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Abstract:  The wide application of silver nanoparticles (Ag-NPs) has led to their significant environmental 

release, posing substantial ecotoxicological concerns for aquatic ecosystems. While the toxicity of chemically 

synthesized Ag-NPs (C-Ag-NPs) to freshwater fish, is well-established, the comparative toxicological 

implications of biogenic (green) synthesized Ag-NPs (G-Ag NPs) remain largely unexplored. This study 

aimed to assess and compare the dose- and time-dependent toxicity of C-Ag-NPs and G-Ag-NPs on the early 

life stages (spawn and fry) of the Indian major carp, rohu, Labeo rohita. Ag-NPs were synthesized by both 

chemical and green route method by using the leaf extract of Clitoria ternatea and characterized by UV-Vis 

spectroscopy (peak at 425 nm for both Ag-NPs), SEM (nanostructured, irregular shape), XRD (face-centered 

cubic crystalline structure), and FTIR (organic capping agents). The C-Ag-NPs and G-Ag-NPs when treated 

at varied concentrations of both Ag-NPs ranging from 0.01 mg/L to 1000 mg/L through water treatment with 

rohu spawn (24 hrs) and fry (7 days), demonstrated dose- and time-dependent mortality. 100% mortality of 

rohu spawn and fry was observed at higher concentrations (500-1000 mg/L) in both the Ag-NPs treatment 

groups. The C-Ag-NPs exhibited higher toxicity to rohu spawn at concentrations of 10 mg/L to 100 mg/L. 

Similarly, both types of Ag-NPs induced dose and time dependent oxidative stress with reduced liver GSH 

and increased lipid peroxidase activity in rohu fry. However, among the two types of AG-NPs, G-Ag-NPs 

resulted less lipid peroxidase activity and GSH depletion compared to C-Ag-NPs, suggesting a possible 

mitigated oxidative burden in fish. These findings underscore the significant ecotoxicological threat posed by 

Ag-NPs to aquatic life, particularly at early developmental stages.   

 

Index Terms - Silver Nanoparticles (Ag-NPs), Toxicity, Labeo rohita, Indian major carp, Spawn, Fry, 

Biogenic, Oxidative Stress, Glutathione (GSH), Lipid Peroxidation (LPX), Malondialdehyde (MDA) 

1. INTRODUCTION 

 

The advent of metal and metal oxide nanomaterials has profoundly influenced diverse fields since 

their discovery, owing to their unique physiochemical properties (Iravani, 2011). Among these, silver 

nanoparticles (Ag-NPs) have garnered significant attention, finding extensive applications across medical 

devices, biomedical products, cosmetic formulations, the textile industry, food processing and preservation, 

functionalized plastics, catalysis (fuel and solar cell construction), electronics, chemical sensing and imaging, 

biosensors, light trapping, and various consumer products such as washing machines, detergents, paints, and 
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water filters (Benn and Westerhoff, 2008; Fayaz et al., 2009; Naganthran  et al., 2022; Pasparakis 2022; Abbas  

et al., 2024). 

However, the increased production and consumption of Ag-NPs containing products inevitably lead 

to their release into the environment, particularly aquatic ecosystems, raising significant ecotoxicological 

concerns. Previous studies have demonstrated the adverse responses induced by various metal and metal oxide 

NPs (Bi et al., 2023) and Ag-NPs being no exception. Over the years, a substantial increase in Ag-NPs 

utilization has been recorded not only in industrial and biomedical sectors but also in agricultural and 

aquaculture practices. Consequently, a growing body of literature highlighted the established toxicity of Ag-

NPs (Kakakhel et al., 2021). Specifically, the toxicological and pathological impacts of waterborne 

chemically synthesized Ag NPs have well-documented in various freshwater fish species (Ostaszewska et al., 

2018). Furthermore, evidences also suggest the possible trophic transfer of Ag-NPs through various food 

chains directly or indirectly which in turn can adversely affect higher trophic levels, including animals and 

humans (Dang et al., 2021). 

It’s a matter of fact that wise spread applications of nanoproducts synthesized through hazardous 

chemicals inevitably lead to their discharge into aquatic environments, posing a significant threat to the health 

and biodiversity of aquatic ecosystems. On the contrary, the toxicological implications of biogenic Ag-NPs 

especially green route synthesized (G-Ag-NPs) remain largely unclear. Considering the fact that biological 

materials possess natural content of capping and reducing agents, the biogenic NPs offer numerous advantages 

such as cost-effective, relatively safer, eco-friendly and stable (Mittal et al., 2013; Khodashenas and Ghorbani, 

2019; Hamidi et al., 2019; Awwad et al., 2020; Bandeira et al., 2020). Therefore, the present investigation 

was conducted to evaluate the toxicological and biochemical responses induced by G-Ag-NPs and C-Ag-NPs 

at the early stages (spawn and fry) of Indian major carp, Rohu (Labeo rohita Ham.).  

2. Materials and Methods: 

2.1. Chemical synthesis of Silver Nanoparticles (C-Ag-NPs) 

Ag-NPs was synthesized by chemical method as per the procedure of Dasaradhudu & Srinivasan, 

(2020), with slight modifications. Briefly, to a 50 ml boiled silver nitrate (AgNO3) (0.003M) solution, 5ml of 

1% tri sodium citrate was added drop wise. The mixture was then kept in magnetic stirrer and mixed 

vigorously at 50-60 0C until the colour of the solution mixture changed to deep yellowish brown. The solution 

mixture was then dried and calcinated in muffle furnace at 500 0C for 2 hrs. The resultant powder was collected 

and processed for further characterization. 

2.2. Biogenic synthesis of Silver Nanoparticles (G-Ag-NPs) 

 G-Ag-NPs was synthesized by using the leaf extract of C. ternatea as per the procedure of Krithiga et 

al., (2015) with slight modifications. The aqueous leaf extract was prepared by adding 50 gms of freshly 

collected leaves of C. ternatea with 100 ml distilled water at 1:2 ratio and heated at 100 0C for nearly 1 hr in 

magnetic stirrer till the colour of the solution changed to light green colour. The solution was then filtered 

using Whatman No.1 filter paper and stored for further use. After aqueous extract was made, then 50 ml of 

0.1M of aqueous solution of AgNO3 was added to 5 ml of leaf extract and kept in magnetic stirrer at room 

temperature till colour of the solution mixture changes to yellowish brown indicating the formation of Ag-

NPs. Finally, the resultant solution was dried at 80 0C for 12 hrs in a hot air oven and calcinated in muffle 

furnace at 500 0C for 2 hrs. The resultant G-Ag-NPs was collected and processed for further characterization. 

2.3. Characterization of synthesized Ag-NPs 

 The following assays were done to characterise both the synthesized Ag-NPs.  

2.3.1. UV- Spectroscopy: The optical properties of the synthesized Ag-NPs were analysed by using UV-Vis 

spectroscopy.  

2.3.2. SEM Study: The structural and morphological characterization was done by using JSM- 7600F 

scanning electron microscope (SEM) with an accelerating voltage between 10 and 20 KV under vacuum 

conditions. 

2.3.3. XRD:  X-ray diffraction (XRD) (XPert Pro MPD- PANalytical), with Cu – Kα (λ = 1.54 Å) radiation 

was used to investigate the crystal structure of laser-generated Ag-NPs with a grazing incidence angle (30) in 

the 2θ range of 320-800 for NPs in water and 420-660 for Ag-NPs in acetone.  

2.3.4. FTIR: The functional groups of the synthesized Ag-NPs were identified by Fourier Transform Infrared 

Spectroscopy (FTIR) analysis using Bruker Alpha II (German). 

2.4. Experimental Design for In vivo Studies 

Healthy Labeo rohita spawn (approx. 24 hrs post-hatch) and fry (approx. 2-3 cm length) were 

purchased from a local hatchery at Baisinga, Mayurbhanj, Odisha. The spawn and fry were maintained at 

Aquatic Animal Laboratory, Department of Biotechnology, MSCB University, Baripada, Odisha. Rohu 

spawn and fry were kept at glass aquarium with constant aeration and acclimatized to the experimental 

http://www.ijcrt.org/


www.ijcrt.org                                               © 2025 IJCRT | Volume 13, Issue 9 September 2025 | ISSN: 2320-2882 

IJCRT2509116 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org a980 
 

conditions in large, continuously aerated holding tanks containing dechlorinated tap water. During the entire 

period of study, water parameters were monitored daily and were found to be within their permissible limits 

(Temperature: 29 ± 20C, pH: 7.5 ± 0.2, Dissolved Oxygen: 6.0 ± 0.2 mg/L, Alkalinity: 120 ± 0.5 mg/L). 

Similarly, rohu fry were fed a commercial diet twice daily.  

2.5. Effect of synthesized Ag-NPs on L. rohita spawn  
The effects of chemical and green synthesized Ag-NPs on L. rohita spawn was conducted through 

water treatment method.  Nine treatment groups (for each C-AG-NPs and G-AG-NPs) in duplicate set were 

exposed to different concentrations of Ag-NPs: 0.01, 0.05, 0.1, 1, 10, 50, 100, 500, and 1000 mg/L alongwith 

control group without any Ag-NPs treatment were made. Approx. 1000 healthy spawn at a density of 

approximately 1 L of water per 20 spawn were maintained in each glass tank. After Ag-NPs treatment, the 

mortality in each treatment group was recorded daily and after 72 hrs post treatment the cumulative percent 

mortality in each group was calculated.  

 

2.6. Effect of synthesized Ag-NPs on L. rohita fry  

The effects of synthesized Ag-NPs on L. rohita fry was also studied through water treatment method 

as done in spawn experiment. Nine treatment groups (for each C-AG-NPs and G-AG-NPs) in duplicate set 

were exposed to different concentrations of Ag-NPs: 0.01, 0.05, 0.1, 1, 10, 50, 100, 500, and 1000 mg/L 

alongwith control group without any Ag-NPs treatment were made. Healthy rohu fry (100 Nos) was 

distributed in each tank at a density of approximately 2 L water per 20 fry. After 5 days of acclimatisation, 

the fry were separately exposed to both the Ag-NPs at varied concentrations ranging from 0.01, 0.05, 0.1, 1, 

10, 50, 100, 500, and 1000 mg/L. The mortality in each group was recorded up to 7 days post treatment. 

Finally, the cumulative percent mortality was calculated in each group. Similarly, 10 fry from each treatment 

group were collected at 3rd, 5th and 7th days post treatment, to estimate the oxidative stress biomarkers such as 

lipid peroxidation (LPX) and reduced glutathione (GSH).   

 

2.7. Estimation of Biochemical Parameters 

2.7.1. Sample Preparation 
Rohu fry (10 Nos) were collected in sterile vials from each treatment group at 3rd, 5th and 7th days post 

treatment and then sacrificed using an overdose of MS-222 and rinsed in deionized water. 10% (w/v) whole 

body homogenate was prepared by triturating all fry in ice-cold 50 mM phosphate-buffered saline (PBS, pH 

7.2). The homogenate was then centrifuged at 10,000 × rpm for 15 min at 4 0C. The resulting supernatant was 

used for tissue biochemical parameters study. 

 

2.7.2. Lipid peroxidation (LPX) Assay 

The lipid peroxidation (LPX) assay was performed using the method of Ohkawa et al. (1979) with 

slight modifications. Briefly, 0.1 ml of whole body homogenate was mixed with a TBA reagent containing 

0.2 ml of 8.1% sodium dodecyl sulfate, 1.5 ml of 20% acetic acid (pH 3.5), 1.5 ml of 0.8% Thiobarbituric 

acid (TBA) and 0.8 ml of distilled water. The suspension was then kept in a water bath at 95 0C for 15 min. 

The samples were then cooled and centrifuged at 3000 × rpm for 10 min at 40C. The absorbance of the 

supernatant was measured at 535nm in a spectrophotometer. The concentration of MDA in each sample was 

calculated using the standard curve, which was plotted with the absorbance of known MDA standards. The 

mean (± SD) LPX concentration in each group was expressed as nanomoles of MDA per milligram of protein 

(nmol MDA/mg protein). 

2.7.3. Reduced Glutathione (GSH) Assay  

Reduced glutathione (GSH) level in the whole body homogenate was estimated using a 

spectrophotometric method based on its reaction with 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB), according 

to the method of Ellman (1959). The homogenate was centrifuged at 4000 × rpm for 10 min at 4 0C. Then, 

0.5 ml of the supernatant was collected, and 0.5 ml of 10% trichloroacetic acid (TCA) solution was added to 

it. This mixture was vortexed and then centrifuged at 10,000 × rpm for 10 min at 4 0C. 0.5 ml of the supernatant 

was then mixed with 2.5 ml of a 1 mM DTNB solution (prepared in 0.1 M phosphate buffer, pH 8.0). Finally, 

the mixture was incubated at room temperature for 5 min. After incubation, the absorbance was measured at 

412 nm using a spectrophotometer against a blank containing 0.5 ml of 10% TCA and 2.5 ml of 1 mM DTNB 

solution. The concentration of GSH in each sample was determined using a standard curve of known GSH 

concentrations. The mean (± SD) GSH content in each Ag-NPs treatment group was expressed as micromoles 

of GSH per milligram of protein (µmol GSH/mg protein). 
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2.8. Statistical Analysis   

All the data were statistically analysed by two-way analysis of variance (ANOVA) to determine the 

significant differences at P < 0.05 in the mean ± standard deviation (SD) of cumulative percentage of rohu 

spawn and fry mortality along with the LPX and GSH levels of rohu fry treated with various concentrations 

of C-Ag-NPs and G-Ag-NPs with that of control groups according to Tukey’s HSD.   

3. Result 
In the present study, Ag-NPs were synthesized both by chemical and green route method. The colour 

of the AgNO3 salt and reductant mixture solution changed to light yellowish brown within 2 hrs in the C-Ag-

NPs (Fig. 1a). Similarly, the change in colour of the AgNO3 salt and leaf extract mixture changed to deep 

brownish yellow for G-Ag NPs indicating the synthesis of Ag-NPs (Fig. 1b).  

 
 

 

  

 

 

3.1. Characterization of synthesized NPs    

The C-Ag-NPs and G-Ag-NPs were preliminary characterized by UV–visible spectroscopy. The UV 

spectral analysis of C-Ag-NPs and G-Ag-NPs showed a peak value at 425nm (Fig. 2a & b).  

 

  
 

 

  

The SEM image of C-Ag NPs showed particles with nanostructured morphology composed of a very 

large number of extremely small, roughly spherical Ag-NPs (Fig. 3a). These NPs are not evenly dispersed but 

are clustered together, forming highly porous, irregular aggregates. On the other hand, the SEM image of G-

Ag-NPs showed particles with diverse morphological features including various irregular shapes, such as 

cubic-like, rounded, and sharp-edged structures (Fig. 3b). The particles appeared to be densely packed and 

exhibited some degree of agglomeration, forming larger clusters. The overall morphology indicated a 

polycrystalline material with a wide distribution of particle sizes and shapes. 
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[Fig 2a: UV-Visible spectrophotometric analysis 

C-Ag-NPs] 

[Fig 2b: UV-Visible spectrophotometric analysis 

G-Ag-NPs] 

[Fig.1. The change in AgNO3 salt solution to (a) light yellowish brown indicates the synthesis of Ag-NPs by chemical 

method and to (b) deep brownish yellow colour indicates the biogenic method using the leaf extract of C. ternatea] 

 

http://www.ijcrt.org/


www.ijcrt.org                                               © 2025 IJCRT | Volume 13, Issue 9 September 2025 | ISSN: 2320-2882 

IJCRT2509116 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org a982 
 

  
 

 

 

     

The XRD pattern of C-Ag-NPs was consistent with the presence of crystalline Ag-NPs having a face-

centered cubic structure. The distinct peaks at approximately 380, 44-450, 64-650 and 77-780 (Fig. 4a) 

correspond to the characteristic planes of metallic silver and possess the expected crystalline structure of 

(~33.62 nm).  Similarly, the XRD pattern of the G-Ag-NPs exhibited several sharp and intense peaks, which 

confirms the highly crystalline nature of the synthesized material (Fig. 4a). The four main diffraction peaks 

were located at approximately 2θ values of 38.20, 44.30, 64.50, and 77.40. These peaks were indexed to the 

(111), (200), (220), and (311) planes of face-cantered cubic (FCC) silver (Ag). This indicated that the 

successful synthesis of G-Ag-NPs and possess the expected crystalline structure of (~28.02 nm).   

 

 
 

 

The FTIR analysis of C-Ag-NPs showed a broad and intense peak was present in the region of 3400-

3200 cm−1, which corresponded to the stretching vibrations of O-H (hydroxyl) and N-H (amine) groups (Fig. 

5a). This indicated the presence of alcohols, phenols, or amines. Peak at 2925 cm−1 was attributed to the 

symmetric and asymmetric stretching vibrations of C-H bonds, confirming the presence of aliphatic groups 

in the sample. A strong band at 1640 cm−1 was characteristic of the stretching vibration of C=O (carbonyl) 

bonds, often found in amides and ketones, or C=C stretching of an aromatic ring. The peaks in the range of 

1400-1000 cm−1 were characteristic of the "fingerprint region," where complex vibrations occurred. A peak 

at 1372 cm−1 was likely due to the stretching of C-N bonds of amides. Additional absorption bands were 

observed at 1081 cm−1 and 1043 cm−1, which were assigned to the stretching vibrations of C-O bonds from 

alcohols, ethers, or carboxylic acids. The FTIR results of G-Ag-NPs confirmed that the synthesized G-Ag-

NPs were capped by biomolecules containing hydroxyl, amine, carboxyl, and other organic functional groups. 

These groups likely stabilized the Ag-NPs, preventing their aggregation. On the other hand, a peak at 3265 

cm−1 corresponded to the stretching vibrations of N-H or O-H bonds, indicating the presence of amines or 

hydroxyl groups from biomolecules was observed for G-Ag-NPs (Fig. 5b). A weak peak at 3003 cm−1 was 

attributed to the aromatic C-H stretching vibration. A strong, prominent peak at 1661 cm−1 was characteristic 

of the stretching vibration of C=O (carbonyl) bonds in amides, or C=C stretching in aromatic compounds. 

The peak at 1364 cm−1 was assigned to the stretching of C-N bonds of amines. The strong peak at 1148 cm−1 

was attributed to the stretching vibrations of C-O bonds from alcohols, ethers, or esters.  

[Fig 3a: Scanning Electron Microscopy image 

showing porous structure of the synthesized C-Ag-

NPs] 

[Fig 3b: Scanning Electron Microscopy image 

showing the irregular shapes of the synthesized G-

Ag-NPs] 

[Fig 4b: XRD pattern showing crystalline 

structure with sharp and intense peaks of     

G-Ag-NPs] 

[Fig 4a: XRD pattern showing the crystalline 

and face-centered cubic structure of the 

synthesized C-Ag-NPs] 
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3.2. Effect of Ag-NPs on rohu spawn and fry: In vivo Studies 

3.2.1. Effect of Ag-NPs on mortality of rohu spawn  

In the present study, both the C-Ag-NPs and G-Ag-NPs were found to exert a dose- and time-

dependent toxicity on rohu spawn. The cumulative percentage of mortality of spawn increased with increasing 

concentrations of Ag-NPs. After 72 hrs of exposure, the cumulative percentage mortality was least (18 ± 0.5) 

in the 0.01 mg/L treatment group of C-Ag-NPs, whereas in the G-Ag-NPs treatment group, the lowest 

mortality was observed at the same concentration (12±0.5). The mortality rate increased markedly with higher 

concentrations. In C-Ag-NPs treated groups, the cumulative mortality was 100% from 50 mg/L to 1000 mg/L 

concentrations. In contrast, the G-Ag-NPs group exhibited 77.33 (±0.57) mortality at 50 mg/L, while it was 

100% at 100 mg/L and above after 72 hrs post treatment.  Statistical analysis confirmed significant differences 

(P < 0.05) between C-Ag-NPs and G-Ag-NPs treated groups across most concentrations, indicating that G-

Ag-NPs exerted comparatively lower toxicity at intermediate concentrations. 

 

 

Table 1: The cumulative percent of mortality of rohu (Labeo rohita) spawn in C- Ag-NPs and G-Ag-

NPs treatment groups after 72hrs 

Ag-NPs  

Type   

 

Concentration of Ag-NPs (mg/L) in different treatment groups 

0 0.01 0.05 0.1 1 10 50 100 500 1000 

C-Ag-NPs 

10 

±  

0.82a 

18 

± 

0.5b 

56 

± 

0.5i 

62 

± 

0.5j 

75 

± 

1e 

80 

± 

0.5f 

100g 100g 100g 100g 

G-Ag-NPs 

10 

± 

 0.82a 

12 

± 

0.5h 

50 

± 

0.5c 

59 

± 

0.5d 

58 

± 

0.5d 

70 

± 

0.5k 

77.33 

± 

0.57l 

100g 100g 100g 

 

[* : Values are expressed as Mean (± SD) of cumulative percentage of mortality. Different superscripts (a–l) 

indicate significant differences in the cumulative percentage of mortality among various Ag-NPs treatment 

groups (NP type × concentration) at P < 0.05]. 

 

 

3.2.2. Effect of Ag-NPs on mortality of rohu Fry  

In the present study, both C-Ag-NPs and G-Ag-NPs exhibited a clear dose and time dependent toxicity 

on rohu fry. The cumulative percentage mortality increased progressively with increasing concentrations of 

Ag-NPs after 7 dpt. In the C-Ag-NPs–treated group, the cumulative percentage of mortality was significantly 

less (P < 0.05) in 0.01 mg/L treatment group (30 ± 0.45) as compared to that of G-Ag-NPs. However, 

cumulative percentage of mortality rose sharply at intermediate concentrations, reaching 48.66 (± 0.20) at 

0.05 mg/L and 56.66 (± 0.32) at 0.1 mg/L. At 1 and 10 mg/L, cumulative percentage of mortality was 55.03 

(± 0.32) and 70.13 (±0.25), respectively. At higher concentrations, cumulative percentage of mortality was 

75.33 (± 0.32) at 50 mg/L and 95.03 (± 0.37) at 100 mg/L, while it was 100% in groups treated with 500 mg/L 

and 1000 mg/L.  
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[Fig.5a FTIR analysis showing broad and intense 

peaks in the region of 3400-3200 cm−1 of 

synthesized C-Ag-NPs] 

[Fig.5b: FTIR image showing the capped organic 

functional biomolecules of synthesized G-Ag-NPs] 
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In the G-Ag-NPs–treated group, the lowest cumulative percentage of mortality (25 ±.58) was observed 

in the control group, which increased significantly (P < 0.05) to 34.33 (± 0.38) and 34.66 (± 0.31) at 0.01 and 

0.05 mg/L, respectively. The cumulative percentage of mortality increased with higher concentrations, 

reaching 70.33 (± 0.47) at 10 mg/L and 90 (± 0.7) at 100 mg/L, while it was 100% in groups treated with 500 

mg/L and 1000 mg/L. Statistical analysis confirmed significant differences (P < 0.05) between Ag-NPs types 

at lower and intermediate concentrations, with C-Ag-NPs showing higher toxicity at 0.01 mg/L, whereas G-

Ag-NPs showed higher mortality at 0.05 - 0.1 mg/L.   

 

Table 2: The cumulative percent of mortality of rohu (Labeo rohita) fry in C- Ag-NPs and G-Ag-NPs 

treatment groups after 7 days post treatment (dpt) 

Ag-NPs  

Type   

 

Concentration of Ag-NPs (mg/L) in different treatment groups 

0 0.01 0.05 0.1 1 10 50 100 500 1000 

C-Ag-NPs 

25 

± 

4.58a 

30 

± 

0.45i 

48.66 

± 

0.2d 

56.66 

± 

0.32j 

55.03 

± 

0.32j 

70.13 

± 

0.25e 

75.33 

± 

0.32f 

95.03 

± 

0.37k 

100h 100h 

G-Ag-NPs 

25 

± 

4.58a 

34.33 

± 

0.38b 

34.66 

± 

0.31b 

40.22 

± 

0.33c 

49.66 

± 

0.25d 

70.33 

± 

0.47e 

75 

± 

0.36f 

90 

± 

0.7g 

100h 100h 

 

[* : Values are expressed as Mean (± SD) of cumulative percentage of mortality of rohu fry. Different 

superscripts (a-k) indicate significant differences in the cumulative percentage of mortality among various 

Ag-NPs treatment groups (NP type × concentration) at P < 0.05]. 

 

3.2.3. Effect of Ag-NPs on tissue biochemical parameters of rohu fry 

3.2.3.1. Effect on LPX content of rohu fry 

In the present study, both C-Ag-NPs and G-Ag-NPs were found to exert a dose- and time-dependent 

increase in liver MDA levels of L. rohita fry. At 3 dpt, the MDA level in the control group was least 0.47 

(±0.03) nmol/mg protein and significantly increased (P < 0.05) with increasing concentrations of both Ag-

NPs. In C-Ag-NP-treated groups, MDA reached 4.18 (± 0.67) nmol/mg protein at 500 mg/L, while in G-Ag-

NPs treatment group, the increase was less with a mean (±SD) MDA level of 3.67 (± 0.53) nmol/mg protein 

at the same concentration. The trend persisted with C-Ag-NPs showing a higher induction (4.10 ± 0.58 at 100 

mg/L) as compared to that of G-Ag-NPs (3.12 ± 0.34 at 100 mg/L) at 5 dpt. By 7 dpt, MDA levels were 

further elevated, reaching 4.85 (± 0.99) nmol/mg protein in C-Ag-NPs and 3.75 ± 0.43ᵍ nmol/mg protein in 

G-Ag-NPs at 100 mg/L.  

Overall, C-Ag-NPs exhibited significantly higher oxidative stress (P < 0.05) compared to G-Ag-NPs 

at corresponding concentrations across all exposure durations. The lowest MDA levels were consistently 

observed in the control and 0.01 mg/L groups, while the highest levels were recorded at 500 mg/L for both 

types of NPs. 
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Table 3: The mean (± SD) nmol/mg protein of liver MDA levels at different time intervals in rohu 

(Labeo rohita) fry exposed to varying concentrations of C-Ag-NPs and G-Ag-NPs 

 

Day  Ag-NPs 

Type 

Concentration of Ag-NPs (mg/L) in different treatment groups 

0 0.01 0.05 0.1 1.0 10 50 100 500 1000 

3 dpt 

C-Ag-NPs 

0.47 

± 

0.03ᵃ 

0.50 

± 

0.05ᵃᵇ 

0.60 

± 

0.06ᵇ 

0.77 

± 

0.12ᶜ 

1.21 

± 

0.24ᵈ 

1.93 

± 

0.25ᵉ 

2.34 

± 

0.18ᶠ 

3.30 

± 

0.52ᵍ 

4.18 

± 

0.67ʰ 

ND 

G-Ag-NPs 

0.47 

± 

0.03ᵃ 

0.46 

± 

0.12ᵃ 

0.45 

± 

0.11ᵃ 

0.69 

± 

0.11ᵇ 

0.89 

± 

0.31ᵇᶜ 

1.52 

± 

0.16ᶜᵈ 

1.94 

± 

0.33ᵈ 

2.63 

± 

0.19ᵉ 

3.67 

± 

0.53ᶠ 

ND 

5 

dpt 

C-Ag-NPs 

0.45 

± 

0.06ᵃ 

0.47 

± 

0.12ᵃᵇ 

0.80 

± 

0.15ᵇ 

0.90 

± 

0.18ᶜ 

1.49 

± 

0.11ᵈ 

2.16 

± 

0.27ᵉ 

2.93 

± 

0.13ᶠ 

4.10 

± 

0.58ᵍ 

ND ND 

G-Ag-NPs 

0.45 

± 

0.06ᵃ 

0.48 

± 

0.07ᵃᵇ 

0.69 

± 

0.03ᵇ 

0.84 

± 

0.08ᶜ 

1.24 

± 

0.10ᵈ 

1.72 

± 

0.16ᵉ 

2.89 

± 

0.49ᶠ 

3.12 

± 

0.34ᵍ 

4.28 

± 

0.81ʰ 

ND 

7 dpt 

C-Ag-NPs 

0.45 

± 

0.05ᵃ 

0.60 

± 

0.07ᵇ 

0.81 

± 

0.16ᶜ 

1.07± 

0.11ᵈ 

1.74 

± 

0.24ᵉ 

2.64 

± 

0.20ᶠ 

4.07 

± 

0.42ᵍ 

4.85 

± 

0.99ʰ 

ND ND 

G-Ag-NPs 

0.45 

± 

0.05ᵃ 

0.53 

± 

0.07ᵃᵇ 

0.67 

± 

0.09ᵇ 

0.86 

± 

0.07ᶜ 

1.26 

± 

0.23ᵈ 

2.31 

± 

0.05ᵉ 

3.11 

± 

0.10ᶠ 

3.75 

± 

0.43ᵍ 

ND ND 

  

[*: "ND" indicates Not Done due to 100 % rohu fry mortality in that Ag-NPs treatment groups. 

 **: Values are expressed as Mean (±SD) nmol/mg protein of liver MDA level at different time intervals in 

rohu (Labeo rohita) fry exposed to varying concentrations of C-Ag-NPs and G-Ag-NPs. Different 

Superscripts indicate statistically significant differences liver MDA levels among concentrations and NPs 

types at P < 0.05]  

 

3.2.3.2. Effect on GSH content of rohu fry 

 In the present study, both C-Ag-NPs and G-Ag-NPs exhibited a clear dose- and time-dependent 

depletion of tissue glutathione (GSH) in L. rohita spawn. The highest GSH levels were observed in the control 

and 0.01 mg/L groups, while a significant decline (P < 0.05) was recorded with increasing concentrations. On 

the 3rd day, GSH levels in C-Ag-NPs decreased from 8.24 (± 0.71) nmol/mg protein in control to 3.92 (± 

0.24) nmol/mg protein at 500 mg/L, with no detectable GSH at 1000 mg/L. Similarly, in G-Ag-NPs, GSH 

decreased from 9.01 (± 0.10) nmol/mg protein in control to 4.93 (± 0.16) nmol/mg protein at 500 mg/L, and 

was undetectable at 1000 mg/L. By the 5th day, the GSH content reduced from 7.99 (± 0.67) nmol/mg protein 

in control to 4.15 (± 0.10) nmol/mg protein at 100 mg/L, with complete mortality at higher concentrations in 

C-Ag-NPs. In G-Ag-NPs, GSH declined from 8.48 (± 0.43) nmol/mg protein in control to 2.44 (± 0.68) 

nmol/mg protein at 500 mg/L, and was 100% mortality at 1000 mg/L. On the 7th day, GSH levels further 

declined in C-Ag-NPs, values decreased from 7.57 (± 0.11) nmol/mg protein in control to 3.93 (± 0.16) 

nmol/mg protein at 100 mg/L, with 100% mortality in GSH at higher concentrations. In contrast, G-Ag-NPs 

showed higher retention, with values reducing from 7.84 (± 0.17) nmol/mg protein in control to 4.07 (± 0.13) 

nmol/mg protein at 100 mg/L, again with complete loss beyond this dose. Overall, G-Ag-NPs retained 

significantly higher GSH levels compared to C-Ag-NPs across all exposure periods, indicating that C-Ag-

NPs induced stronger oxidative stress in rohu spawn. 
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Table 4: The mean (± SD) nmol/mg protein of liver glutathione (GSH) levels at different time intervals 

in rohu (Labeo rohita) fry treated with varying concentrations of C-Ag-NPs and G-Ag-NPs 

 

Day 
NPs 

Type 

Concentration of Ag-NPs (mg/L) in different treatment groups 

0   0.01  0.05  0.1  1.0 10  50  100  500  1000  

3rd 

 

C-Ag-NPs 
8.24±

0.71ᵃ 

7.80±0.

23ᵃ 

7.11

±0.1

3ᵇ 

6.52±

0.32ᶜ 

6.21±

0.40ᶜ 

5.99±

0.15ᶜ 

5.19±

0.23ᵈ 

4.53±

0.50ᵉ 

3.92±0.

24ᶠ 
ND 

G-Ag-NPs 
9.01±

0.10ᵃ 

8.64±

0.25ᵃ 

7.73

±0.2

4ᵇ 

7.08±

0.40ᶜ 

6.52±

0.12ᶜ 

6.29±

0.22ᶜ 

6.03±

0.09ᶜ 

5.23±

0.39ᵈ 

4.93±0.

16ᵈ 
ND 

5th 

 

C-Ag-NPs 
7.99±

0.67ᵃ 

7.62±

0.21ᵃ 

6.72

±0.3

8ᵇ 

6.31±

0.22ᵇᶜ 

6.05±

0.07ᵇᶜ 

5.39±

0.34ᶜᵈ 

5.06±

0.06ᶜᵈ 

4.15±

0.10ᵉ 
ND ND 

G-Ag-NPs 
8.48±

0.43ᵃ 

7.80±

0.23ᵃ 

6.88

±0.3

8ᵇ 

6.57±

0.39ᵇᶜ 

6.08±

0.07ᶜ 

5.42±

0.40ᵈ 

5.04±

0.45ᵈ 

4.13±

0.10ᵉ 

2.44±0.

68ᶠ 
ND 

7th 

 

C-Ag-NPs 
7.57±

0.11ᵃ 

7.13±

0.06ᵃᵇ 

6.23

±0.2

0ᶜ 

6.05±

0.04ᶜ 

5.55±

0.18ᵈ 

5.06±

0.06ᵉ 

4.88±

0.19ᵉ 

3.93±

0.16ᶠ 
ND ND 

G-Ag-NPs 
7.84±

0.17ᵃ 

7.31±

0.15ᵃᵇ 

6.79

±0.4

7ᵇ 

6.28±

0.15ᶜ 

5.84±

0.34ᵈ 

5.28±

0.31ᵉ 

4.91±

0.31ᵉ 

4.07±

0.13ᶠ 
ND ND 

 

[*: "ND" indicates Not Done due to 100% mortality in the specified Ag-NPs treatment groups. 

 **: Values are expressed as Mean (±SD) nmol/mg protein of GSH level in rohu (Labeo rohita) fry exposed 

to varying concentrations of C-Ag-NPs and G-Ag-NPs at different time intervals. Different Superscripts 

indicate statistically significant differences in the GSH level among concentrations and NPs types at P < 0.05]  

 

4. Discussion 

Now-a-days, the increasing utilization of Ag-NPs across industrial, biomedical, agricultural, and 

aquacultural sectors inevitably leads to the contamination of aquatic environments, posing a significant threat 

to aquatic ecosystem health and biodiversity (Wasmuth et al., 2016). Therefore, the present investigation 

carried out to study the ecotoxicological effects of Ag-NPs synthesized chemically and green route method 

on early life stages (spawn and fry) of the Indian major carp, L. rohita.  

Earlier several researchers have successfully synthesized Ag-NPs chemically and biogenic methods. 

In this study we have also synthesized Ag-NPs chemically as well as by using leaf extract of C. ternatea. 

While, earlier several researchers have successfully synthesized Ag-NPs and /or dopped Ag-NPs by utilising 

Leaves, flowers, root and even whole plant extracts of C. ternatea, many researchers have also documented 

promising antimicrobial activity, insecticidal activity, biofilm preventing, cytotoxicity against cancer cells etc 

(Singh et al., 2025; Madhumitha, et al., 2023; Varadavenkatesan,  et al., 2020; Malabadi, et al., 2012 & 2015; 

Krithiga, et al., 2015; Vanaraj et al., 2017; Fatimah et al., 2020; Citradewi et al., 2021; Lall et al., 2021). 

The characterisation studies confirmed the successful synthesis of Ag-NPs and were in agreement with 

the findings of previous researchers. UV-Vis spectra for both C-Ag-NPs and G-Ag-NPs showed a 

characteristic surface plasmon resonance (SPR) peak at 425 nm, which is consistent with previous studies on 

Ag-NPs (Vasantyh et al., 2018). However, distinct morphological differences could be observed in the 

synthesized Ag-NPs. The SEM analysis showed that C-Ag-NPs were porous, spherical with agglomeration 

while the G-Ag-NPs exhibited a more diverse morphology with irregular shapes and a higher degree of 

agglomeration.  

The XRD patterns confirmed the crystalline, face-centered cubic structure of both types of Ag-NPs, a 

well-known characteristic of metallic silver. The presence of a broader background signal in the G-Ag-NPs 

is indicative of amorphous organic matter from the plant extract, a common finding in green synthesis (Iravani 

et al., 2014).  The XRD pattern of the C-Ag-NPs exhibited several sharp and intense peaks, which confirms 

the highly crystalline nature of the synthesized material. The narrowness of the peaks (38.20, 44.30, 64.50, and 

77.40) indicated a good degree of crystallinity and a relatively large crystallite size for the NPs- write in 

discussion.  Similarly, the XRD pattern of G-Ag-NPs is consistent with the presence of crystalline Ag-NPs 
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having a face-centred cubic structure. The distinct peaks at approximately 380, 44-450, 64-650 and 77-780 

correspond to the characteristic planes of metallic silver. The broader background signal might indicate the 

presence of amorphous organic material which is commonly observed in green-synthesized Ag-NPs due to 

the involvement of biomolecules as reducing and capping agents. This characterization is crucial for 

confirming the successful synthesis and crystalline nature of the Ag-NPs. The XRD pattern indicated the 

successful synthesis of the crystalline structure with a size of ~33.62 nm for C-AG-NPS WHILE THAT OF G-

AG-NPS WAS FOUND TO BE ~28.02 nm. 

This is further supported by the FTIR analysis showed a variety of functional groups (O-H, N-H, C=O, 

C-O) in both types of Ag-NPs, confirming the role of biomolecules as capping and stabilizing agents, 

particularly for the G-Ag-NPs (Vasanth and Kurian, 2017). The FTIR analysis of C-Ag-NPs showed a broad 

and intense peak was present in the region of 3400-3200 cm−1, which corresponded to the stretching vibrations 

of O-H (hydroxyl) and N-H (amine) groups. This indicated the presence of alcohols, phenols, or amines. 

Assigned to the stretching vibrations of C-O bonds from alcohols, ethers, or carboxylic acids. The FTIR results 

confirmed that the synthesized Ag-NPs were capped by biomolecules containing hydroxyl, amine, carboxyl, 

and other organic functional groups. These groups likely stabilized the NPs, preventing their aggregation. On 

the other hand, a peak at 3265 cm−1 corresponded to the stretching vibrations of N-H or O-H bonds, indicating 

the presence of amines or hydroxyl groups from biomolecules was observed for G-Ag-NPs. The presence of 

these functional groups indicated that the biomolecules used in the synthesis were effectively bound to the 

surface of the Ag-NPs, where they acted as both reducing and capping agents, providing colloidal stability to 

the nanoparticles.  

Nanotoxicity is an issue associated with different nanomaterials. Over the years such type of metal 

and metal oxide including AG-NPs induced toxicity are demonstrated in a wide range of fish species (Khan 

et al., 2015; Du et al., 2018). Earlier several researchers have studied the adverse effect of Ag-NPs in aquatic 

environment and aquatic organisms like fish (Asharani et al., 2008; Yeo and Kang 2008; Bilberg et al., 2010; 

Powers et al., 2010; Wu et al., 2010). Our findings also indicated a dose and time-dependent toxicity of both 

C-Ag-NPs and G-Ag-NPs, as evidenced by significant mortality and alterations in key oxidative stress 

biomarkers, specifically liver glutathione (GSH) and lipid peroxidation (LPX). Mortality data revealed that 

even low concentrations (e.g., 0.01 mg/L) of both Ag-NPs caused significant mortality over time. The high 

mortality at higher concentrations (100% mortality at a concentration 500 mg/L and above) is a clear 

indication of their acute toxicity, aligning with findings in other freshwater fish species.  

At a biochemical level, the toxicity is clearly mediated by oxidative stress. The liver MDA data showed 

a consistent and significant increase in lipid peroxidation, a key biomarker for cell membrane damage. 

Conversely, the liver GSH levels were depleted, reflecting the exhaustion of the antioxidant system as the fish 

attempted to counteract the oxidative damage. These findings corroborate the established mechanism of Ag-

NPs toxicity, where the Ag-NPs, or the Ag+ ions they release, generate an excess of reactive oxygen species 

that overwhelms the cellular antioxidant defences (Ghannam et al, 2025; Shokouhi et al., 2023). 

Earlier Rajkumar et al. (2015) also demonstrated the dose dependent toxicity in L. rohita by chemical 

synthesized Ag-NPs. They have recorded that C-Ag-NPs at 500 mg kg-1 lead to 100% mortality and 50% 

mortality at 100 mg kg-1 in L. rohita. In the present study, while both were ultimately toxic, the C-Ag-NPs 

generally exhibited greater toxicity than the G-Ag-NPs. For instance, at 10 mg/L and Day 3, the C-Ag-NPs 

caused 40% mortality in fry compared to 30.04% for G-Ag-NPs. This disparity is also reflected in the MDA 

and GSH data; the green synthesized NPs consistently resulted in lower MDA levels and higher GSH levels 

than their chemical counterparts. This is likely due to the presence of a natural capping layer of biomolecules 

on the G-Ag-NPs, which may reduce the release of toxic silver ions into the water, thereby reducing their 

bioavailability and mitigating their toxic effects. This inherent advantage of green-synthesized nanoparticles 

underscores the potential for developing safer and more environmentally friendly nanomaterials (Vasanth and 

Kurian, 2017). However, the high mortality observed in both groups at higher concentrations (≥ 500 mg/L), 

indicates that even the "safer" green route does not fully eliminate the lethal effects of these nanoparticles at 

elevated levels. This study therefore confirmed the significant toxicological threat posed by both the Ag-NPs 

in fish in early developmental stages.   
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5. Conclusion 
The present study provides clear evidence that both chemically synthesized and green-synthesized Ag-

NPs induced dose- and time-dependent toxicological effects in L. rohita spawn and fry. The C-Ag-NPs caused 

significantly higher mortality and oxidative stress responses compared to G-Ag-NPs, as reflected by elevated 

lipid peroxidation and greater glutathione depletion. Although, G-Ag-NPs exhibited relatively less toxic at 

intermediate concentrations, at higher concentrations, both types of Ag-NPs are toxic. Therefore, both forms 

of Ag-NPs pose significant ecotoxicological risks to aquatic organisms at elevated concentrations.  
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