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Abstract: 

Melamine and its analogues are illegally added to falsify the content of protein in food products. 

The elevated concentrations of these compounds cause harmful effects in humans and animals. In 

this contribution, the potential ability of synthesized starch-stabilized selenium nanoparticles (Se-

NPs@starch) towards inhibiting the toxicity of melamine on the liver and kidneys has been 

systematically investigated. The Se-NPs@starch were characterized by XPS analysis, EDS 

mapping analysis,  TEM, and FT-IR. Starch plays a crucial role in the stabilization and dispersion 

of Se NPs, as noticed from the TEM and EDS investigations. Furthermore, the atomic ratio of Se 

distribution over starch surface is approximately 1.67%. To evaluate the activity of Se-

NPs@starch, this study was conducted on four groups of adult male rats. Group I (the control 

group), group II received Se-NPs@starch, group III received melamine, whereas group IV 

received melamine and Se-NPs@starch. The results reveal a significant alteration in the 

histoarchitecture of both hepatic and renal tissues induced by melamine. While melamine induces 

severe toxic effects on the hepatic and renal tissues, the administration of Se-NPs@starch results 

in remarkable protection of rats against melamine-induced toxicity. Collectively, the affordable 

starch-stabilized Se-NPs have a potent biological activity, making them auspicious candidates for 

biomedical applications.   
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1. Introduction 

Melamine is frequently used in different products as furniture, laminates, plastics, food utensils, 

coatings, glues, commercial filters, and dining ware [1]. Melamine intake at very low 

concentrations is harmless for animals because it is hardly metabolized by animals and rapidly 

eliminated via urine (more than 90%) [2]. Furthermore, World Health Organization (WHO) and 

U.S. Food & Drug Administration (USFDA) determined the safe level of melamine concentrations 

in human food materials to be 2.5 mg/kg [3]. However, melamine and its analogs including 

nitrogen-rich triazine compounds are illegally added to various foodstuffs to falsify the protein 

contents, resulting in fatal adverse effects in children and pets [4]. Recently, exposed dairy 

products containing melamine have raised concerns regarding its toxicity [5, 6]. For example, 

nephrotoxicity was noticed among the children who ingested milk- infant formula contaminated 

with melamine [7]. Unfortunately, this outbreak was accompanied by urinary stones in both infants 

and children. As a consequence, 294,000 of them were influenced with more than 50,000 

hospitalized and 6 died due to acute renal failure [8]. Besides, renal failure and death were reported 

in domesticated dogs and cats after exposure to pet food contaminated with melamine and its 

analogs [9-11]. 

Melamine can accumulate in the brain, liver, spleen, and bladder as an effect of oral administration 

over time [12]. The increase of melamine in these organs induces adverse effects on the growth of 

fetuses and neonates [13]. Likewise, ingestion of melamine leads to sperm abnormalities and DNA 

damage [14], in addition to detrimental impacts on the male reproductive system [15]. Testicular 

damage is observed to be associated with oxidative stress [16]. Oxidative stress is a 

pathophysiological phenomenon that emerges from the imbalance between the formation of 

reactive oxygen species (ROS) and the anti-oxidative efficiency of the enzymatic and non-

enzymatic antioxidants [17]. Excessive ROS can cause alterations in the cellular macromolecules 

including lipids, proteins, and DNA, followed by a disruption of the cell wall, cellular enzymes 

inactivation, and eventually undergo cell death [18, 19]. On that front, substantial efforts have been 

devoted to inhibiting melamine toxicity [20, 21].  

Metal nanoparticles are of utmost importance in medicine and pharmacology due to their 

fascinating properties such as chemical stability, non-toxicity, and biocompatibility [22, 23]. 
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Among them, selenium (Se) is a fundamental trace element required for the regular physiological 

function of growing animals [24], and is consumed from plants. Besides, Se is very important to 

human health because of its potent pro-oxidant, and antioxidant effects, anti-inflammatory and 

immunity-boosting capabilities [25, 26]. Remarkably, many Se compounds are reported to have 

significant anti-cancer activity and chemopreventive properties [27]. More outstandingly, Se NPs 

show an antiviral effect against the current pandemic of SARS-CoV-2 (coronavirus disease 2019) 

has been confirmed using Ebselen [26]. However, there is a very narrow boundary between the 

acceptable concentrations of Se intake and its toxicity  [28]. Generally, the pro-oxidant and 

antioxidant effects, bioavailability, and toxicity of Se are strongly affected by its chemical form, 

particle size, and concentration. These properties are crucial to determine the interaction of Se with 

biological entities [29]. For example, the toxicity of Se is remarkably inhibited in the nano-size 

zerovalent form. Moreover, Se-NPs with particles size of 5–200 nm can efficiently scavenge free 

radicals such as superoxide anion and 1,1-diphenyl-2-picrylhydrazyl (DPPH) [30]. While 

selenomethionine is a very safe natural source of Se with high bioavailability, lower toxicity, and 

similar ability to increase selenoenzyme levels were detected for Se-NPs of average particle size 

of 36 nm [31]. Zhang et al.  showed that Se-NPs in mice are seven times lower in toxicity than 

sodium selenite and three times lower than organic Se compounds [32]. Additionally, nanoparticle 

applications in the fisheries and livestock world revealed that Se-NPs enhance the efficacy of 

growth, digestion, immunomodulation, and reproduction [33] as well as increase the productivity 

of stress-ridden fish and livestock [34].  

Despite the fascinating properties of NPs, they suffer from aggregation in suspensions due to their 

high surface energy, consequently, their activity sharply declines as a function of time [35]. Hence, 

to control the dispersion and size of Se-NPs, natural polysaccharides like chitosan [36], and 

cellulose [37] were used as natural stabilizers and size controlling agents. One should emphasize 

that the shelf-life storage of the stabilized NPs via the immobilization approach is extremely long 

and can exceed 5 years [35].  

 

In this study, the starch-stabilized Se-NPs (Se-NPs@starch) were synthesized and characterized 

by XPS, FT-IR, and TEM. The potential activity of the synthesized starch-stabilized Se-NPs has 
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been evaluated for the inhibition of the toxicity of hepatic and renal tissues induced by melamine 

ingestion. Experiments were conducted on four groups of male albino rats including group I 

(control), group II received starch-stabilized Se-NPs, group III received melamine, whereas group 

IV received both melamine and starch-stabilized Se-NPs. Statistical analysis of the results is also 

provided.  

2. Materials and methods 

2.1. Chemicals and reagents 

Melamine (C3H6N6, LOBA Chemie, India) was obtained from El-Mekkawy Company, Cairo. 

Selenium (Sigma-Aldrich, CAS 7782-49-2 034-001-00-2), potato starch (CAS Number: 9005-25-

8), ascorbic acid (CAS Number: 50-81-7), and nitric acid (HNO3, CAS Number 7697-37-2) were 

of high-purity grade from Sigma–Aldrich. 

2.2. Methods  

2.2.1. Selenous acid preparation  

0.050 M of selenous acid (H2SnO3) was prepared by dissolving 0.987 g of Se metal in concentrated 

HNO3 before heating till dryness and dissolved in 250 mL distilled water [38]. 

2.2.2. Preparation of selenium nanoparticles impregnated on starch (Se-NPs@starch)  

Se-NPs were synthesized in an eco-friendly and green synthesizing procedure through the 

application of starch as stabilizer and capping agent, and ascorbic acid functions as a reducing 

agent that reduces Se (IV) to Se. Se-NPs are stabilized in starch as mould plates according to the 

literature but with replacing cellulose by starch [38, 39]. In details, the selenous acid / starch 

aqueous solution was prepared as follow: 50.0 g potato starch was boiled in 100 water and then 

mixed with 250 mL of 0.05 M selenous acid before completing the total volume to 800 mL. 

Afterward, 100 mL of 0.20 M ascorbic acid solution was added dropwise into the selenous acid / 

starch solution to start the reduction reaction. After the addition of ascorbic acid, the solution 

changed from transparent to red, indicating the formation of Se-NPs. The obtained crimson red 

solution was concentrated to less than 100 mL using rotary evaporator at 80 °C. A crimson red gel 

https://www.sigmaaldrich.com/catalog/search?term=9005-25-8&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=EG&focus=product
https://www.sigmaaldrich.com/catalog/search?term=9005-25-8&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=EG&focus=product
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is formed, which is dried at 80 °C in an oven to produce shiny crimson red particles (Se-

NPs@starch).  

The synthesized Se-NPs@starch was characterized by X-ray photoelectron spectroscopy (XPS), 

Fourier-transform infrared (FTIR), and Transmission Electron Microscope (TEM).  

2.3. Instrumentation 

To investigate the surface chemical composition and oxidation state of Se, X-ray photoelectron 

spectroscopy (XPS) analysis was conducted using a UHV Multiprobe system (Scienta Omicron, 

Germany) with a monochromatic X-ray source (Al Kα) and an electron analyzer (Argus CU) with 

0.60 eV energy resolution. Fourier-transform infrared (FTIR) spectra were recorded on a Nicolet 

iS10, Thermo-Fisher Scientific, USA, using a KBr pellet. The TEM images of Se-NPs@starch 

were obtained by a TEM of the Se-NPs@starch using a JEOL model 1200EX electron microscope 

at an operating voltage of 120 kV.  

2.4. Experimental protocol and animal grouping 

2.4.1. Experimental animals and ethical approval 

Adult male albino rats (n= 40, average B.W= 200±20 g) were kept in plastic cages under the 

standard hygienic conditions (60% relative humidity, 24 ± 3°C room temperature, and 12: 12- h 

light: dark cycle with ad libitum access to food and drinking water). Rats were treated humanely 

according to NIH guidelines, and the experimental procedure was accepted by the Institutional 

Animal Care and Use Committee (IACUC) of the Faculty of Veterinary Medicine, Cairo 

University (Approval number Vet CU28042021291).   

 

 

 

2.4.2. Experimental design 
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Rats were acclimated for one week, then they were assigned to 4 equal groups of ten each (n=5 

rats/cage); the first group (untreated control group) only received distilled water, the second group: 

Se-NPs@starch treated group (2 mg Se-NPs/kg) as previously mentioned by Rashad et al. [37], 

the third group: melamine-treated group (300 mg/kg) as previously mentioned by An et al. [40], 

and the fourth group: Se-NPs@starch co-treated group (received melamine (300 mg/kg) plus Se-

NPs (2 mg/kg)). All treatments were received daily by stomach tube for 4 successive weeks.   

2.5. Sample collection and preparation 

After 28 days of treatment, serum samples were obtained from rats for measuring the function of 

both liver and kidney. Then, rats were euthanized by cervical dislocation for collection of the liver 

and kidney samples. Some specimens of these organs were stored at -80 °C for estimation of 

oxidative stress biomarkers in their tissue homogenates and quantitative real-time PCR (Rt-PCR) 

analysis for some antioxidant- and some apoptotic- related genes, while other specimens were 

histopathologically and immunohistochemically investigated after fixation in 10% neutral-

buffered formalin (NBF) solution.  

2.6. Biochemical analysis 

2.6.1. Determination of Liver Function Markers 

The activities of both serum aspartate- and alanine- aminotransferase (AST & ALT) were assayed 

using reagent kits (Spectrum Diagnostics Co., Egypt) following the provided instructions. 

2.6.2. Determination of kidney Function Markers 

The levels of serum creatinine and urea were assayed using reagent kits (Spectrum Diagnostics 

Co.) following the provided instructions. 

 

2.6.3. Hepatic and renal oxidative stress biomarkers 
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A Teflon tissue homogenizer was used to homogenize both liver and kidney samples in 10% (W/V) 

ice-cold 0.1 M phosphate buffer saline (PBS) (pH 7.4). Crude tissue homogenate was centrifuged 

at 15,000 rpm for 15 min at 4 οC and subsequently used for determination of reduced glutathione 

(GSH) content as previously mentioned by Ellman [41], malondialdehyde (MDA) content 

according to Ohkawa et al. [42], in addition to total protein concentration as previously reported 

by Bradford [43].   

2.6.4. qRT-PCR analysis for Nrf-2, GPX, c-Myc, and CASP 3 genes   

The relative hepatic and renal Nrf-2, GPX, c-Myc, and CASP 3 mRNA abundance was determined 

by qRT-PCR analysis using GAPDH as a housekeeping gene. Total RNA was extracted from 

approximately 100 mg liver and kidney tissues using the total RNA Extraction Kit (Vivantis, 

Malaysia). By using M-MuLV Reverse Transcriptase (NEB#M0253). RT-PCR was carried out 

after confirming the concentration and purity of RNA. By fluorescence-based real-time detection 

method with a fluorescent SYBR Green dye (Thermo Scientific, Cat. No. K0221), a quantitative 

assessment of cDNA amplification for each gene was performed. The primer sequence used for 

RT-PCR analysis was shown in Table (1). The real-time PCR conditions were carried out as 

follow: 95 οC for 5 min (initial denaturation) and then 40 cycles at 95 οC for 15 s, 60 οC for 30 s, 

and 72 οC for 30 s in each experiment. Negative controls that were free of the template were 

included. Each qRT-PCR was performed with three biological replicates, and each biological 

replicate was assessed three times. Using the comparative 2−ΔΔCT method, the relative transcription 

levels were calculated [44].  

 

 

 

 

 

2.7. Histopathology 
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2.7.1. Light microscopy (L.M.) 

Both liver and kidney specimens from all groups were immediately fixed for 48-72 h in 10% NBF, 

embedded in increasing grades of alcohol. Then, tissue specimens were cleared with xylene and 

fixed in paraffin. 3-4 μm paraffin sections were processed for staining with hematoxylin and eosin 

(H&E) for histopathological investigation as described by Bancroft and Gamble [45].  

2.7.2. Immunohistochemical analysis 

Immunohistochemistry was carried out on deparaffinized hepatic and renal sections (4-μm thick) 

for detection of apoptosis according to the manufacturer’s protocol. Sections were immersed in 

0.3% hydrogen peroxide (H2O2) in PBS for 20 min for deactivation of endogenous peroxidase, 

incubated with rabbit polyclonal anti-caspase-3 antibodies (active/cleaved) (100-56113, Novus 

biologicals) 1:100 for 1hr then washed out. After that, tissue sections were incubated for 20 min 

with secondary antibody Horse Radish peroxidase (HRP) Envision Kit (DAKO), washed out, and 

incubated for 10-15 min with diaminobenzidine (DAB). Sections were washed, counterstained in 

hematoxylin, dehydrated in alcohol, cleared with xylene, and covered with a coverslip for 

microscopic examination.  

Caspase 3 -stained liver and kidney sections were assessed using Leica Quin 500 software (Leica 

Microsystems, Switzerland) for morphological analysis. Caspase 3 immunostaining was 

quantified as area percentage in different slides (n=5 fields/group) at magnification power x400. 

The areas displaying brown color immunoreaction (positive) were selected for estimation. Mean 

values and standard error mean (SEM) of each specimen were obtained and statistically analyzed. 

 

 

 

2.8. Statistical analysis 
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Descriptive statistics were presented as mean ± SEM. The obtained results were subjected to one-

way analysis of variance (ANOVA) using SPSS version 25.0 software (IBM, USA) followed by 

Tukey post hoc test. Data were considered significantly different at P-value less than 0.05. 

3. Results  

3.1. Characterization  

XPS investigations were carried out to identify the surface chemical composition of Se-

NPs@starch and the valence state of Se. Fig. 1a shows the XPS spectra (survey) of the Se-

NPs@starch sample. From the survey spectra, the peaks corresponding to Se, O, and C are 

observed. The high-resolution spectrum of Se implies the peaks of Se 3d5/2 and Se 3d2/3 at 

approximately 55.6 and 56.6 eV, respectively confirming the presence of elemental selenium (Se0), 

as shown in Fig. 1b. Furthermore, the absence of Se 2p, 2s, and 1s peaks indicates that Se (IV) 

was entirely reduced during the synthesis of the Se-NPs@starch [46]. Besides Se0, the sample 

contained organic material on the surface as revealed by the presence of C, and O (Fig. 1c). The 

C 1s peak in the XPS spectrum of starch has been deconvoluted into three peaks at 284.80, 286.4, 

and 288.7 eV, as presented in Fig. 1c [47]. 

The FTIR spectra of the Se-NPs@starch and starch were measured in the range of 400–4000 cm−1, 

as shown in Fig. 2. The bands observed in both spectra at around 3260 cm−1, 2931 cm−1, and 1635 

cm−1, are correlated to O-H stretching vibration, C-H stretching, and C-O bending vibration 

associated with the OH group, respectively [48]. The presence of Se-NPs connected to starch is 

confirmed by a red-shift of about 5 cm−1 for OH stretching vibration as well as the band at 763 

cm−1 [49].  Additionally, a very clear band of Se-NPs at 643 cm−1 is noticed in the spectrum which 

is characterized for the spherical shape of Se-NP [50-52]. 

TEM micrographs of Se-NPs@starch (Fig. 3a and 3b) show Se-NPs in a dark spherical shape 

characterized by particle size ranging from 20 to 140 nm impregnated on starch. 

The energy dispersive spectroscopy (EDS) mapping analysis reveals the peaks corresponding to 

C, O, and Se confirming the successful synthesis of Se-NPs@starch, as shown in Figure 3c. 

Notably, Fig. 3c demonstrates that Se with an atomic mass of 1.67% is distributed homogeneously 

over the starch surface. This low concentration of Se immobilized on starch is beneficial for 

https://www.frontiersin.org/articles/10.3389/fmicb.2016.00571/full#F5
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biological applications since there is a very narrow boundary between the acceptable 

concentrations of Se intake and its toxicity. Furthermore, the homogenous distribution of Se-NPs 

over the starch surface indicates the potential ability of starch to stabilize Se-NPs against 

agglomeration. 

3.2. Liver and kidney functions 

Hepatic damage was estimated by the determination of ALT and AST activities. Fig. 4A revealed 

that melamine significantly elevated ALT activity from 41.81 U/L to 92.14 U/L and AST activity 

from 93.42 U/L to 105.22 U/L compared to the control. Co-treatment with Se-NPs@starch showed 

a marked reduction in ALT activity to 47.33 and a non-significant decrease in AST activity to 

96.46 when compared with the melamine-intoxicated group.  

Renal damage was estimated by the determination of serum urea and creatinine levels. Fig. 4B 

revealed that melamine significantly increased serum urea level from 14.84 to 22.48 mg/dL and 

creatinine level from 0.75 to 1.50 mg/dL compared to the control group. Co-administration of Se-

NPs@starch non significantly decreased serum urea level to 18.96 mg/dL and significantly 

decreased creatinine level to 0.84 mg /dL when compared with the melamine-intoxicated group.  

3.3. Hepatic and renal oxidative stress biomarkers 

For studying the redox state of the cell, MDA (LPO biomarker) and some antioxidant machineries 

were estimated. 

3.3.1. Hepatic and renal MDA Content  

Based on our obtained results in Fig. 5, melamine markedly (p˂ 0.05) increased hepatic and renal 

MDA level from 1.53 to 5.22 μΜ/mg and from 1.08 to 3.50 μΜ/mg protein, respectively, compared 

to the control group. Co-administration with Se-NPs@starch significantly declined both liver and 

kidney MDA contents to 2.30 μΜ/mg protein and 2.10 μΜ/mg protein, respectively, compared to 

the melamine-intoxicated group. 

3.3.2. Antioxidant Machinery 
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Antioxidant Machinery was estimated by the determination of GSH content and mRNA relative 

expression for Nrf-2 and GPx genes. 

3.3.2.1. Hepatic and renal GSH content 

Our current results in Fig. 6 indicated that melamine significantly depressed hepatic and renal 

GSH content from 3.83 to 2.47 μΜ mg-1 and from 3.62 to 2.31 μΜ mg-1 protein, respectively, 

compared to the control group. Co-administration with Se-NPs@starch significantly increased 

both liver and kidney GSH contents to 3.01μΜ/mg protein and 3.03 μΜ/mg protein, respectively, 

compared to the melamine-intoxicated group. 

3.3.2.2. Hepatic and Renal mRNA relative expression for some antioxidant related genes (Nrf 

-2 and GPx) 

In the melamine-intoxicated group, the Nrf-2 gene was significantly downregulated to 0.28-fold 

and 0.16-fold compared with the control one in both liver and kidney tissues, respectively. While 

co-administration with Se-NPs@starch modulated the gene expression level to 0.71-fold in the 

liver and 0.40-fold in the kidney. Such change in the gene expression was a significant increase 

when compared with the melamine-intoxicated group (Fig. 7). 

Furthermore, in the melamine-intoxicated group, the GPX gene showed significant downregulation 

in both hepatic and renal tissues compared to the control one. Se-NPs@starch co-administration 

significantly elevated the expression level of the GPX gene from 0.2 to 0.7-fold and from 0.2 to 

0.82-fold compared with the melamine-intoxicated group in liver and kidney tissues, respectively 

(Fig. 7). 

4. Hepatic and Renal mRNA relative expression for some apoptotic-related genes (c-Myc and 

CASP 3)  

Melamine significantly upregulated c-Myc gene expression in both hepatic and renal tissues 

compared to the control group. While Se-NPs@starch co-administration significantly decreased 

the expression level of the c-Myc gene from 4 to 1.62-fold and from 6.20 to 1.8-fold in both liver 

and kidney, respectively (Fig. 8). 
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Compared to the negative control group, the expression level of the CASP 3 gene was significantly 

upregulated in the melamine-intoxicated group, particularly in the kidney tissues. Se-NPs@starch 

co-treatment significantly modulated the expression level of CASP 3 gene from 6.51 to 3.73 -fold 

and from 8.3 to 2- fold in both hepatic and renal tissues, respectively, compared to the melamine-

intoxicated group (Fig. 8). 

5. Histopathological investigations 

The microscopical examination of the hepatic sections from the control group revealed a normal 

histological architecture of the liver that appeared with normal radiating cords of hepatocytes, 

normal central vein, and blood sinusoids (Fig. 9a). The Se-NPs@starch exposed group exhibited 

nearly normal hepatocytes that appeared polyhedral with normal vesicular and central nuclei and 

arranged in hepatic cords that were radiating from the central vein. The hepatic cords were 

separated by normal blood sinusoids. In addition, the portal triad showed the normal histological 

structure of the bile duct and branches of the portal vein and hepatic artery (Fig. 9b, c). The 

melamine-exposed rats revealed hepatic tissues with severe damage that was observed in the form 

of distortion of the hepatic cord’s arrangement, edema, severe congestion, and dilatation of the 

central vein. Blood sinusoids appeared severely dilated with clearly observed activated Von 

Kupffer cells. Furthermore, hepatocytes displayed severe ballooning and remarkable cytoplasmic 

vacuolization and showed different stages of degeneration and apoptosis. The dark brown 

deposition was also noticed inside the cytoplasm of hepatocytes. The portal area was disrupted, 

and the lining epithelium of the bile duct revealed distortion, in addition to inflammatory cells 

infiltration and severe congestion of the portal vein (Fig. 9d-j). On the other hand, the melamine-

exposed group co-treated with Se-NPs@starch exhibited partial recovery of the hepatic damage. 

The central vein appeared less congested with normal dilatation, while the blood sinusoids 

appeared with normal architecture. Some hepatocytes showed degeneration and ballooning with 

cytoplasmic vacuolization, but these alterations in the hepatic architecture were less in severity 

(Fig. 9k, l) when compared to the melamine exposed group without Se-NPs@starch treatment. 

Additionally, microscopical examination of the renal tissues from the control group revealed a 

normal histological structure of the renal cortex [renal corpuscle, proximal and distal convoluted 

tubules (PCT & DCT)] (Fig. 10a), and the renal medulla (Fig. 10i). The Se-NPs@starch exposed 
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group revealed nearly normal glomerular tuft with plentiful capsular space enveloped by intact 

Bowman’s capsule, intact tubular epithelial cells of PCT, DCT (Fig. 10b), and the renal medulla 

containing collecting tubules (Fig. 10j).  

Conversely, renal tissue sections from the melamine-exposed group exhibited various 

histopathological alterations in the renal corpuscles, glomeruli, PCT, DCT, renal vasculature (Fig. 

10c-g), and the collecting tubules (Fig. 10k). Some renal corpuscles revealed widening of 

Bowman’s capsule (Fig. 10c-e) and widening of capsular space (Fig. 10c, d), while others showed 

distortion and shrinkage of Bowman’s capsule (Fig. 10f, g) with narrowed capsular space (Fig. 

10e). Congestion of glomerular capillary tuft (Fig. 10c-g) and diminished glomeruli with a 

prominent nuclear condensation were also observed (Fig. 10f, g). Moreover, some renal corpuscles 

revealed loss of glomeruli with a decreased number (hypocellularity) of mesangial cells (Fig. 10c), 

while others showed complete loss of cells (Fig. 10d). Peri-glomerular edema was also plentiful 

(Fig. 10d). In addition, degeneration, and necrosis of PCT and DCT with desquamated epithelial 

cells were detected (Fig. 10d-g). Also, some DCT was lined by squamous cells and possessed 

vacuolization and desquamation of other lining cells with pyknosis (Fig. 10d). Severe interstitial 

(Fig. 10c) and vascular (Fig. 10g) congestion in addition to hyalinization (Fig. 10f,g) were noticed. 

Furthermore, vacuolar degeneration of collecting tubules, hyalinization, and congestion of 

interstitial blood capillaries were prominent (Fig. 10k). On the other hand, the melamine-exposed 

group co-treated with Se-NPs@starch demonstrated partial recovery of the renal damage. The 

renal cortex and medulla appeared nearly normal with less degeneration, congestion, and 

hyalinization (Fig. 10h, l). 

6. Immunohistochemical finding  

According to our immunohistochemical findings in Fig. 11, liver sections obtained from both 

control and Se-NPs@starch exposed rats exhibited a negative reaction to caspase 3, while a strong 

immuno-expression was noticed in the melamine-exposed one. However, the liver sections 

obtained from the group exposed to melamine and co-treated with Se-NPs@starch revealed a mild 

expression of caspase 3 (Fig. 11).  
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On the other hand, renal tissues of both control and Se-NPs@starch exposed group displayed mild 

positive immunoreactivity to caspase 3. In contrast, the melamine-exposed group revealed a strong 

positive immune reaction. However, a moderate immunoreactivity was noticed in the melamine-

intoxicated group co-treated with Se-NPs@starch (Fig. 12). 

Additionally, according to the data analysis, the melamine-intoxicated group demonstrated a 

remarkable elevation (p˂ 0.05) in the area% covered by caspase 3 in both hepatic and renal tissues 

when compared to the control and Se-NPs@starch exposed group. On the other hand, the 

concurrent administration of Se-NPs@starch significantly (p˂ 0.05) reduced the caspase 3 area% 

induced by melamine in both hepatic and renal tissues by 87.92% and 65.9%, respectively, 

compared with the melamine-intoxicated group (Fig.13).   

4. Discussion  

The kidney is the major target organ in melamine toxicity, but there are some other tissues like the 

liver, muscles, colon, and spleen that were investigated for melamine toxicity [53]. This study has 

been focused on testing the ability of oral administration of Se-NPs@starch to attenuate melamine-

induced liver and kidney dysfunction. Therefore, the serum AST and ALT activities were assessed 

as the principal hallmarks of liver toxicity [54]. According to the present investigation, melamine 

induces severe hepatic damage as represented by markedly elevated serum functions of AST and 

ALT which further evidenced by severe histopathological alternations in the normal structure of 

hepatic tissues as shown in Fig. 9 (d-j) that indicated severe damage of the cellular membrane 

followed by leakage of hepatic enzymes into the bloodstream [55]. These results are in good 

agreement with those reported recently by Abd-Elhakim et al. [21]. However, treatment with Se-

NPs@starch in group IV markedly decreased the serum activities of both ALT and AST, in 

addition to improvement in liver functions, which are highly indicative of the hepatoprotective 

effect of Se-NPs@starch on melamine-induced hepatic impairment. These findings are consistent 

with Bai et al. and Sohrabi et al. [56, 57]. Additionally, the ameliorative effects of Se-NPs@starch 

were also evidenced by the less hepatocellular damage observed in the histopathological 

examination of liver tissues as shown in Fig. 9 (k & l). These results are in harmony with that 

documented by Amin et al., Bai et al. and Hamza et al. [56, 58, 59]. These outcomes may be 

attributed to maintaining the hepatocyte’s integrity or regeneration of damaged hepatocytes [60]. 
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Furthermore, urea is considered the initial acute renal biomarker that elevates by any type of renal 

injury. While creatinine only elevates when most of the kidney function is lost, therefore, it is 

considered the most reliable renal indicator [61]. Consequently, any significant elevation in the 

serum urea and creatinine levels can indicate kidney damage. Our obtained results revealed that 

melamine-intoxicated rats exhibited a significant elevation in the serum creatinine and urea levels, 

indicating melamine-induced renal glomerular impairment. These outcomes are consistent with 

those of Al-Seeni et al. and Abd-Elhakim et al. [21, 62]. Moreover, the renal damage induced by 

melamine was evidenced histopathologically by severe deterioration of renal architecture as in 

Fig. 10 (c-g & k) which was also observed by Lee et al. [63] and Abd-Elhakim et al. [21] after 

exposure to melamine and the findings of Lee et al. [63], Yasui et al. [64] and Peerakietkhajorn et 

al. [65] after exposure to melamine plus cyanuric acid. Conversely, concomitant administration of 

Se-NPs@starch with melamine significantly decreased the serum urea and creatinine levels. 

Moreover, administration of Se-NPs@starch substantially restores the melamine-induced 

histological alterations to the kidney tissues as in Fig. 10 (h & l) supporting the nephroprotective 

property of Se-NPs@starch against melamine toxicity. These results agree with the results 

obtained by others [66, 67]. The nephroprotective efficiency role of the Se-NPs@starch could be 

due to its potent action in scavenging free radicals [68], thus protect the cellular structure from 

oxidative damage [69]. 

Based on the obtained findings, oxidative stress and apoptosis are involved in the pathophysiology 

of the hepato-renal toxicity induced by melamine. Here, the levels of lipid peroxidation marker 

and GSH, in addition to mRNA expression level for GPx and Nrf2 were assessed to evaluate the 

level of oxidative stress. Compared to the control, the MDA level in both tissue homogenates was 

strongly elevated, while the content of GSH and the mRNA expression level for GPx were 

significantly reduced in the melamine-intoxicated rats. Therefore, our results suggest that 

melamine elevated the susceptibility of tissue to oxidative damage via increasing oxidative stress 

and reduction of endogenous antioxidant capacity in both tissues. Our findings coincide with 

previous results stated by Al-Seeni et al. and Abd-Elhakim et al. [21, 62]. 

A marked elevation of MDA concentration reflected the severity of cell damage resulted from the 

oxidation of unsaturated fatty acids. While a significant depletion in antioxidant enzymes (GPx 

and GSH) reflected the impaired antioxidant defense mechanism to counteract the elevated levels 
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of free radicals [70]. The molecular mechanism underlying the hepato-renal damage induced by 

melamine is not entirely clear. According to our obtained results, melamine administration induced 

hepato-renal oxidative damage as substantiated by marked downregulation for Nrf2 mRNA gene 

expression. As reported, Nrf2 is a key transcription factor that has a critical contributor role to 

protect cells from damage induced by inflammation and oxidative stress. Translocation of Nrf2, 

from the cytoplasm to the nucleus, was necessary for its regulation of antioxidant/detoxification 

enzyme expression [71]. As observed in our study, melamine downregulates the Nrf2 mRNA level. 

This is an actual indicator of an oxidative stress response. On the other hand, Se-NPs@starch co-

administered group (group IV) significantly reduced the level of MDA, stabilized nonenzymatic 

antioxidant GSH level, and up-regulated antioxidant enzyme (GPx) mRNA expression level in the 

liver and kidneys. Thus, these findings suggest an ameliorating effect of Se-NPs@starch against 

melamine-induced excessive production of ROS. Se-NPs@starch administration led to 

antioxidative and nephron-protective effects as was reported by Khater et al. [67].  Also, the 

antioxidant activity of Se-NPs@starch was reported by Bai et al. and Sheiha et al. [56, 72] for liver 

tissue and this finding comes beside our results. Moreover, selenium can combat oxidative stress, 

consequently leading to the cellular redox balance, due to its incorporation as selenocysteine into 

GPx and thioredoxin reductase [72]. Se-NPs@starch lead to increase activities of both GPx and 

glutathione S-transferase, resulting in less oxidative stress [30, 67]. In addition, Se-NPs@starch 

detoxify hydroperoxidase and lipid peroxides that accumulate in the cytoplasm and mitochondria. 

Also, Se improves the antioxidant enzyme capacity, thereby leading to cellular protection from 

oxidative damage [73]. Our results confirm the curative effect of Se-NPs@starch on both hepatic 

and renal tissues that may be due to the ability of Se-NPs@starch to mitigate the oxidative stress 

induced by melamine through decline the production of ROS and thus inhibiting the free radical 

chain reactions. Khalaf et al. and Rashad et al. [37, 74]  verified the antioxidant effect of Se-

NPs@starch. Furthermore, most recent studies link the potent antioxidant effects of Se with the 

activation of the Nrf2 factor. Se was reported to upregulate the transcription of Nrf2 against metal 

intoxication [75], as observed in our result. The elevated levels of oxidative stress may hinder the 

pathway of Nrf2 and thereby enhancing the deleterious effects induced by toxic agents [76]. Zhang 

et al. reported that selenium triggered the Nrf2 activation and thereby upregulating the 

transcription of many genes like glutathione S-transferase [77]. Concerning cell death, a series of 

physiological symptoms is initiated as a result of several biochemical lesions induced by the rapid 
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reaction of free radicals with cellular elements that eventually lead to apoptosis. Therefore, our 

study strongly recommends using of Se-NPs@starch as a potent antioxidant to diminish the 

apoptosis induced by melamine intoxication in both hepatic and renal tissues. In the current study, 

intoxication with melamine significantly induced overexpression of the mRNA expression level 

of both apoptotic genes; caspase-3 and c-Myc. This result is in harmony with that of Hsieh et al. 

[78]. This was confirmed by a significant strong positive caspase 3 immunoreactivities of hepato-

renal tissues in melamine-intoxicated rats as presented in Fig. 11, 12 &13. Activation of caspase 

3 can be triggered either by extrinsic or intrinsic factors inducing mitochondrial stress, and it plays 

important role in cell apoptosis [79]. Activation of caspase 3 is an important hallmark of DNA 

fragmentation and nuclear condensation in apoptotic cells [66, 80]. c-Myc is a potent transcription 

factor that regulates the proliferation, growth, and differentiation of cells, whereas deregulation of 

c-Myc as in the situation of cellular stress induces apoptosis [81] and suggested that Bax and 

caspase activation are involved in c-Myc induced apoptosis. The hepato-renal cell death induced 

by melamine may be attributed to the excessive release of ROS after mitochondrial dysfunction. 

Yiu et al. reported that melamine activates Ca2-sensing receptors which in turn causes a sustained 

Ca2 entry in the cell [82]. Cell death may be mediated either by ROS generation together with 

elevation of Ca ions inducing a caspase-mediated apoptotic pathway or through activation of the 

mitochondrial proapoptotic (Bax-1/ Bcl-2) pathway and ROS-mediated cytotoxicity [53]. 

Therefore, the potent anti-apoptotic activity of affordable Se-NPs@starch has been commonly 

postulated as one of the vital mechanisms underlying its beneficial bioactive properties. This 

activity was previously reported [83]. Many studies have shown the potential ameliorative effect 

of Se-NPs@starch against oxidative stress, nuclear damage, and cell death [74, 83] that may be 

due to the ability of Se-NPs@starch to enhance the antioxidant defense mechanism, scavenge free 

radicals efficiently [84], upregulate Nrf2 and heme oxygenase-1, as well as impede the 

inflammatory response and apoptotic cascade [83]. 

5. Conclusion 

Starch can stabilize Se-NPs effectively as confirmed by XPS, EDS elemental mapping, and TEM 

investigations. The synthesized Se-NPs via the proposed approach are well-dispersed and 

biocompatible, in which both features are of major importance for the potential application of 

metal nanoparticles in medicine. Melamine ingestion can induce a severe toxic effect on the liver 
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and kidneys. The intoxication with melamine resulted in an elevation of ALT, AST, serum urea, 

and creatinine, in addition to increased MDA, the high expression level of the apoptosis-related 

gene, reduced GSH and decreased expression level of antioxidant genes. These findings were 

associated with a strong positive immune expression of caspase-3 and severe distortion and 

alteration in the hepatorenal tissues. Fascinatingly, the daily oral administration of starch-stabilized 

Se-NPs (2 mg Se-NPs/kg/day) for 4 successive weeks can significantly reduce the apoptotic effect 

generated by melamine intoxication (300 mg melamine/kg/day) in the liver and kidney tissues of 

adult rats. Moreover, concomitant administration of starch-stabilized Se-NPs with melamine can 

substantially improve the liver and kidney function parameters, alleviate the oxidative stress, 

apoptosis, and histopathological injuries exerted by melamine.  
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Fig. 1. (a-c) XPS analysis of Se-NPs@starch. The spectra are fitted with a linear combination of the corresponding 

reference spectra.  
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Fig. 2. FTIR spectrum of the Se-NPs@ starch compared with the free starch. 
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Fig. 3. (a and b) TEM images and (c) EDS elemental mapping of Se-NPs@ starch.  
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Fig. 4. Protective effects of Se-NPs against the melamine-induced hepatic (A) and renal (B) damage in male 

rats. Data are presented as mean ± SEM. *indicates statistically different from the control negative group (p˂ 

0.05). ** indicates statistically different from the melamine-treated group (p˂ 0.05)  

 

Fig. 5. Protective effects of Se-NPs against the melamine-induced high level of MDA (μM/mg protein) in 

albino rats. Data are presented as mean ± SEM. *indicates statistically different from the control negative group 

(p˂ 0.05). ** indicates statistically different from the melamine-treated group (p˂ 0.05) 
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Fig. 6. Protective effects of Se-NPs against the melamine induced reduction level of GSH (μM/mg protein) 

in albino rats. Data are presented as mean ± SEM. *indicates statistically different from the control negative 

group (p˂ 0.05). ** indicates statistically different from the melamine-treated group (p˂ 0.05) 

 

Fig. 7. Protective effects of Se-NPs against the melamine-induced downregulation of some antioxidant 

related genes in male albino rats.  (A) Hepatic Nrf2 and GPx genes, (B) Renal Nrf2 and GPX genes. Data are 

presented as mean ± SEM.  *indicates statistically different from the control negative group (p˂ 0.05). ** indicates 

statistically different from the melamine-intoxicated group (p˂ 0.05)  
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Fig. 8. Ameliorative effects of Se-NPs against the melamine-induced upregulation of some apoptotic related 

genes in male albino rats. (A) Hepatic c-Myc and CASP3 genes, (B) Renal c-Myc and CASP3 genes. Data are 

presented as mean ± SEM *indicates statistically different from the control negative group (p˂ 0.05). ** indicates 

statistically different from the melamine-intoxicated group (p˂ 0.05) 
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Fig. 9. A photomicrograph of H&E-stained sections of rats’ hepatic tissues showing: 

a (X400): The control group revealing normal cords of hepatocytes (arrow) that appeared radiating from normal 

central vein (CV) and separated by normal hepatic sinusoids (chevron). The hepatocytes of the control group 

appeared polyhedral with central, vesicular, and spherical nuclei. b, c (X400): The nano-selenium exposed group 

exhibiting nearly normal architecture of the central vein (CV) and hepatocytes (arrow) separated by normal hepatic 

sinusoids (chevron). The portal area (c) showing intact architecture of the bile duct (D) and branches of the portal 

vein and hepatic artery (H.A) d-j: The melamine-exposed group. d (400X): Hepatic tissue showing distortion of 

hepatic cords arrangement, edema, sever congestion and dilatation of the central vein (CV) and hepatic sinusoids 

(chevron). e, f (X1000): Blood sinusoids appear dilated with bulged activated Von Kupffer cells (green arrow), in 

addition to inflammatory cells infiltration (e: red arrow). Also, hepatocytes displaying ballooning and cytoplasmic 

vacuolization (yellow arrow). g, h (X1000): Different stages of hepatocyte degeneration and necrosis are clearly 

seen (chevron). h, i (X1000): Portal area exhibiting congestion of the portal vein (P.V), distortion of the epithelial 

lining of the bile duct branches (D) and inflammatory cells infiltration (red arrow). j (X1000): Dark brown 

deposition inside the hepatocytes (B) is clearly noticed. K (X400), l (X1000): Melamine-exposed rats co-treated 

with Se-NPs@starch showed partial recovery that is observed in the form of moderate congestion of the central 

vein (CV) and less degenerative changes (chevron) of the hepatic parenchyma, particularly hepatocytes that show 

less ballooning and cytoplasmic vacuolization (arrow) 
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Fig. 10. A photomicrograph of H&E-stained sections of rats’ renal tissues at X400 showing: 

a: The control group revealing normal structure of the renal corpuscle containing glomerulus (G), PCT (yellow 

arrow) and DCT (red arrow). b: The Se-NPs@starch exposed group revealed nearly normal glomerular tuft (G) with 

plentiful capsular space enveloped by intact Bowman’s capsule (chevron), intact tubular epithelial cells of PCT 

(yellow arrow) and DCT (red arrow). c-g: The melamine-exposed group with various histopathological alterations. 

c: Some renal corpuscles exhibiting widening of capsular space (red chevron) and congestion of glomerular tuft (G) 

with hypocellularity of mesangial cells (black arrow). Furthermore, interstitial congestion (yellow chevron) is 

observed. d: Some renal corpuscles (RC) demonstrating loss of glomeruli with peri-glomerular edema (black arrow), 

while others showing congestion of glomerulus (G) with widened capsular spaces (red chevron). Also, some 

degenerated DCT were lined by squamous cells (red arrow) and possess vacuolization and desquamation of other 

lining cells with pyknosis (yellow arrow). e: Some renal corpuscles show congested glomeruli (G) with narrowed 

capsular spaces (red chevron). Moreover, degenerated renal tubules (red arrow) were plentiful. f: Distorted renal 

corpuscle with diminished glomerular tuft (G) and discontinuous Bowman’s capsule (black arrow) are clearly 

observed. Degenerated renal tubules with desquamated epithelial cells (red arrow) are also noticed in addition to 

hyalinization (yellow chevron). g: Severe vascular congestion (yellow star) and hyalinization (yellow chevron) are 

observed. h: The melamine-exposed rats co-treated with Se-NPs@starch show restoration of most renal corpuscles, 

glomeruli (G) and renal tubules (yellow arrow), while some renal tubules still show degeneration (red arrow). i: 

Renal medulla of the control group revealing normal structure of collecting tubules. j: The Se-NPs@starch exposed 

group exhibiting nearly normal collecting tubules of medulla. k: The melamine-exposed group show prominent 

vacuolar degeneration of collecting tubules (yellow arrow), hyalinization (yellow chevron), and congestion of 

interstitial blood capillaries (yellow star). l: The melamine-exposed group co-treated with Se-NPs@starch 
demonstrating partial recovery of renal medulla with less degenerated collecting tubules (yellow chevron). Also, 

some collecting tubules appear with squamous lining cells (yellow arrow) 
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Fig. 11. A photomicrograph demonstrating immune expression in the caspase 3 stained liver sections (x400).  

A & B. Negative caspase expression in the hepatic tissue obtained from the control (A) and Se-NPs@starch treated 

group (B). C. Intense expression in the melamine-exposed group. D. Mild expression in the melamine-exposed 

group co-treated with nano-selenium 
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Fig. 12. A photomicrograph demonstrating caspase 3 expression in the renal tissue sections (x400). 

A & B. Mild positive expression in the renal tissue obtained from the control (A) and Se-NPs@starch exposed 

group (B). C. Intense expression in the melamine-exposed group. D. Moderate expression in the melamine-

exposed group co-treated with Se-NPs@starch. 

 



41 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. Morphometrical analysis representing the protective effect of Se-NPs against the melamine-induced 

high area % of the hepatic (A) and renal (B) caspase 3-stained sections in rats. Data are presented as mean ± 

SEM (n=5 fields / group). * indicates statistically different from the control negative group (p˂ 0.05). ** indicates 

statistically different from the melamine-intoxicated group (p˂ 0.05) 
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List of Tables  

Table 1. Primer sequence used for qRT-PCR.  

Gene 

symbol 

Gene description Accession 

number 

Primer Sequence 

GAPDH Glyceraldehyde3-phosphate 

dehydrogenase 

NC_005103.4 F:- 5′-ACCACAGTCCATGCCATCAC-3′ 

R:- 5′-TCCACCACCCTGTTGCTGTA-3′ 

Nrf 2   Nuclear factor, erythroid 2-like 2 NC_005102.4 F: -5′‐GGCCCTCAATAGTGCTCAG‐3′ 

R:-5′‐TAGGCACCTGTGGCAGATTC‐3′ 

GPX Glutathione peroxidase  M21210.1 F:- 5′-CTCTCCGCGGTGGCACAGT-3′                     

R:- 5-CCACCACCGGGTCGGACATAC‐3 

c-Myc Cytochrome c K00750.1 F :- 5′-TAC CC T CTC AAC GAC AGC AG-3′ 

R:- 5′-TCT TGA CAT TCT CCT CGG TG-3′ 

CASP 3 Caspase 3  NM_012922.2 

  

F: -5ʹ-GGAGCTTGGAACGCGAAGAA-3ʹ 

R:-5ʹ-ACACAAGCCCATTTCAGGGT-3ʹ 

 

 

 


