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 This study was conducted to ameliorate Cu nanoparticles toxicity by 

biosynthetic methods using turmeric, Sumac, and vitamin B12 in core-shell 

or double shell nanostructures. Cu nanoparticles were biosynthesized and 

then used to form core-shell nanostructures with turmeric, sumac, and 

vitamin B12 (TurCu, SumCu, Cu+B12). TurCu and SumCu were reused 

for the biosynthesis of double core-shell nanostructures with vitamin B12 

(TurCu+B12. SumCu+B12). Characterization of nanostructures and CuO 

Nanoparticles were done using XRD, TEM, SEM, DLS, and zeta sizer. 

Female mice were used to determine LD50 of acute exposure to 

intraperitoneal injection of different nanostructures. To evaluate the 

chronic toxicity of nanostructures, other group of female mice were 

exposed to daily injections of 10, 20, or 30 mg/kg b.wt for each and 

compared to the same doses of CuO nanoparticles and normal control 

group. CBC, liver, and kidney functions were measured in serum and Cu 

deposition in liver and kidney tissues was determined. Characterization of 

nanostructures indicated the successful synthesis of core-shell and double 

core-shell form within the nanoscale. Biochemical analyses revealed that 

injection of CuO nanoparticles caused dose-depended toxic effects 

compared to control group. On the other hand, injection with any of the 

core-shell structures significantly (P<0.05) modulated CBC, liver function, 

and kidney function tests with a non-significant reduction in liver and 

kidney Cu deposition compared to CuO groups. TurCu has the least toxic 

effect compared to the other core-shell nanostructures. Meanwhile, vitamin 

B12 as a double core-shell has a positive effect on CBC but negatively 

affected liver and kidney toxicity. 
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1. INTRODUCTION 

Typically, Copper (Cu) is a trace element in living organisms and it plays an important role in protein function 

[1]. However, fast industrial, biological, and medical applications use Cu in the form of either metallic or 

oxide nanocrystal preparations (Cu/CuO) NPs, resulting in environmental hazards, as well as unfavorable 

health effects in both plant and animal species [2]. Therefore, it is crucial that we explore how the toxicity of 

copper nanoparticles can be reduced to improve their use in various industries. 

 

Fortunately, the synthesis of metallic nanoparticles is currently moving towards the clean, non-toxic, and 

ecofriendly ‘green’ synthesis technology using plant, bacteria, algae, enzymes, and fungi instead of the 

previously used chemical methods that were costly, and/or wanting the use of toxic solvents [3]. 

 

This phytochemicals-mediated synthesis of metal nanoparticles has received attention because of the potential 

cytotoxic, and drug cargo bioactivities [4], [5]. Further research of reliable and eco-friendly processes for the 

biosynthesis of metallic nanoparticles is still warranted if we desire to make these methods cost-effective and 

comparable with traditional methods for the large-scale production of nanoparticles, which would be a 

significant step in the field of applied nanotechnology [6]. 

 

The Rhus coriaria L. plant, traditionally known as Sumac, has gained notoriety in the Mediterranean region 

due to its therapeutic potential in several diseases, including cancer [7]. Sumac's biological activity is linked 

to its high antioxidant activity and the presence of several major phenolic components. 

 

Likewise, due to its unique physical and chemical properties, turmeric (Curcuma Longa) powders have been 

used for decades in Asian and Middle East countries as a traditional medicine to treat diseases besides being 

a commonly used spice. Turmeric is composed of 2% of the rhizomes of the perennial herb Curcuma Longa, 

with Curcumin being the most significant coloring bioactive compound that is responsible for many features 

of turmeric [8]. 

 

These antioxidants compounds were previously introduced on the surface of nanoparticles throughout the 

nanoparticles fabrication process. The aqueous extract of C. Longa tuber powders was used to synthesize and 

stabilize AgNPs at room temperature without using toxic or hazardous materials [9]. Similarly, stable metallic 

nanoparticles synthesized with sumac were found to be highly useful for cancer therapy [4]. 

 

Furthermore, nanocarriers are another promising technology that can improve existing therapies and reduce 

their side effects. Research strategies for Vitamin B12 nanocarrier delivery systems are still at their initial 

phase, and they aim to simplify administration, reduce costs, and improve pharmacokinetics [10], still, more 

extensive research is needed in order to understand their pharmacology and toxicology. 

 

In this study, we aimed to explore the potential of Sumac, Turmeric, and Vitamin B12 to reduce the toxicity 

of metallic nanoparticles (Cu) using biosynthesis technologies. 

 

2. MATERIALS AND METHODS 

 

2.1 Materials 

Copper oxide nanoparticles (CuO NPs) were purchased from Sigma Aldrich Company, USA. 

Copper sulfate and vitamin C were purchased from Al Nasr Company, Egypt. Methylcobalamin (Vit B12), 

turmeric (Tur), and sumac (Sum) were purchased commercially. 
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2.2 Synthesis and characterization of Nanostructures 

2.2.1 Synthesis of copper nanoparticles 

Copper nanoparticles (CuNPs) were biosynthesized by the precipitation method assisted by the sonochemical 

method [11] in which CuNPs were precipitated from copper sulfate (source material) by vitamin C (Reducing 

agent) under subjection to ultrasonication (Sono-chemical). Briefly, 1g of copper sulfate were dissolved in 

50 ml deionized distilled water, and vitamin C was added drop by drop (2.2g dissolved in 50 ml deionized 

distilled water) until colloidal solution like phosphorescence was obtained, then the solution was subjected to 

sonication (60 kHz with cycle 4, plus every 1 sec.) and amplitude of 100 % for 2hours until the rose color 

was obtained. Finally, CuNPs were washed 3 times by deionized distilled water then air-dried for 24 hours.   

 

2.2.2 Synthesis of copper core-shell nanostructures 

Copper core-shell nanostructures were synthesized by a sonochemical method using 3 g of biosynthesized 

CuNPs divided into 3 parts, 1g each, dispersed in deionized distilled water. 

 

First, copper with vitamin B12 core-shell nanostructure (Cu+B12) was synthesized by adding 1g of CuNPs 

to 1g Methylcobalamin film and subjected to ultrasonic irradiation (60 kHz with cycle 3, plus every 2 sec. 

and 100 % amplitude for 1hour). Then, the precipitate was washed 3 times using distilled water and air-dried 

for 24 hours [12]. 

 

Secondly, copper with Turmeric core-shell nanostructure (TurCu) was synthesized using 1g of CuNPs 

dispersed in 100 ml deionized distilled water. 1g Tur was added, then the solution was subjected to ultrasonic 

irradiation (60 kHz with cycle 5, plus every 3 sec. and amplitude of 100 % for 2hours). Similarly, the 

nanoparticles were precipitated and air-dried for 24 hours. 

 

Finally, copper with sumac core-shell nanostructure (SumCu) was synthesis in two steps. The first step was 

the preparation of Sum water extract by boiling 10g Sum in 150 ml water for 2hours, then freeze-drying the 

extract. In the second step, 1g of CuNPs, dispersed in 100 ml deionized distilled water, were added to 1g of 

dried water extract of Sum and subjected to ultrasonic irradiation (60 kHz with cycle 1, plus every 6 sec. and 

amplitude of 100 % for 4hours) before it was precipitated and air-dried for 24 hours. 

 

2.2.3 Synthesis of copper core-double-shell nanostructure 

Core- double-shell nanostructures were synthesized by the sonochemical method. (TurCu+ B12) or (SumCu+ 

B12) core-double -shell nanostructures were synthesized using 1g of TurCu or SumCu dispersed in 150 ml 

deionizes distilled water then added to 1g Methylcobalamin film and subjected to ultrasonic irradiation as 

previously described for the copper core- single shell nanostructure (Cu+B12). 

 

2.2.4 Characterization of nanoparticles 

All synthesized nanomaterials were characterized using Transmission Electronic Microscope (TEM) [Jeol, 

JEM-2100 high-resolution, Japan], Scanning Electronic Microscope (SEM) [FESEM, JSM-6701F Plus, 

JEOL], Atomic force microscope (AFM) [5200LS, Agilent, USA], X-ray powder diffraction (XRD) [40Kv 

and 40 mA with 2 theta measure range from 10 to 90º using XRD instrument Rigaku smart lab. Jaban], 

Dynamic Light Scattering (DLS) [Malvern, UK], and Zeta Potential sizer. 

 

2.3 Experimental animals 

Adult female mice weighing 22-30 g were kept in stainless steel cages in the animal house of the Medical 

Ain Shams Research Institute (MASRI), Faculty of Medicine, Ain Shams University. Mice had 1 week of 

acclimatization before the commencement of the experiment. Food and water were provided Ad-libitum. The 
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animal house was well ventilated and a 12-hour light/12-hour dark photoperiod was maintained. Room 

temperature and relative humidity were set to be maintained between 25±2 Cº and 30- 70 % respectively. All 

animal experiments were performed according to the protocols approved by the local institutional animal 

ethics committee of Ain Shams University. 

 

2.4 Lethal Dose study 

First, LD50 was determined approximately by the “staircase method” using a small number of animals (2 for 

each dose) with increasing doses of each nanoparticle. Five doses of 50, 60, 70, 80 and 90 mg/kg b.wt for 

CuO NPs  [13] and 100, 200, 300, 400 and 500 mg/kg b.wt., for TurCu, TurCu+B12, SumCu, SumCu+B12 

and Cu+B12 nanostructures were given intraperitoneally (i.p.) to 5 groups of mice. 

 

For the acute toxicity study, 240 mice were divided into 6 groups, 40 mice each. Each group was subdivided 

into 5 groups injected with 5 different doses of each nanoparticle as shown in table (1). Mice were monitored 

for 72 hrs for their behavior, motor impairment, and survival. Symptoms and fatalities were recorded, and the 

LD50 was calculated using the Probit analysis [14], as shown by the following equation: 

LD50= the least lethal dose for all in a group – sum (a*b) /n. 

 

Where n is the number of animals in each group, (a) is the dose difference and (b) is the mean mortality 

=mortality in second group +current group /2. 

 

Table (1): Results of the lethal doses of TurCu, TurCu+ B12, SumCu, SumCu + B12, Cu+B12, CuO NPs 

for the determination of the LD50 after intraperitoneal injection of female mice (n=8) 

 
 

2.5 Chronic toxicity study 

To test the effect of the chronic administration of our NPs, one hundred thirty-three adult female mice were 

divided into 7 groups. Six of those groups (each containing 21 mice) were further subdivided into 3 subgroups, 

where mice received a daily dose of one form of the tested nanoparticles at 3 different doses (10, 20, and 30 
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mg/kg b.wt, i.p.) for 30 days. Seven mice served as normal control group and received daily i.p. injection of 

saline for the same duration. 

 

2.6 Samples 

After 30 days of daily injection of different nanoparticles, mice were sacrificed. For separation of serum, 

blood samples were left to stand for 15 minutes at room temperature, then centrifuged at 4000 rpm for 20 

minutes and kept for biochemical analysis. For CBC analysis, another part of the blood samples was collected 

as whole blood in EDTA-containing tubes. Finally, liver and kidney tissues were separated, washed in saline, 

and kept for determination of copper deposition. 

 

2.7 Determination of biochemical parameters 

2.7.1 Determination of complete Blood Picture (CBC) 

The numerical counts of the cellular fractions of the blood e.g. red blood cells (RBCs) and white blood cells 

(WBCs) as well as hemoglobin concentration and hematological indices including mean corpuscular 

hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), hematocrit (HCT) and mean 

corpuscular volume (MCV), were determined using an automatic hematological assay analyzer, Advia 60 

Hematology system [Bayer Diagnostics Europe Ltd, Ireland]. 

 

2.7.2 Determination of liver functions 

Liver functions were examined by measuring serum Aspartate Aminotransferase (AST) and Alanine 

Transaminase (ALT) and Alkaline Phosphatase (ALP) activities by Kinetic method using cat no:  EZ013LQ, 

cat no: EZ017LQ, and cat no: EZ003LQ kits respectively purchased from Reactivos GPL, Barcelona, Spain, 

per kit instructions. 

 

2.7.3 Determination of kidney function 

Kidney functions were estimated by measuring urea and creatinine levels by colorimetric method using Urea 

kit, cat no: SU040 and Creatinine kit, cat no: SU015, purchased from Reactivos GPL, Barcelona, Spain. 

 

2.7.4 Determination of Copper deposition in tissue 

Preparation of Tissue Homogenates: Liver and kidney tissues were separated and cut into small pieces, 

approximately 1cm2. The tissue was washed with phosphate buffer saline (PBS) pH 7.4 and then 2mL of 

PBS was added to the washed tissue [3:4 buffer per tissue v:v]. The tissue samples were then homogenized 

using a tissue homogenizer for 1 minute until all solid tissue was completely smoothed. The samples were 

then centrifuged at 6000rpm for 10 minutes, then the supernatant was collected in sterile Eppendorffs and 

stored at -20cº until analyzed. 

 

Measurement of tissue copper level: Copper concentration was estimated by colorimetric method using 

Copper kit, [cat no: SU045 purchased from Reactivos GPL, Barcelona, Spain] per kit instructions. 

 

2.8 Statistical analysis 

Data were analyzed by Statistical Package for Social Science (SPSS) version 16.0. Statistical differences 

between groups were performed using a one-way Analysis of Variance (ANOVA). Values are presented as 

mean ± standard deviation (S.D.) the mean difference was considered significant at (p <0.05) [15]. 

 

3. RESULTS 

 

3.1 Synthesis and characterization of different nanoparticles 
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In this study, the surface of the Cu (core) was covered with a variety of layer(s) (shells). First, the XRD results 

show the presence of CuNPs as cubic crystal system and amorphous area related to turmeric, sumac, and 

vitamin B12, (figure 1). On the other hand, images shown in (figures 2-3) confirmed the formation of core-

shell and core-double shell nanostructures that were homogenous in shape and size for all spherical cores and 

shells. The boundaries between core and shell in core-shell samples were very clear with sharp irregular teeth 

in CuNPs in the core due to sonication while the boundary between shell-shell in core -doubled shells samples 

did not have any sharp irregular teeth, which may indicate that the tiny teeth shape in the core is due to metal 

corrosion of copper nanoparticles. 

 

As for the size of all samples, The TEM images illustrated that the size of the samples ranged from 75 to 90 

nm, (figure 2). Similarly, DLS results illustrated that the size of samples ranged from 80 to 92 nm. The Zeta 

potential of samples ranged from -30 to -45mV which indicated their stability of them in an aqueous solution. 

 

 
Figure (1):  XRD pattern of S1(TurCu), S2 (TurCu+B12) S3 (SumCu+B12), S4 (SumCu), S5(Cu+B12) 

and S6 (CuO NPs). 
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Figure (2): TEM image of 1,2) (Cu+B12), 3,4) (TurCu) 5,6) (TurCu+B12) 7,8) (SumCu), 9,10) 

(SumCu+B12) and 11,12) (CuO NPs). 

 

 
Figure (3): SEM images in the spherical shape of all samples with homogenous in shape and size. a) CuO 

NPs, b) Cu+B12, c) TurCu, d) TurCu+B12, e) SumCu, f) SumCu+B12. 

 

3.2 Lethal Dose of different nanostructures 

Results of the lethal dose (LD50) study for each nanoparticle indicated that CuO NPs had the least LD50 

compared to the other biosynthesized nanostructures (Figure 4). The addition of vitamin B12 as a shell for 

CuNPs significantly elevated the LD50 by 423.9% compared to that of CuO NPs. Also, using either turmeric 

or Sumac shell for CuNPs cause elevation of LD50 by 436.6% and 70.7% respectively compared to CuO 

NPs. Meanwhile, adding vitamin B12 to Turmeric or Sumac as a double-core shell for CuNPs caused further 
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elevation in the LD50 higher than when Turmeric or Sumac was used on their own as core-shells for CuNPs. 

From these observations, we determined that turmeric was more effective in reducing the toxicity of CuNPs 

than Sumac. Moreover, the addition of Vitamin B12 either as a single or double core-shell to CuNPs had a 

positive effect in the reduction of CuNPs toxicity as it significantly increased the LD50. 

 

 
Figure (4): Lethal dose (LD50) for different Cu nanostructures after intraperitoneal injection of female 

mice. 

 

3.3 Effect of daily injection of different forms of Cu nanostructures on complete blood picture (CBC) 

parameters 

Following the chronic administration of the CuO NPs, there were significant decreases in RBCs count, Hb 

concentration, HCT%, and MCH when compared with negative control as shown in (figure 5). On the other 

hand, Core-shell nanostructure using vitamin B12, Tur, or Sum were all able to significantly counteract the 

observed myelosuppression and anemia observed with CuO NPs toxicity (P<0.05). These results were more 

pronounced in the core-double shell nanostructures containing B12, and they were dose-dependent in all 

observed parameters. 

 

Further examination of the effect of the different NPs on MCV values revealed that CuO NPs significantly 

elevated them in a dose-dependent manner as compared to the negative control (P<0.05). The other NPs 

varied in their ability to bring these values near normal, with those containing B12 being the most effective 

in doing so (figure 6). Finally, the WBCs counts were decreased as a result of CuO toxicity, but the tested 

NPs were shown to improve this toxicity-induced leukopenia. 
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Figure (5): Effect of daily injection of (10, 20 & 30 mg/kg b.wt.) of different Cu nanostructures for 30 days 

on CBC a) RBCs count*106, b) Hb concentration (g/dl) c) HCT % d) MCH (pg.). Values are represented as 

mean ±SD., (n=7), (P< 0.05). (#), (*), (**) and (***) indicated non-significant difference from control 

group, CuO (10mg/kg b.wt), CuO (20mg/ kg b.wt) and CuO (30 mg/kg b.wt) respectively. 

 

 
Figure (6): Effect of daily injection of (10, 20 & 30 mg/kg b.wt.) of different Cu nanostructures for 30 days 

on a) MCV (fl.), b) WBCs count*106. Values are represented as mean ±SD., (n=7), (P< 0.05).  (#), (*), (**) 

and (***) indicated non-significant difference from control group, CuO (10mg/kg b.wt), CuO (20mg/ kg 

b.wt) and CuO (30 mg/kg b.wt) respectively. 

 

3.4 Effect of daily injection of different forms of Cu nanostructures on Liver functions 

Liver function results shown in (figure 7) demonstrated that treatment with different doses of the tested NPs 
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caused significant elevation of AST, ALT, and ALP activities compared to the normal control group. 

Moreover, the elevation in enzymes’ levels were proportionately increased with increasing the dose of any of 

the NPs. Using Tur or Sum as core-shell with CuNPs significantly decreased liver enzymes activities 

compared to CuO NPs alone.  Furthermore, the addition of vitamin B12 as a double-shell to Cu NPs had 

significantly decreased liver enzyme activities as compared to CuNPs alone. TurCu+B12 was the most 

effective nanostructure at counteracting the abnormal elevation in liver enzymes’ activity.  

 

 
Figure (7): Effect of daily injection of (10, 20 & 30 mg/kg b.wt) of different Cu nanostructures for 30 days 

on Liver function a) AST, b) ALT, and c) ALP activities expressed in IU/ml. Values are represented as 

mean ±SD., (n=7), (P< 0.05).  (#), (*), (**) and (***) indicated non-significant difference from control 

group, CuO (10mg/kg b.wt), CuO (20mg/ kg b.wt) and CuO (30 mg/kg b.wt) respectively. 

 

3.5 Effect of daily injection of different forms of Cu nanostructures on Kidney functions 

Results shown in (figure 8) reveal that different Cu nanostructures caused significant dose-dependent 

elevation in urea and creatinine levels compared to control group (p< 0.05). CuO NPs caused the highest 

elevation in urea and creatinine levels as compared to control group. Core-shell nanostructure using vitamin 

B12, Tur, or Sum caused a significant reduction in urea and creatinine levels when compared to using CuO 

NPs (P<0.05). Surpirsely, SumCu (30mg/kgb.wt) causes the least significant reduction in urea and a non-

significant reduction in creatinine levels compared to CuO NPs meanwhile, core- double-shell nanostructure 

of SumCu+B12 caused the highest significant reduction in urea level compared to CuO NPs. Furthermore, 

the high dose of SumCu nanostructure caused a non-significant change in creatinine level compared to the 

high dose of CuO NPs group. The low dose injection (10mg/kgb.wt) of core-shell and core-double shell 

nanostructures of Tur or Sum had nonsignificant differences in creatinine levels compared to the normal 

control group. 
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Figure (8): Effect of daily injection of (10, 20 & 30 mg/kg b.wt) of different Cu nanostructures form for 30 

days on kidney function a) urea, and b) creatinine expressed in mg/dL. Values are represented as mean 

±SD., (n=7), (P< 0.05). (#), (*), (**) and (***) indicated non-significant difference from control group, 

CuO (10mg/kg b.wt), CuO (20mg/ kg b.wt) and CuO (30 mg/kg b.wt) respectively. 

 

3.6 Effect of daily injection of different forms of Cu nanostructures on Cu deposition on liver and kidney 

tissues 

 
Figure (9): Effect of daily injection of (10, 20 & 30 mg/kg b.wt) of different Cu nanostructures form for 30 

days on copper deposition on a) liver tissue, and b) kidney tissue expressed in mg/gm tissue. Values are 

represented as mean ±SD., (n=7), (P< 0.05). (#), (*), (**) and (***) indicated non-significant difference 

from control group, CuO (10mg/kg b.wt), CuO (20mg/ kg b.wt) and CuO (30 mg/kg b.wt) respectively. 

 

From the results illustrated in (figure 9), it is clear that liver copper deposition significantly increases after 

injection with different nanostructures. This elevation was dose-dependent. Injection of CuO or Cu+B12 

Caused the highest significant elevation of Cu deposition in liver and kidney tissues as this elevation increased 

in relation to increasing the dose. Using a low dose of TurCu or TurCu+B12 (10mg/kgb.wt) caused the least 

significant change in Cu deposition in the liver compared to control that nearly approach the control level. 



Shosha, et.al, 2022                                                                                                         Teikyo Medical Journal 

 

6456 
 

Moreover, SumCu or SumCu+B12 injection caused a significant reduction in the liver copper deposition as 

compared to both CuO and Cu+B12. Kidney copper deposition after injection of Tur or Sum containing 

nanostructures was significantly elevated compared to the control group and significantly decreased 

compared to the CuO group. Otherwise, using vitamin B12 in core double-shell structures in TurCu+B12 or 

SumCu+B12 increased the copper deposition in the kidney compared to its instance core-shell nanostructure 

respectively. 

 

4. Discussion 

The objective of this study was to compare the acute and chronic toxicities of chemically synthesized CuO 

nanoparticles and the biosynthesized copper-core shelled nanostructures synthesized with turmeric, Sumac, 

and vitamin B12. Characterization was done to highlight the physio-chemical properties of synthetic 

nanomaterials which influence their bioactivity. Of course as previously demonstrated [16], the differences 

in properties and biodistribution of Cu particles are the reason behind their different influences or toxic 

effects. 

 

In this study, our results confirmed that the chemically synthesized CuO NPs were significantly more toxic 

than the other nanostructures, as they had the lowest LD50. The formation of core-shell nanostructure TurCu 

was less toxic than the others (Cu+B12 and SumCu). Interestingly, using Vitamin B12 as a core- double-shell 

in TurCu+B12 and SumCu+B12 increased the toxicity of nanostructures than its similar core-shell 

nanostructure (TurCu or SumCu). 

 

This is perhaps due to the fact that the surface coating can convert noxious particles to be nontoxic while less 

harmful particles may become more toxic due to bioavailability since the surface coating of NPs modifies 

their properties such as stability, wettability, dissolution, or functionality [17]. 

 

The prolonged exposure to copper nanostructures in this study manifested as a combination of disturbances 

in hematological markers, namely the reduction in RBCs count or hemoglobin production, which are thought 

to be either due to the ability of copper to reduce serum iron concentration, thereby compromising the 

synthesis of Hb as evident by the observed reduction in MCH, or to shorten the lifespan of RBCs as supported 

by the reduction in HCT especially, in CuO NPs group. 

 

Intriguingly the other tested nanostructures were able, with varying degrees, to appropriate some of these 

effects, perhaps by protecting the cellular repair systems, thereby decreasing the loss of functioning 

hematopoietic cells that in turn leads to the stimulation of oxidative stress in cells, formation of abnormal 

RBCs, and increasing of cells’ involvement in the immune processes [18]. 

 

To it, in this study, we also found that chronic CuO NPs toxicity significantly increased MCV (p<0.05) as 

compared to control, which may reflect the presence of immature RBCs in the peripheral blood, perhaps 

arising from the body compensatory mechanism to counteract the RBCs destruction. However, this 

observation was also less evident in the Copper-core shelled NPs groups, confirming the previous reports that 

metal nanoparticles produced by the plants and/or plant extracts are less toxic [3]. 

 

As for why the use of core double-shell nanomaterial containing B12 rendered the NPs more effective in 

rectifying the disrupted hematological parameters, even though they did exhibit lower LD50, we suggest that 

the B12 were perhaps able to lessen the non-megaloblastic anemia resulting from the observed hepatic 

insufficiency since the noticeable rise in MCV is thought to confirm the disturbances in folate-associated one-

carbon metabolism and cellular repair pathways. 
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This claim is further supported by our results where CuO NPs toxicity was found to be associated with a dose-

dependent leukopenia, which is thought to be related to the inflammatory response of the affected organs as 

previously reported [19]. 

 

We also found that the chemically synthesized CuO NPs caused further elevation in liver and kidney 

functions, probably following the increased Cu deposition in liver and kidney tissues as previously shown by 

[20] following the daily i.p. injections of CuO NPs. 

 

It should be noted that exposure to NPs caused a significant increase in the levels of both aminotransferases 

(ALT, AST) and ALP activities in serum, which all confirm the destruction of hepatic cells following the 

increased Cu NPs deposition. 

 

This cytotoxic potential of CuNPs in the liver and kidney was previously reported by [21] included damage 

of renal tubular epithelial cells after exposure to CuNPs and liver damage that showed progression of tissue 

necrosis. Toxic effects of copper nanoparticles have been demonstrated to be due to the particles themselves 

or the release of copper ions [22]. 

 

Interestingly, the biosynthesis of CuNPs core-shell either with Tur or Sum ameliorated the disturbances in 

liver and kidney functions. TurCu core-shell nanostructure was more efficient than SumCu perhaps due to 

their well-documented unique phytochemical content [6]. It is worth mentioning that a recent study found 

that liver-injury markers such as ALT and AST were increased by high-dose and long-term curcumin-loaded 

nano-complexes treatment (Curcumin is the main component present in turmeric, and it gives a characteristic 

yellow color to the turmeric), but not by low-and medium-dose treatments [23].  So the adverse effects of 

curcumin loading NPs treatment are likely to be dose-dependent; curcumin can enhance endogenous 

antioxidant systems at lower doses, however, high doses treatment might be involved in the induction of 

toxicity due to excessive curcumin nanomaterials deposition. 

 

Our results are in line with previous research that showed that NPs synthesized using plant extracts exhibited 

various pharmaceutical and nontoxic therapeutic effects [24], [9], [4], [25]. 

 

Similarly, previous studies showed that the administration of CuO NPs revealed an elevation in serum 

creatinine and blood urea nitrogen levels. While, curcumin administration attenuated the renal toxicity in CuO 

NPs treated animals through its antioxidant, anti‐inflammatory, and antiapoptotic effects [26]. 

 

5. Conclusion 

In this article, Cu nanostructures were successfully biosynthesized and were characterized using XRD, TEM, 

SEM, DLS, and zeta sizer.  Biosynthesis of Cu NPs had adverse effects on modulating the toxic effect of Cu 

nanoparticles In connection to this, CuO NPs toxicity altered liver and kidney functions and increased Cu 

deposition in both liver and kidney. Phytochemical compounds present in Tur or Sum help in decreasing the 

toxic effect Cu NPs indicated by decreasing liver and kidney function markers and decreasing Cu deposition. 

The addition of vitamin B12 caused a conflicting effect on Cu NPs toxicity as it rendered the NPs more 

effective in normalizing the hematological parameter meanwhile it generally worsens the liver and kidney 

status.  
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