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Abstract

Patients receiving Methotrexate (MTX) treatments commonly encounter numerous side effects. Zinc oxide nanoparticles have
gained attention in various fields, including medicine, due to their potential applications in drug delivery, imaging and therapy.
This investigation aimed to assess the effects of Zinc oxide nanoparticles on male mice exposed to Methotrexate via isozyme
electrophoresis and Semi-Quantitative RT-PCR. Polyacrylamide electrophoresis was utilized to separate different isozyme
systems, such as Malate dehydrogenase, Esterase, Superoxide dismutase, and Lactate dehydrogenase, in order to identify
specific biochemical tags associated with the effects of Methotrexate (MTX) and/or Zinc Oxide nanoparticles (ZnONPs). The
results showed that Zinc oxide nanoparticles and/or MTX can alter the intensity and/or the numbers of some isozyme bands in
certain mice body organs. Isozyme systems have proven to be real tags of differential gene expression in some mice body organs
(liver, kidney and spleen). The results showed Up-Regulation of the liver Sod gene expression under the experimental conditions.
Further biological investigations are necessary to thoroughly evaluate the effects of Methotrexate (MTX) medications and

effectively mitigate any potential side effects. © 2023 Friends Science Publishers
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Introduction

Nanoparticles have exceptional properties (compared with
other bulk chemicals) such as a high surface area to volume
ratio and plentiful reactive sites on the surface. The
application of Nanotechnology has been dramatically
increasing in the past decade in many fields including
cosmetics, paints, nutrient delivery, the medical field, the
food industry and testing (Singh and Nalwa 2011; Kumar et
al. 2013; Hong et al. 2015; Peters et al. 2016; Chen et al.
2020; Alamri et al. 2021; Elsebaie and Saad 2022).

About 1.2 million tons of ZnO-NPs are annually
produced around the world (Scherzad et al. 2017).

Zinc oxide nanoparticles (ZnO NPs) have been found
to have some positive impacts on mitochondrial enzymes in
various studies. The potential positive impacts of this
material include Enhancement mitochondrial function,
increasing antioxidant capacity, Preservation of enzyme
activity and promotion of mitochondrial biogenesis
(Adegbeye et al. 2019). It's important to note that the effects
of ZnO NPs on mitochondrial enzymes can vary depending
on factors such as concentration, duration of exposure and
specific experimental conditions.

The probable toxicity of the zinc oxide nanoparticles
through the oral route was discussed in some studies

(Pasupuleti et al. 2012; Mansouri et al. 2015; Muthuraman
and Hwan 2015; Chen et al. 2020). The nanoparticles have
enormous probable effects on biological responses. The
ZnO-NPs could be dissolved in the stomach. Also, it could
be absorbed into the systemic circulation. The probable
toxicity effects of these materials under certain conditions
were discussed in some investigations (Gojova et al. 2007;
Lin et al. 2009; Pasupuleti et al. 2012; Cho et al. 2012;
Mansouri et al. 2015).

Methotrexate (MTX) is broadly used in treatments of
some cancer types, inflammations and rheumatoid.
Determination of the effects of Methotrexate was carried out
using different laboratory methods such as biochemical,
cytogenetic and histological methods (Mansour et al. 2012;
Schmidt et al. 2022). On the other hand, the physiological
and/or biochemical genetic changes due to the ZnO-NPs
effects in various biological systems are not saturated and still
unclear (Abass et al. 2017).

Regarding Methotrexate, Patients receiving MTX
treatments commonly encounter various side effects,
including allergic reactions, skin discomfort, eye irritation,
and intestinal mucus production. Several biological studies
have provided evidence of the hepatotoxicity caused by
Methotrexate treatments in mammals, demonstrating its
effects at both histological and physiological levels.
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However, the understanding of Methotrexate's genetic impact
on various biological systems, including mammals, remains
incomplete (Mansour et al. 2012; Schmidt et al. 2022).

By investigating the different isozymes including
Esterase (break down and convert ester bonds in chemical
compounds), Lactate dehydrogenase (converting lactate to
pyruvate), Malate dehydrogenase (catalyze the conversion of
malate to oxaloacetate), Super oxide dismutase (catalyzes the
conversion of superoxide radicals into oxygen and hydrogen
peroxide) and their distribution patterns, we can gain insights
into tissue-specific metabolic activities (Mansour et al. 2012;
Elsebaie and Saad 2022).

The accuracy and specificity of Semi-Quantitative
reverse transcription polymerase chain reaction (sqRT-PCR)
in measuring gene expression levels have been extensively
discussed in numerous investigations (Wang 2021).

This study aimed to assess the effects of Zinc oxide
nanoparticles on male mice exposed to MTX via isozyme
electrophoresis and sqRT-PCR techniques.

Materials and Methods

The green synthesized ZnO-NPs (165.25 +4.6nm) were
obtained from the Conservation of biological aquatic
resources research group, Biological Sciences Department,
Faculty of Sciences, King Abdulaziz University.

Methotrexate (MTX) was purchased from the
pharmacy (500 mg/20 mL).

Genetically pure male mice individuals (25.1+ 5g) were
housed as mentioned by Mansour et al. (2012) for
acclimatization to the laboratory conditions.

MTX treatments and LD50 determination were carried
out as described by Wheeler et al. (1995) and Mansour et al.
(2012) with some modifications. MTX was intraperitoneally
injected (20 mg/Kkg).

Mice (n=20) were divided equally into four groups (I,
I1. Il and IV) as follows:

Group I: control; mice (n=5) were injected with saline
(0.9% NaCl) intraperitoneally and kept as healthy control.

Group II: mice (n=5) were treated with MTX (20
mg/kg/I1.P.) twice weekly on (Sunday and Thursday).

Group IlI: MTX + ZnO-NPs; mice (n=5) were
administered oral gavage daily with (ZnO-NPs) and then
treated with MTX (20 mg/kg/I1.P.) twice weekly on (Sunday
and Thursday).

Group IV: mice (n=5) were administered oral gavage
daily with zinc oxide nanoparticles at a dose of 0.2 mg/kg
body weight.

On day 40, the blood samples were withdrawn from
each individual. Also, mice were killed, the liver, kidney and
spleen organs were excised, weighed, frozen (Mansour et al.
2012) and kept at -80°C.

Isozyme extraction

Saline soluble Isozyme samples were extracted from three

mice body organs (liver, kidney and spleen). Also, the serum
samples were prepared for separation via polyacrylamide gel
electrophoresis (Mansour et al. 2012).

Isozyme separation

Esterase (a-naphthyl acetate), Malate dehydrogenase (Mdh),
Lactate dehydrogenase (Ldh) and Superoxide dismutase
(SOD) isozyme systems were applied to differentiate
biochemical differences among the control and treated
samples.

Electrophoretic conditions, gel preparation, staining
and distaining were carried out according to Pasteur et al.
(1988), Mansour et al. (2012) and Elsebaie and saad (2022).

sqRT-PCR

The RNA samples were extracted from the liver tissue (100
mg) using TRIzol as described by Rio et al. (2010). The
samples were quantitatively measured as described by
Romero et al. (2007).

A sgRT-PCR method was applied to evaluate Sod gene
expression under experimental conditions. The cDNA
synthesis was carried out according to Meadus (2003).

As a control, B-actin gene fragments were amplified.
The B Actine primer pairs were as follows: B-Actin_F:
GGCACCACACCTTCTACAATG  and B-Actin_R:
GGGGTGTTGAAGGTCTCAAAC. The PCR reaction and
condition were carried out according to Wei et al. (2014).

Concerning the Sod gene fragments, the primer pairs
were as follows: Sod F:-TTTTTGCGCGGTCCTTTCCTG
and Sod_R:GGTTCACCGCTTGCCTTCTGCT. The PCR
reaction and condition were carried out according to Singh et
al. (2012).

Data analysis

The isozyme gel banding patterns were analyzed as described
by Elsebaie and Saad (2022). Concerning the B-Actin and
Sod gene fragments, the bands were analyzed using the Gel
Analyzer 19.1 software (WWW.gelanalyzer.com).

The statistical analysis involved conducting various
sample test analyses of variance (ANOVA) to compare the
values. A significance level of P < 0.05 was considered to
determine statistical significance. The obtained results were
statistically analyzed using Paleontological Statistics
(PAST), Version 4.03 (https://past.en.lo4d.com/windows).

Results

Isozyme variations

The results revealed some variable mice tissue responses
under certain conditions. All samples revealed patterns of

anodally  separated  isozyme  (Esterase, = Malate
dehydrogenase, Lactate dehydrogenase and Superoxide
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Table 1: The resolution of each isozyme banding pattern for every extracted mouse sample type (Under the experimental conditions).

Tissue Serum Liver Kidney spleen
System En resolution NDB resolution NDB resolution NDB resolution NDB
Est 3111 +++ 14 +++ 20 +++ 20 ++ 10
Mdh 1.1.1.37 ++ 15 ++ 9 ++ 3 ++ 1
Ldh 11127 +++ 10 +++ 3 +++ 5 +++ 6
Sod 11511 +++ 9 ++ 3 ++ 3 ++ 4

Est. = Esterase, Sod= Superoxide dismutase, Mdh = Malate dehydrogenase, Ldh = Lactate dehydrogenase, En= Enzyme number, +++ = strong, ++ =
Moderate, + = Weak, - = No detectable reaction and NBD= Number of detected bands
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Fig. 1: The Esterase banding patterns from different samples. Serum (@), Liver (b), Kidney (c) and Spleen (d) tissues. 1= Control, 2= MTX,

3= MTX + ZnO-NPs and 4= ZnO-NPs

dismutase) bands (Figs. 1, 3, 5 and 7). The numbers of the
detected bands were presented in Table (1 and 2).

Esterase variations

The electrophoretic profiles of the esterase isozymes (Fig. 1)
in the evaluated samples (serum, liver, kidney and spleen)
revealed notable bands. The separated esterase isozymes
exhibited intense pattern in all the evaluated samples.

The resolution and the total characterized bands were
summarized in Table (1). The numbers of the identified bands
were adjustable among the evaluated organs. The averages of
the band frequencies (ABF) were summarized in Table (2).
The highest ABF (0.98) value was calculated in the serum
esterase. On the other hand, the lowest (0.86) value was
calculated for the Kidney esterase.

A total of 14 serum esterase bands (Fig. 1) were
characterized (Rf ranged from 0.038 to 0.8). Only one serum
esterase band (Rf=0.05) was absent in the control sample.

Concerning the liver esterase (Fig. 1), a total of 20
bands were identified. Out of these 20 bands, four bands (at
Rf: 0.425, 0.45, 0.8 and 0.988) were absent in the control
sample. Also, one esterase band (Rf= 0.1) was absent in two
samples (3 and 4).

Table 2: Numbers of detected bands in each treatment for each
animal sample

1 2 3 4 ABF SD
Serum Est. 13 14 14 14 0.98 0.07
Mdh 7 6 11 11 058 0.24
Ldh 9 9 9 9 0.9 0.24
Sod 7 5 7 6 0.69 0.37
Liver Est. 16 20 19 19 093 0.14
Mdh 8 8 8 8 0.88 0.25
Ldh 3 3 3 3 1 0
Sod 2 3 3 2 0.83 0.28
Kidney  Est. 17 17 18 17 086 0.24
Mdh 3 3 3 3 1 0
Ldh 5 5 5 5 1 0
Sod 3 3 3 3 1 0
Spleen Est. 8 9 10 10 0.93 0.12
Mdh 1 1 1 1 1 0
Ldh 6 6 5 6 0.95 0.1
Sod 2 2 2 1 0.43 0.37

Est. = Esterase, Sod= Superoxide dismutase, Mdh = Malate dehydrogenase,
Ldh = Lactate dehydrogenase, - = No detectable reaction, c= control, ta =
first time, th = second time, tc = third time and ABF = average of band
frequencies SD= Standers deviation

A total of 20 esterase bands were characterized in

the kidney (Fig. 1) tissue (Rf ranged from 0.05 to 0.738).
One band was a control-specific esterase band (Rf= 0.188).
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Fig. 2: Distribution of band frequencies (BF) and Relative fronts (RF) for each evaluated Esterase isozyme. Serum (a), Liver (b), Kidney

(c) and Spleen (d) tissues

On the other hand, one band at the relative front 0.588 was
absent in the control sample only. Also, two bands (at Rf
0.688 and 0.713) were absent in both the control and MTX
samples. The results showed that the band at the Rf 0.738 was
absent in the t4 sample.

Regarding the spleen (Fig. 1) tissue, the identified
bands ranged from 8 to 10. The Rf ranged from 0.038 to
0.575. Two bands (Rf: 0.3 and 0.525) were absent in the
control sample (S1). Also, band number 6 (Rf= 0.438) was
absent in the MTX sample (Table 2).

The Relative fronts (RF) and distribution of the band
frequencies (BF) of each evaluated Est isozymes in each
evaluated tissue were presented in Fig. (2).

Malate dehydrogenase

The electrophoretic patterns of the Malate dehydrogenase
(Mdh) isozymes (Fig. 3) in the four different samples (serum,
liver, kidney and spleen) revealed notable bands.

The resolution and the total identified bands were
summarized in Table (1). The averages of the band
frequencies (ABF) were presented in Table (2).

A total of 15 serum Mdh bands (Fig. 3) were identified
(the Rf ranged from 0.068 to 0.919). Only one serum Mdh
band (Rf= 0.117) was specific for the control sample.

Concerning the liver Mdh, a total of 9 bands (Fig. 3)
were identified (the Rf ranged from 0.133 to 0.881). Out of
these bands, one band was absent from the control sample.
On the other hand, this sample has a specific marker (band
number 4) at the Rf 0.376.

A total of 3 common Mdh bands were identified in the

kidney tissue extract (Rf ranged from 0.604 to 0.728). No
variations were observed from the Kidney Mdh pattern.
Regarding the spleen tissue, only one band was
identified (Rf: 0.66).
The Relative fronts (RF) and distribution of the band
frequencies (BF) of each evaluated Mdh isozyme in each
estimated tissue was presented in Fig. (4).

Lactate dehydrogenase

The electrophoretic patterns of the Lactate dehydrogenase
(Ldh) isozymes (Fig. 5) in the different tissues revealed
notable bands.

The resolution and the total identified bands were
summarized in Table (1). The averages of the band
frequencies (ABF) were presented in Table (2).

A total of 10 serum Ldh bands (Fig. 5) were identified
(the Rf ranged from 0.13 to 0.93). Only one serum Ldh band
(Rf=0.13) was absent from the control sample.

Concerning the liver Ldh, a total of 3 bands were
identified (the Rf ranged from 0.12 to 0.353). No variations
were observed from the Kidney Ldh pattern.

A total of 5 common Ldh bands were identified in
kidney tissue (Rf ranged from 0.174 to 0.754). No variations
were revealed from the Kidney Ldh pattern.

Regarding the spleen (Fig. 5) tissue, a total of 6 bands
were detected (the Rf ranged from 0.197 to 0.624). Only one
band was absent from sample 3 (Rf: 0.624).

The Relative fronts (RF) and distribution of the band
frequencies (BF) of each evaluated Ldh isozyme in each
estimated tissue was presented in Fig. (6).
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Control, 2= MTX, 3= MTX + ZnO-NPs and 4= ZnO-NPs
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Fig. 4: Distribution of Band frequencies (BF) and Relative fronts (RF) for each evaluated Malate dehydrogenase isozyme. Serum (e), Liver

(), Kidney (g) and Spleen (h) tissues
Superoxide dismutase (SOD)

The electrophoretic patterns of the Lactate dehydrogenase
(Sod) isozymes in the four different samples (serum, liver,
kidney and spleen) were presented in Fig. (7).

The resolution and the total identified bands were
summarized in Table (1). The averages of the band
frequencies (ABF) were presented in Table (2).

A total of 9 serum Sod bands were identified (the Rf
ranged from 0.154 to 0.931). A total of two serum Sod bands
(Rf: 0.154 and 0.383) were specific for the control sample.
Also, one marker (Rf= 0.397) was specific for sample
number (3).

Concerning the liver Sod (Fig. 7), a total of 3 bands
were identified (the Rf ranged from 0. 285 to 0.43). No
variations were revealed from the Kidney Sod pattern (Fig. 7).
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Fig. 6: Distribution of Band frequencies (BF) and Relative fronts (RF) for each evaluated Lactate dehydrogenase isozyme. Serum (i), Liver

(i), Kidney (k) and Spleen (1) tissues

Regarding the spleen tissue, a total of four bands were
detected (the Rf ranged from 0.694 to 0.94). Only one band
was specific for the control sample (Rf: 0.711). Also, the
bands at Rf 0.72 and 0.94 were specific for samples number
2 and 3 respectively.

The Relative fronts (RF) and distribution of the band
frequencies (BF) of each evaluated Sod isozymes in each
estimated tissue were presented in Fig. (8).

Analysis of liver SOD gene expression

To verify between the experimental and control individuals
under the experimental conditions, a sqRT-PCR was
applied to measure of the Sod gene expression in the liver
tissues.

The result analysis indicated an up-regulation of liver
Sod gene relative expression (Fig. 9) under the experimental
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Fig. 7: The Superoxide dismutase banding patterns from different samples. Serum (m), Liver (n), Kidney (o) and Spleen (p) tissues. 1=

Control, 2= MTX, 3= MTX + ZnO-NPs and 4= ZnO-NPs
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Fig. 8: Distribution of Band frequencies (BF) and Relative fronts (RF) for each evaluated Superoxide dismutase isozyme. Serum (m), Liver

(n), Kidney (o) and Spleen (p) tissues

conditions in all treated samples, except for sample 2, which
exhibited down-regulation, when compared to the control
sample (1.28+0.001). There is a significant difference
between sample medians (p < 0.05). The MTX treatment
(treatment 2) exhibited the lowest relative expression
(0.80+0.001) of Sod. Conversely, the ZnO-NPs treatment
(treatment 4) demonstrated the highest relative expression
(1.813+0.004) of Sod. The relative expression of Sod in the
(MTX+ZnO-NPs (1.69+0.001) treatment (treatment 3) is
higher than in the MTX treatment alone (treatment 2).

Discussion

The ZnO-NPs were prepared using the green method because

the plant-derived nanoparticles are low-cost and eco-friendly
to acquire when compared to nanoparticles derived from
chemical and physical methods (Rahimi et al. 2022). Rahimi
et al. (2022) recommended the estimation of various plant
materials for the synthesis of ZnO-NPs for future
investigations.

Some studies have examined the potential positive
and/or negative effects of zinc oxide nanoparticles when
administered orally (Pasupuleti et al. 2012; Mansouri et al.
2015; Muthuraman and Hwan 2015; Chen et al. 2020) but
biochemical and/or molecular alteration due to exposure to
such materials has not been sufficiently evaluated.

Sharma et al. (2012) found that sub-acute oral exposure
to zinc oxide nanoparticles could induce oxidative stress and
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Fig. 9: Averages of the Gene expression of the Sod biomarkers in
the liver. 1= Control samples (1.28+0.001), 2= MTX (0.80+0.001),
3= MTX+ZnO-NPs (1.69+0.001) and 4= ZnO-NPs (1.813+0.004).
Values are mean = SD. *p < 0.05, significantly different from
control

apoptosis in the mouse liver. On the other hand, Fathi et al.
(2016) found that when used as a feed supplement at a dosage
of 20 mg/kg body weight in broilers, ZnO-NPs increased feed
consumption and weight gain. Moreover, ZnO-NPs improved
the antioxidant capacity in the birds by significantly
increasing the serum concentrations of superoxide dismutase
(SOD) and alkaline phosphatase (ALP) activities.
Furthermore, the supplementation of ZnO-NPs led to elevated
levels of high-density lipoprotein (HDL) and cholesterol in the
serum. The results of the present study align with previous
findings. We observed that the treatment involving ZnO-NPs
exhibited the highest relative expression of Sod.

In a separate study conducted by Chen et al. (2020), it
was discovered that exposure to zinc oxide nanoparticles
resulted in fetal growth restriction and apoptosis in pregnant
mice. Therefore, more investigations should be carried out
for determining and evaluating the accurate effects of such
nanoparticles on different organisms (at biochemical and/or
molecular genetic levels.

Due to its sensitivity, isozyme electrophoresis (Alamri
et al. 2021) and Semi-quantitative (Wang 2021) techniques
were applied in the present study for detecting the effects of
Zinc oxide nanoparticles and MTX on male mice body
tissues including the liver, spleen and kidney. Also, these
effects were evaluated on mice's serum.

The results showed that exposures to Zinc oxide
nanoparticles and/or MTX can change the intensity and the
numbers of some isozymes (Esterase, Malate dehydrogenase,
Lactate dehydrogenase and Superoxide dismutase) in some
body organs.

Isozyme systems have proven to be real tags of
differential gene expression in various body organs. The
results showed that the total numbers of some isozyme bands
(kidney Mdh, spleen Mdh, liver Ldh and kidney Ldh) are not
altered. On the other hand, the other tissue samples are
affected by treatments under experimental conditions. These
findings align with the observations of Mansour et al. (2012),

who attributed the increased numbers and/or intensities of
isozyme bands to the effects of Methotrexate (MTX) on
mice. Also, both Alamri et al. (2021) and Elsebaie and Saad
(2022) recommended these systems for developing
informative biochemical tags for exploring the effects of
various nanoparticles on different biological systems.

The cellular defense mechanisms against oxidative
stress are supported by antioxidants such as superoxide
dismutase, ascorbic acid, Metallothionein, and glutathione
peroxidase. So, to verify between the experimental and
control individuals under the experimental conditions, a
Semiquantitative RT-PCR was applied to measure the Sod
gene expression in the liver tissues. The samples were
quantitatively measured to detect the utility of RNA
extraction from the liver tissue and the percent validation of
the mMRNA to cDNA (Romero et al. 2007).

Concerning the sublethal concentration of ZnO-NPs,
the expression of certain genes including in oxidative stress
and apoptosis were increased (Esmaeillou et al. 2013; Rahimi
et al. 2022). Also, some Rat thymus and spleen gene
expressions were evaluated under certain  ZnO-NPs
treatments by Abass et al. (2017) via RT-PCR analysis. They
observed the Upregulation of some immunomodulatory (like
CD3) and inflammatory (like TLR4) genes. Abass et al.
(2017) also estimated the effects of the ZnO-NPs
(26.6£9.7Inm) on the rat’s thymus and spleen -cell
proliferation using biochemical and immunohistochemical
analysis. The cellularity of the spleen and thymus and their
structural integrity were affected by ZnO NPs. They found
that exposure to ZnO-NPs triggered a decrease in serum TAC
and an increase of MDA in both the spleen and thymus
tissues. These results indicated that ZnO NPs initiated the
oxide stress—ER stress actions. In addition, the apoptosis was
enhanced. More molecular investigations are required to
evaluate more gene expressions under various ZnO NPs
treatments.

In the present study, data analysis showed upregulation
of the liver Sod (antioxidants) gene expression under
experimental conditions. Rahimi et al. (2022) confirmed that
Zinc oxide nanoparticles prompted oxidative stress and
upregulated the iINOS and TNF-o (inflammatory
biomarkers) and suppressed the expression of Sod and
CAT (antioxidant-related genes) in both mice liver and
kidney tissues. On the other hand, Zinc oxide
nanoparticles were not toxic at low concentrations while
at high concentrations they could increase reactive oxygen
species ROS (Syama et al. 2013).

Muthuraman and Hwan (2017) confirmed that the
LDH, ALT, ALP and AST enzyme activities and mRNA
expressions were significantly augmented in a dose-
dependent mode. The cells are affected when exposed to a
higher concentration of ROS.

The biological effects of Methotrexate are correlated to
concentration and time-dependent. Al-Maruf et al. (2018)
observed that the rat liver exposed to the MTX (300 puM)
treatment prompted mitochondrial injury and cytochrome ¢
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release. They concluded that MTX-induced cytotoxicity
caused by reactive oxygen species formation and GSH
oxidation leads to oxidative stress and mitochondrial injury
in rat hepatocytes.

In the present study, the result analysis showed UP-
Regulation of the liver Sod gene expression in all treatments
except MTX (down regulation) compared with the control
sample. This finding may be due to the experimental
conditions especially the ZnO NPs concentration compared
to the previous studies carried out by Rahimi et al. (2022) and
Al-Maruf et al. (2018). So, we can confirm that the effects of
both MTX and ZnO NPs on various gene expressions in
certain mice body organs are affected by the material
structure and concentrations.

Conclusion

The wide applications of nanoparticle technology hold a huge
capacity for exploring its future fate in industry, agriculture
and medicine (antimicrobial agents and anticancer Nano
drugs). Exposures to Zinc oxide nanoparticles and/or MTX
can alter the intensity and numbers of some isozymes in some
body organs. Semiquantitative RT-PCR and Isozyme
systems have proven to be real tags of differential gene
expression in various body organs. The developed
biochemical and/or molecular tags were informative by
allowing the comparison among the evaluated samples. Also,
the obtained results will be useful in understanding the
physiological consequences of gene expression analysis.
More biological tags could be developed to explore
environmental health, especially in terms of environmental
pollution ranks in future ecotoxicological research. To have
a better understanding of effects induced by ZnO-NPs and/or
MTX at the molecular level, the investigation of protein
expression levels must be accompanied by transcriptomics
and proteomics.
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