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ABSTRACT 

Background: Paracetamol-induced hepatotoxicity is mediated by cytochrome P450–dependent formation of NAPQI, leading to 
glutathione depletion, oxidative stress, and hepatocellular injury. Green nanotechnology offers a sustainable approach to develop 
biocompatible therapeutics via plant-mediated nanoparticle synthesis. In this context, the present study focused on synthesizing 
CuO nanoconjugates using Raphanus sativus leaf extract and evaluating their hepatoprotective efficacy in a murine model. 
Methods: CuO nanoparticles were synthesized using leaf extract via alkaline precipitation and characterized by XRD, FTIR, FESEM, 
EDX, HRTEM, and UV–Vis spectroscopy. Male Swiss albino mice (n=4/group) were allocated to six groups. Hepatotoxicity was 
induced with paracetamol (15 days), followed by treatment (15 days). Biochemical, hematological, oxidative stress (SOD, CAT, 
MDA), cytotoxicity (MTT), and histopathological analyses were performed (ANOVA, p<0.05). 
Results: Monoclinic CuO (~27 nm) with phytochemical capping was confirmed. Nanoconjugates (30–40 nm) demonstrated 
superior hepatoprotection, normalizing bilirubin and transaminases (AST: 83.37→34.00 IU/L) comparable to silymarin. Antioxidant 
restoration (↑SOD, ↑CAT, ↓MDA), hematological recovery, high biocompatibility, and histological regeneration were observed. 

Conclusion: R. sativus–derived CuO nanoconjugates exert potent antioxidant-mediated hepatoprotection, representing a 
promising, eco-friendly nanotherapeutic platform for liver disorders. 
 

Key-words: Antioxidant activity, Biochemical biomarkers, CuO nanoconjugate, FTIR spectroscopy, Green synthesis, 

Histopathology, Hepatoprotection, Oxidative stress, Paracetamol toxicity, XRD analysis 
 

INTRODUCTION 

Nanomaterials possess unique physicochemical 

properties, including nanoscale size, high surface-to-

volume ratio, and enhanced reactivity, enabling diverse 

applications in medicine, biotechnology, and 

environmental sciences [1,2].  
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Conventional synthesis methods often involve toxic 

reagents and high energy consumption, whereas green 

synthesis using biological sources offers a safe, eco-

friendly, and cost-effective alternative [3,4]. 

Metal oxide nanoparticles such as ZnO, CeO₂, Fe₂O₃, and 

CuO have gained attention due to their broad 

physicochemical and biological properties [5,6]. Among 

them, CuO nanoparticles exhibit significant antimicrobial, 

catalytic, electrical, and optical characteristics, 

supporting applications in drug delivery, biosensing, and 

anticancer therapy [7,8]. Plant-mediated synthesis is 

particularly advantageous, as phytochemicals act as 
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reducing and stabilizing agents, improving nanoparticle 

stability and biocompatibility [4]. 

Drug-induced liver injury (DILI) remains a major clinical 

concern and a leading cause of acute liver failure [9]. 

Many drugs exhibit hepatotoxic potential, particularly at 

higher doses [10]. Paracetamol-induced hepatotoxicity 

occurs via CYP450-mediated formation of the toxic 

metabolite NAPQI, leading to glutathione depletion, 

oxidative stress, and hepatocellular damage [11]. 

Liver diseases represent a significant global burden, 

especially in developing countries such as India, where 

DILI is prevalent [12]. Jaundice is a common clinical 

manifestation associated with bilirubin accumulation. 

Silymarin is a well-established hepatoprotective agent 

with antioxidant and membrane-stabilizing properties 
[13]. However, plant-based alternatives such as R. sativus 

leaves, rich in flavonoids and phenolic compounds, also 

demonstrate hepatoprotective potential. 

Therefore, the present study focuses on the green 

synthesis of CuO nanoparticles using R. sativus leaf 

extract and evaluates their hepatoprotective efficacy 

against paracetamol-induced liver injury, with emphasis 

on antioxidant and cytoprotective mechanisms. 
 

MATERIALS AND METHODS 

Fresh R. sativus leaves were authenticated (Department 

of Botany, Vidyasagar University). Paracetamol (Merck, 

India) was used for hepatotoxicity induction; silymarin 

(Zydus Cadila, India) served as the reference drug. Liver 

function assays were performed using Autospan (Merck 

India) diagnostic kits per manufacturer protocols. 
 

Green Synthesis of Nano-conjugate 

Preparation of aqueous plant extract- Fresh R. sativus 

leaves (200 g) were washed, air-dried, and cut into small 

pieces. The material was homogenized with 150 mL 

distilled water and heated for ~8 min. The mixture was 

filtered (Whatman No. 1) and the extract was stored at 

4°C for further use [14]. 
 

Preparation of Green Synthesis of Copper oxide 

nanoparticle- CuO-NPs were synthesized using R. sativus 

leaf extract as a reducing and stabilizing agent. The 

extract was mixed with 0.1 M CuSO₄ and stirred for 15 

min at room temperature. KOH was added dropwise to 

maintain pH 10–11, followed by overnight stirring for 

nanoparticle formation. 

The precipitate was collected by centrifugation (10,000 

rpm, 20 min), washed three times with distilled water, 

and dried at 80°C to obtain CuO nanoconjugate, which 

was used for further experimental evaluation [15]. 
 

Animal Preparation- Male Swiss albino mice (25–28 g) 

were procured from Saha Enterprise, Kolkata, and 

maintained as per CPCSEA guidelines (Reg. No. 

50/CPCSEA/1999). Animals were divided into six groups 

(n=4) and housed in polypropylene cages under 

controlled conditions (20 ± 2°C, 45–60% humidity, 12 h 

light/dark cycle) with standard diet and water ad libitum. 

Animals were acclimatized for 7 days before the 

experiment. All procedures were approved by IAEC, 

Vidyasagar University (Approval No. 

VU/IAEC/CPCSEA/9/6/2022). 
 

Characterization of Synthesized Nanoconjugate- The 

structural, morphological, and physicochemical 

properties of CuO-NPs were analyzed using XRD (Bruker 

D8, USA) for crystalline phase, crystallite size, and 

microstrain, and FTIR (PerkinElmer Spectrum 100, 

Germany) for functional groups. Surface morphology was 

examined by FESEM (Zeiss EVO-60), elemental 

composition by EDX, and detailed structure by HRTEM 

(JEOL JEM-2100, USA). Optical properties were studied 

using UV–Vis spectroscopy (PerkinElmer Lambda 365) 
[16,17]. 

Schematic representation of green synthesis of CuO 

nanoconjugate using R. sativus extract, including CuSO₄ 

reduction, KOH-mediated precipitation, purification, 

thermal stabilization, and characterization (XRD, FTIR, 

FESEM, EDX, HRTEM, UV–Vis), is shown in Fig. 1. 
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Fig. 1: Schematic representation of green synthesis and characterization of CuO nanoconjugate using R. sativus extract 

 

Comparative treatments, including herbal extract, CuO 

nanoparticles, nanoconjugate, and silymarin enabling 

evaluation of relative hepatoprotective efficacy, with the 

nanoconjugate representing the integrated nano-bio 

therapeutic approach (Table 1). 

 

Table 1: Table outlines the experimental design, where paracetamol induction (1–15 days) establishes 

hyperbilirubinemia, followed by targeted therapeutic interventions (16–30 days) across different treatment groups. 

Group 

(n=4) 

Induction Period (1-15 

days) 

Drug Administration (16-30 days) Remarks 

I NA NA Control 

II Paracetamol (1 ml/kg BW) NA Hyperbilirubinemia 

III Paracetamol (1ml/kg BW) R. sativus leaves extract (3 ml/ Kg BW) Herb treated 

IV Paracetamol (1 ml/kg BW) Cu-oxide nanoparticle 

(3 ml/ Kg BW) 

Nanoparticle 

treated 

V Paracetamol (1 ml/kg BW) Green Synthesized Nanoconjugate 

(copper oxide and R. sativus) (3 ml/ Kg 

BW) 

Nanoconjugate 

treated 

 

VI Paracetamol (1 ml/kg BW) Silymarin (3 ml/ Kg BW) Clinical treated 

 

Experimental animals were divided into six groups (n=4 

per group) according to the treatment protocol 

described below. 
 

Biochemical Estimation- Blood was collected from the 

retro-orbital plexus before sacrifice, allowed to clot for 

45 min, and centrifuged at 6000 rpm for 15 min to obtain 

serum. Liver function was assessed by estimating ALT, 

AST, and other biochemical markers using standard kits 
[18]. 
 

 

Hematological Study- Blood was collected in heparinized 

tubes, and Hb, RBC, WBC, and platelet counts were 

determined using standard methods [19]. 
 

Biochemical Analysis- Liver tissues were homogenized in 

PBS (137 mM NaCl, 2.7 mM KCl, 10 mM Na₂HPO₄, 1.8 

mM KH₂PO₄) and centrifuged at 8000 rpm for 10 min. 

The supernatant was used for SOD, MDA, and CAT 

estimation. 
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SOD Estimation- SOD activity was measured by the 

pyrogallol method using Tris buffer (50 mM, pH 8.2), 1 

mM DTPA, 45 µL pyrogallol (10 mM), and 10 µL sample. 

OD was recorded at 420 nm and expressed as U/mg 

protein [20]. 
 

LPO (MDA) Estimation- 200 µL sample was mixed with 

0.375% TBA and 15% TCA, heated at 95°C for 20 min, 

cooled, and extracted with 3 mL n-butanol. Absorbance 

was measured at 532 nm [21]. 
 

CAT Estimation- Catalase activity was measured using 

0.1 mL homogenate, 1.9 mL buffer, and 1 mL H₂O₂. 

Decrease in absorbance was recorded at 240 nm and 

expressed as U/mg protein [22]. 
 

Cytotoxicity Study- Cell viability was assessed using the 

MTT assay [23]. 
 

Cell Morphology- Cells were isolated, centrifuged 

(10,000 rpm, 10 min), washed, treated with sucrose, 

recentrifuged (2000 rpm, 10 min), stained with EtBr/AO, 

incubated at 37°C for 20 min, and observed under 

fluorescence microscope [24]. 
 

Histopathological Study- Liver tissues were fixed in 10% 

formalin, dehydrated (50–100% ethanol), cleared in 

xylene, embedded in paraffin, stained with H&E, and 

examined microscopically [25]. 
 

Statistical Analysis- Data were expressed as Mean ± SEM 

and analyzed using one-way ANOVA (p<0.05). 
 

RESULTS 

The formation of CuO nanoparticles using R. sativus 

extract was confirmed by UV–Vis spectroscopy (200–800 

nm), indicated by a greenish color change. A distinct 

absorption peak was observed at ~245 nm, 

corresponding to the surface plasmon resonance (SPR) of 

CuO nanoparticles (Fig. 2). The presence of a single peak 

suggests uniform and predominantly spherical 

nanoparticles, consistent with previous reports. 

The XRD pattern of CuO nanoparticles showed peaks at 

2θ values of 32.87°, 35.69°, 38.97°, 49.54°, 52.69°, 

58.94°, and 61.46°, corresponding to monoclinic CuO 

(JCPDS No. 05-0661). The average crystallite size was 

calculated as ~27.33 nm using the Debye–Scherrer 

equation. The nanoconjugate exhibited broadened peaks 

indicating reduced crystallinity and the presence of an 

amorphous phase due to R. sativus extract (Fig. 3). 
 

 
Fig. 2: UV–Vis spectrum of CuO nanoparticles showing 

absorption peak at ~245 nm 
 

 
Fig. 3: XRD pattern showing coexistence of crystalline 

CuO nanoparticles and amorphous phase of R. sativus 

extract, with peak broadening indicating reduced 

crystallinity and nanoconjugate formation. 
 

The FTIR spectrum of the synthesized sample shows 

distinct absorption bands within 500–700 cm⁻¹, 

indicating CuO nanostructures. Prominent peaks 

observed at 525, 584, and 672 cm⁻¹ confirm the 

formation of CuO nanoparticles (Fig. 4). The peak at 525 

cm⁻¹ corresponds to Cu–O stretching (B₂u mode), which 

is consistent with XRD results, where the (202) plane 

represents Cu–O vibration. 
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Fig. 4: FTIR spectrum showing characteristic Cu–O vibrational bands at 525, 584, and 672 cm⁻¹ within 500–700 cm⁻¹, 

confirming the formation of CuO nanoparticles. 
 

TEM analysis revealed slight agglomeration and 

predominantly spherical CuO nanoparticles with sizes 

ranging from 17–25 nm (Fig. 5a,b), consistent with XRD 

results. The nanoconjugate showed CuO nanoparticles 

enveloped by an amorphous organic matrix, with 

increased particle size of ~30–40 nm at different 

magnifications (Fig. 5), confirming successful conjugation 

and agreement with FESEM observations. The nanoscale 

size and spherical morphology may synergistically 

enhance biological activity, consistent with size- and 

shape-dependent nanotoxicological and antimicrobial 

effects.
 

 
Fig. 5(From left to right): TEM/FESEM analyses reveal CuO nanoparticles encapsulated within an amorphous phytochemical matrix 

(~30–40 nm) 
 

Body weight is a useful measure of health and can be 

used to assess the risk associated with paracetamol 

toxicity. A consistent loss in body weight is often the first 

indication of adverse effects. In the present study, male 

Swiss albino mice consumed a standard protein-rich diet 

during the acclimatization period, resulting in increased 

body weight and normal activity. However, after 

paracetamol administration, a reduction in body weight 

along with lethargic behavior was observed. Gradual 

recovery in body weight and activity was noted upon 

treatment with the green-synthesized nanoconjugate. 

The trend of body weight changes is presented in Table 

2.

 

Table 2: Effects of Nanoconjugate on weight changes of paracetamol intoxicated mice in three conditions 

Group (n=4) Normal Condition After Induction After Treatment 

Control 26.53±0.38 27.83±0.02 28.76±0.19 

Autorecovary 25.43±0.09 25.58±0.20 25.83±0.03 

HerbTreated 23.42±0.09 23.80±0.07 25.70±0.34 

Nanoparticle Treated 

 

25.87±0.60 25.14±0.03 26.79±0.56 

Nanoconjugate 26.55±0.28 

 

 

26.75±0.12 28.57±0.06 

Silymarin Treated 26.57±0.23 26.30±0.42 27.73±0.26 

All data is represented as Mean ±SEM, P values Calculated by ANOVA test, Test of Significance p<0.05 implies. 
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Serum biochemical parameters (bilirubin, AST, ALT, ALP, 

albumin, globulin, and total protein) were significantly 

altered in the autorecovery group compared to control. 

Treatment with herb, nanoparticles, and silymarin 

improved these parameters, while the nanoconjugate-

treated group showed maximum restoration towards 

normal levels (Table 3). 

 

Table 3: Effects of nanoconjugate on Liver enzyme of paracetamol intoxicated mice 

Name of the 
Parameter(n=4) 

Control 
 

Auto 
recovery 

 

Herb 
Treated 

 

Nanopartic
le Treated 

 

Nanoconjug
ate Treated 

 

Silymarin 
Treated 

Bilirubin 

(mg/dl) 

0.33±0.17 01.72±0.02 0.62±0.03 0.89±0.04 0.41±0.14 0.44±0.27 

AST(IU/L) 25.50±1.2 83.37±1.17 45.11±3.77 40.50±1.29 34.00±1.91 41.5±4.65 

ALT(IU/L) 26.50±0.816 84.57±5.34 46.50±1.707 57.50±0.72 54.50±1.852 61.5±0.957 

ALP(IU/L) 91.50±1.29 115.67±1.1 94.25±3.77 97.00±1.82 90.75±0.95 96.75±2.9 

GGT(IU/L) 2.620±0.11 7.77±0.16 4.67±0.13 5.41±0.72 3.65±0.12 3.17±0.33 

Albumin (g/dl) 4.20±0.01 2.21±0.08 3.22±0.09 4.69±0.14 5.24±0.46 5.76±0.20 

Globulin (g/dl) 2.80±0.56 1.49±0.58 5.50±0.18 3.57±0.23 3.31±0.19 5.68±0.17 

Total Protein 

(g/dl) 

7.5±0.78 3.5±0.862 4.5±0.42 4.3±0.24 6.8±0.21 6.6±0.20 

All data is represented as Mean ±SEM, P values Calculated by ANOVA test, Test of Significance p<0.05 implies 
 

 
Fig. 6: The bar diagram illustrates the comparative effects of different treatment groups on key hepatic biochemical 

parameters in paracetamol-induced toxicity 
 

Hematological parameters showed that Hb%, RBC, and 

platelet counts were decreased in the autorecovery 

group, while WBC levels were increased compared to 

control. Treatment with nanoconjugate significantly 

(p<0.05) improved Hb%, RBC, and platelet counts and 

reduced WBC levels towards normal (Table 4). 
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Table 4: Effect of nanoconjugate on hematological parameters of paracetamol intoxicated mice 

All data is represented as Mean ±SEM, p-values calculated by ANOVA test, Test of Significance p<0.05 implies 

 
Fig. 7: Effect of nanoconjugate on haematological parameters of paracetamol intoxicated mice. 

 

Oxidative stress markers showed that SOD and CAT 

levels were decreased, while MDA levels were increased 

in the paracetamol-treated (autorecovery) group 

compared to control. Treatment with nanoconjugate 

significantly improved SOD and CAT levels and reduced 

MDA levels (p<0.05), restoring them towards normal 

(Table 5). 

 

Table 5:  Effect of nanoconjugate on ROS parameters of Paracetamol intoxicated mice 

Group 
n=4 

Design of the 
treatment 

SOD (µ/gm wt 
tissue) 

MDA (µ/gm wt 
tissue) 

CAT (µ/gm wt 
tissue) 

Group-I Control 3.68±0.22 17.53±1.63 6.61±0.05 

Group -II Auto recovery 2.67±0.33 48.33±1.02 2.59±0.36 

Group-III Herb Treated 3.74±0.24 30.39±0.97 4.69±0.33 

Group-IV Nanoparticle 
Treated 

2.88±0.10 34.31±0.72 3.69±0.14 

Group-V Nanoconjugate 
Treated 

3.71±0.29 27.02±0.90 6.80±0.20 

Group-VI Silymarin Treated 3.56±0.27 26.87±0.13 5.75±0.29 

All data is represented as Mean ±SEM, P values calculated by ANOVA test, Test of Significance p<0.05 implies 

  

Hematological 
parameters (n=4) 

Control Autorecovary Herb 
Treated 

Nanoparticle 
Treated 

Nanoconjugate 
Treated 

Silymarin 
Treated 

Hb% (g/dl) 14.22±0.28 8.52±0.26 10.39±0.34 12.79±0.52 13.13±0.69 11.79±0.41 

RBC (million/mm3) 7.43±0.41 4.55±0.66 4.74±0.19 6.4±0.33 6.25±0.21 5.47±0.35 

Platelet(lakhs/cumm) 352.25±1.7 264.25±2.0 274.25±2.0 283.75±1.98 324.25±1.5 275.75±2.0 

WBC (mm3) 3±0.3 6.5±0.75 5.7±0.58 5.8±0.58 4.1±0.75 4.6±0.59 
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CuO nanoconjugate treatment markedly reduced 

oxidative stress in paracetamol-induced mice by 

lowering lipid peroxidation levels. It also restored 

antioxidant enzyme activities (SOD and CAT), indicating 

improved hepatic defense against ROS (Fig. 8).

 

 
Fig. 8: Effect of nanoconjugate on ROS parameters of paracetamol-intoxicated mice. 

 

Paracetamol-treated liver cells showed significant 

damage, indicated by red fluorescence, whereas 

treatment with green synthesized CuO nanoconjugate 

resulted in improved cell viability with increased green 

fluorescence (Fig. 9). This indicates the protective and 

regenerative effect of the nanoconjugate on damaged 

liver cells. 

 

 
Fig. 9: Paracetamol-induced hepatocellular damage (red fluorescence) is markedly reduced upon treatment with 

green-synthesized CuO nanoconjugate, as indicated by increased viable cells (green fluorescence), demonstrating 

effective cytoprotection and cellular recovery. 
 

The control group showed normal hepatic architecture 

with intact hepatocytes and no pathological changes. 

The paracetamol-treated group exhibited severe liver 

damage, including central vein congestion and 

neutrophilic infiltration. Treatment with nanoconjugate 

reduced hepatic injury, as indicated by decreased 

inflammation and vascular congestion in a dose-

dependent manner, suggesting hepatocellular protection 

and recovery (Fig. 10). 

 

 
Fig. 10: Histopathological analysis further substantiated the biochemical findings. 
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DISCUSSION  

The present investigation demonstrates that green-

synthesized CuO nanoconjugates derived from R. sativus 

leaf extract exert significant hepatoprotective activity 

against paracetamol-induced liver injury, supported by 

structural characterization, biochemical biomarkers, 

oxidative stress indices, and histopathological 

observations. The integration of phytochemical 

constituents with metal oxide nanostructures provides a 

biologically compatible nanoplatform capable of 

modulating oxidative stress–mediated hepatocellular 

damage. 

XRD analysis confirmed the formation of crystalline 

monoclinic CuO nanoparticles, consistent with the 

standard diffraction profile of CuO materials. The 

calculated crystallite size (~27 nm) lies within the 

nanoscale range reported to exhibit enhanced biological 

reactivity due to increased surface area and catalytic 

activity. Comparable crystallographic characteristics have 

been documented in plant-mediated CuO nanoparticle 

synthesis studies, where phytochemicals act as reducing 

and stabilizing agents during nanoparticle formation 
[26,27]. The broadened peaks observed in the 

nanoconjugate further suggest a partial amorphous 

coating derived from R. sativus phytochemicals, which 

may enhance nanoparticle dispersion and biological 

interaction. 

FTIR analysis verified the characteristic Cu–O stretching 

vibrations in the 500–700 cm⁻¹ region, confirming the 

formation of CuO nanostructures. Additionally, the 

presence of functional groups associated with plant 

metabolites indicates surface functionalization of 

nanoparticles by phytochemical components. Such plant-

derived capping agents have been shown to improve 

nanoparticle stability, reduce aggregation, and enhance 

biological compatibility while imparting intrinsic 

antioxidant properties [28]. 

Morphological analysis using TEM and FESEM 

demonstrated predominantly spherical nanoparticles 

ranging from 17–25 nm, which increased to 

approximately 30–40 nm following nanoconjugate 

formation due to phytochemical encapsulation. Particle 

size and morphology play critical roles in determining 

nanoparticle biological performance, influencing cellular 

uptake, catalytic activity, and interaction with 

biomolecules [29]. Nanoparticles within the 20–40 nm 

range have been reported to exhibit optimal cellular 

interaction and improved therapeutic performance 

compared with larger particles [30]. 

The in vivo findings further revealed that paracetamol 

intoxication produced significant hepatic dysfunction 

characterized by elevated serum transaminases, 

bilirubin, and ALP levels, reflecting hepatocellular injury 

and metabolic disruption. Treatment with the green-

synthesized nanoconjugate markedly restored these 

biochemical parameters toward physiological levels, 

demonstrating hepatoprotective efficacy comparable to 

the reference hepatoprotective compound silymarin. 

Paracetamol-induced hepatotoxicity is primarily 

mediated by the formation of the toxic metabolite N-

acetyl-p-benzoquinone imine (NAPQI), which depletes 

intracellular glutathione and induces oxidative stress–

mediated cellular injury [31]. 

Consistent with this mechanism, oxidative stress analysis 

revealed significant restoration of antioxidant enzymes 

(SOD and CAT) and reduction of lipid peroxidation 

marker MDA in nanoconjugate-treated animals. These 

findings suggest that the hepatoprotective effect of the 

nanoconjugate is largely mediated through reactive 

oxygen species (ROS) scavenging and enhancement of 

endogenous antioxidant defense systems. Previous 

investigations have reported that biofunctionalized 

metal oxide nanoparticles possess strong redox-

regulatory capabilities and can effectively mitigate 

oxidative cellular damage [32]. 

Hematological parameters also showed notable 

improvement following nanoconjugate administration, 

including restoration of hemoglobin levels, RBC counts, 

platelet counts, and normalization of elevated WBC 

levels induced by paracetamol toxicity. These results 

indicate that the nanoconjugate may exert systemic 

protective effects by attenuating inflammatory 

responses and restoring physiological homeostasis [33]. 

Histopathological examination strongly supported these 

biochemical findings. Severe hepatic damage observed in 

paracetamol-treated mice, which do include 

inflammatory infiltration, sinusoidal congestion, and 

hepatocyte degeneration, was substantially ameliorated 

following nanoconjugate treatment. Restoration of 

hepatic architecture and reduced inflammatory 

infiltration indicate effective hepatocellular protection 

and tissue regeneration, consistent with previous reports 

highlighting the therapeutic potential of phytochemical-
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mediated nanomaterials in oxidative liver injury models 

[34]. 

Collectively, the findings demonstrate that green-

synthesized CuO nanoconjugates integrate the 

physicochemical advantages of nanomaterials with the 

biological activity of plant-derived antioxidants, resulting 

in enhanced hepatoprotective and antioxidative effects. 

This eco-friendly nanobiotechnological strategy may 

therefore represent a promising platform for the 

development of biocompatible, cost-effective 

nanomedicine approaches for the management of 

oxidative stress–related liver disorders. 
 

CONCLUSIONS 

The present study successfully demonstrated the green 

synthesis of CuO nanoconjugates using Raphanus sativus 

leaf extract, where phytochemicals acted as reducing 

and stabilizing agents. The synthesized nanoparticles 

exhibited controlled size, spherical morphology, and 

desirable physicochemical properties, as confirmed by 

multiple characterization techniques. Biological 

evaluation revealed that the nanoconjugate significantly 

attenuated paracetamol-induced hepatotoxicity by 

restoring biochemical, hematological, and oxidative 

stress parameters toward normal levels. Furthermore, 

histopathological and cellular studies confirmed its 

protective and regenerative effects on liver tissue. 

Overall, the findings suggest that the green-synthesized 

CuO nanoconjugate possesses promising 

hepatoprotective and antioxidant potential, making it a 

viable candidate for future therapeutic applications.  
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