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ARTICLE INFO ABSTRACT

Avrticle History: The rapid emergence of nanoparticles technology holds an abundant
Received: Jan. 30, 2021  capacity for its future applications in the aquatic environment. In this study,
Accepted: Feb. 22,2021  P. scalare was selected to be a model to evaluate the probable effects of
Online: Feb. 28, 2021 silver nanoparticles on the fish genome responses. The homogeneity among
the estimated fish samples was evaluated via the analysis of Inter simple

sequence repeat (ISSR) markers. Fishes were reared for certain times under

Ei%/words: silver nanoparticle stresses. Four Isozyme systems (Esterase, Malate
Silver dehydrogenase, Superoxide dismutase and Alcohol dehydrogenase) and

. Protein separations (using the sodium dodecyl sulfate-polyacrylamide gel
Nanoparticles . - . . . . .
Markers electrophoresis) were assayed to identify biochemical genetic markers in

three different fish tissues (eye, gill and muscle) for all evaluated fish
samples. No variations were appreciable among control and treated fish
samples concerning protein separations. The separation of eye Esterase and
Superoxide dismutase display clear differences between the control and the
treated fishes. The results proposed that exposure to silver Nanoparticles can
change the number and intensity of some isozymes in certain fish body
organs. 1sozyme separations have proven to be actual probes of differential
gene expression in various fish samples. More biochemical markers could
be developed to monitor aquatic environmental health especially in the term
of water pollution ranks in the future Eco-Toxicological investigations.

INTRODUCTION

Protein variations

The rapid emergence of nanoparticle technology holds an abundant capacity for
future applications due to their huge volume-specific surface areas with various
surface activities than bulk (Farkas et al., 2017; Ibrahim et al., 2021).

In the recent decade, a lot of products were produced with nanoparticles as an
active ingredient or as a part of the composition cosmetics of many fields. So, the
nanoparticles had been introduced with the promise of different health benefits (Xia et
al., 2009 ). The waste of these products is usually transferred to the sewer system and
eventually to various water bodies where it was exposed to different aquatic
organisms. The studies on the toxicity of nanoparticles for land animals of various
systematic groups assessed sublethal and lethal concentrations, embryotoxicity, gene
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expression, cell proliferative activity, chromosome aberrations and fertility ( Warheit
et al., 2007; Baun et al., 2008; Klaine et al., 2008).

A lot of studies confirmed that the silver nanoparticles caused gill pathology and
mortality in the zebrafish, where the mean lethal dose (LD50) over 48 h was 0.9 and
7.2 mg/l nanoparticles, respectively (Griffit et al., 2007; 2008). Also, high
concentrations of silver nanoparticles had been correlated with an increased rate of
morphological abnormalities and mortality rate in the zebrafish larvae (Lee et al.,
2007). The green synthesis of nanoparticles was introduced as a safe alternative to
chemically synthesized particles. In the green synthesis, the organic solvents and
chemical reagents are not used in the preparation of nanoparticles (NPs ). NPs have
unique properties with their nanostructures (Raveendran et al., 2003). The atoms
ordered to the nano-scale differ from the bulk metallic materials (Murphy et al.,
2005).

The investigations in the field of toxicity effects of green synthesized
nanoparticles on aquatic organisms are not yet saturated comparatively with the
known pollutant substances such as pesticides (Ozgur and Rifat 2018; Laura et al.,
2020). The gill tissues were considered a suitable target for exploring the effect of
nanoparticles on fishes. Also, antioxidant fish enzymes could be used as biomarkers
for exploring the toxicity of nanoparticle materials (Ozgur and Rifat 2018).

Different laboratory techniques are widely used for detecting the heavy metal
accumulation in different fish tissues. These techniques are including gas
chromatography (Fianko et al., 2011), high-performance liquid chromatography (Rao
et al., 2010) and atomic absorption. Also, determination of protein separations and/or
isozyme activities was recommended for exploring the effects of different
environmental stresses including pollution on different organisms (Abd EL-Reheem et
al., 2007; Skuratovskaya et al., 2017).

The probable effects of such materials on different aquatic organisms should
be detected, tested and evaluated (Sabullah et al., 2015). From this point of view, the
present study was designed to develop some biomarkers for exploring the fish genome
responses to silver nanoparticles under certain conditions.

MATERIALS AND METHODS

Fish sample source

The Pterophyllum scalare (a freshwater fish belonging to the family Cichlidae)
samples were obtained from the conservation of biological aquatic resources research
group (CBARRG), Biological Sciences Department, Faculty of Sciences, King
Abdulaziz University.

Estimation of the homogeneity within the evaluated fishes:
DNA extraction and amplification
The DNA was extracted from caudal fin tissues as described by Saad et al., (2013).
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ISSR analysis
Inter Simple Sequence Repeats (ISSR)

A total of 10 ISSR primers were tested to evaluate the homogeneity within the
estimated fish samples at a molecular level. The ISSR primer sequences and codes
were presented in Table (1).

PCR reactions were prepared as described by Saad et al., (2013) with some
modifications. The PCR program consisted of one cycle for 3 min. at 96°C, 40 cycles
for (30 sec. at 96°C, 30 sec. at 42 °C & 1min. at 72°C) and one cycle for 10 min. at
72°C. The separated PCR products (1.6% agarose gels) were photographed. Data
were analyzed and presented.

Green synthesis of AgNPs

The synthesis of AgNPs with C.gileadensis bark extracts (obtained from
CBARRG) was carried out by mixing the aqueous solution of silver nitrate (0.216g/L)
with the aqueous bark extracts in the ratio of 5:1 (v/v). The previous mixture was
stirred and then left at room temperature for 24 hours on the shaker. After 24 hours,
the product contents were centrifuged at 10,000 rpm at 4°C for 12 minutes for
removing the presence of probable biological admixtures.
Quantify the conversion of Ag* to AgNP

The conversion of Ag* to AgNP was quantified by the inductively coupled
plasma atomic emission spectroscopy (ICP-AES) as described by Rahman et al.,
(2018).
Experimental design
Determination of LC50

Fish (n=75) with an average weight of 4.89+0.2 g and lengths of 5.804 cm
+0.1 cm were acclimated for 10 days in well-aerated conditions. The averages of
water temperature and pH value were 21.05+0.03 and 8.1+0.07 respectively. All
fishes were fed a commercial diet (25% protein).

The fish samples were divided into 5 groups (5 fish of each group, in 3 replicates)
each as follows: Group 1 (water, control group), Group 2 (water with plant extract),
Group 3 (27.5 pg/L AgNP), Group 4 (55ug/L AgNP) and Group 5 (82.5 ng/L AgNP).

The LC50 values at certain AgNP concentrations were calculated using the
AAT Bioquest, Inc. (2021, January 20).Quest Graph™ LC50 Calculator
(https://www.aatbio.com/tools/Ic50-calculator) at the durations (24, 48 and 72h) of
exposure.

Evaluating the effects of the AgNPs on the fish genome responses

Fish individuals were acclimated for 10 days in well-aerated conditions (The
light: dark regime was set to 16:8 h). The averages of water (dechlorinated tap water)
temperature and pH value were 21.05+0.03 and 8.1+0.07 respectively.

An experiment was carried out for evaluating the effects of AgNPs on the fish
genome responses during three different times (ta=12h, tb=24h and tc=48h) compared
with the control (c1 and c2). The fish were feed with the commercial diet for five
days in good aerated condition (Elsebaie et al., 2014). The feeding possess was
equivalent to 5% of fish body weight. Accumulated fecal and feed waste was removed
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from ponds every 12h. Also, one day before administering experimental treatments,
the fish feeding was stopped.

A total of 15 Polypropylene tanks (15L size) were separated into five groups
(distilled water, Water with plant extract, AgNPs (27.5ug/L) solution for ta, th and tc.
Using triplicate tests, the fish were exposed to AgNPs based on a semi-static exposure
regime. All the tanks were well aerated at 20+1°C. The fish individuals were
randomly separated into the tanks (n=3). So, each group had 9 fish individuals.

All fish were removed from each pond according to the scheduled times. Each
sample was rinsed with deionized water to remove any AgNPs on the fish surface.
The fish samples were killed by severing the spinal cord (Farkas et al., 2017). The
tissue samples (eyes, gills and muscles) were frozen at -80°C until the analysis.
Protein extraction, purification and sample preparation

The Saline soluble proteins were extracted from each fish tissue type (eyes,
gills and muscles) as explained by Rashed et al., (2007) with minor modifications. A
total of 0.05g from each tissue sample was powdered in liquid nitrogen then extracted
in 400ul of 0.85% NaCl solution (pH= 8). The products were centrifuged at 12000
rpm/15min (4°C). The supernatants were transferred into new Eppendorf tubes. 100
ul of lauding dye (50% glycerol, 0.5g bromophenol blue and ddH,O up to 100ml, pH
=8) was added for each purified sample.

SDS-PAGE

Each purified protein sample (50ul) was prepared for separation using Sodium
Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis or SDS-PAGE (Abdel-Reheem
et al., 2007). Samples were applied to 14% polyacrylamide gel electrophoresis. The
gels were prepared as mentioned by Abdel-Reheem et al., (2007). Electrophoresis
conditions, Staining and De-staining were carried out as described by Mansour et al.,
(2012).

Isozyme electrophoresis

Malate dehydrogenase (Mdh), Alcohol dehydrogenase (Adh), Esterase (Est)
with substrates (a-naphthyl acetate) and Superoxide dismutase (Sod) isozyme systems
were applied to detect the probable biochemical genetic variations among treated and
control tissue samples (eyes, gills and muscles). Electrophoretic conditions, gel
preparation, were carried out according to Mansour et al., (2012). The staining of the
gels was carried out as described by Pasteur et al., (1988) with minor modifications as
reported in Saad et al., (2009).

Statistical analysis:

All experiments were performed in triplicate. Identification of lethal
concentration values was calculated as described by Gulec et al., (2013) with some
modification as described by Elsebaie et al., (2014).

Protein and isozyme Gel patterns were analyzed as described by Mansour et
al., (2012). ISSR patterns were analyzed as described by Saad et al., (2013).
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RESULTS

Evaluation of homogeneity among P. scalare samples based on ISSR variations

A total of 10 ISSR (Inter simple sequence repeats) primers (Table 1) were
selected to generate ISSR fragments (Figure 1). After the validation of selected ISSR
primers via polymerase chain Reaction methodology, the data were analyzed to
calculate the homogeneity value among the evaluated fish samples.

The numbers of DNA fragments were calculated among generated banding
patterns. It ranged from 2 bands (Primers 6) to 11 bands (primers 1 and 2). Generally,
the results of the analyzed ISSR banding patterns showed that the percentage of
polymorphic loci was low. The ISSR band frequencies were calculated for each
selected ISSR primer. The averages of these band frequencies were presented in
Figure (2). The data analysis showed that the homogeneity values among the
evaluated fish samples were extremely high (0.98).

Calculation of lethal concentration (LC50) values

After the acclimatization period (10 days), each fish group (n=15) was
exposed to a certain AgNPs. The water temperature and pH value were measured each
12h. During the experiment period, the feeding was stopped. The general behavior of
each fish group was observed and registered. The Dead specimens were eliminated
immediately after death. Also, the percentages of mortality values were calculated.

Different mortalities were observed at the three fish groups (Group 3, Group 4
and Group 5). No mortality was observed in both fish groups 1 (fish in only water,
control group) and 2 (fish in water with plant extract).

The LC50 value of AgNPs for the evaluated fishes was 59.4 pg/L.

Analysis of protein electrophoresis banding patterns

The separation of protein bands was varied among the evaluated fish body
organs (eyes, gills and muscles). The total numbers of detected protein bands were 23,
26 and 24 in eyes, gills and muscles respectively (Figures 3-A, B and C).

Also, the protein band densities and intensities differed among the evaluated
fish body organs. On the contrary, gills had the lowest intensities (Figures 3-B). The
distributions of protein bands were similar within each evaluated organ soluble
protein extract separations in all applied protein samples. With regards to different
organs, no treatment effects were recorded in all estimated soluble protein separations.

Analysis of isozyme banding pattern variations

The results revealed some different fish tissues responses among different time
intervals under certain AgNP concentration.
All fish samples yield a pattern of anodally moving isozyme bands. The
electrophoretic patterns and the numbers of detected isozyme bands were presented in
Tables (2) and (3) respectively.
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Table 1: The ISSR primer code, name, sequences and
number of detected bands.

Primer Name Sequence TNB PB CB SD

PL AW3  (GT)6-RG 11 0 11 0
P2 ITL (CA)8-GT 11 0 11 0
P3  IT3 (GAG)4-AG 10 3 7 0.09

P4 HBI1 (GTCC3 7 0 7 0
P5 SASL  (GTG)4-GC 6 1 5 021
P6 CHRIS (CA)7-YG 2 0 2 0

P7  TERRY (GTG)4-RC 10 0 10 O

PS8 SAS3  (GAG)4G 8 0 8 0
P9  BECKY (CA)7-YC 6 0 6 0
P10 814 (CT)8-TG 7 0 7 0

TNB= Total number of bands, PB= Polymorphic bands,
CB= Common bands and SD= Slandered deviation.

Esterase isozyme variations

The electrophoretic patterns of the Esterase (with a-naphthyl acetate) isozyme
(Figures 4, 5 and 6) in the three different fish organs (eyes, gills and muscles)
revealed distinguished Esterase bands. The separated fish esterase isozymes showed
very intense bands in all evaluated fish tissues.The numbers of detected Esterase
bands were variable among evaluated fish organs under the experimental conditions.
Eye esterase (Figure 4) bands (10 bands) were the most intense and informative bands
relatively. There are three common Esterase bands were detected in the eye Esterase
at certain relative fronts (0.08, 0.3, and 0.34). One Esterase band (at RF= 0.06) was
present in all AgNP treatments while absent in both c1 and c2 samples. A total of five
Esterase bands at certain RF (0.48, 0.54, 0.68, 0.7 and 0.8) were specific for all tc
samples (tcl, tc2 and tc3). The band at RF= (0.76) was absent in all tc samples.A total
of 4 gill Esterase isozymes (Figure 5) were detected according to the band relative
mobility’s. Only one band (RF= 0.886) was absent in the (ta) samples.

A total of 8 muscle esterase bands were identified. On the other hand, No
polymorphic muscle Esterase bands were observed (Figure 6).
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P9 P10

Fig.1: Separation of ISSR band variations among the evaluated fish
samples .P= ISSR Primer, Bp= base pair.
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Fig.2: Average of ISSR band frequencies for each selected ISSR primer. P= ISSR primer.
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Fig.3: Separation of protein (SDS-PAGE) bands from different fish tissue extracts. A=Eye
soluble protein bands, B= Gills soluble protein bands and C= Muscle soluble protein bands.
ta= 12h, th= 24h, tc= 48h, c1= control 1 and c2= control 2.

Table 2:The resolution of four enzymes and protein electrophoresis resolutions the
three types of P.scalare tissues (Under the experimental conditions).

Tissue Eye Gills Muscles
System En resolution NDB  resolution NDB resolution NDB
SDS-PAGE +++ 25 ++ 34 +++ 26
Est 3111 +++ 10 +++ 4 +++ 8
1.15.1.

Sod 1 +++ 11 +++ 6 + 1
Mdh %'1'1'3 +++ 3 - - +++ 4
Adh 1111 + 3 +++ 5 + 4

SDS= Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis, Est.= Esterase,
Sod= Superoxide dismutase, Mdh= Malate dehydrogenase, Adh= Alcohol
dehydrogenase, En= Enzyme number, +++= strong, ++=Moderate, += Weak, - = No
detectable reaction and NBD= Number of detected bands.
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Table 3: Numbers of detected bands in each treatment for each fish tissue.

Eye Gills Muscles
Est Sod Mdh Adh Est Sod Mdh Adh Est Sod Mdh Adh
cl 5 10 2 3 4 2 - 4 8 1 4 4
c2 5 10 2 3 4 2 - 4 8 1 4 4
ta 5 10 2 3 3 3 - 5 8 1 4 4
tb 5 9 2 3 4 4 - 5 8 1 4 4
tc 9 7 3 3 4 4 - 4 8 1 4 4
ABF 0.6 08 08 1 09 0.6 - 092 1 1 1 1
SD 0.4 03 04 0 01 036 - 01 O 0 0 0

Est.= Esterase, Sod= Superoxide dismutase, Mdh= Malate dehydrogenase, Adh= Alcohol
dehydrogenase, - = No detectable reaction, c= control, ta = first time, tb = second time,
tc = third time, ABF = average of band frequencies and SD= Standers deviation.
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Fig.4: Separation of Esterase isozyme bands from fish Eye tissue extracts.
ta= 12h, th= 24h, tc= 48h, c1= control 1 and c2= control 2.
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Fig.5: Separation of Esterase isozyme bands from fish gill tissue extracts.
ta= 12h, th= 24h, tc= 48h, c1= control 1 and c2= control 2.
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Fig.6: Separation of Esterase isozyme bands from fish muscle tissue extracts.
ta= 12h, tb= 24h, tc= 48h, c1= control 1 and c2= control 2.

Superoxide dismutase (Sod)

The electrophoretic patterns of the Sod isozymes in eyes (Figure 7), gills
(Figure 8) and muscles were revealed distinguished Sod bands. The numbers of
identified Sod bands were diverse among the evaluated fish tissues under the
experimental conditions. Eye Sod (Figure 7) bands (11 bands) were the most intense
and informative bands relatively.

There are 6 common Sod bands were detected in eye Sod at certain relative
fronts (0.08, 0.12, 0.24, 0.3, 0.48 and 0.62).

cl c2 tal ta2 ta3 tbl tb2 tb3 tcl tc2 tc3 RF
- - S B =

Fig.7: Separation of Superoxide dismutase isozyme bands from fish Eye tissue extracts. ta=
12h, th= 24h, tc= 48h, c1= control 1 and c¢2= control 2.

Fig.8: Separation of Superoxide dismutase isozyme bands from fish Gill tissue extracts. ta=
12h, tb= 24h, tc= 48h, c1= control 1 and c2= control 2.

A total of three Sod bands (at RF= 0.4, 0.46 and 0.58) were present in all c1,
c2, ta and tb individuals. On the other hand, these bands were absent in all the tc
samples. Also, one Sod band (RF= 0.76) was identified as the specific band for all tc
samples. Regarding the gills Sod, a total of 6 bands were detected at certain relative
fronts (0.28, 0.533, 0.578, 0.667, 0.756 and 0.778). Out of the 6 detected Sod bands,
two bands were considered as common bands at relative fronts 0.28 and 0.533). There
are two Sod bands (RF=0.578 and 0.667) that were specific to the tc samples.
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Concerning the muscles tissue extracts, only one faint uninformative Sod band
was detected at RF=0.4.
Malate dehydrogenase (Mdh)

The electrophoretic patterns of the Mdh isozyme (Figures 9 and 10) in two
different fish organs (eye and muscle) revealed distinguished Mdh bands.

Concerning the eye Mdh (three bands), two common bands at the relative
fronts (RF=0.4 and 0.46) were detected (Figure 9). The third Mdh band was only
detected in the tc (tcl, 2 and 3) tissue samples (RF=0.6). On the other hand, no clear
polymorphic muscle Mdh bands were observed (Figure 10).

Alcohol dehydrogenase (Adh)

The same Adh bands at the same positions were detected in both treated and
control samples in the eye (3 bands) and muscle (4 bands) fish tissues (Tables 2 and
3). However, the numbers of Alcohol dehydrogenase bands were changed by the NP-
Ag in the evaluated gill tissues (Figure 11). One Adh band was absent in the tc
samples at RF (0.333). Also, the band at RF (0.13) was absent in the control samples
while this band was present in the other samples.

The distribution of Band frequencies (BF) and Relative fronts (RF) of each
evaluated isozyme in each estimated fish tissue are presented in Figure (12).

cl c2 tal ta2 ta3 tbl tb2 tb3 tcl tc2 tc3 RF

_-0.40

0.46

"~ 0.60

+

Fig.9: Separation of Malate dehydrogenase isozyme bands from fish Eye tissue extracts. ta=
12h, th= 24h, tc= 48h, c1= control 1 and c2= control 2.

cl c2 tal ta2 ta3 tbl tb2 tb3 tcl tc2 tc3 RF
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Fig. 10: Separation of Malate dehydrogenase isozyme bands from fish muscle tissue extracts.
ta= 12h, th= 24h, tc= 48h, c1= control 1 and c2= control 2.

cl ¢2 tal ta2 ta3 thl tb2 th3 tel tc2 tc3

Fig.11: Separation of Alcohol dehydrogenase isozyme bands from fish gill tissue extracts ta=
12h, th= 24h, tc= 48h, c1= control 1 and c2= control 2.



976 Pterophyllum scalare genome responses to silver nanoparticles

15 ‘
iz
1 BF 1 -
——FF e ——_
0s o
04 /
a - o2
(ﬂ} 1 2 3 4 5 68 7 8B 9 10 G::]]- * 8 4 % & 7 8 % 10 i
3 2
15 15
14 BF 1 N
a5 ’-__._'_,__-—-f == 05 / ——RF
o o
@ ‘o @ * '
2
15 3
. . . BF
05 // = /_*,r/‘_" —_——
U 05
0 o
(e) S ® ol B .
.
2
15 15
5 BF . BF
- - . '/-4—/4 -
Q—-—"—I/ ’
0
@ : : : & )+ 2 s
(]1) 2 3 4 5 & 7 B
5 2
15
BF 1 oF
05 PR ——— —+—aF 05 '—__/"_‘ ——
o _U 4
(i) 1 2 1 2 () . . ’ N

Fig.12: Distribution of Band frequencies (BF) and Relative fronts (RF) of each evaluated isozyme in
each estimated fish tissue. (a)= Eye Est., (b)= Eye Sod, (c)= Eye Mdh, (d)= Eye Adh, (e)= Gill Est.,
(= Gill Sod, (g)= Gill Adh, (h)= Muscle ESt., (i)= Muscle Mdh and (j)= Muscle Adh.

DISCUSSION

The recent applications, challenges and perspectives of AgNPs biosecurity in
the aquaculture industry are explained and discussed by Laura et al., (2020).

In the present investigation, the AgNPs were synthesized using the green
method. This method was applied due to its eco-friendly and low cost (Sharma et al.,
2009; Laura et al., 2020). We evaluated the effects of silver nanoparticles on the
P.scalare genome responses. Four Isozyme systems (Esterase, Malate dehydrogenase,
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Alcohol dehydrogenase and Superoxide dismutase) and Protein electrophoresis (SDS-
PAGE) were applied to identify genetic markers (as bioindicators) in the three
different fish tissues (eyes, gills and muscles) for all evaluated fish groups.

Protein and isozyme electrophoresis is among the most cost-effective methods of
studying the genetic phenomena at the molecular and/or biochemical levels (Robert et
al., 1996; Saad et al., 2009; Mansour et al., 2012).

The homogeneity value among the estimated P. scalare samples was reflected
by the high band frequencies generated by the selected ISSR primer. This sensitive
method was applied due to its efficiency in discrimination between fish individuals
within a certain fish population. Also, this method has value in studying speciation in
various animal taxa (Saad and Elsebaie 2020) including fishes (Omar et al., 2020).

Allozyme genotypes have been extensively identified as bio-indicators for
water quality due to its sensitivity to various environmental stressors. Allozyme
variations might be correlated to environmental stressors such as metal
concentrations, temperature, salinity and pH variability (Fore et al., 1995). So, the
changes in identified allele frequency in evaluated fishes could be affected by
experimental conditions as revealed from the separation of the band frequencies.

The proteins from three fish tissues (Eyes, Gills and white Muscles) were
extracted for developing biomarkers under our experimental conditions. A total of two
tissues (eyes and gills) were affected by the experimental conditions. No variations
were detected in the case of muscle extract. This reflects the conservative features of
fish muscle proteins.

The distributions of AgNPs in various fish (Scophthalmus maximus) tissues
were evaluated by Farkas et al., (2017). They found that AgNP was detectable in most
fish tissues despite the relatively short daily exposure duration (2 h). The AgNPs were
extremely attached to gill surfaces and/or stuck in the fish gill mucus. Another study
observed that the dissolved Ag was accumulated in marine teleost fish (Platichthys
flesus) liver (Hogstrand et al., 2002). So, the real effects of AgNPs on tissue functions
should be evaluated in different fish tissues at various levels.

The highest allele frequency values of the four applied isozyme systems were
calculated in the muscle tissues. On the other hand, the allele frequency values in the
other two evaluated tissues (eye and gills) were lower than allele frequency in the
muscles. Also, out of the four applied isozyme systems (Est., Sod, Mdh and Adh),
Esterase and Superoxide dismutase were informative in discrimination among the
fish samples under the experimental conditions. The Adh loci were invariant in the
muscle and eye fish tissues. Concerning the gills tissues, the Adh was informative in
discrimination between the treated and control groups.

We observed that, the effects of silver nanoparticles on the different fish
tissues were variables. This observation was also registered by Johari et al., (2015).
Chae et al. (2009) found that the fish exposed to AgNPs first increased expression of
Glutathione S-transferase A (GST) in the liver of O.latipes. A similar observation was
confirmed by Pham et al. (2012). On the other hand, over time GST expression values
were decreased in the same species (Chae et al. 2009).
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The number of isozymes and the intensity of isozyme bands in the fish
exposed to AgNPs were increased in the eyes and gills extracts through time. Also, a
group of distinct isozymes bands was specific for certain treatments. For example,
some Sod and Est bands in gills and eye extracts were only present in tb and tc
samples. Also, a total of five Esterase bands at certain RF (0.48, 0.54, 0.68, 0.7 and
0.8) were specific for all tc samples (tcl, tc2 and tc3). This could be due to those
certain genes in certain tissues exhibit increasing in their expression levels under
metal and/or Nano-metal materials exposure.

The antioxidants such as superoxide dismutase, ascorbic acid, Metallothionein
and glutathione peroxidase were acting as the vanguard of cellular defense
mechanisms to avoid or hold up various oxidative stresses (Roesijadi 1996). This
observation was also confirmed by Johari et al. (2016).

Comparatively, with other animal taxa, Mansour et al. (2012) observed that
animals such as mice living in contaminated environments exhibited distinct isozymes
and/or protein subunit pattern separations. These observations could be utilized for the
bio-exploring of various environmental stresses. As known, the enzymes reflect the
differential expression of genes. Also, it is responsible for the differential expression
of genes through their participation in the control of transcriptional and post-
transcriptional actions (Paigen, 1979; Scandalios, 1979). The same conclusion was
revealed by Pedrajas et al. (1993) in the Mullet and Abd EL- Reheem et al., (2007) in
Tilapia fishes.

The amount of some enzymes such as Sod (protects cells against oxidative
stress) and their corresponding gene expression (Choi et al., 2010; Johari et al., 2016)
is vital as a biomarker of environmental stresses in various aquatic ecology. The
numbers and intensity levels of these biomarker isoforms and/or expressions had
differed from tissue to tissue under the same experiment condition. So, in the current
investigation, an increase in Sod isoforms (through time) were detected in the fish gill
tissue extracts following exposure to AgNPs. Compared with the control, the numbers
of Sod bands were decreased following exposure to AgNPs in the eye tissue extract
separation. Comparatively, with other fish tissues, Choi et al., (2010) observed that
the gene expression levels of superoxide dismutase did not alter in the zebrafish liver
tissues following exposure to AgNPs. Esterase isozyme activities and separations
were intensively evaluated in many animal taxa (Saad et al., 2009; Mansour et al.,
2012) including fishes. The Esterase isozymes are identified by their common activity
with many naphthylester substrates. These isozymes are frequently monomeric (Cruz
et al., 1982). So, each identified esterase band represents the end product of one locus
(allele). In the present study, the a- naphthylacetate as substrates were used to identify
Esterase bands revealed under experimental conditions. The wide tissues-distribution
of esterase suggests that this enzyme may be a housekeeping protein that serves a
general metabolic function characteristic of all cell types (Holmis and Whitt, 1970).

CONCLUSION
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Comprehension of the probable effects of silver Nanoparticles on fish is
chiefly significant. We evaluated the effects of silver nanoparticles (synthesized using
the green method) on the P.scalare biological responses. The homogeneity among the
fish samples was evaluated via the analysis of Inter simple sequence repeat (ISSR)
variations. Fishes were reared for certain times under silver nanoparticle stresses.
Protein electrophoresis and four isozyme systems (Est., Mdh, Adh and Sod) and
(polyacrylamide gel electrophoresis) were assayed to identify genetic markers (as
bioindicators) in the three different fish tissues (eye, gill and muscle) for all evaluated
fish groups. We found that exposure to AgNPs can change the number and intensity
of Esterase, Malate dehydrogenase and Superoxide dismutase in certain fish body
organs. Isozyme separations have proven to be actual probes of differential gene
expression in various fish samples. More biochemical markers could be developed to
monitor aquatic environmental health especially in the term of water pollution ranks
in the future Eco-toxicological investigations.
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