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Background 
Hospital effluents (HEs) include a diverse range of pathogens. Water pollution is a 
major environmental challenge worldwide, emphasizing the importance of creative, 
dependable, and sustainable solutions. 
Objective 
The effects of nanotechnology on human health as it relates to HEs treatment were 
the primary focus of the current work. This study investigates the impact of recently 
emerging nanotechnology solutions for treating HEs toxicity on tissue damage.  
Material and methods 
Male experimental rats in 3 groups, 8 rats per each, were designed: Group 1 
received tap water as a control, group 2 received HEs, and group 3 received NiFe2O4 
nanoparticles treated hospital effluents (N-HEs) for 4 weeks, each group received an 
intragastric injection of each water type (2.5 ml/100 g body weight/six hours). At the 
end of the experiment, blood and tissues samples were collected. Biochemical and 
histopathological assessments were measured. 
Results and conclusion 
The exposure to HEs treated with NiFe2O4 nanoparticles may reduce the dangers of 
HEs's tissue-damaging effects. This amelioration was shown by enhancing 
hematological parameters like erythrocyte, white blood cells, platelets count, 
hemoglobin content and the blood indices (MCV, mean corpuscular volume and 
MCH, mean corpuscular hemoglobin). Whereas an elevation of the level of 
cytochrome P450(CYP450) and total antioxidant activity (TAA), while decreasing 
contents of lipid peroxidation and fatty acid binding protein-1 (FABP1) in liver, 
kidney and testis tissues were noticed. Also, the augmentation of the histopathology 
of the selected tissues was recorded. In summary, the NiFe2O4 nanoparticles are 
appropriate to remove 95% pharmaceutical residues from HEs entirely with low-
cost-effectiveness, which in turn reflected on the reduction of toxicity in the liver, 
kidney, and testis of the investigated rats. 
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Introduction 
Chemically active substances utilized for prevention, 

diagnosis, and treatment are referred to as 

pharmaceuticals. They are crucial to the general 

wellbeing of the populace. The increased use of these 

medications worldwide because of the increasing 

frequency of viral illnesses releases pharmaceutically 

energetic chemicals continually into the aquatic 

ecosystem. Hospital effluents (HEs) are among the most 

significant causes of this kind of  contamination [1]. 

Prior research [1] has demonstrated that HEs contains an 

infinite variety of hazardous materials, such as 

pharmaceutical composites, byproducts of research and 

laboratory work, radioactive indicators, different 

vehicles mediators, sterilants, heavy metals, and 

disinfectants, in addition to a high concentration of 

pathogens like viruses, bacteria, and parasites that are 

resistant to drugs. But in many nations, these 

wastewaters are often regarded as household 

wastewaters, and as such, they are gathered alongside 

municipal waste waters and released into the receiving 

environment without any prior treatment[2]. Therefore, it 

is common to find pharmaceutical substances in the 

environment (e.g., drinking water, fish, mussels, and 

vegetables). These substances and/or their interface 
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products may have a long-term hazardous effect on 

aquatic creatures due to their pseudo-determined nature 

and depending on their physio-chemical characteristics. 

Consequently, these contaminants pass through the food 

chain and enter the human body [3]. 

By developing innovative nanomaterials intended for the 

treatment of wastewater, surface water, and groundwater 

polluted by hazardous metals ions, microbes, organic 

and inorganic solutes, we can enhance access to cleanse 

drinking water. Nano-adsorbents, nano zero-valent iron, 

nano biocides, nanofiltration, and magnetic nanoparticles 

are some of the products and techniques developed 

because of nanotechnology breakthroughs that are used 

in wastewater treatment [4]. According to earlier 

research, metal oxide nanoparticles are a promising new 

option for improving the aquatic ecosystem's quality and 

raising humankind's standard of life [1]. 

A crucial route in cellular metabolism is the redox 

reaction. Peroxidative stress, which results in a 

significant build-up of active oxygen free radicals and 

causes a variety of damage to the organism. It is one of 

the harmful processes of hazardous chemicals on aquatic 

species and has expanded to human [5]. Hematological 

parameters, such as white blood cells (WBCs), red blood 

corpuscles (RBCs), and platelet (PLT) count as well as 

hemoglobin (HB) concentration are critical markers of 

physiological and pathologic alterations in the body. 

They shed important light on how hazardous chemicals 

affect leukopoiesis, erythropoiesis, and thrombopoiesis. 

When these characteristics change, it can reveal 

information on the systemic impacts of harmful 

chemicals, such as toxicity on different organs[6]. On the 

other hand, superfamily ofCYP450 comprised of heme 

enzymes, catalyzes the oxidative conversion of 

substances, performing a vital role in metabolism of 

xenobiotic and alteration in animals [7]. Zhao et al. [8] 

found that 50% of the total clearance of popular 

therapeutic medicines and almost 80% of oxidative 

metabolism in humans are associated with one or more 

CYP450 enzymes. Furthermore, various clinical 

disorders have been linked to certain forms of FABPs, 

which have been suggested as indicators of tissue 

damage [9]. 

The intent of the current study is to investigate the 

effects of treated nanocomposite (NiFe2O4) HEs on the 

toxicity caused by HEs influents in blood hematology of 

Wistar rats. In addition to analyzing the oxidation of 

lipids, TAA, and other specific biomarkers (e.g., 

CYP450 and FABP1) inthe liver, kidney, and 

testistissues with monitoring thehistopathology in these 

tissues.  

Materials and methods 
Experimental animals 
Wistar male rats weighing up 120 ± 10 g were selected 

formanimal housing of the National Research Center. 

The rats in the experiment were kept in ordinary 

polypropylene boxes, each holding eight rats. The rats 

were housed in a twelve-hour dark-light rotation with a 

measured room temperature of 21±2°C and a moisture 

content of 55%. Seven days prior to the research, they 

started becoming used to the lab setting. The rats were 

fed on commercial neutrality pallets and given 

unrestricted access to food. Following the 

sci1332410001 permission code, the Ethical Agreement 

Commission at Ain Shams University made sure that 

every animal research followed their standard protocols 

for the handling and care of experimental animals.  

Hospital effluents sample collection 
Sewage pipelines at Ain Shams Specialty Hospital in 

northern Egypt were used to collect HEs before it was 

disposed of. It was collected in February and March 

2023. By the time the hospital was running at full 

capability, the samples were taken. Furthermore, water 

usage in all these devices and analyzers was estimated 

using the test results, as well as the water consumption 

resulting from the main hospital procedures such as 

analysis, sterilization, and laboratory hemodialysis. All 

the facility's wastewater was collected and disposed of at 

two sizable disposal sites on the hospital grounds. 

Following that, the effluent was mixed and kept at 4
o
C in 

a sterile 2-liter glass container for the duration of the 

study. Analgesics such as diclofenac and antibiotics 

(sulfamethoxazole, ofloxacin, oxytetracycline, and 

amoxicillin) and their quantities in HEs are screened in 

our earlier study by Mostafa et al.[1] using the 

HPLC/UV system.  

Synthesis of nickel iron oxide (NiFe2O4) 

nanocomposite 
Aqueous nickel and ferric chloride solutions were mixed 

at a 1 to 2 molar ratio and stirred for thirty minutes. 

NaOH 2.0 M was used to gradually raise the pH to 11. 

After sixty minutes of constant mixing and heating (100 

°C), a brownish precipitate was formed. The mixture was 

allowed to stay all night to ensure constancy. The pH of 

the filtrate became 7 by repeatedly washing the 

precipitate with cleansed water. The residual substance 

was collected and dried   for six hours at 110°C. Later, 

being crumpled into adequate gunpowder, the substance 

was heated at 600°C for five hours after being stored in a 

desiccant [10]. 

Characterization of nanocomposite 
By way of reported in earlier work [1], EDX (energy 

dispersive X-ray) examination was done to validate 

NiFe2O4 chemically (Fig. 1). Additionally, Bruker AXS-

D8, Germany, and Cu Kα radiation (λ = 1.5406 Å) were 

used for XRD (diffraction of X-ray) measurements 

around the 2θ span (10 to 80 
o
 C). The infrared spectra 

were assessed using FTIR, a Fourier-transform infrared 

spectrometer, Pye-Unicam Sp-3-300, which was 

equipped with the KBr and 8101 PC method. The 

morphological descriptions of NiFe2O4 were examined 

using an electronic transmission and scanning 

microscope (TEM, SEM) as shown in Fig. 2. Utilizing a 

JEOLJEM-1400EX TEM (Osaka, Japan), pictures were 

taken. For TEM investigations, the granules were 

dissolved in ethanol to distribute them throughout the 

samples. After that, the sample was cautiously placed on 

a copper net made of lacey carbon, which served as a 

support for TEM investigation. The grid was exposed to 

lower pressure after two hours of room temperature 

drying. The TEM's acceleration voltage was 20 kilovolts. 
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Fig. 1. (a) Energy dispersive X-ray (EDX) spectra, (b)X-ray diffraction (XRD) forms, and (c) Fourier-transform 

infrared spectrometer (FTIR) spectra of NiFe2O4 nanocomposites (available with authorization from Mostafa et 

al.[1]. 

  

  

Fig. 2. (A, B) Scanning electronic microscope (SEM) and (C, D) Transmission electronic microscope (TEM) pictures of 

NiFe2O4 nanocomposite at various magnifications. 

Hospital effluents treatment by nanocomposite 
A magnetic stirrer was then used to agitate the 
mixture for one hour at room temperature after 
mixing 1.0 liter of HEs and 0.1 g of nanocomposite 
(NiFe2O4) . Once filtered, the HEs treatment sample 
was stored at –20°C for the duration of the 
experimental inquiry [1]. 
 
Experimental design 
According to Claassen [11] 9 - 12 ml/100 g of body 
weight of rats is the daily water consumption. 
Following one week of acclimatization, each group 
received an intragastric injection of each water kind 
(2.5 ml/100 g b. wt./six hours) for 4 weeks [12,13]. 
In this experiment, 24 rats were separated into 3 
groups: control group received standard tap water, 
the 2

nd
 group received hospital effluent (HEs), and 

the 3
rd

 group received HEs treated with NiFe2O4 

nanoparticles (N-HEs). 

Blood and tissues sampling 
The test rats were sacrificed by fast decapitationand 
blood was collected into tubes having heparin for 
hematological investigation. The samples of the 
liver, kidney, and testis were then taken from the 
animal bodies, cleaned in ice-cold saline, and dried. 
Each of them was homogenized separately in 0.05 
M phosphate buffer, pH 7. The homogenates were 
centrifuged at 5°C and5000 ×g for 5 minutes, and 
they were then kept for biochemical analyses. For 
additional histological analysis, the liver, kidney, 
and testis of the rats have been fixed in formalin. 

Hematological analysis 
The automatic hematology analyzer Swelab Alfa 
Standard (Boule Medical A.B., Sweden) was used 
to determine the clinical hematological parameters; 
RBCs count, HB concentration, WBCs count, PLT 
count, MCV, and MCH. 
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Colorimetric assay 
Malondialdehyde (MDA) was utilized as a marker 
of the lipid peroxidation index, it was measured at 
532 nm using the thiobarbituric acid reactive 
chemicals assay, as described by Draper and 
Hadley [14]. The determination of TAA was 
measured using Koracevic et al. [15] technique at a 
wavelength of 532 nm. 

Enzyme Linked Immunosorbent Assay (ELISA) 
Techniques for identifying rat total CYP450kit 
(catalog number: MBS730881) and rat FABP1 kit 
(catalog number:LS-F19487) are acquired from My 
BioSource Co, Southern California, San Diego, 
USA and LS-Bio Co, New York, USA, 
respectively. Within 450 nm of the optical density, 
the ELISA plate reader (USA, Florida-based 
Technologies Notice delivers Stat Fax 2200) 
assessed the absorbance color. 

Histological investigation 
The process to get histology samples is outlined in 
detail by Bancroft and Stevens [16]. The leftover 
tissue was cut into thick (3–4 mm) sections and 
then placed back into 10% neutral buffered 
formalin. After that, it was dried using different 
ratios of ethyl alcohol, cleaned in xylene, and lastly 
placed in the paraffin wax. The blocks of paraffin 
wax were censored into 4-6 µm substantial slices 
using a microtome to evaluate the structure of all 
the tissues. The slices were then stained with 
hematoxylin and eosin. Leica Microsystems in 
Switzerland is the source of the Leica microscope 
(CH9435 Hee56rbrugg, Leica, Switzerland). 

Statistical analysis 
The statistical platform for societal science 
research, Windows form 23.1, from SPSS, Chicago, 
IL, was utilized for this work. Results are shown as 
mean 8 rats ± standard errors. Following the 

achievement of a significant F test and the 
realization of comparisons at P< 0.05, the least 
significant differences (LSD) between the groups 
were evaluated. 

Results 
Hematological results 
Table 1, the rats treated with HEs and N-HEs 
showed a significant (P<0.05) decrease in RBCs 
count, HB content, MCV and MCH, in comparison 
with the control group. Moreover, the HEs-treated 
group showed a significant decrease in PLT and 
WBCs count when compared with the group of 
controls. But the treatment with N-HEs 
demonstrated a significant rise in the all values of 
hematological parameters in relation to the HEs-
treated group and normalized the PLT and WBCs 
count. 

Biochemicalresults 

In the present study, the administration of HEs for 4 

weeks induced a significant decrease and increase 

intotal antioxidant activity and MDA concentration 

at P<0.05, respectively of the liver, kidney, and 

testis tissues in comparison to the control group. 

Also, the treatment of HEs with nanocomposite (N-

HEs) produced a significantdecline in TAA of liver, 

kidney, and testis, as well as a significant rise in 

kidney MDA content in comparison to the control 

group. While as compared to HEs group,N-HEs 

treated rats appeared to have a significant reduction 

in the MDA concentrations with a significant 

improvement in TAA in all investigated tissues in 

comparison to the HEs-treated rats as shown in 

Table 2. 

 

Table 1. The influence of Hospital effluents (HEs) and Nanocomposite treated- Hospital effluents (N-HEs) on 

hematological parameters. 
 

Parameters Control HEs N-HEs 

RBCs (106 cells/ml) 8.69 ±0.17  6.29*±0.22  7.69*♦±0.22  

HB (g/dl) 16.20±0.23 13.16*±0.11  14.43*♦±0.33  

MCV (fl) 63.26±0.94 51.30*±0.69  56.66*♦±1.83  

MCH (pg) 19.61±0.15 17.21*±0.21  18.10*♦±0.22  

PLT (103/ml) 600.33±13.42 506*±10.28  588.50♦±6.37 

WBC (103cells/ml) 12.10±0.40 9.53*±0.73  11.60♦±0.14  

 

The results are for 8 rats' means ± SE. At P-value <0.05, * refers to a significant difference from the group of control and ♦ means a 

significant difference from the group of HEs. (RBCs: Red blood corpuscles, HB: Hemoglobin, MCV: Mean corpuscular volume, 

MCH: Mean corpuscular hemoglobin, PLT: Platelet, WBCs: White blood cells)  
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Table 2. The influence of Hospital effluents (HEs) and Nanocomposite treated-Hospital effluents (N-HEs) on liver,    

kidney, and testis Malondialdehyde (MDA, mol/g) and Total Antioxidant Activity (TAA, mol/g). 
 

Tissue Parameters Control HEs N-HEs 

Liver MDA 38.981.34 52.02*1.78 40.44♦1.56 

TAA 23.090.92 5.50*0.61 15.18*♦1.36 

Kidney MDA 25.680.61 70.55*2.68 36.92*♦1.32 

TAA 16.030.57 4.43*0.35 13.45*♦0.66 

Testis MDA 16.010.31 24.77*1.19 18.50♦1.972 

TAA 14.970.70 6.90*0.75 12.53*♦0.81 

The results are for 8 rats' means ± SE. At P-value <0.05, * refers to a significant difference from the group of control and ♦ means a 

significant difference from the group of HEs. 

 

Inthe current study the administration of HEsand N-

HEs induced asignificant decrease in liver, kidney, 

and testis total CYP450 concentrations and an 

increase in FABP1 concentrations in comparison to 

thecontrol group. While administration of N-HEs 

produced a significant increase in CYP450 

concentrations but revealed a significant (P<0.05) 

reduction in the FABP1 concentrations 

incomparison to the HEs-treated rats (Figs 3,4). 

Histological results 

In the present study, the hepatic tissue from a 

control rat, presenting a normal liver section, shows 

hepatic cells radiating around the central vein, 

which is lined with endothelial cells and blood 

sinusoids. . Some hepatocytes appeared bi-

nucleated (Fig. 5A). The liver sections of HEs 

group delineated destruction of the normal pattern 

of the hepatic strands, vacuolar hepatic 

degeneration and some hepatocytes nuclei appeared 

pyknotic, dilated hepatic sinusoids stuffed with 

inflammatory cells. Besides the appearance of the 

central vein and hepatic tissue stuffed with 

erythrocytes along with the activation of Kupffer 

cells (Fig.5B, C, D). Hepatic tissue from N-HEs 

group showed restoration of the arrangement of 

hepatic cords, hepatocytes appeared near normal 

shape, the central vein appeared clear, although 

hepatic tissue was still stuffed with some 

erythrocytes, and dilated hepatic sinusoids (Fig.5E). 

Moreover, in kidney cortex sections revealed the 

preserved kidney structure and normal tubular 

epithelial cells morphology standard histological 

construction of standard renal parenchyma, round 

glomeruli, distal convoluted tubules with extensive 

lumen, and proximal convoluted tubules with thin 

lumen wrinkled through cuboidal epithelial cells 

(Fig. 6A). The Renal cortex section from HEs 

group showed atrophied glomerular cluster with 

expansion of Bowman’s capsule, renal tissue 

stuffed with erythrocytes, degenerative epithelial 

lining of renal tubules and convoluted tubules 

lumen filled with cell debris (Fig.6B). While renal 

tissue from N-HEs group maintained a normal 

morphology with slight segmentation compared 

with the HEsgroup, someproximal convolute 

tubules appeared with cell debris in their lumen 

(Fig.6C). 

Additionally, the current study showed normal 

testicular architecture with distinct series of 

spermatogenic cells and sperms was evident in the 

testicular tissue from the control group (Fig. 7A). 

Testicular tissue from HEs group showed deformed 

seminiferous tubules (arrows), loss and 

degeneration of all types of the spermatogenic cells 

(*) and sperms (arrows) within the seminiferous 

tubules, blood stagnation (orange arrow) in the 

interstitial spaces between seminiferous tubules 

(Fig.7B); while restoration of the spermatogenic 

cells, which are found in an arranged series and the 

presence of the sperms, nevertheless blood 

stagnation still appeared in the interstitial spaces in 

testis sections from N-HEs group (Fig.7C). 
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Fig. 3. The influence of Hospital effluents (HEs) and Nanocomposite treated- Hospital effluents (N-HEs) on liver, 

kidney, and testis total cytochrome P450 concentrations (pg/g).The results are for 8 rats' means ± SE. At P-value 

<0.05, * refers to a significant difference from the group of control and ♦ means a significant difference from the 

group of HEs. 

Fig. 4. The effect of Hospital effluents (HEs) and Nanocomposite treated-Hospital effluents (N-HEs) on liver, kidney, 

and testis fatty acid binding protein 1 concentrations (FABP1, pg/g).The results are for 8 rats' means ± SE. At P-

value <0.05, * refers to a significant difference from the group of control and ♦ means a significant difference 

from the group of HEs. 
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Fig. 5. (A) Photomicrograph of liver from control rat presenting normal liver section, showing hepatic cells radiating 

around the central vein (CV) that is lined with endothelial cells and blood sinusoids are also present (H-E, X 

400). (B, C, D) Photomicrographs of liver section of HEs rat showing destruction of the normal pattern of the 

hepatic strands, vacuolar hepatic degeneration (V) and some hepatocytes nuclei appeared pyknotic (head 

arrows), dilated hepatic sinusoids (*) stuffed with inflammatory cells (green arrow). Central vein and hepatic 

tissue stuffed with erythrocytes (curved arrows),along with the activation of Kupffer cells (yellow arrows). (H-E, 

X 400). (E) Photomicrograph of liver section from N-HEs rat showing restoration of the arrangement of hepatic 

cords, hepatocytes appeared near to normal shape, central vein (CV) appeared clear, although hepatic tissue still 

stuffed with some erythrocytes (curved arrow) and dilated hepatic sinusoids (*). (H-E, X 400). 
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Fig. 6. (A) Renal cortex Photomicrograph of control rat, show the standard histological construction of standard renal 

parenchyma, round glomeruli, distal convoluted tubules (D) with widespread lumen and proximal convoluted 

tubules (P) with thin lumen wrinkled by cuboidal epithelial cells. (H-E, X 400).(B) Renal cortex 

Photomicrograph of HEs rat showing atrophied glomerular tuft (black arrow) with distension of Bowman’s 

capsule (*), renal tissue stuffed with erythrocytes (curved arrow), degenerative epithelial lining of renal tubules 

(arrow) and convoluted tubules lumen filled by cell debris (yellow arrow). (C) Photomicrograph of the renal 

cortex, from N-HEs rat presentation seeming standard renal parenchyma, but still some glomeruli occurred with 

insignificant segmentation (arrows). The proximal convoluted tubules showed with cell debris (yellow arrows) in 

their lumen. (H-E, X400). 

 

 

Fig. 7. Photomicrographs from rat testis section (A) The group of control demonstrating ordinary testicular architecture 

with different series of spermatogenic cells (*) and sperms (arrows). (B) from HEs group showing deformed 

seminiferous tubules (arrows), loss and degeneration of all types of he spermatogenic cells (*) and sperms 

(arrows) within the seminiferous tubules, blood stagnation (orange arrow) in the interstitial spaces between 

seminiferous tubules. (C) from rat treated with N-HEs showing restoration of the spermatogenic cells (*), which 

are found in an arranged series and the presence of the sperms (arrows), nevertheless blood stagnation (red 

arrow) still appeared in the interstitial spaces (H-E, X 400). 

Discussion  
The HEs are among the most significant causes of 

ecosystem contamination. Mostafa et al. [1] 

demonstrated that HEs contains an infinite variety 

of hazardous materials, such as pharmaceutical 

composites and byproducts of research and 

laboratory works. Among these pharmaceuticals are 

analgesics like diclofenac and antibiotics 

(sulfamethoxazole (SMZ), amoxicillin (AMX), 

fluoroquinolones antibiotics (ofloxacin) and 

oxytetracycline). The seantibiotics, SMZ, AMX, 

and oxytetracycline are three common antibiotics 

used in medication, which have limited 

biodegradability and considerable environmental 

toxicity and affect human health [17-19].  

In the present study, the alternations in the 

hematological parameters (HB concentration, 

WBCs, RBCs, and PLT count) shed important light 

on how hazardous chemicals affect. Where 

pharmaceuticals such as diclofenac may result in 

bone marrow inhibition and thymocyte 

developmental abnormalities by reducing the 

generation of leukocytes [20]. Mitrašinović-Brulić 

et al. [21] explained that the nonsteroidal anti-

inflammatory drug-induced oxidation of 

hemoglobin into methemoglobin and 

sulfhemoglobin, as well as the decreased 

erythrocyte life span, can also affect the reduction 

of erythrocyte count and hemoglobin concentration. 

Also, the fluoroquinolones antibiotic 

(ciprofloxacin) demonstrated that the decrease in 

HB content, PLT, WBCs, and RBCs count might be 



 

Efficiency of NiFe2O4 nanoparticles in treatment hospital effluent toxicity   Sabry et al. 155 
 

 

caused by bone marrow activity being suppressed, 

which could lead to anemia such as microcytic 

anemia and thrombocytopenia [22]. 

Cellular and organ dysfunction is a result of free 

radicals, oxidant species, and toxic and harmful 

consequences. Excess of these species may cause 

damage to proteins, lipids, and DNA systems. 

Though functional responses contain defense and 

signaling mechanisms,which use little to modest 

amounts of reactive nitrogen species (RNA) or 

reactive oxygen species (ROS). The common 

method that contaminants of the environment affect 

damage is oxidative stress [23].  

The analysis alterations in the group that received 

HEs compared to the group of control, such as the 

increase of lipid peroxidation with a decrease in 

total antioxidant activity, was confirmed with 

Sharif et al. [24] who found an elevation of 

oxidative stress markers in liver and kidney of rats 

exposed to pharmaceutical HEs. Ramírez-Moreno 

et al. [25] discovered that the oxidative 

environment within cells causes a reduced response 

in antioxidant activity during extended exposure 

durations to HEs. Hepato-renal and testicular 

toxicity are among the many adverse consequences 

linked to the administration of analgesics like 

diclofenac [26-28]. In rats with testicular 

dysfunction, diclofenac increased lipid peroxidation 

and decreased plasma total antioxidant capacity. 

Diclofenac biotransformation causes an excess of 

reactive oxidants, which are associated to DNA 

fragmentation, caspase activation, and cytochrome 

c release [28]. In addition, Hou et al. [29] indicated 

that the antibiotics caused testis toxicity by several 

mechanisms, for instance; inhibition of testis 

enzyme activity, disturbance in  the balance of 

redox, and disturbance in the hypothalamic-

pituitary–gonadal axis normal function. On the 

other hand, the pharmaceuticals in HEs like 

diclofenac-induced hepatotoxicity accompanied by 

the invasion of inflammation in the liver, lead to 

depleteperipheral leucocytes [20]. 

Moreover, the present work recorded a significant 

decrease in liver, kidney, and testis total CYP450 

concentrations in HEs treated rats when compared 

with the control one. The primary route of drug 

metabolism is oxidation, and about 80% of drug 

redox is catalyzed by CYP450 enzymes [30]. Many 

thousands of molecules, including medications, 

carcinogens, and endogenous chemicals, are 

directly metabolized by CYP450, and conjugated 

enzymes degrade xenobiotics to aid in their 

removal from the body's tissues [7]. 

Because CYP enzymes are varied in both structure 

and function, they can catalyze the metabolic 

oxidization of pharmaceuticals by a variety of 

methods, such as different proton-coupled electron 

transfer mechanisms and singular electron 

transmission [31]. According to Mostafa et al. [1], 

HEs are overflowing with antibiotics, analgesics, 

and other medications that may consume CYP450 

and reduce their concentration. Where enzymes 

inhibition especially CYP450 enzymes were 

involved in drugs metabolism and transport [32]. 

Also, CYP relative’s members were significantly 

reduced in antibiotics-treated rats. Furthermore, 

antibiotics treatments caused a significant decrease 

in enzyme activities and the protein expressions 

of CYP2E1 and CYP3A1 in rat liver [33].  

In this study, HEs exposurecaused a significant rise 

in liver, kidney, and testis FABP1 concentrations 

when compared with the control one.FABP1 is 

essential in the absorption of fatty acids and 

intracellular transportation, as well as controlling 

lipid metabolism and pathways of cell 

signaling[34]. FABP1 is a significant intrinsic 

cytoprotectant. FABP1 is commonly located in the 

cytoplasm of hepatic cells and a variety of tissues 

[35], e.g., tubular cells of the kidney[36]. Several 

disorders have been associated with FABP1 

deficiency or dysfunction. FABP1 also affects the 

proliferation of cells through the regeneration of the 

liver, therefore may be used as ananalytical factor 

in hepatic surgeries [37].FABP1 binds to besides 

regulates the activity of several substances, 

including heme, fatty acids, and supplementary 

metalloporphyrins. FABP1 involved availability 

and protection from oxidative stress, FABP1 has a 

critical role throughout intracellular infections via 

decreasing inflammation and the negative 

consequences of hunger [37]. Moreover, Yabut et 

al. [38] found that FABP1's ability to bind various 

drug ligands and modify drug metabolism through 

direct protein-protein interactions with CYPs may 

make it a determinant of drug metabolism in the 

liver. 

Furthermore, in cases of acute transplanted 

rejection, hepatocyte damage is linked to FABP1. It 

has been demonstrated that lowering FABP1 levels 

in mice's livers can effectively prevent nonalcoholic 

fatty liver disease [39]. Moreover, Panduru et al. 

[40] discovered that FABP1 concentrations rose in 

individuals with normal albumin levels compared 

to the control participants and increased with the 

development of diabetic nephropathy. On the other 

hand, the present study agreed with Imai et al. [41] 

who found that the increase in FABPs is associated 

with hemoglobin reduction and anemia. Whereas 

anemia causes a reduction in blood capacity on 

carrying oxygen, thenleads to hypoxia in tissues 

such as the kidneys, and liver. Hypoxia increases 

gene expression of FABPs, particularly Liver-type 

FABP. 
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The damage of tissue in the present investigation 

was evaluated histologically, via alterations 

recorded in liver, kidney, and testis’s 

histoarchitecture. These results were confirmed 

with Sasi et al. [42] who found that the 

ciprofloxacin antibiotic recorded liver 

histopathological transformations in rats including 

diminished hepatocytes numbers, pyknotic 

hepatocyte nuclei and dilated sinusoids. Also, 

Hameed et al. [43] proved that antibiotics cause 

glomerular atrophy and reduce epithelial cells of 

convoluted tubule in the kidney. On the other hand, 

the decrease in RBCs count and HB concentration 

(anemia) in our results may be one of the reasons 

that caused damage occurred in liver, kidney, and 

testis in the present study. A Previous study proved 

that any injury to the glomerular or tubular tissue of 

the kidneys can prevent the synthesis of 

erythropoietin and result in hypoxia and renal tissue 

infarction. Generally, the feedback regulation of 

hemoglobin contents and RBCs count controls 

erythropoietin serum levels; if this feedback 

mechanism seems out of balance, this will result in 

injury to the kidneys [44]. Also, there are several 

hematological abnormalities associated with 

hepatocyte injury [45]. For example, hematolysis in 

blood vessels due to RBCs reduction, will cause 

liver cell degradation[43]. In line with Awad et al. 

[46], cells may suffer impairment from oxidative 

stress if there is an inequity between the production 

of ROS and antioxidant protection mechanisms. 

ROS damage DNA and causes lipid peroxidation 

when they target molecules of cell and the plasmic 

membrane, which causes cell disruption and tissue 

damage.  

Necrosis is the least desirable kind of cell death 

since it breaks up the cell and spills its contents into 

the surrounding tissue, exposing neighboring cells 

to proteases as well as the proinflammatory 

mediators and initiating a cycle of positive 

feedback that results in tissue damage from 

inflammation. Antibiotics have been linked to DNA 

damage, cell apoptosis, seminiferous tubule 

atrophy, and necrosis of germ cells [29]. Moreover, 

Yeniocak et al. [47] provedthat the increasing 

FABP levels in testiscorrelated with testicular 

necrosis. 

Merely 50–70% of the recently identified 

contaminants in the HEs may be eradicated by 

traditional treatment methods. Nonetheless, many 

countries continue to lack suitable HEs treatment 

techniques [48]. Nanoparticles treatment to HEs 

adjusted the hematological parameters, and TAA 

and CYP450 concentrations while decreasing lipid 

peroxidation and FABP1 concentrations. Also, the 

histopathology of the liver, kidney and testis 

improved, it may have resulted from the HEs losing 

a large amount of chemical and medicinal 

ingredients. Based on the NiFe2O4 nanocomposite, 

XRD, FTIR, TEM and SEM descriptionoutcomes 

in this study, Mostafa et al. [1] reported that the 

NiFe2O4 nanoparticles have anidentical, cube 

structure alongside spreading collections with 

typical dimension (13.8 - 16.7) nm and fine size (2 

-6 nm) in TEM. According to previous research, 

NiFe2O4 has a particular surface with a cluster of 

tiny features that include protrusions and insertions 

that improve the adsorption areas [49,50]. As a 

result, in less than 40 minutes equilibrium, the 

antibiotics such as ofloxacin, SMZ, AMX, and 

oxytetracycline derivatives were successfully 

removed with an effectiveness of around 88% [1]. 

The NiFe2O4/activated carbon magnet complex 

material removed 95% of pharmaceuticals effluents 

in sixty minutes [1]. Moreover, Nawaz et al. [51] 

and Makofane et al. [52] demonstrated that it 

successfully transformed SMZ into numerous 

complexes, which may create mineral acids 

besidesbasic ions. NiFe2O4 may be used as a 

photographic reagent to remove contaminants while 

also withdrawing behind high thermodynamic 

energy. This can accelerate the redox reactions that 

split medications like oxytetracycline besides 

ofloxacin [53,54]. 

Additionally, magnetized NiFe2O4 nanoparticles 

exhibited great extremeability for the adsorption of 

penicillin G, and amoxicillin derivatives [55]. 

Employing nanotechnology filtration membranes is 

from the furthermost effective techniques in 

removing ionized heavy metals from sewer 

water[56]. Researchers [1, 57] proved that the 

Langmuir isotherm construction and the pseudo-

additional order dynamical model through the 

ability of adsorption layer were agood fit for the 

process of adsorption. Also, NiFe2O4 nanoparticles 

have the possibility to substitute expensive 

adsorbents in removing the metal divalent ions 

from polluted water. 

Conclusion 
The treatment of Hospital effluents (HEs) is an 

important target to eliminate dangerous 

contaminants and pharmaceuticals from water 

before it is discharged into the ecosystem. This 

article recorded the significance of HEs 

administration on the induction of hematological 

impairments with redox toxicity and 

histopathological alternation in liver, kidney, and 

testis in male rats. While administration of NiFe2O4 

nanoparticles treated HEs reversed hematological 

parameters change and showed reduction of 

toxicity and improved the histological 

architectureof liver, kidney, and testis tissues of the 

investigated rats. Hence,the present study explores 

a better understanding of the vital function  of 

NiFe2O4 nanoparticle treatment in health protection. 

While this study provides valuable insights into the 

https://nuwater.com/municipal-water-wastewater-treatment/
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toxicological influences of HEs and its treatment 

with NiFe2O4 nanoparticle on experimental 

animals, some limitations must be taken into 

consideration in future studies; like the evaluation 

of different times or concentrations of HEs. Also, 

immunotoxicity, genotoxicity studies would 

provide a wide toxicological picture. 
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