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Abstract
The purpose of this research was to develop an ecological risk based on effects of nano based toxicity
on �sh species posed by nanoparticles. Hardly few studies have reported the toxicity on Xiphophorus
maculates. Therefore, the aim of this research is acute toxicity, accumulation and biochemical
parameters (protein, carbohydrates and lipids) of green synthesized iron oxide nanoparticles on
Xiphophorus maculates. Synthesized iron oxide nanoparticles were characterized by UV-Visible
spectrophotometer, Scanning Electron Microscope, Energy Dispersive X-Ray Spectroscopy, Fourier
Transform Infrared Spectroscopy and X-Ray Diffraction. LC50 (0, 10, 100, 500, 750 and 1000 ppm) of
green synthesized iron oxide nanoparticles for 96 hrs and sub-lethal studies, platy was exposed to
different concentrations (0, 100, 200, 300 and 400 ppm) of biosynthesized iron oxide nanoparticles for 7
days. Accumulation of iron oxide nanoparticles in gills increased based on concentration and
biochemical parameters ( protein, carbohydrate and lipids) in muscle and gill platy were gradually abated
with increased concentration of iron oxide nanoparticles. In conclusion, both acute and sub-lethal toxicity
of green synthesized iron oxide nanoparticles more pronounced at higher concentration with two different
periods. This is the �rst report on green synthesized iron oxide nanoparticles toxicity, accumulation and
biochemical parameters using Xiphophorus maculates as a bioindicators.

Introduction
Nanotoxicity is an main aspect of nanotechnology that deals with toxicological effects of synthesized
nanoparticles on aquatic organisms. An aquatic environment is most vulnerable to contamination from
synthesized nanoparticles and its toxicity of these nanoparticles is very limited [1–3]. Especially, �shes
are exposed exposed to nanoparticles in three primary ways. Dermal, inhalation, direct absorption
through the skin by swimming in polluted waters, by direct uptake of nanoparticles through the gills
during respiration and water circulation. Gills are linear connection with polluted water from the aquatic
biota. Hence, there is a urgent need on nanotoxicological clear view for the sustainable development of
nanotechnology [4].

In recent years, physical, chemical and biological methods are developed for the synthesis of metal oxide
nanoparticles. Also, several methods have been reported for the synthesis of iron oxide nanoparticles,
such as hydrolysis, thermal decomposition, chemical co-precipitation and sol-gel method [5]. Among
them, the biosynthesis of nanoparticles has received much attention and convenient biological materials
namely fungi, bacteria, biomolecules and plant extracts are widely used to replace chemical and physical
methods [6]. Plant extracts are quickly reducing the metal ions when compared to micro-organisms.
Moreover, biosynthesis of nanoparticles using plant extracts has been considered a more environmentally
safer and more cost- effective alternative to chemical and physical methods[7]. The main advantage of
biosynthesis is to control the particle size, shape and physicochemical properties. Also, biomolecules of
plants can act as capping and reducing agents and it increases the percentage of reduction rate and
stabilization of nanoparticles [8].
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The average amount of nanoparticles released into the aquatic environment per year is 65 tons come
from manufactured goods, e�uent and spillage during the shipping and handling of products or through
deliberate disposal. Nanoparticles may contaminate the aquatic environment and exert toxic effects on
aquatic species including �shes [9]. The Xiphophorus maculatus, popularly known as platy�sh, is a good
model �sh for ecotoxicological bioassays [10–14]. The work related to the toxicity of green synthesized
iron oxide nanoparticles using Casia �stula leaf extract, accumulation in gills and biochemical
parameters of platy Xiphophorus maculatus is totally wanting in this current era.

Materials And Methods
Synthesis of iron oxide nanoparticles:

Cassia �stula is a medium-sized deciduous tree of tropical and subtropical areas, widely showing a large
number of medicinal properties and extracts of leaves that have signi�cant antibacterial activity and
other valuable pharmacological activities. For this Co-precipitation method was used for the synthesis of
iron oxide nanoparticles   prepared  Casia  �stula leaf extract was used in order to reduce and cap the Fe
ions. 5ml of leaves of methanol extract (prepared by Soxhlet method) were taken (pH 6) and added
0.1M FeCl2 and FeCl3 (1:2) and continuously stirred in a magnetic stirrer at 80 ± 1°C for  sixty minutes.
The solution pH was adjusted to 11 by adding ammonia and the synthesis of nanoparticles were
con�rmed by colour changes from greenish-yellow to dark greenish black precipitate. The mixture was
transferred into an autoclave for two days and maintained at 180°C for twelve hours in a hot air oven and
cooled at room temperature, the precipitate was washed several times with double-distilled water and
absolute ethanol and separated by centrifugation. The obtained samples were collected and dried in an
oven at 80°C for overnight. 

Characterization of iron oxide nanoparticles :

The absorbance spectra of samples were measured in wavelength within the range from 200-800 nm
using a JASCO-V-530-UV-VIS Spectrophotometer. The samples were scanned between the angles 0° to
90° to obtain the equatorial re�ection. The morphology of the material was studied using Tesco SEM-
VEGA III lmu – a type of Scanning Electron Microscopy operating at 20kv in the vacuum on powder
samples and the chemical composition of iron oxide nanoparticles were analyzed by employing Energy
Dispersive X-ray Spectrometer. Measure the presence of functional groups of  biomolecules which is
responsible for the synthesis of iron oxide nanoparticles were recorded by thermo-scienti�c
NICOLETTIIS5 over the spectral range of 4000-400 cm-1. The structure and crystalline size of
nanoparticles were determined by XRD using SHIMADZU (Model XRD 6000) with nickel-�ltered Cu Kα
radiation in the 2θ range       (λ = 1.5418Å) from an X-ray tube run at 40 kV and 30ma.

Toxicant preparation:
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For toxicity studies, Platy Xiphophorus maculates �ngerlings(3.5 ±1.5g) were collected from A.M Fish
Farm, Madurai, Tamil Nadu, India and transported to the laboratory in polythene bags �lled with
oxygenated water. Fishes were acclimated in round plastic troughs for a period of 15 daysat28 ± 2oC.
 Before introducing the platy �sh, basic water quality parameters such as pH,   Temperature, dissolved
oxygen, dissolved carbon dioxide, hardness, alkalinity, and Chloride were estimated [15].  5 healthy platy
�sh, with an average length of 4±1 cm and an average weight of 4-5 ±1 g were selected and introduced
into each trough. The behaviour and survival of �sh were observed in each concentration for a period of
7days. Different concentrations (0, 10, 100, 500, 750 and 1000 ppm) of the biosynthesized iron oxide
nanoparticles were taken and observed the survival studies were for 96hrs. For sub-lethal studies, platy
was exposed to different concentrations (0, 100, 200, 300 and 400 ppm) of biosynthesized iron oxide
nanoparticles for 7 days.

Accumulation and  biochemical parameters of iron oxide nanoparticles:

Fish were analyzed for accumulated iron-on gill surfaces using a semi-quantitative �lterpaper technique
[16].  Filter paper discs (Whatman No.1) of 13 mm diameter were placed between the �rst and second-gill
hemibranchs on the left side (dorsalview) of test and control �sh and left for 30 seconds. Discs were then
placed in 10 ml 1% HCl and shaken vigorously for 5 seconds. Samples were then left at 4o C over night
and stored at 20oC until required for analysis. After thawing, �lter discs were removed and solutions
analyzed for iron by AAS (Perkin Elmer A Analyst 100). Results were calculated as mg Fe kg-1 dry weight.
During the sub-lethal tests, �sh were fed with pellets that may have contained iron, however, the iron
content of control exposure water remained close to detect ion limits of the AAS instrument. Biochemical
parameters such as protein, carbohydrate, and lipid  [17-19]  in the muscle, and gill of Platy �sh was
estimated. Fish used in the present research was in accordance with the guidelines of the Committee for
the Purpose of Control and Supervision of Experiments on Animals [CPCSEA, Ministry of Environment &
Forests(Animal Division), Government of India] on the care and use of animals in scienti�c research and
also approved by the Institutional Ethical Committee for Research on Human and Animal Subject
(IECRHAS) from The Gandhigram Rural Institute- Deemed to be University, Govt. of India, Gandhigram,
Tamil Nadu, India.

Results
Uv absorbance spectra of Fe3O4 nanoparticles were absorption at 371.79 nm (Fig. 1). This peak was
occurred due to precipitated Fe3O4 ions on the surface of nanoparticles. Scanning Electron Microscopy
indicates the spherical and rectangular shape of synthesized nanoparticles (Fig. 2a, b & c). SEM results
indicated that the iron oxide nanoparticles are spherical and rectangular in shape. The element
composition of the synthesized iron oxide nanoparticles was identi�ed by an energy-dispersive X-ray
spectroscopy system shows three peaks located between the 0.5 KeV and 6.5 KeV (Fig. 3). The maximum
peak is located on the spectrum at 6.5 KeV from Fe. These maximum peak located on the spectrum at 0.5
KeV clearly indicates oxygen. Fourier Transform Infrared Spectroscopy measurements were carried out to
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identify the possible functional groups responsible for the reduction of the Fe ions in biosynthesized iron
oxide nanoparticles. The FTIR spectrum of iron oxide nanoparticles were analyzed in the range of 4000-
400cm− 1 (Fig. 4). The bands observed at 3437.05, 2918.88, 1714.61, 1628.25 and 543.93 are associated
with functional groups of alcohol, phenols, primary amines, ketones and O-H, C-H, C-Br stretching of
proteins. The structure and crystalline size of nanoparticles were determined by the XRD diffraction peaks
and are indexed as 10.750 (020), 24.12o (022), 33.14o (110), 35.62o (111), 40.87o (041), 49.47o (104),
54.02o (124) and 62.45o (125) (Fig. 5).The synthesized iron oxide nanoparticles was con�rmed by XRD
and the average size of the crystal is 20 ± 14. Water quality parameters of tap water such as pH,
temperature, dissolved oxygen, dissolved carbon dioxide, hardness, alkalinity and chloride has been
analyzed before introducing platy �sh to iron oxide nanoparticles dissolved in water ( Table 1). The basic
observation is exposed to their on oxide nanoparticles is presented in Table 2. Survival Studies of Platy
Fish exposed to Iron oxide Nanoparticles is presented in Table 3. Iron accumulation on platy �sh gills was
gradually increased by 100 to 400 ppm when compared to the control (Table 4). Total protein,
carbohydrate and lipid in muscle and gill of Platy �sh decreased with increased concentration of iron
oxide nanoparticles (Table 5).

Discussion
UV-Vis spectrum shows that the maximum absorbance of synthesized iron oxide nanoparticles peaks at
371.79 nm. UV visible spectroscopy analysis showed a peak at 277 nm for the synthesis of iron oxide
nanoparticles using Jetropha gossypifolia leaves extract [20]. SEM results indicated that the iron oxide
nanoparticles are spherical and rectangular in shape. Green synthesized of iron oxide nanoparticles were
spherical in shape [21 & 22]. The same results were reported using Azadirachta indica (Neem) leaf
powder as a biosorbent for the synthesis of iron oxide nanoparticles [23]. In the present study, the
elemental composition of iron oxide nanoparticles is iron and oxygen. A similar result has reported the
synthesis of iron oxide nanoparticles using Eucalyptus globulus leaf extract [24]. Also reported that the
elemental composition of iron oxide nanoparticles was Iron, Oxygen, Calcium and Chloride [25]. The FTIR
spectrum of iron oxide nanoparticles were analyzed in the range of 4000-400cm− 1.The FT- IR spectrum of
iron oxide nanoparticles has a conformation peak at 511 to 535 cm-1 [26]. Also reported that the main
functional groups of iron oxide nanoparticles are alcohol, phenols and a primary amine [27]. XRD shows
that the synthesized iron oxide nanoparticles were crystal in nature and the average size is 20 ± 24. Also
reported that the synthesized iron oxide nanoparticles were crystal nature con�rmed by XRD and the
nano-crystal average size is 10 to 16nm [28]. A similar XRD result was also reported by using Withania
sominefera leaf extract [4].

In the present study water quality parameters were studied before introducing the �sh. Similar water
quality parameters were reported (temperature- 28.5, pH- 6.5, dissolved oxygen − 5.5 to 6.5 mg/l, nitrate − 
0.4 to 0.6 ppm, salinity 25 ppt [30]. Also reported that the mean values of physicochemical parameters of
water samples such as temperature, pH, dissolved oxygen (DO), total alkalinity and total hardness are
27ºC, 7.7, 7.00mg/L, 202mg/L and 51.6mg/L, respectively [31]. The behavior response of platy �sh such
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as aggressive and jerking movement was noted among some �shes. Behavioural changes are the most
sensitive indication of potential toxic effects [32]. Behavioral alternations like erratic swimming,
restlessness and surfacing may be an avoiding reaction to heavy metal narcotic effects or to change in
sensitivity of chemo-receptors [33]. Abnormal behaviour of Labeo rohita during the experimental period
when treated with iron oxide nanoparticles [34]. In this study, platy �sh was treated to various lethal
concentrations of iron oxide nanoparticles during the period of 4 days (96 hr) and mortality was
observed. Sub-lethal concentration was carried for 7 days in which no mortality was observed. The
mortality / survival of �sh in iron oxide treated was recorded after 96 hours and the concentration at
which 25% mortality of �sh occurred was taken as the median lethal concentration [36]. 100% mortality
was observed in 6 hours, under the in�uence of different concentrations of iron oxide nanoparticles and
the toxic effect was observed on hematological parameters [36]. The median lethal concentration (LC50)
of chemically produced nanoparticles was estimated as 0.055 mg/L during 48 hours of exposure [37].
The accumulation of metals on �sh gills is in direct contact with contaminant water and it causes the gill
damage respiratory route [38 − 4]. The increased iron concentration on gills is due to hydrolysis and
polymerization in agreement with the �sh body [39]. Total protein, carbohydrate and lipid in muscle and
gill of Platy �sh decreased with increased concentration of iron oxide nanoparticles. A similar decrease
was reported in Zebra�sh Danio rerio [40]. Green synthesized silver nanoparticles exposed on Mystus
gulio’s muscle and gills, the protein was decreased for a period of 15 days [41]. Total protein,
carbohydrate and lipid were decreased in Fe3O4 nanoparticles treated Labeo rohita [42].

Conclusions
Iron oxide nanoparticles were biosynthesized by using Casia �stula leaf extract as reducing agent.
Biosynthesized iron oxide nanoparticles were characterized using UV-Vis, SEM, EDAX, FT-IR and XRD. The
quantity of Iron oxide nanoparticles was accumulated in the gill of platy was in relation to the
concentration of iron oxide nanoparticles. Protein, carbohydrate and lipid content in muscle and gill of
platy decreased with increased concentration of iron oxide nanoparticles. In this toxicity may lead the
high accumulation in the short duration of 7 days. This �ndings strongly suggested giving a alarm to the
Pharmacuetical related application.
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Tables
TABLE 1.  FT-IR FUNCTIONAL GROUP REPRESENTATION OF IRON OXIDE NANOPARTICLES



Page 9/15

        

       Bands 

   

  Functional group

   

   Type of vibration

    

   Intensity

3437.05

 

 

2918.88

 

 

1714.61

 

 

1628.25

 

 

543.93

Alcohols, phenols

 

 

Alkanes

 

 

Ketones, saturated aliphatic

 

Primary amines

 

 

Alkyl halides

O-H stretch, H-bonded

 

 

C-H stretch

 

 

C=O stretch

 

 

N-H bond

 

 

C-Br stretch

Strong, broad

 

 

Medium

 

 

Strong

 

 

Medium

 

 

Medium

 

TABLE 2. COMPOSITION OF SUPPLY WATER USED DURING ACCLIMATION AND EXPOSURE WITH IRON
OXIDE NAOPARTICLES

S.No Parameters Results

1 pH 7.6 (7.0-7.7)

2 Dissolved oxygen 6.52 mg/l

3 Dissolved CO2 6.2 mg/l

4 Hardness 120.7 mg/l

6 Chloride 184.6 mg/l

TABLE 3.  BASIC OBSERVATION OF PLATY FISH EXPOSED TO IRON OXIDE NANOPARTICLES



Page 10/15

S.No Activity OBSERVATION

         1           Circular swimming                        Yes

      2                 Jerk movement Yes

      3

 

           Bottom resting No

 

      4

 

 

            Surface respiration

Yes

 

      5

 

 

           Aggressive movement

Yes

 

      6

 

 

        Excess of mucous secretion

No

 

      7 

         

           Mortality observation

Yes

 

       8

 

           Behavior observation

Yes

 

       9

 

            Breathing movement

Surface

 TABLE 4.  SURVIVAL STUDIES OF PLATY FISH EXPOSED TO IRON OXIDE NANOPARTICLES 
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CONCENTRATION

        (ppm)

     

                     EXPOSURE DURATION (Hours)

 

       24 hrs                   48 hrs                     72 hrs                    96 hrs

 

     Control

 

     NM

 

      NM

 

      NM

 

      NM

 

     10 ppm

 

     NM

 

      NM

 

      NM

 

     NM

    

     100 ppm

 

     NM

 

      NM

 

      NM

 

     NM

     

     500 ppm

 

     NM

 

      NM

 

        3

 

       2

     

     750 ppm

 

      3

 

        2

 

        _

 

       _

   

    1000 ppm

 

      5

 

        _

 

        _

 

       _

NM – No Mortality

Table 5. Accumulation of Iron Oxide Nanoparticles in Gills of Platy Fish 

Concentration Iron Oxide Nanoparticles (g/mg-1)

Control 144.01

100 472.80

200 949.20

300 1432.99

400 1916.40

Figures
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Figure 1

UV-VIS IMAGE OF IRON OXIDE NANOPARTICLES
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Figure 2

SEM IMAGE OF IRON OXIDE NANOPARTICLE
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Figure 3

EDAX IMAGE OF IRON OXIDE NANOPARTICLES
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Figure 4

FT-IR IMAGE OF IRON OXIDE NANOPARTICLES


