated from seeds, including proteins and polysaccharides, contribute to the stability of Ag NPs and the decrease of silver ions [25]. The presence of different polyphenols and other heterocyclic chemicals affects the plant extract's ability to reduce [24]. The phytoconstituents found in plant extracts are crucial to the stabilization and decrease of Ag NPs. Among these phytoconstituents are phenolic compounds, flavonoids, alkaloids, and other substances [14]. The reduction of silver salts as well as the size distribution of metallic silver nanoparticles are influenced by the presence of alkaloids, phenolic chemicals, terpenoids, enzyme proteins, coenzymes, and sugars in the leaf extracts.

5) SURFACE PLASMON RESONANCE (SPR):
The surface plasmon resonance (SPR) absorption band is produced by the free electrons present in the metal nanoparticles. The metal nanoparticles' SPR excitation resulted in this particular color change [27]. The bioactive content of the plants that are grown can have an impact on the size, shape, and biological activity of the Ag NPs that are generated [14].

CONCLUSION:
This study gives an elaborate data on the antibacterial activity by Catharanthus roseus synthesized silver nanoparticles also in this comparative review it shows Mycobacterium smegmatis revealed 24mm Inhibition when treated with AgNps from 2013 to 2023 data. The most commonly studied microorganism against silver nanoparticles from Catharanthus roseus are Escherichia coli and Pseudomonas aeruginosa.
 It is well known that compounds based on silver have a wide range of antibacterial action against both Gram-positive and Gram-negative bacteria, viruses, and fungi. Catharanthus roseus has enormous potential for the environmentally friendly synthesis of stable and reasonably priced silver nanoparticles. Plant-mediated nanoparticle synthesis is the recommended approach among the known synthesis techniques since it is safe for therapeutic application in humans, ecologically friendly, and reproducible. Numerous papers have discussed the antibacterial potential of Ag NPs made on biological systems. An increasing amount of research in the field of nanotechnology has focused on silver nanoparticles because of their unique characteristics, which include high conductivity, chemical stability, catalytic activity, surface enhanced Raman scattering, and antibacterial activity. By releasing ionic silver, which inactivates the thiol groups, silver nanoparticles have the ability to inactivate bacterial enzymes. 
Silver-based compounds are known to exhibit a broad range of antibacterial activity against Gram-positive and Gram-negative bacteria, viruses and fungi. There have been numerous findings on the antibacterial potential of Ag NPs generated employing biological platforms, however, the anti-microbiological effectiveness of plant-extract-based Ag NPs has the potential to utilize the Ag NPs as an microbiological agents that are very dependent on their stability against aggregation [25]. The novel silver nanoparticles revealed a significant potential for antibacterial action against the multi-drug resistant Gram-positive and Gram-negative bacterial strains. The lowermost concentration of silver nanoparticles that reject the bacterial development was against E. coli and S. aureus at 50 µg/ml and 100 µl/ml [17]. 
This silver ion prevents the replication of bacterial DNA, damages cell cytoplasm, reduces adenosine triphosphate (ATP) levels, and ultimately causes cell death. As a result, these nanoparticles naturally possess antibacterial, antifungal, and anti-plasmodial properties. The floral extract includes tannins, triterpenoids, and alkaloids, according to early phytochemical investigation. The wound healing function of C. roseus might be due to any of the phytochemical components identified in the plant. Recent study has indicated that phytochemical components such as flavanoids and triterpenoids improve wound healing, owing to their astringent and antibacterial qualities, which appear to be responsible for wound contraction and increased epithelialization rates [31]. 
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