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This study utilizes gas chromatography mass spectrometry (GC-MS) to analyze phytochemicals in Achyranthes aspera, 

revealing over 57 phyto components in its methanol extracts. Major components include Neophytadiene, Stigmasterol, 

and Lupeol. The study then explores the formation of silver nanoparticles (AgNPs) using these extracts, observing a color 

change in the reaction mixture, indicating successful synthesis. UV/Vis spectra reveal absorption peaks at 343 and 411nm, 

indicative of surface plasmon resonance (SPR) in the AgNPs. Fourier-transform infrared spectroscopy (FTIR) highlights 

various functional groups present in the nanoparticles. X-ray diffraction (XRD) confirms the crystalline nature of the 

AgNPs, showing distinct peaks corresponding to crystallographic planes. SEM and AFM images display spherical AgNPs 

with cluster formations. The introduction of these plant-mediated AgNPs to earthworms results in significant growth 

compared to control groups. Silver content analysis in earthworms corroborates the effectiveness of the plant-mediated 

nanoparticles. Dissection analysis reveals enhanced growth in reproductive organs. Despite the benefits of nanomaterials, 

the study acknowledges potential toxicological concerns, emphasizing the increasing usage of silver nanoparticles and 

their potential impact on the environment. This research provides valuable insights into the synthesis, characterization, 

and biological effects of plant-mediated silver nanoparticles. 
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1. INTRODUCTION 

Nanotechnology is the science and engineering of 

manipulating matter at the nanoscale, which is typically 

between 1 and 100 nanometers (nm) in size [1]. It involves 

the design, production, and application of structures, 

devices, and systems by controlling the properties of 

materials at the atomic and molecular level [2]. The unique 

properties of materials at the nanoscale have led to the 

development of many applications in various fields, 

including medicine, electronics, energy, and the 

environment [3 – 5]. 

One of the most significant areas of nanotechnology 

research is the synthesis and application of nanoparticles. 

Nanoparticles are particles with at least one dimension less 

than 100 nm, and they can be synthesized using various 

methods, such as chemical, physical, or biological [6]. 

Nanoparticles have unique properties due to their small size, 

such as high surface area to volume ratio, quantum 

confinement, and surface effects, which make them suitable 

for various applications, such as drug delivery, imaging, and 

sensors [7]. 
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However, the increasing production and use of 

nanoparticles have raised concerns about their potential 

toxicity to human health and the environment [8]. 

Nanoparticle toxicity is a complex issue that involves the 

physicochemical properties of nanoparticles, exposure 

routes, and biological responses [9]. The toxicity of 

nanoparticles can occur through various mechanisms, such 

as oxidative stress, inflammation, genotoxicity, and cell 

death, which can lead to adverse effects on human health 

and the environment [10]. 

1.1. Properties and synthesis methods of 

nanoparticles 

Nanoparticles can be synthesized using various 

methods, such as chemical, physical, or biological. 

Chemical methods involve the reduction of metal salts in the 

presence of stabilizing agents, such as surfactants, to control 

the size and shape of nanoparticles [11]. Physical methods 

involve the evaporation or condensation of metals in a 

vacuum or inert gas environment, such as laser ablation or 

sputtering [12]. Biological methods involve the use of living 
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organisms, such as bacteria or plants, to synthesize 

nanoparticles through the reduction of metal ions [13]. 

1.2. Potential applications of nanoparticles 

Nanoparticles have many potential applications in 

various fields, such as medicine, electronics, energy, and the 

environment [14]. In medicine, nanoparticles can be used 

for drug delivery, imaging, and therapy. For example, 

liposomal nanoparticles can encapsulate drugs and deliver 

them to specific sites in the body, while magnetic 

nanoparticles can be used for magnetic resonance imaging 

and hyperthermia therapy [15]. In electronics, nanoparticles 

can be used for the fabrication of elements of 

nanoelectronics, such as transistors and memory devices 

[16]. In energy, nanoparticles can be used for the production 

and storage of energy, such as solar cells and batteries [17]. 

In the environment, nanoparticles can be used for water 

treatment, pollution remediation, and sensing [18]. 

1.3. Mechanisms of nanoparticle toxicity 

Nanoparticles have unique properties such as high 

surface area, reactivity, and ability to cross biological 

barriers that make them useful in various fields. However, 

their small size also makes them more toxic than larger 

particles. Understanding the mechanisms of nanoparticle 

toxicity is crucial for the safe development and application 

of nanotechnology [19]. 

One of the primary mechanisms of nanoparticle toxicity 

is oxidative stress. Nanoparticles can induce the production 

of reactive oxygen species (ROS) such as hydrogen 

peroxide and superoxide, which can damage cellular 

components such as DNA, proteins, and lipids. This can 

lead to inflammation, cell death, and the development of 

diseases such as cancer, neurodegenerative disorders, and 

cardiovascular disease [20]. 

Another mechanism of nanoparticle toxicity is 

genotoxicity. Nanoparticles can interact with DNA and 

cause mutations or chromosomal damage. This can lead to 

the development of cancer and other genetic diseases [21]. 

Nanoparticles can also disrupt cellular signaling 

pathways. They can interact with cell membrane receptors 

and interfere with normal cellular signaling, leading to cell 

death or abnormal cellular function. Additionally, 

nanoparticles can interfere with intracellular signaling 

pathways, leading to the dysregulation of important cellular 

processes such as cell growth and differentiation [22]. 

Nanoparticles can also cause inflammation. They can 

activate immune cells and stimulate the release of 

inflammatory cytokines, leading to chronic inflammation. 

Chronic inflammation is associated with the development of 

various diseases such as asthma, cardiovascular disease, and 

cancer [23]. 

Nanoparticles can also cause toxicity through their 

physical properties. For example, nanoparticles can 

penetrate through biological barriers and accumulate in 

organs such as the liver, spleen, and lungs. This can cause 

organ damage and dysfunction. Additionally, nanoparticles 

can cause mechanical damage to cells and tissues due to 

their small size and high surface area [24].  

This study was focused on the toxicity of the plant 

mediated silver nanoparticles on Indian earthworm 

E.eugenia. 

2. MATERIALS AND METHODS 

2.1. Preparation of plant mediated silver 

nanoparticles 

Ninety milliliters of 0.1 mM silver nitrate solution were 

prepared using double distilled water. The plant sample, 

Achyranthes aspera (L) was collected from Coutrallam 

region (GPS Coordinates: 8°55'35.652'' N and 

77°16'2.028'' E), Tenkasi, Tamil Nadu, India. The collected 

material was shade dried and extracted using methanol as a 

solvent. The excess amount of methanol was removed using 

a Soxhlet apparatus to form the crude extract.The plant 

extract was analyzed their phytochemicals through GC-MS 

(SHIMADZU). The crude extract dissolved in double 

distilled water for nanoparticle synthesis. Add ten milliliters 

of plant sample mixed with the ninety milliliters of silver 

nitrate solution. The mixture was kept at room temperature 

for 24 hours. After 24 h the bio-reduced silver nitrate 

solution became brown indicating the synthesis of silver 

nanoparticles. 

2.2. Characterization and size of plant mediated 

silver nanoparticles 

The spectral and advanced microscope was used to 

analyze the physical and structural characterization of 

nanoparticles. The prepared A. aspera plant extract-based 

silver nanoparticles were characterized by UV/Vis 

spectrophotometer (Systronics-2203), FT-IR (JASCO), 

SEM (Zeiss EVO 18), AFM (Agilent 5100) and XRD (X’ 

Pert Pro – PAnalytic). 

2.3. Toxicological experimental setup 

Experiment 1: the selected Indian earthworm species 

Eudrilus eugeniae was selected for this study. 

Earthwormsare divided into two groups, each group 

containing 3 earthworms. Around 200 µl of plant mediated 

prepared silver nanoparticles are injected in one group for 

seven days and another one is in control. Every day the 

earthworm’s growth rate was measured. 

Experiment 2: the selected earthworm species divided 

into five groups and each group contains three earthworms. 

200 µl of green synthesized silver nanoparticles were 

injected into each group. Silver levels in earthworms were 

calculated using UV/visible spectral study at 1 h, 2 h, 24 h, 

168 h and 216 h. 

Experiment 3: 200 µl of silver nanoparticles were 

injected into one group of earthworms and another one 

group was control. After seven days of injection the 

earthworms were dissected at clitellum range using a sterile 

blade and observed inner reproductive organs. 

3. RESULTS AND DISCUSSION 

The gas chromatography mass spectrum is a powerful 

analytical instrument, to analyze the phytochemicals present 

in the test plant samples. The methanol extracts of A. 

asperahad more than 57 different phyto components 

confirmed by GC-MS (Fig. 1 and Table 1). The major 

components are Neophytadiene, Stigmasterol, 9,19-

Cycloergost-24(28)-en-3-ol, 4,14-dimethyl, 22,23-

Dibromostigmasterol acetate, 9,19-Cyclolanostan-3-ol, 

acetate, (3.beta.)-Lupeol, andMethyl oleate.  
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Fig. 1. GC-MS analysis of A. aspera plant extract 

Table 1. Peak report of GC-MS analysis 
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The formation of AgNPs by the reduction of AgNO3 

during treatment with the plant extract is evident from the 

change in colour of the reaction mixture from colourless to 

brown colour which indicated the formation of AgNPs. The 

presence of different phytochemicals in the methanol extract 

of A. aspera influenced the reduction of AgNO3 to AgNPs. 

The presence of an absorption peak at 343 and 411 nm in 

the UV/Vis spectrum of silver nanoparticles points to the 

occurrence of surface plasmon resonance (SPR) (Fig. 2). 

This distinctive optical phenomenon arises from the 

coordinated movement of free electrons on the surface of 

the nanoparticles when they are reduced by plant extract. 

This synchronized electron oscillation is associated with the 

activation of surface plasmon resonances. 

 

Fig. 2 UV/Vis spectra of green synthesized AgNPs 

Silver nanoparticles, owing to their unique properties, 

particularly manifest this behavior in the UV region. The 

precise wavelength of the SPR peak is subject to variations 

influenced by factors such as the size, shape, and immediate 

environment of the nanoparticles. The fact that the 

absorption peak is situated at 343and 411 nm implies that 

the silver nanoparticles possess a specific size or shape that 

leads to the manifestation of this resonance wavelength. 

Analyzing the FTIR spectra of green-synthesized silver 

nanoparticles involves correlating the identified peaks with 

vibrational modes of functional groups that might exist on 

the nanoparticle surface or be associated with the stabilizing 

agents utilized in the synthesis process. The peaks recorded 

at 643.02, 914.87, 1005.49, 1327.80, 1368.78, 1498.91, 

2980.13, and 3443.93 cm⁻¹ (Fig. 3) offer valuable 

insights.The peak at 643.02 cm⁻¹ may be linked to bending 

vibrations, potentially involving metal-oxygen bonds or 

interactions with stabilizing agents originating from the 

green synthesis. In the 914.87 cm⁻¹ region, there is a 

tendency for out-of-plane bending vibrations, suggesting a 

connection to stabilizing agents or organic molecules 

introduced during the green synthesis process. The peak at 

1005.49 cm⁻¹ is typically associated with C-H bending 

vibrations, hinting at the presence of organic compounds 

from the green synthesis or surface-capping agents.The 

region around 1327.80 cm⁻¹ often corresponds to C-N 

stretching vibrations, implying the potential existence of 

amines or amides. At 1368.78 cm⁻¹, CH₃ rocking vibrations 

are discernible, indicating the presence of methyl groups. 

The peak at 1498.91 cm⁻¹ is frequently associated with C=C 

stretching vibrations in aromatic compounds. In the 

2980.13 cm⁻¹ region, C-H stretching vibrations are typical, 

suggesting the presence of alkanes or alkyl groups. Finally, 

the peak at 3443.93 cm⁻¹ signifies O-H stretching 

vibrations, pointing to the presence of hydroxyl groups, 

which could be associated with stabilizing agents, 

biomolecules, or water molecules adsorbed on the 

nanoparticle surface. 

 

Fig. 3. FT-IR spectra of AgNPs 

The XRD pattern of plant-based silver nanoparticles 

(Ag NPs) is illustrated in Fig. 4. The spectrum exhibits 

distinct and sharp peaks at 36.6, 43.9, 64.9, and 76.1° within 

the 10 to 80° range. These peaks correspond to the 

crystallographic planes (1 1 1), (2 0 0), (2 2 0), and (3 1 1), 

respectively. The presence of these well-defined peaks 

indicates the crystalline nature of the synthesized silver 

nanoparticles, suggesting a structured and organized 

arrangement of atoms within the nanoparticles. 

Additionally, our spectral data revealed the existence of a 

secondary phase, such as Ag3O4, among the silver 

nanoparticles. The crystalline planes associated with this 

secondary phase were also identified in Fig. 4. 

 

Fig. 4. XRD pattern of AgNPs 

The surface morphology of green synthesized 

AgNPswas characterized by SEM and AFM images (Fig. 5 

and Fig. 6). The synthesized nanoparticles are spherical in 

shape and cluster formation. 
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The plant mediated green synthesized silver 

nanoparticles injected earthworms h ave good growth 

compared to the control groups (Fig. 7 a and b). The initial 

weight of the earthworms group is 6.81 grams (each group 

contains 3 worms). In the treated group earthworm body 

weight is highly increased at 2ndday and 3rdday of treatment 

(Fig. 7 a). From the 3rd day to 6th day of the treated group 

earthworm growth rate slowly and slightly increased 

(Fig. 7 a). However, the control group earthworm growth 

rate is slightly increased (Fig. 7 b). 

 

Fig. 5. SEM image of green synthesized AgNPs 

Experiment 2 indicates the silver content level in 

earthworm body systems treated at plant mediated silver 

nanoparticles. The earthworm systems contain silver 

nanoparticles that are utilized by their system and quickly 

increase the growth (Fig. 7 a). The UV/Vis spectra study 

confirmed the silver level in treating group earthworms. 

Fig. 7 c indicatesthe silver level in the earthworm body 

system. On the first day treated earthworms body fluids OD 

value at 428 nm is more than one. After the 9th day of treated 

earthworms, the silver level was measured by UV/spectral 

studies. The OD value at 428 nm the 9th day of earthworms 

is decreased to less than 0.5. In this study the OD value was 

calculated at 428 nm. Because the prepared plant mediated 

silver nanoparticles are responsible at 428 nm in range 

(Fig. 7 c). 

The inner reproductive organ of silver nanoparticles 

treated and control earthworm (male and female 

reproductive part) was analyzed by dissection method. 

Fig. 8 a is plant mediated silver nanoparticles treated 

earthworm photo image. Label 1 is the seminal vesicle and 

Label 2 is the ovary and oviduct of the dissected earthworm. 

The seminal vesicle is a place for storing mature sperm. The 

seminal vesicle and ovary have better growth incomparison 

to the control earthworm (Fig. 8 b). 

Expanding investigation of nanotechnology has 

resulted in the discovery of several unique properties of 

nanomaterials such as better magnetic [25], catalytic [26], 

optical [27], electrical [28] and mechanical [29] properties 

when compared to the predictable formulation of 

similarresources. Silver nanoparticles are mostly used. 

These nanoparticles are used in chemotherapy, medical 

devices, wound dressing, food additives, water purification, 

fabrications, textiles, cosmetics, antimicrobial agents, etc. 

Every day the usage of silver nanoparticles slightly 

increased for their valuable applicability. Many researchers 

reported the toxic effect of nanoparticles increased day by 

day. Silver nanoparticles are widely used particles for 

various purposes in all fields of science and engineering. 

Increasing the nano level in environmental conditions create 

various toxicological problems as well as silver 

nanoparticles destroy beneficial microorganisms like 

bacteria, and fungi, includingearthworms and the human 

environment [30]. 

 

 

 

 

 

Fig. 6. AFM images of green synthesized AgNPs 
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a b c 

Fig. 7. a – silver nanoparticles treated group earthworms growth rate; b – the control group earthworms growth rate; c – UV/Vis spectral 

data on utilization of plant mediated silver nanoparticles by earthworm body systems 

 

a b 

Fig. 8. a – dissection of plant mediated silver nanoparticles treated earthworm; b – control earthworm dissection. Label 1: seminal vesicles, 

Label 2: ovary 

 

4. CONCLUSIONS 

In summary, this investigation utilized gas 

chromatography mass spectrometry (GC-MS) to scrutinize 

the phytochemical composition of A. aspera, revealing a 

diverse array of over 57 components within the methanol 

extracts. Dominant constituents such as Neophytadiene, 

Stigmasterol, 9,19-Cycloergost-24(28)-en-3-ol, 4,14-

dimethyl, 22,23-Dibromostigmasterol acetate, 9,19-

Cyclolanostan-3-ol, acetate, (3.beta.)-Lupeol, and Methyl 

oleate were identified. The synthesis of silver nanoparticles 

(AgNPs) via green methods, employing plant extract, was 

evidenced by a discernible change in color. UV/Vis spectra 

unveiled absorption peaks at 343 and 411 nm, indicative of 

surface plasmon resonance (SPR) in the AgNPs. Functional 

groups on the nanoparticle surface were elucidated through 

FTIR spectra.X-ray diffraction (XRD) analysis underscored 

the crystalline nature of the synthesized AgNPs, manifesting 

as sharp peaks corresponding to crystallographic planes 

(1 1 1), (2 0 0), (2 2 0), and (3 1 1). The identification of 

secondary phases, such as Ag3O4, further enriched the 

understanding of the nanoparticle structure. SEM and AFM 

images provided a visual representation of the 

nanoparticles, revealing their spherical shapes and cluster 

formations.In biological assessments, the introduction of 

plant-mediated AgNPs into earthworms demonstrated a 

pronounced enhancement in growth compared to control 

groups. The investigation into silver content within 

earthworms corroborated the observed growth increase, as 

supported by UV/Vis spectra. Dissection analysis of 

reproductive organs in earthworms illuminated improved 

growth in seminal vesicles and ovaries within the treated 

group.In conclusion, the green-synthesized AgNPs derived 

from A. asperaexhibit distinct properties that positively 

influence growth and reproductive organs when applied to 

earthworms. This study highlights the promising 

applications of plant-mediated nanoparticles in both 

analytical and biological contexts, showcasing their 

potential for multifaceted uses. 
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