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Abstract
Currently, nanoparticles (NPs) are in use in several applications especially in the biomedical �eld. The NPs
showed promising results in the treatment of several diseases, however, NP S could have toxic effects on
some vital organs. This study was conducted to evaluate the possible toxicity of Cobalt/Ferrite (CF NPs)
and Cobalt/Zinc/Ferrite (CZF NPs) nano-complex. Eighty female mice were used to determine the median
lethal dose (LD 50 ) of CF NPs (100 mg/kg) and CZF NPs (100 mg/kg). Thirty female mice CD1 were
divided into 3 groups (n=10) as follows: Group 1 (Gp1). Mice were injected with 200 µl of sterile saline
interperitoneal (i.p.). Gp2 and Gp3 were injected with CF NPs and CFZ NPs for 6 days. Hematological,
biochemical, and histopathological parameters were determined at day 14 post injection. The results
showed that there was a signi�cant change in the total body weight in CZF NPs injected mice. CF NPs
injections did not alter the values of the total red blood cells (RBCs), haemoglobin conc (Hb), hematocrit
Hct%, total white blood cells (WBCs) and platelets while CZF NPs injections increased WBCs count and
decrease the platelets count. Also, injection of CZF NPs altered the differential leukocyte percentages.
There was no signi�cant change in liver and kidney functions in CF NPs injected mice, while CZF NPs
exhibited signi�cant increases in liver and kidney bio-markers. The injection of mice with CF NP S didn´t
alters the histological architecture of hepatic and renal tissues, while the hepatic and renal structures were
disorganized in CZF NPs injected mice. Collectively, the results revealed that CZF NPs showed a degree of
toxicity on experimental mice.

Introduction
Nanomaterials (NMs) are tiny materials with dimensions ranged between 1 to 100 nm, having electronic,
optical and mechanical properties (Mech al. 2020). NMs have high impact on many �elds of sciences
including physics, engineering, biology, agriculture and food sciences due to its unique physicochemical
properties (Szakal et al. 2014). NMs are   broadly  classi�ed  into   three  categories namely nanoparticles
(NPs), nanoclays and nanoemulsions (Mageswari et al. 2016). Having this technology, multiple advantages
to the delivery of natural compounds in the treatment of cancer and other human diseases (Patra et al.
2018). In particular, NPs were used to increase the delivery of nutrients into the cells (Acosta 2009).

Furthermore, NPs were used as targeted delivery system for drugs, proteins and genes (Zhang et al. 2000).
Biologically active NPs included silver (Ag), gold (Au), titanium oxide, aluminum, cerium, zinc and silicon
which possess great potential for wide applications in biomedical and clinical research settings including
cancer therapy and diagnosis (Gendrikson et al. 2011). NPs have been found to induce cell death, detection
of pathogens, enzyme immobilization and used in magnetic �uid hyperthermia application (Wang et al.
2007; Nikolova et al. 2020). Previous studies have been reported that Au, Ag NPs were used in cancer
treatment (Jain et al. 2007; Erik et al.  2012). For instance, Au NPs have been used to treat skin cancer while
Ag NPs have been used to treat breast and colon cancer (El-Deeb et al. 2015; Bromma and Chithrani 2020).
 

Another applications of NPs for instance, modern sunscreens contain insoluble non-toxic titanium dioxide
(TiO2 NPs) or zinc oxide (ZnO NPs) which are e�cient �lters of UV light, offer large health bene�ts such as
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the protection of human skin against UV-induced skin ageing and cancer (Nohynek and Dufour 2012).
There are two main routes of entry of the NPs into the human body. First, NPs are inhaled into the body
from atmospheric air via the upper respiratory tract. Inhalation of metal NPs like Fe, Ni and TiO2NPs
(SJeevanandam et al. 2018). The second way, oral ingestion and entry via the dermal route, either by
injection into the dermal layer or absorption through the pores of the skin, are mainly mediated by exposure
from therapeutic or cosmetic applications (Homayun et al. 2019). 

NPs are useful for many applications, however, still have some health hazard in human health (Khalid et al.
2017). For instance, NPs may be harmful to normal tissues and cells and may cause serious consequences
(Sukhanova et al. 2018). Biodegraded NPs may accumulate within cells and lead to intracellular changes
such as disruption of organelle integrity or gene alterations (Ortega et al.  2009). 

Previously, in vitro studies, Ag NPs showed highly toxic effect on liver cells with a signi�cant decrease in
mitochondrial function. The microscopic studies demonstrated that NPs -exposed cells at higher doses
became abnormal in size, displaying cellular shrinkage and an acquisition of an irregular shape (Al-Qubaisi
et al. 2011). It has been reported that inhaled NPs can reach the blood and may reach other target organs
such as the liver and heart (Borm et al. 2006). Inhaled NPs can be deposited throughout the
human respiratory tract and deposit in the lungs causing lung in�ammation (Poh et al. 2018). It can
potentially move from the lungs to other organs such as the brain, the spleen and possibly in to the foetus
in pregnant women (Jia'en Li et al. 2010). NPs may cross the mucous membrane inside the nose and then
reach the brain through the olfactory nerve (Sonvico 2018). Ag NPs produced hepatotoxicity as indicated
by increased serum activity levels of both AST and ALT. Further, Ag NPs showed histological damages to
the liver tissue, especially to hepatic lobules (Saeed et al. 2015). Cadmium sulphide nanoparticles
(CdSNPs) induce increasing creatinine concentration in urine and extensive damage in proximal tubules
causing nephrotoxicity (Rana et al. 2017).  Au NPs cause DNA damage and in�ammation leading to
�brosis and pneumoconiosis causing pulmonary toxicity (Jia'en Li et al. 2010). It has been reported that Ag
NPs led to histological damge to liver and kidney (Nosrati et al. 2021). Previous study showed that silica
nanoparticles induced cardiovascular cytotoxicity as well as oxidative stress and apoptosis (Duan et al.
2013). Furthermore, it has reported that silica NPs induced Spinal cord injury (SCI), neurotoxicity and
neuroprotection (Sharma et al. 2009). 

Cobalt NPs (Co NPs) exhibit mild anti-proliferative character against ovarian cancer cells and safe towards
the normal cells. Also, it has reported that treatment with Co NPs did not alter the hematological
parameters (Ansari et al. 2017). Fe, Cu, Cr, V, Zr NPs can cause the production of ROS that induced DNA and
cellular damage  in liver, kidney, muscle, brain and pancreas (Li  et al. 2020).

Zinc oxide NPs (ZnO NPs) at high concentration lead to signi�cant changes in liver enzymes, oxidative
stress, liver and renal tissue and sperm quality and quantity (Abbasalipourkabir et al. 2015). ZnO NPs were
accumulated and had toxic effects on the liver leading to destructive tissue and cellular changes, reduced
the levels of serum triglyceride, glucose, cholesterol, albumin, and increased the bilirubin and liver enzymes,
such as ALT, AST, ALP, amylase and lipase at high doses (Abbasalipourkabir et al. 2015). In addition, the
evidence of histopathological lesions, hyperemia, in�ammatory cell in�ltration, and necrosis were noted in
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the liver and pancreas tissue slides upon microscopic examinations. Finally, the body and liver weights
decreased in the rat groups receiving ZnO nanoparticle dose dependently (Hosseini et al. 2020). 

ZnO NPs oral administration induced oxidative stress and destructive genotoxic effects in the stomach and
pancreatic cells, it induced a signi�cant decrease in serum glutathione and signi�cant increase in serum
MDA causing severe histopathological alterations in stomach and pancreatic cells with DNA fragmentation
(Abdallah 2018).

There are few reports on Fe3O4 toxicity especially under in vivo conditions and moreover some researchers
showed controversial results. For instance, some studies have reported minimal toxicity in some
concentrations and some others have shown non-toxicity effects under in vivo conditions (Garcia et al.
2005; Kim et al. 2006). Others have reported damages and changes in liver, kidney, gastrointestinal and
neuronal systems in vivo (Brooking et al. 2011; Arora et al. 2012; Amiri and Shokrollahi 2013). Therefore,
this study was conducted to evaluate the toxic effects of the complex of Cobalt/Zinc/Ferrite nanoparticales
on liver and kidney tissues. 

Materials And Methods
Chemicals

Cobalt/Zinc/Ferrite complex of nanoparticles (CZF NPs) and Cobalt Ferrite nano-particles (CF NPs) were
prepared in the Department of Physics, Faculty of Science, Tanta University. Serum alanine
aminotransferase (ALT), serum aspartate aminotransferase (AST), creatinine and urea kits were purchased
from Bio-diagnostic Company (Egypt).

CZFNPs and CFNPs preparation

Nanoparticales (NPs) were prepared using �ash-combustion methods. In this technique, (Co(NO3)2·6H2O),
(Fe(NO3)3·9H2O), (Zn(NO3)2·6H2O), and CO(NH2)2 were used. These chemicals were weighed in the required
stoichiometric proportions and good mixed together for a few minutes and then heated at 80 °C on a hot
plate. Thermal dehydration resulted in a highly viscous liquid. With more heating, the viscous liquid swelled
and auto-ignited, to harvest voluminous powder. The reaction was very fast and dry very �ne brown powder
was obtained (Mansour et al. 2016).

Experimental animals

Female Swiss albino mice (20 ± 2 g) were obtained from National Research Center (NRC, Cairo, Egypt).
Animals were housed (6/cage), in 12 h/12 h dark/light cycle under laboratory condition of temperature and
humidity. Mice were kept for a week before starting the experiment for adaptation and then handled
according to the ethical guidelines approved by the animal care and use committee, Faculty of Science,
Tanta University (ACUC-SCI-TU), Egypt.

Determination of the medium lethal dose (LD50)
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To determine LD50 of CZF NPs and CF NPs, eighty female mice were used. Brie�y, different concentrations
ranged from 1-5 g/kg of CZF NPs and CF NPs were prepared and injected i.p. into different groups. Injected
mice were monitored for 24 hrs to observe any toxicological features to determine the LD50.  LD50 was
calculated by Probit analysis according to (Finney 1971).

Experimental design

Thirty female CD-1 mice were divided into three groups (10 mice /group) as follows: Group 1 (Gp1) was
used as a negative control, injected with sterile saline (10 mL/kg) i. p. for 6 days. Gp2 was injected with CF
NPs (100 mg/kg/ 6days) i.p. and Gp3 was injected with CZF NPs (100 mg/kg/ 6 days) i.p. Post 14 days, all
groups were bled via the orbital plexus to collect blood for hematological and biochemical assessments.
Mice were weighted, and then sacri�ced to harvest liver and kidney tissues for histological investigations. 

Determination of body weight change

Mice from all groups under the study were weighed at the beginning (initial b.wt) and at the end of the
experiments (�nal b.wt). The percentage of b.wt change % was calculated as follows: The percentage of
b.wt change = [(�nal b.wt – initial b.wt) / initial b.wt] × 100

Hematological and biochemical analysis

To determine the hematological parameters, the total count of red blood cells (R.B.Cs), haemoglobin (Hb)
concentration (g/dL), haematocrit (Hct) value (%), platelets count, as well as total and differential leucocyte
counts were determined by using the auto hematology analyzer (BC-3200, Mindray, China). For biochemical
analysis, blood samples were collected in heparinized glass tubes. Serum was separated from the blood
samples by centrifugation at 3000 rpm for 15 min. ALT, AST were measured by commercial kits (Reitman
and Frankel 1957). Serum creatinine and urea levels were determined by commercial kits.

Histological investigations of liver and kidney tissues

Tissue sections of the liver and kidney were immediately collected after sacri�cing animals under an
appropriate anesthesia then were sliced small pieces and �xed in 10% formalin for 24 hours. After washing
to remove the excess of �xative, the tissue samples were dehydrated in ascending serial ethanol and
cleared by xylene. Tissue spices were embedded in para�n wax. Sections of 5 µm thickness were mounted
and stained with haematoxylin and eosin for histological examination (Bancroft and Gamble 2008).

Statistical analysis

Data were presented as mean ± SD and were analyzed using one–way analysis of variance (ANOVA)
followed by Dunnet test and p < 0.05 or p < 0.01 were statistically signi�cant.

Results
CF NPs and CZF NPs LD50 post 24 hrs. of I.P. injection
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Different doses of CF NPs and CZF NPs were prepared and used to detect the median lethal dose (LD50)
post-24 hr. of injection. The concentrations varied from 1 to 5 g/kg. The results showed that the LD50 of CF
NPs and CZF NPs were 4.3 and 4.6 g/kg, respectively (Figure 1).

CZF NPs injection decreased the percentage of body weight changes

Group of mice that injected with CF NPs (1/40 LD50) and CZF NPs (1/40 LD50) for 6 days were noticed for
body weight changes (b.wt%). The data showed that CF NPs injected mice were similar in regard to % of
b.wt changes to the control group. While there was a signi�cant change in the total body weight in CZF NPs
injected mice when compared to their control (Figure 2). In Figure 2, the % b.wt change in the group of mice
which injected with CF NPs and CFZ NPs were 53.4 and 11.1 respectively.

Injection of CZF NPs 6 days altered some hematological parameters

As shown in table 1A, the results showed that injection of CF NPs did not alter the values of the total red
blood cells (RBCs), haemoglobin conc (Hb), hematocrit Hct%, total white blood cells (WBCs) and platelets
when compared to their control values. However, CZF NPs injection daily for 6 days increased WBCs count
and decrease the platelets count (Table 1A). The results showed that injection of CF NPs didn´t alter the
differential leukocyte percentages. However, injection of CZF NPs altered these percentages. The
percentages of lymphocytes, neutrophils and monocytes were 51.3, 29.7, and 16.7 % in the group of mice
that injected with CZF NPs (Table 1B).

CZF NPs injection led to hepatorenal dysfunction

The results showed that injection the group of mice with CF NPs for 6 days didn´t alter the liver
transaminases enzymes (ALT and AST) and didn´t change the levels of urea and creatinine when
compared to their control group. Furthermore, the results showed that injection group of mice with CZF NPs
did increase the ALT and AST activities, as well as increase the levels of urea and creatinine (Table 2).

CZF NPs induced hepatic-architecture alterations

Microscopic examination of liver sections of control group (Gp1) showed normal strands of hepatocytes
had homogenous granular cytoplasm with centrally located nucleus. The liver strands were alternating with
narrow blood sinusoids lined by endothelial cells and distinct phagocytic Kupffer cells (Fig. 3A). Treatment
of the mice with CF NPs exhibited normal like structure of hepatic construction, normal central vein,
irregular hepatic strands, hepatocytes with normal nuclei, other hapatocytes with megakaryocytic nuclei,
and irregular blood sinusoids with distinct phagocytic Kupffer cells were seen (Fig.3B).  While treatment of
the mice with CZF NPs showed disorganization of the hepatic manner, irregular and congested central
veins, some hepatocytes with pyknotic nuclei, others with vacuolated cytoplasm and widening blood
sinusoids with distinct phagocytic Kupffer cells were noticed (Fig.3C).

CZF NPs induced renal architecture alterations
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Microscopic examination of kidney sections of control group (Gp1) showed normal renal cortex, normal
glomeruli and normal renal tubules (Fig. 4A). Kidney section of mice of CF NPs group exhibited normal
glomeruli with regular Bowman´s space, few numbers of renal tubules are distended and dilated, others are
damaged, destroyed and their lining epithelial cells became undistinguished and their contents were
intermixed with each other (Fig. 4B). While Kidney section of mice of CZF NPs group revealed disorganized
glomeruli with irregular Bowman´s space, mostly renal tubules were damaged and lost their characteristic
appearance, others were occluded with hyaline casts and their nuclei are darkly stained (Pyknotic nuclei)
(Fig. 4C) .

Discussion
Toxicity is a critical factor which should be considered during evaluating potential biomedical use of NPs in
vivo applications. In this study, we aimed to evaluate the toxic effects of CF NPs and CZF NPs on liver and
kidney tissues. In the present study, the median lethal concentration of CF NPs and CZF NPs that killed 50%
of mice was determined and the value was reported as 4.3 and 4.6 g/kg, respectively. Balakrishnan et al.
(2020) reported that the acute toxicity study of cobalt ferrite nano-complex gave LD50 of (25x10-9 M and

50x10-9M) at 25 and 72 h, respectively. The results showed that CF NPs injected mice were similar in regard
to % of b.wt changes to the normal control group. While there was a signi�cant change in the total body
weight in CZF NPs injected mice when compared to their control. This decrease in the % b.wt after CZF NPs
injection indicates that this complex could have a toxic effect on the body organs. This �nding was in
accordance with the previous study that showed % b.wt changes was decreased upon the injection of mice
with  ZNO NPs (Novotna et al. 2016; Hosseini et al. 2020). 

Mice injected with CF NPs didn’t show any alteration in the values of RBCs, Hb, Hct, % W.B.Cs and platelets
when compared to their control values. These results were in dis-agreement with Ansari et al. (2017) who
revealed that (<5%) hemolysis signifying the compatibility of Co NPs with human RBCs. On the other hand,
injection with CZF NPs causes a signi�cant increase in the total W.B.Cs count and lymphocytes, neutrophils
and monocyte % but decrease in platelets count. Our results revealed that injection of CF NPs did not alter
the different leukocytes percentages. However, injection of CZF NPs altered these percentages. The results
also showed that the injection with CF NPs did not change the levels of AST and ALT in serum while there
were signi�cantly increase in CZF NPs injected mice when compared to their control group. These �ndings
were in line with previous studies showed ZnO NPs at high concentration accumulated and had toxic effect
on the liver leading to destructive tissue, cellular changes, and signi�cant increase in liver enzymes
(Abbasalipourkabir et al. (2015).  In the current study, treatment with CF NPs didn’t show any signi�cant
change in urea and creatinine levels when compared with normal control mice while these levels were
signi�cantly increased in the CZF NPs treated mice. These parameters are often regarded as reliable
markers of renal damage (Noori et al. 2014). In addition, serum creatinine has been used to estimate
glomerular function and its increasing is an indicator of renal failure (Nankivell 2001).

This work revealed a relation between haematological, biological and histological parameters. The
histopathological alterations that found in the group of mice that injected with CZF NPs revealed marked
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disorganization of hepatic architecture as degeneration and necrosis of many hepatocytes, cytoplasmic
vacuolation, pronounced nuclear changes include pyknotic nuclei, congestion of blood vessels and
in�ammatory cell in�ltration. Similar results were recorded by (Almansour et al. 2017). While liver sections
of mice injected with CF NPs showed normal like structure of hepatic architecture with appearance of slight
changes in the hepatic tissue as congestion of blood vessels and widening of blood sinusoids. Also, our
results revealed that mice treated with CF NPs showing normal renal cortex, normal glomeruli with regular
Bowman’s space and normal renal tubules. While the kidney of the mice injected with CZF NPs induced
histological alterations in the kidney tissues showing destructed, shrunken and congested glomeruli with
irregular Bowman's space, most of the renal tubules were damaged and lost their characteristic appearance
as well as intertubular haemorrhage was observed, these �ndings were supported with those of Abdel-Aziz
et al. (2018) who found that ZnO NPs causes histopathological changes of the kidney through oxidative
stress. 

In conclusion, the obtained results indicate that CZF NPs were toxic on liver and kidney tissues as
estimated by increasing levels of AST, ALT, urea and creatinine at concentrations of 1/40 4.6 g/kg which
cause hepato-renal dysfunction, while CF NPs are non-toxic at concentrations of 1/40 4.3 g/kg.
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Tables
Table 1A. The hematological parameters of mice treated with CF NPs or CFZ NPs for 6 days

Groups R.B.Cs (×106/µL) Hb (g/dL) Hct (%) W.B.Cs (×103/µL) Platelets (×103/µL)

Control 6.67 ± 1.7 a 12.97 ± 0.9 a 39.2 ± 2.5 a 7.43 ± 1.4 b 968.88 ± 76.7 a

CF NPs 7.9 ± 0.6 a 12.4 ± 0.8 a 37.6 ± 1 a 8.8 ± 2.9 b 881.7 ± 198.6 a

CFZ NPs 8.5 ± 0.5 a 13.1 ± 1.6 a 38.2 ± 4.9 a 16.3 ± 3.9 a 795 ± 113 b

The values represented mean ± SD. CF NPs: Cobalt Ferrite Nanoparticles, CFZ NPs: Cobalt Ferrite Zinc Nanoparticles

Table 1B. Absolute numbers of the differential leucocytes in different groups under the study

Groups Total number of different leukocytes (×103/ µL)

  Monocytes (×103/ µL) Lymphocytes (×103/ µL) Neutrophils (×103/ µL)

Control 2.67 ± 0.58b 80.33 ± 6.51a 17.0 ± 5 a

CF  NPs 13.3 ± 9.5 a 71 ± 13a 15.7 ± 3.5c

CFZ  NPs 16.7 ± 4.8 a 51.3 ± 36.5b 29.7 ± 47.1 b

The values represented mean ± SD. CF NPs: Cobalt Ferrite Nanoparticles, CFZ NPs: Cobalt Ferrite Zinc Nanoparticles

Table 2. AST, ALT, urea and creatinine levels in different groups of mice treated with CF NPs or CFZ NPs

Groups AST (U/l) ALT (U/l) Urea (mg/dl) Creatinine (mg/dl)

Control 173 ± 8.9 b 48 ± 3.5 a 35 ± 3.2 a 0.38 ± 0.05 a

CF  NPs 180 ± 13.9 a 47 ± 3.6 a 35.7 ± 14.6 a 0.4± 0.06 a

CFZ  NPs 217 ± 19.7 b 59.7 ± 9.9 b 48 ± 11.1 b 0.47 ± 0.05 b

The values represented mean ± SD. CF NPs: Cobalt Ferrite Nanoparticles, CFZ NPs: Cobalt Ferrite Zinc Nanoparticles

Figures
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Figure 1

(A,B) : Determination of LD50 of CF NPs and CZF NPs on albino Swiss mice
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Figure 2

Initial and �nal weight of different groups under the study

Figure 3
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(A-C). Photomicrographs of liver sections stained with H&E showing. (A) Liver sections of control mice
exhibit normal hepatic architecture, normal central vein (Cv), normal hepatic strands (H), and regular blood
sinusoids (Bs) lined with normal phagocytic Kupffer cells (K). (B) Liver sections of mice of CF NPs group
showing normal like structure of hepatic construction, normal central vein (Cv), irregular hepatic strands (H)
with normal nuclei have regular distribution of chromatin, other hapatocytes with megakaryocytic nuclei
(arrows), and irregular blood sinusoids with distinct phagocytic Kupffer cells (thick arrow). (C) Liver
sections of mice of CZF NPs group exhibit disorganization of hepatic manner, irregular and congested
central veins (Cvs), some hepatocytes with pyknotic nuclei (arrows), others with vacuolated cytoplasm (V)
and widening blood sinusoids with distinct phagocytic Kupffer cells (thick arrow) were noticed (X400).

Figure 4

(A-C). Photomicrographs of kidney sections stained with H&E showing. (A) Kidney section of control mice
showed normal renal cortex, normal glomeruli (G) and normal renal tubules (R ). (B) Kidney section of mice
of CF NPs group exhibited normal glomeruli (G) with regular Bowman´s space (*), few number of renal
tubules are distended and dilated (R ), others are damaged and destroyed (arrow), and their lining epithelial
cells became undistinguished and their contents were intermixed with each other. (C) Kidney section of
mice of CZF NP group showed that disorganized glomeruli (G) with irregular Bowman´s space (*), mostly
renal tubules were damaged and lost their characteristic appearance (R ), others were occluded with hyaline
casts (arrows) (X400).


