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Evaluation of haematological, 
genotoxic, cytotoxic and ATR‑FTIR 
alterations in blood cells of fish 
Channa punctatus after acute 
exposure of aniline
Geetika Sharma  & Pooja Chadha *

Aniline (C6H5NH2) an important intermediate in the organic and fine chemical industry, is ubiquitously 
used worldwide. It is one of the important building block for manufacturing of 4,4-methylene diphenyl 
diisocyanate (MDI), accelerators in rubber processing, dyes, tattoo inks, photographic chemicals, 
antioxidants, corrosion inhibitors, pharmaceuticals and antiseptics. The current study evaluated 
96 h LC50 of aniline and based on this, two sublethal concentrations (4.19 mg/l and 8.39 mg/l) were 
selected for acute exposure studies in freshwater food fish Channa punctatus. Erythrocytes of fish are 
nucleated hence they play an important role in physiology, immune system, protein signalling and 
haemostatic condition along with respiration. Blood samples were collected after 24, 48, 72, and 96 h 
of exposure to study haematological, cytotoxic and genotoxic effects of sublethal concentrations of 
aniline in C. punctatus. Symbolic elevation in time and dose dependent DNA damage was observed 
by comet assay as well as micronuclei assay revealing maximum damage after 96 h of exposure. 
After aniline exposure, scanning electron microscopy and ATR-FTIR studies showed anomalies in 
structure and alterations in biomolecules of RBCs of aniline exposed group as compared to control 
group respectively. Semi prep HPLC studies revealed bioaccumulation potential of aniline in higher 
concentration exposed group.

Each living thing on the planet earth values water as a vital resource. However, only 1% of water is actually 
available for human use, which is continuously being contaminated from various point and non-point sources 
of water pollution1,2. The scientific community is quite concerned about how diverse freshwater supplies are 
becoming increasingly contaminated. Businesses and sewage treatment facilities dump their wastewater straight 
into the environment. These industrial effluents contain contaminants that are infamous for their carcinogenicity, 
cytotoxicity, endocrine disruptive activity, ill effects on reproductive health, hormonal imbalance and numerous 
more detrimental consequences on aquatic life as well as on peoples3. Majority of industrial discharge contains 
manifold of organic contaminants. These are carbon based chemicals having immense utilization in different 
industrial processes. Some of the compounds are anisidine, aniline, nitro aniline, chlorinated anilines, pyridine, 
polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) etc. These organic chemicals 
bind strongly to sediments and serve as a long-term source of contaminants in water bodies and biota long after 
the original source has been removed4.

Aniline (C6H5NH2) being an important intermediate in the organic and fine chemical industry is ubiquitously 
used worldwide. It is also called amino-benzene; phenylamine and is a common aromatic base. It is a parent 
molecule of the aromatic amine family and is one of the important building blocks for the manufacture of 
a variety of plastics, rubber additives, colourants, drugs, isocyanates, accelerators in rubber processing, dyes 
and pigments, photographic chemicals, fuel additives, antioxidants, corrosion inhibitors, pharmaceuticals and 
antiseptics5. Worldwide production of aniline in 2016 was estimated to be around 5.6 million tonnes. More than 
half of the world’s aniline output comes from North East Asia6. According to another source, statistics of aniline 
production in USA increased from production 4,49,000 tons in 1990 to 8,45,000 tonnes in 2019, similar increase 
in production was estimated in India during 2013–2019 which varied between 34,470 and 48,230 tonnes7. 
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MDI (4,4-methylene diphenyl diisocyanate) which is used to produce polyurethane foam is the largest user 
of aniline. For the renovation of buildings and commercial constructions, polyurethane is used for insulating 
purposes. Hence with an increase in demand for construction industries, likewise there is increase in production 
of aniline. Numerous rubber-processing agents, including N-phenyl-2-naphthylamine, guanidines, aldehyde 
aniline condensates, thiazoles, and diphenylamine, use aniline as vulcanization accelerators and antioxidants. 
Furthermore, it plays an important roles in producing various pesticides (fungicides, bactericides, insecticides, 
etc.). It is utilized as precursors or intermediates for the production of more than 174 dyes besides varieties 
aniline derivatives were used in fabrication of more than 700 dyes8. Diverse anthropogenic sources can release 
aniline into the environment at any time while it is being produced, stored, transported, used, or disposed of, 
or while it is present in materials. Serious environmental pollution is created due to environmental-unfriendly 
nature of aniline6,9. Waste and discharge from several industries are uppermost source of occurrence of aniline 
in environment. Around 4–12% of azo dyes are lost to industrial effluents during dye production or textile 
colouration10,11. Aniline’s molecular structure becomes extremely stable when exposed to the environment. It 
readily attaches to colloidal organic matter, and changes the physical and chemical properties of water, sediment, 
and biological populations, resulting in the deterioration of water quality1,12,13. Due to aniline’s high toxicity and 
incalcitrant nature, pharmaceutical and dye industry wastewater containing it has been known to affect aquatic 
environments14.

Despite the fact that aniline has been regarded as a probable occupational carcinogen since the 1970s, there 
are few data on aniline exposure across all sectors and circumstances, where there is a high risk of exposure. 
In the European Union, aniline and its salts are no longer permitted to be used in any cosmetic items that are 
advertised for purchase or use. Nevertheless, it is used as predominant ingredient in tattoo inks which include 
more than 100 colourants and 100 additives, eventually causing direct human exposure to aniline. According to 
report by ECHA, the range of aniline content in tattoo inks is 5 to 61 mg/kg15.

Currently usage of aniline in several household products including fabrics, textiles and apparel, leather paper, 
plastic food packaging and storage, toys, mobile phones is progressively increasing but the studies revealing the 
occurrence, prevalence and toxic effects are very lesser16–18. So keeping in mind the present investigation has 
been undertaken to study the acute toxic effects of sublethal concentrations of aniline in fresh water fish Channa 
punctatus using haematology, genotoxicity, cytotoxicity, scanning electron microscopy and ATR-FTIR studies. 
Hematological study provide overview about different parameters viz, RBC count, WBC count, Hb level, Packed 
cell volume and mean corpuscular volume of blood tissue of different experimental groups. Comet assay and 
micronuclei assay were used to assess DNA damage in blood cells. Double staining method was used to assess 
cytotoxicity. Structural and functional alterations at molecular level is established using ATR-FTIR analysis. 
Fish have long been regarded as a useful model for assessing the toxic and mutagenic potential of various 
contaminants. Fish are occupants of all aquatic zones, they bioaccumulate contaminants from the environment, 
and respond to mutagens even at low concentrations, and provide early warning of changes in the environment 
brought on by pollution19. Channa punctatus is regarded as a superior test model species because it is extensively 
available and accessible all year long20,21. Moreover, easy maintenance in the aquaria and ease of non-invasive 
blood collection are the other important characteristics of C. punctatus fish making it suitable for laboratory 
use22,23. Also Bioaccumulation potential of the compound has been estimated.

Results
Median lethal concentration of aniline for fish Channa punctatus
After 96 h of exposure, there was no mortality up to 10 mg/l, and 100% mortality was recorded at 25 mg/l. 
The 96 h LC50 value of aniline was determined to be 16.78 mg/l for Channa punctatus. The selected sublethal 
concentrations were ¼ of LC50 and ½ LC50 that is 4.19 mg/l and 8.39 mg/l.

Effect of aniline on haematological parameters
Up to 96 h, notable alterations in haematological parameters were perceived as represented in Fig. 1. After 96 h 
of exposure Hb content (g), RBC count (106/mm3), and packed cell volume (%) explicated dose-dependent 
as well as time dependent significant declining trend as compared to control group. Highest decline in values 
was observed in 8.39 mg/l exposed group after 96 h of exposure. The value of Hb decreased from 9.26 ± 0.14 in 
control group to 3.47 ± 0.25 in higher concentration exposed group i.e. 8.39 mg/l, which was 62.52% lesser than 
the control value. Similarly, there was 56.95% decline in PCV value between control and higher concentration 
exposed group (8.39 mg/l) at 96 h of exposure. There was considerable decrease in RBC count from 2.81 ± 0.04 
(control) to 0.45 ± 0.07 when exposed to 8.39 mg/l. Significant increase in WBC count (103/mm3) was observed 
during different duration of exposure of aniline. Values of WBC count showed a significant hike at 96 h in 
higher concentration exposed group which was 1.58-folds as compared to the control group. Likewise, MCV 
value increased when going from control to aniline exposed groups in both time and dose dependent manner.

Micronuclei assay
Analysis of frequency of micronucleated, erythrocytic nuclear abnormities (ENA) and erythrocytic cytoplasmic 
abnormalities (ECA) in peripheral blood of control and aniline exposed group for different time period is 
given in Fig. 2. Mean MNC, ENA and ECA increased significantly in both the aniline exposed groups for 96 h 
(p < 0.05). Gradual amplification in frequency of abnormalities was observed with increase in time duration of 
aniline exposure. Utmost damage was observed on exposure to 8.39 mg/l at 96 h where MNC value raised from 
0.17 ± 0.067 to 4.91 ± 0.154, ENA value raised from 0.49 ± 0.012 to 6.30 ± 0.443 and ECA value increased from 
3.73 ± 0.237 to 49.80 ± 0.765 (Fig. 3). Erythrocytic nuclear abnormalities included notched, bulged, bilobed, 
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pyknosis, irregular and elongated nucleated cells, whereas erythrocytic cytoplasmic abnormalities included 
cytoplasmic bridge, vacuolated, irregular, karyolized and bilobed cells.

Comet assay
DNA damage after acute exposure was assessed using comet assay by investigating tail length and tail moment 
as parameters (Fig. 4). The impact of treatment with different sublethal concentrations of aniline on the tail 
length (TL) and tail moment (TM) in blood cells of C. punctatus is given in Fig. 5. Treatment with both the 
concentrations of aniline actuated significant change for both the parameters as compared to the control groups 
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Figure 1.   Represent (A–E) Red blood cell count (× 106/mm3), White blood cell count (× 103/mm3), 
Haemoglobin concentration (gram), Packed cell volume (PCV%) and mean corpuscular volume (MCV, μm3) 
in fish C. punctatus exposed to different concentrations of aniline for different hours. Different letters a, b, c, d 
signify the effect of duration of exposure and p, q, r signify the effect of treatment at the same time interval.
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(Tukey’s test) shown in Fig. 5. Maximum damage was observed at 96 h of exposure with 8.39 mg/l where tail 
length increased 5.02-folds and tail moment increased 3.73 times in comparison with control group. The effect 
of duration of exposure was also found to be significant (One-way ANOVA, p < 0.05).

Cell viability analysis by double staining method
There was a significant concentration-dependent reduction in the frequency of viable cells after exposure to 
aniline for 96 h (Fig. 6). After 96 h of exposure, frequency of live cells declined by 8.86% at 4.19 mg/l and 17.2% 
at 8.39 mg/l respectively. After exposure for 96 h, necrotic and apoptotic cell frequencies, increased significantly 
in a concentration-dependent manner. Necrotic cell frequency increased by 1.5-fold and 1.8-fold at 4.19 mg/l 
and 8.39 mg/l respectively. Hike in apoptotic cell frequency was 2.78 times at lower concentration and 4.78 times 
at higher concentration exposure correspondingly.

Scanning electron microscopy
Scanning electron microscopy showed different kinds of alterations in the structure of blood cells (Fig. 7). RBCs 
of aniline exposed groups showed uneven boundaries, irregular shaped cell, notched cell, fused cells, bilobed 
cell, cytoplasmic bleb, ruptured cells and membrane internalization.

ATR‑FTIR studies
The present investigation also shows effect of aniline on different biomolecules of blood tissue of C. punctatus 
using ATR-FTIR technique. Alterations observed in peak absorption of infrared bands were assessed to obtain 
structural and molecular information about the particular sample (Fig. 8). Absorbance peak and band areas 
that correspond to different functional groups were assessed which highlights the alterations in structure 
and functioning of diverse biomolecules in control and aniline-exposed fish. Analysing the value for amide I 
(1654 cm−1) there is 25% and 37% decrease in absorbance and for amide II (1543 cm−1) there is 17% and 29.9% 
decrease in absorbance values in 4.19 mg/l and 8.39 mg/l exposed groups as compared to the control group. The 
bands observed at 1230 cm−1and 1081 cm−1 are due to asymmetric and symmetric modes of phosphodiester 
group present in nucleic acids respectively. The 24.2% and 21.2% reduction in absorption in highest concentration 

Figure 2.   Photomicrograph showing different erythrocytic nuclear and cytoplasmic abnormalities in blood 
cells of C. punctatus after exposure to aniline. (A) Control group, (B–E) 4.19 mg/l aniline exposed group, (F–I) 
8.39 mg/l aniline exposed group. (a) Normal erythrocytes, (b) micronucleated cell, (c) notched nucleus, (d) 
bilobed nucleus, (e) irregular shaped nucleus (f) pyknosis, (g) cytoplasmic bridge, (h) membrane breakage, (i) 
lysed cell, (j) vacuolated cytoplasm, (k) irregular shaped cell.
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exposed group observed in these bands reveals symbolic genotoxic impact of aniline. At higher concentration 
exposure, 34% reduction in absorption value at 1454 cm−1 was observed which attributed to bending vibration 
of the CH3 in the lipids and proteins, similarly there was 20% decrease in absorption frequency at 1252 cm−1 
which range for antisymmetric vibration of phosphodiester bond. There is reduction in absorption frequency 
in both the exposed group by 14.88 and 23.78% in the area of the lipid C=O stretching vibration (at 1744 cm−1) 
band which suggests an increased concentration of ester groups belonging to triglycerides.

Bioaccumulation studies
The retention time was found to be 3.56 min and detector wavelength was 230 nm. The calibration plot for the 
assay of aniline was linear over the investigated range, i.e. 0.1–100 mg/l whereas the correlation coefficient was 
found to be 0.99 (p < 0.05). Samples for HPLC analysis were prepared from the blood cells of control and higher 
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Figure 3.   Effect of different concentrations of aniline on frequency of (A) micronucleated cell, (B) erythrocytic 
nuclear abnormities (ENA) and (C) erythrocytic cytoplasmic abnormalities (ECA) in blood cells of C. punctatus 
at different durations of exposure. Error bars represent standard errors (SE). Different letters a, b, c, d signify the 
effect of duration of exposure and p, q, r signify the effect of treatment at the same time interval.
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concentration of exposed group (8.39 mg/l). Sharp peak was obtained at 3.56 min in the aniline exposed group 
whereas no such elevation was obtained in samples from control group (Supplementary Fig. 1). Bioaccumulation 
of aniline was evaluated in blood of exposed group which was found to be 2.55 mg/l.
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Figure 4.   Effect of different concentrations of aniline on (a) tail length and (b) tail moment in blood at different 
durations of exposure. Error bars represent standard errors (SE). Different letters a, b, c, d signify the effect of 
duration of exposure and p, q, r signify the effect of treatment at the same time interval.

Figure 5.   Photomicrographs showing different level of DNA damage in (A) Control group, (B) mild damage in 
4.19 mg/l aniline exposed group, (C,D) severe damage in 8.39 mg/l aniline exposed group.
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Discussion
Aniline is a precursors or intermediate for the production of many dyes and personal care products and can be 
released into the surrounding through industrial effluents, accidental spills and their direct application to the 
soil. It can be exposed through dermal adsorption, inhalation, and ingestion. The European Chemicals Agency 
(ECHA) classifies aniline as acutely hazardous (Category 3), carcinogenic (Category 2), mutagenic (Category 2), 
skin sensitising (Category 1), and damaging to eyes (Category 1)24–26. Direct contact with it can cause eye damage 
that is irreversible, skin burns, and extreme discomfort. Fishes are the most reliable experimental model to study 
the effects of water-borne contaminants19. Acute toxicity to aniline has not been reported in Channa punctatus 
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Figure 6.   (I) photomicrograph showing effect of double staining on blood cells where (A) Live (viable) cells 
appeared as green (B) apoptotic cells appeared yellow (C) necrotic cells appeared as red in colour; (II) frequency 
of live cell, apoptotic cell and necrotic cell in C. punctatus after 96 h exposure to aniline. Error bars represent 
standard errors (SE). Different letters a, b, c, d signify the effect of duration of exposure and p, q signify the effect 
of treatment at the same time interval.

Figure 7.   Photomicrograph of Scanning electron micrographs of erythrocytes of Channa punctatus after 96 h 
of exposure of aniline. (a) Control group, (b) 4.19 mg/l aniline exposed group (c,d) 8.39 mg/l aniline exposed 
group. IR irregular shaped cell, NC notched cell, FC fused cells, MI membrane internalization, BL bilobed cell, 
CB cytoplasmic bleb, RC ruptured cells.
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earlier. In the present study, 96 h LC50 value for aniline was calculated to be 16.78 mg/l. Earlier Abram and Sims27 
calculated LC50 value for aniline in rainbow trout which is 8 mg/l whereas the LC50 for Danio rerio was evaluated 
to be 116 mg/l by Dom et al.28. The 96 h LC50 value of aniline was also evaluated for tilapia (69.38 mg/l) and for 
goldfish (187 mg/l)29. LC50 values determined for different animals were found to be varied due to the variations 
in tolerance levels among different organisms.

Aim of the present study was to evaluate the impact of acute toxicity of aniline via exposing C. punctatus 
to different sublethal concentrations of aniline for 96 h. Distinctive alterations were observed in different 
haematological parameters. There is significant increase in nuclear and cytoplasmic abnormalities in blood 
cells of test fish after different durations of exposure which was ascertained using micronuclei assay and scanning 
electron microscopy. Comet assay and cell viability assay implies the transformation at the DNA level due to the 
exposure of aniline, whereas ATR-FTIR studies validate alterations in structure and function at molecular level 
in different biological constituents (protein, lipid and nucleic acid). However, the bioaccumulation potential of 
aniline was also examined in blood cells of fish using HPLC analysis.

Blood haemoglobin (Hb) levels are routinely used to detect abnormalities and adverse indications of fish 
health30,31. Variation in the white blood cell count is considered as biochemical immunosuppressive indicators 
in fish32,33. In due course of experiment, significant changes were observed in the different parameters of the 
blood. It has been reported that different physiological parameters in fish were changed as a result of stress19,34. 
One of the most crucial indicators of physiological stress, which results from any variation that affects the 
homeostasis of fish, is blood parameters35,36. Erythrocytes count is considered as a quite stable index and 
fish species always maintain this index within the standard limit by compensating for different physiological 
techniques in stressful conditions37,38. In this study, there is notable decrease in RBC count, Hb level and packed 
cell volume after exposure to different sublethal concentrations of aniline which may cause disorders such as 
anaemia and erythropenia in fish. A similar decreased value of Hb was also reported in C. punctatus, when 
exposed to Bisphenol A for 96 h19. The significant reduction of Hb level and RBC count in the present study 
might be due to iron deficiency and structural alterations of haem, leading to decline haemoglobin synthesis. 
On the other hand, considerable increase in WBC counts may be caused by an increase in antibody synthesis, 
which enabled the organism to survive and recover when exposed to harmful contaminants39,40. This increase of 
WBC might be due to leukocytosis under chemical stress caused by aniline exposure, resulted direct stimulation 
of immunological resistance.

The most frequent indicator of toxicants present in water bodies is altered erythrocytes41. In the present study, 
different morphological (ECA and ENA) changes of erythrocytes were observed due to exposure of different 
sublethal concentrations of aniline. Changes in the erythrocyte structures may be due to the damage of the cell 
membrane, ion-permeability, and absorption of toxic substance by cells42. The exposure of aniline affects the 
integrity of DNA which consequently influence the structural and functional aspect of nucleus and cytoplasm 
of cells which was revealed by Micronuclei assay (erythrocytic nuclear and cytoplasmic abnormalities), comet 
assay and scanning electron microscopy. In current research, both duration and dose dependent increase was 

Figure 8.   Represent mean FT-IR spectra of the control and different concentrations of aniline exposed RBCs of 
C. punctatus in the 500–4000 cm−1 region.
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observed in micronucleated, erythrocytic nuclear and cytoplasmic cell frequency in aniline exposed groups. 
Similar study by Srivastava43, revealed erythrocyte morphological alterations in freshwater fish Channa punctatus 
under exposure of nigrosine black. Different studies revealed that the nucleus of fish erythrocyte plays a vital 
role in all metabolic and genetic activity30,38,44.

Nuclear abnormalities such as nuclear buds, elongated nuclei, and lobed nuclei may be the result of harmful 
consequences caused by clastogenic contaminants. Gene amplification causes all of these modifications, which 
obstruct the chromosomal connection and cause the formation of notched, budded, binucleated, and other 
deformed nuclei22,45,46. The clastogenic pollutants increase the mutation frequency in DNA, which leads to 
different types of nuclear and cellular abnormalities which can be easily observed with the help of MN assay47. 
The comet assay or single-cell gel electrophoresis (SCGE) technique is a method for measuring DNA strand 
breaks in individual cells and is used to evaluate genotoxicity, DNA repair, and genome instability. Due to its 
ability to detect very low-level oxidative damage caused in DNA, the SCGE is a well-established assay for the 
assessment and estimation of DNA damage both in vitro and in vivo, at the individual cell level45. Comet test is 
said to be one of the most advantageous tool for evaluating genotoxicity since it is a simple and reliable indicator 
for determining DNA damage. Up to 96 h after exposure, a significant dose- and time-dependent rise in TL 
and TM was seen. The interaction of aniline with DNA that results in DNA strand breakage, the production of 
adducts and crosslinks, faulty transcription, cellular malfunction, and a host of other disorders in the organism 
may be the cause of this substance’s genotoxic potential.

Aniline after entering the body might disturb the antioxidant system of the fish and leads to the production 
of reactive oxygen species (ROS), which may interact with DNA and other cellular biomolecules, resulting in 
damaging them. Role played by ROS in cell survival, apoptosis, and death has been depicted by Franklin48. 
The cyto-genotoxic effects of the selected concentrations of aniline were clearly visible from a concentration-
dependent increase in the frequency of necrotic and apoptotic cells and the elevation of MN, nucleo-cytoplasmic 
abnormalities and comet parameters. Martin et al.49 suggested that the main reason behind apoptosis caused by a 
xenobiotic is the activation of endogenous nucleases and the formation of oligo-nucleosomal fragments of DNA. 
The fragmentation of DNA is directly associated with an increase in the frequency of apoptotic cells as is clear 
from the concentration dependent increase in nuclear fragmentation and cell lysis50. When defence system of a 
cell is unable to repair severe DNA damage, the damaged cell undergoes necroptosis or necrosis. Erythrocytes 
from C. punctatus showed a variety of abnormalities in SEM examinations, including uneven form, notched, 
elongated cells, and cytoplasmic blebs. Various researchers observed different abnormalities in erythrocytes of 
fish exposed to different xenobiotics19,51–53.

FTIR spectroscopy monitors the vibrational modes of functional groups within biomolecules and enables a 
correlation between chemical information and histological structure54. The spectral region of 1800–1500 cm−1 
(amide I and amide II) contains mainly information on the protein content and its secondary structure. In 
general, α-helical structures have a band peak at wavenumbers 1650–1658 cm−1; β-sheet structures tend to have 
bands between 1620 and 1640 cm−1and between 1670 and 1695 cm−1; random coil structures occur at around 
1644 cm−155–57. Literature studies reveal that the assessment of protein secondary structure could be made on 
the based on the analysis of the Amide I band and amide II band58,59. In the current study, there was significant 
differences at the frequencies of 1543 cm−1 and 1654 cm−1, corresponding to the absorption bands of amide II 
and I, respectively. This hypothetically may indicate conformational changes in serum proteins60,61.

The changes of functional groups like PO2, C–O, and C–C, which are found in proteins, lipids, nucleic 
acids, and carbohydrates, are referred in the zone of 1300–800 cm−157. The relatively strong bands at 1230 and 
1080 cm−1 are mainly due to asymmetric and symmetric stretching modes, respectively, of phosphodiester groups 
in nucleic acids rather than in phospholipids. The band observed at 1744 cm−1 is assigned to C=O stretching 
vibration of ester groups in triacylglycerol. Decrease in absorption value at 1744 cm−1 indicated that the content 
of lipids decreases in the treatments groups. The major consequences could be ionization and excitation of 
the triacylglycerol content of lipid bond disruption between the fatty acid and glycerol moieties which caused 
formation of the dominant triacylglycerol radical. Excited triacylglycerols can also undergo a wide variety of 
reaction which could affect body homeostasis62,63. Using IR spectroscopy, one can analyze the blood serum’s entire 
biochemical signature (including proteins, lipids, nucleic acids, and carbohydrates) instead of focusing on one 
specific protein as a biomarker64. The frequency of oscillations in the structure of DNA and RNA can be utilised 
as a stress indicator in toxin exposed groups, while analysing the IR spectra of blood sera65,66.

The bioaccumulation of xenobiotics is thought to increase ROS, causing an imbalance between the fish’s 
internal stress-compensation systems and the development of oxidative stress. Accumulation of aniline in higher 
concentration exposed group ½ LC50 (8.39 mg/l) was investigated after duration of 96 h. The retention time for 
aniline at 230 nm was 3.56 min. After evaluation of blood after 96 h, 2.55 mg/l concentration of aniline was 
observed in blood sera of C. punctatus. Earlier studies by Hardy et al.67 revealed bioaccumulation potential of 
aniline and phenol in freshwater phytoplankter Scenedesmus quadricauda. Aniline has a greater potential for 
bioconcentration with bioconcentration factor (BCF) 91 than phenol with bioconcentration factor 3.5. Morales 
Trejo et al.68 performed a similar study, which revealed the presence of clenbuterol with the help of HPLC and 
considered quantification process as one of the application of HPLC. Currens69 estimated Bioconcentration 
Factors for Organic Chemicals Using High Performance Liquid Chromatography (HPLC) and revealed the 
higher BCF for aniline and its derivative components. The current study highlighted different outcomes of aniline 
exposure on blood tissue of treated sample. Alterations in different hematological parameters, DNA damage, 
elevation in necrotic cells and modification in the ATR-FTIR values of treated group represent toxicant response 
of aniline concentrations on test model C. punctatus. It is one of the significant and harmful health risk to both 
terrestrial and aquatic species due to its widespread usage and ongoing industrial discharge.
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Materials and methods
Experimental fish and test chemical
Healthy and active freshwater food fish Channa punctatus (Bloch; family; Channidae, Order; perciformes) were 
procured from local fish market, Amritsar. The average weight and height of fish were 22 ± 2 g and 14 ± 2 cm 
respectively. 0.1% potassium permanganate (KMnO4) was used as a preclusive measure to avoid any kind of 
dermal infection. Fish were reared in static conditions in glass aquarium of 100 l water capacity, under a natural 
photo regimen (14/10 h, light/dark) for a minimum period of 15 days. During the acclimatisation period fish 
were fed with local fish feed once a day and boiled egg yolk is provided to the fish twice a week. To reduce the 
ammonium content and maintain the water quality of tank, uneaten food and faecal matters were removed with 
the help of a scoop net and siphon. Furthermore, aquarium water was exchanged with freshwater every alternative 
day. For the purpose of experiment, height and weight of healthy fish were also noted. All the experiment 
protocols have been approved by the Institutional Ethics Committee of Guru Nanak Dev University, Amritsar 
(letter no. 226/CPCSEA/2021/022).

Aniline was purchased from Sigma Aldrich, India (CAS NO 62-53-3 and purity 99.5%). The substance had 
a musty, fishy aroma and was a yellow to brownish greasy liquid. Since aniline dissolves in water at rate of about 
2 g/l, no stock solution was made for the experiment and aniline was simply dissolved in aquarium water to 
maintain the various test concentrations.

Water parameters
The physicochemical properties of test water were analysed using water analysis kit. The values of different water 
parameters analysed during the experiment were ranged as follow: temperature 24–26 °C, pH 7.4–7.7, total 
dissolved solids (TDS) 0.34–0.37 g/l, dissolved oxygen (DO) 4.7–4.9 mg/l, total conductivity 527–532 ms/cm 
and hardness 229–231 mg/l respectively.

Estimation of 96 h LC50 for aniline
After acclimatisation, fish were randomly selected and batches of 10 fish each were transferred to separate aquatic 
tanks where static bioassays were conducted to estimate median lethal concentration (LC50) of test chemical for 
96 h. Toxicity range for aniline was found to be in between 10 and 25 mg/l on the basis of percentage mortality. 
For evaluation of the 96 h LC50 value, in static renewal system test water was changed every day to sustain the 
dissolved oxygen content and removal of excretory waste. In order to keep the chosen concentration of aniline 
in the test environment, it was also added again each day to the test water. To find out the lethal concentration 
which kills 50% of the test animal within 96 h, fish were exposed to different concentrations viz., 10, 12, 14, 16, 
18, 21, 24 and 25 mg/l of aniline. The percent mortality corresponding to different concentration values were 
then computed at a p < 0.05 level of significance using probit analysis70.

Experimental design
After determining the median lethal concentration for aniline that is LC50, two sublethal concentrations were 
selected to evaluate the impact of acute exposure of aniline on test animal. The selected sublethal concentrations 
were ¼ of LC50 (4.19 mg/l) and ½ LC50 (8.39 mg/l) and for each parameter experiment was repeated thrice. 
Blood samples were collected by puncturing the cardiac region using sterile needle after different duration of 
acute exposure. Three fish per duration were selected for experiment. For genotoxicity analysis, samples were 
collected after interval of 24, 48, 72, 96 h and were immediately processed for micronuclei assay, comet assay 
and for evaluation of different haematological parameters samples were processed. Cytotoxic effects of toxicant 
exposure were assessed by performing double staining cell viability assay. After 96 h of exposure to aniline 
structural alteration in blood cells were observed by scanning electron microscopy. ATR-FTIR were performed 
after collecting samples from 96 h exposed fish which provide an overview about the variation at molecular level 
in blood tissue. Accumulation potential of aniline in fish group exposed to highest concentration (½ LC50) was 
evaluated using semi prep HPLC after 96 h of acute exposure.

Haematological studies
Blood was drawn out by puncturing the heart of fish using sterile needle in triplicate after 24, 48, 72, 96 h and 
collected in EDTA coated Eppendorf tubes. Blood samples were analysed using auto hematoanalyzier—Horiba 
ABX Micros6071. Different blood parameters like Red blood cells count (RBC count), white blood cells count 
(WBC count), haemoglobin content (HB), packed cell volume (PCV, %) and mean corpuscular volume (MCV, 
μm3) were calculated.

Micronuclei assay
Peripheral blood was collected and smear was prepared on pre-cleaned microscopic slides after 24, 48, 72 and 
96 h. For the fixation, smeared slides were placed in methanol for 10 min and then left to air dry at room 
temperature. For staining of slides, 5% Giemsa stain solution was prepared. Slides were placed in staining 
solution for 15–20 min. For each group (control and sublethal concentrations) 1000 cells each were examined 
for Micronucleated Cells (MNC), Erythrocytic Nuclear Abnormities (ENA) and Erythrocytic Cytoplasmic 
Abnormalities (ECA) under binocular microscope OLYMPUS CX272.

Single‑cell gel electrophoresis (comet assay)
Alkaline version of Comet assay was performed using blood samples by using methodology of Tice73 with slight 
modifications. By puncturing the heart, 10 µl of blood is immediately diluted in 1 ml of phosphate buffer saline 
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and stirred vigorously. Slides coated with 1% of normal melting point agarose (NMPA) and then were incubated 
at 37 °C for overnight in incubator. 0.5% of low melting point agarose (LMPA) mixed with 20 µl of blood was 
added to the coated slides and after loading the samples, slides were kept at 4 °C for 15–20 min. Third layer of 
0.5% LMPA was poured on the slides and placed in refrigerator at 4 °C for another 15 min. Slides were then 
placed in lysis buffer for about 3 h in the refrigerator and then slides were placed in electrophoretic unit which 
contain electrophoretic buffer for a run of 20 min at 300 mA and 24 V. After the assigned time in electrophoretic 
unit, the slides were neutralized using neutralizing buffer for 15 min. Then slides were kept for drying overnight. 
Ethidium bromide was used to stain the slides before they were kept for observation under Nikon ECLIPSE E200 
(Tokyo, Japan) fluorescent microscope with × 40 magnification, excitation filter of 515–560 nm. CASP LAB image 
analysis software was used for examining the comets.

Cell viability analysis by double staining method
This method of detecting apoptosis is based on the loss of plasma membrane integrity as cells die74. Stock 
solution of both the dyes 100 µg/ml ethidium bromide and 100 µg/ml acridine orange was prepared in Phosphate 
Buffer Saline (PBS). Blood samples from control and sublethal concentration groups were collected after 96 h 
of exposure. 5 µl of blood and 10 µl of dye mixture (equal volume of both the ethidium bromide and acridine 
orange) were taken on slide, covered with coverslip and immediately examined using Nikon ECLIPSE E200 
(Tokyo, Japan) fluorescent microscope at × 40 magnification. Cells identified as Live (viable) cells appeared green, 
apoptotic cells appeared yellow and necrotic cells appeared red in colour75. During the scoring, total of 100 cells 
were scored from each group with three replicates each.

Scanning electron microscopy
Blood samples was collected from control and treated fish. Three to four drops of blood were immediately fixed 
in 2.5% glutaraldehyde prepared in 0.1 M phosphate buffer (pH 7.4) for 2–3 h and the sample was centrifuged 
at 1500 rpm for 5 min. Supernatant was discarded and the pellet was washed with phosphate buffer 2–3 times. 
The pellet was suspended in a small volume of distilled water and dehydrated with increasing concentrations 
of ethanol. On a circular coverslip of 10 mm, a small drop of suspension was applied and the sample was air 
dried. The sample was then sputter coated with gold and examined under a scanning electron microscope at an 
accelerating voltage of 15–20 kV.

ATR‑FTIR studies
Blood sample collected after 96 h from control as well as both sublethal concentration groups, was washed 
with phosphate buffer saline and freeze dried for next 24 h. The sample was then lyophilized and sublimated to 
powdered form to remove the water content. Freeze dried tissue sample powder (0.1 mg) was placed directly on 
the surface of a Cary 630 FTIR Spectrometer (Agilent Technologies) coupled with a diamond attenuated total 
reflectance (ATR) accessory. The samples were scanned in triplicate at room temperature in the spectral range 
of 3300–900 cm−1.

Bioaccumulation studies
For present investigation, Shimadzu semi prep HPLC system was used, which is equipped with fraction collector 
and UV/Vis detector. C-18 analytical column was used and the mobile phase were in ratio of acetonitrile (80): 
double distilled water (20) with flow rate of 1 ml/min and temperature was maintained at 30 °C. All the solvent 
used during the experiment were filtered using filtration assembly whereas samples and standard solutions were 
filtered through 0.45 µm millipore syringe filters. The detection wavelength for aniline was set at 230 nm. Stock 
solution was prepared using HPLC grade chemicals from which working standard solutions were prepared by 
gradual dilution with mobile phase. Standard curve was plotted using peak area of known concentration and 
quantification of unknown concentration of aniline was evaluated. For evaluation of bioaccumulation potential 
of aniline in blood plasma, blood samples were collected from higher concentration group (8.39 mg/l) and 
control group after 96 h of exposure. Samples were centrifuged at 3000 rpm for 15 min at 4 °C. Vortexed for 2 min 
and then kept overnight at room temperature. Crude sample was mixed with equal volume of acetonitrile and 
filtered via millipore 0.45 µm syringe filter. The resultant was loaded into column with 10 µl of injection volume. 
Peak identification was made by comparing the retention time of samples with that of standard solutions. Three 
replicates from plasma of each group were evaluated. The peak area versus concentration data were used for 
further analysis as subjected by Bhandari and Kaur76 and Mehra and Chadha77.

Statistical analysis
Statistical analysis was performed using a software program (SPSS 20.0 for windows). Data was expressed as 
mean value with standard error (mean ± SE). Statistical significance was examined on the basis of a comparison 
of averages using a one-way analysis of variance (ANOVA). In order to evaluate statistically significant differences 
between the tested samples, a multiple comparison test—the Tukey test (post-hoc) was used. The differences 
were considered to be statistically significant when p < 0.05.

Ethical approval
All the experiment protocols have been approved by the Institutional Ethics Committee of Guru Nanak Dev 
University, Amritsar (Letter No. 226/CPCSEA/2021/022).
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Conclusion
The present study revealed the outcome of exposure of aniline at different sublethal concentrations in freshwater 
fish. Results emphasise about the haematotoxic, cytotoxic and genotoxic potential of aniline at concentrations i.e. 
4.19 mg/l and 8.39 mg/l. Exposure of aniline for acute duration affects different structural and functional aspects 
of blood tissue of treated animal. This study could layout foundation to revaluate the pertinent policies regarding 
the usage, management and release of such toxic compound in surrounding. Studies revealing the alteration in 
different organs and modification in metabolism of aniline exposed organism need to be done. Strict policies 
should be made to stop direct discharge of aniline in waterbodies. Hence health status could be maintained for 
aquatic organisms as well as for waterbodies.

Received: 23 July 2023; Accepted: 22 November 2023

References
	 1.	 Zhou, Y. et al. Dissolved organic matter fluorescence at wavelength 275/342 nm as a key indicator for detection of point-source 

contamination in a large Chinese drinking water lake. Chemosphere 144, 503–509 (2016).
	 2.	 Ma, Y. et al. Pollutant transport analysis and source apportionment of the entire non-point source pollution process in separate 

sewer systems. Chemosphere 211, 557–565 (2018).
	 3.	 European Chemicals Bureau Existing Substances 2nd Priority List Volume: 15 o-anisidine European Union Risk Assessment Report.
	 4.	 Water and Sustainable Development: Opportunities for the Chemical Sciences—National Research Council, Division on Earth and 

Life Studies, Board on Chemical Sciences and Technology, Chemical Sciences Roundtable—Google Books. https://​books.​google.​co.​
in/​books?​hl=​en&​lr=​&​id=​20ihx​ZM8AV​4C&​oi=​fnd&​pg=​PA40&​dq=​Luthy+​RG+​(2004,+​May)+​Organ​ic+​conta​minan​ts+​in+​the+​
envir​onmen​t:+​chall​enges+​for+​the+​water/​envir​onmen​tal+​engin​eering+​commu​nity.+​In:+​Masci​angio​li+​TM,+​Wood-​Black+​F,+​
Norli​ng+P+​(eds)+​Water+​and+​susta​inable+​devel​opmen​t:+​oppor​tunit​ies+​for+​the+​chemi​cal+​scien​ces-a+​wo&​ots=​qPUQYf_​9PR&​
sig=​8lZ7H​O0INQ​9aRIk-​D1GJD​1LgkV​4&​redir_​esc=y#​v=​onepa​ge&​q&f=​false.

	 5.	 Käfferlein, H. U. et al. Human exposure to airborne aniline and formation of methemoglobin: A contribution to occupational 
exposure limits. Arch. Toxicol. 88, 1419–1426 (2014).

	 6.	 Wang, Y. et al. Aniline induces oxidative stress and apoptosis of primary cultured hepatocytes. Int. J. Environ. Res. Public Health 
13, 1188 (2016).

	 7.	 IARC Publications Website. Some N-Nitroso Compounds. https://​publi​catio​ns.​iarc.​fr/​Book-​And-​Report-​Series/​Iarc-​Monog​raphs-​
On-​The-​Ident​ifica​tion-​Of-​Carci​nogen​ic-​Hazar​ds-​To-​Humans/​Some-​Em-N-​Em--​Nitro​so-​Compo​unds-​1978.

	 8.	 Roberts, D. W. An analysis of published data on fish toxicity of nitrobenzene and aniline derivatives. In QSAR in Environmental 
Toxicology—II (ed. Kaiser, K. L. E.) (Springer, 1987).

	 9.	 Bomhard, E. M. High-dose clastogenic activity of aniline in the rat bone marrow and its relationship to the carcinogenicity in the 
spleen of rats. Arch. Toxicol. 77, 291–297 (2003).

	10.	 Pearce, C. I., Lloyd, J. R. & Guthrie, J. T. The removal of colour from textile wastewater using whole bacterial cells: A review. Dyes 
Pigments 58, 179–196 (2003).

	11.	 Kawakami, T., Isama, K., Nakashima, H., Tsuchiya, T. & Matsuoka, A. Analysis of primary aromatic amines originated from azo 
dyes in commercial textile products in Japan. J. Environ. Sci. Health A 45, 1281–1295 (2010).

	12.	 Tao, N., Liu, G., Bai, L., Tang, L. & Guo, C. Genotoxicity and growth inhibition effects of aniline on wheat. Chemosphere 169, 
467–473 (2017).

	13.	 Selvaraj, V. et al. An over review on recently developed techniques, mechanisms and intermediate involved in the advanced azo 
dye degradation for industrial applications. JMoSt 1224, 129195 (2021).

	14.	 Chaturvedi, N. K. & Katoch, S. S. Remedial technologies for aniline and aniline derivatives elimination from wastewater. J. Health 
Pollut. 10, 1–11 (2020).

	15.	 Giulbudagian, M., Schreiver, I., Singh, A. V., Laux, P. & Luch, A. Safety of tattoos and permanent make-up: A regulatory view. 
Arch. Toxicol. 94, 357–369 (2020).

	16.	 Zhao, M., Yang, X., Li, Y., Zhang, X. & Chang, W. Spectrophotometric determination of aniline in polluted surface water and 
wastewater—Improved reagents in test kit format. Int. J. Environ. Anal. Chem. 81, 323–330 (2006).

	17.	 Jurado-Sánchez, B., Ballesteros, E. & Gallego, M. Occurrence of aromatic amines and N-nitrosamines in the different steps of a 
drinking water treatment plant. Water Res. 46, 4543–4555 (2012).

	18.	 Boulahlib, S., Boudina, A., Si-Ahmed, K., Bessekhouad, Y. & Trari, M. Development and validation of a fast and simple HPLC 
method for the simultaneous determination of aniline and its degradation products in wastewater. Anal. Methods 8, 5949–5956 
(2016).

	19.	 Sharma, P. & Chadha, P. Bisphenol A induced toxicity in blood cells of freshwater fish Channa punctatus after acute exposure. 
Saudi J. Biol. Sci. 28, 4738–4750 (2021).

	20.	 Talukdar, B. et al. Effect of acid mine drainage of coal mining on total protein content of muscle and liver in a freshwater fish, 
Channa punctatus (Bloch). Natl. Acad. Sci. Lett. 39, 171–173 (2016).

	21.	 Sharma, M. & Chadha, P. Widely used non-ionic surfactant 4-nonylphenol: Showing genotoxic effects in various tissues of Channa 
punctatus. Environ. Sci. Pollut. Res. 24, 11331–11339 (2017).

	22.	 Kumar, R., Nagpure, N. S., Kushwaha, B., Srivastava, S. K. & Lakra, W. S. Investigation of the genotoxicity of malathion to freshwater 
teleost fish channa punctatus (Bloch) using the micronucleus test and comet assay. Arch. Environ. Contam. Toxicol. 58, 123–130 
(2010).

	23.	 Javed, M., Ahmad, I., Ahmad, A., Usmani, N. & Ahmad, M. Studies on the alterations in haematological indices, micronuclei 
induction and pathological marker enzyme activities in Channa punctatus (spotted snakehead) perciformes, channidae exposed 
to thermal power plant effluent. Springerplus 5, 1–9 (2016).

	24.	 Korinth, G. et al. Percutaneous absorption of aromatic amines in rubber industry workers: Impact of impaired skin and skin barrier 
creams. Occup. Environ. Med. 64, 366–372 (2007).

	25.	 Korinth, G., Lüersen, L., Schaller, K. H., Angerer, J. & Drexler, H. Enhancement of percutaneous penetration of aniline and 
o-toluidine in vitro using skin barrier creams. Toxicol. In Vitro 22, 812–818 (2008).

	26.	 Korinth, G. et al. Comparison of experimentally determined and mathematically predicted percutaneous penetration rates of 
chemicals. Arch. Toxicol. 86, 423–430 (2012).

	27.	 Abram, F. S. H. & Sims, I. R. The toxicity of aniline to rainbow trout. Water Res. 16, 1309–1312 (1982).
	28.	 Dom, N., Knapen, D., Benoot, D., Nobels, I. & Blust, R. Aquatic multi-species acute toxicity of (chlorinated) anilines: Experimental 

versus predicted data. Chemosphere 81, 177–186 (2010).
	29.	 Bhunia, F., Saha, N. C. & Kaviraj, A. Effects of aniline—An aromatic amine to some freshwater organisms. Ecotoxicology 12, 397–404 

(2003).

https://books.google.co.in/books?hl=en&lr=&id=20ihxZM8AV4C&oi=fnd&pg=PA40&dq=Luthy+RG+(2004,+May)+Organic+contaminants+in+the+environment:+challenges+for+the+water/environmental+engineering+community.+In:+Masciangioli+TM,+Wood-Black+F,+Norling+P+(eds)+Water+and+sustainable+development:+opportunities+for+the+chemical+sciences-a+wo&ots=qPUQYf_9PR&sig=8lZ7HO0INQ9aRIk-D1GJD1LgkV4&redir_esc=y#v=onepage&q&f=false
https://books.google.co.in/books?hl=en&lr=&id=20ihxZM8AV4C&oi=fnd&pg=PA40&dq=Luthy+RG+(2004,+May)+Organic+contaminants+in+the+environment:+challenges+for+the+water/environmental+engineering+community.+In:+Masciangioli+TM,+Wood-Black+F,+Norling+P+(eds)+Water+and+sustainable+development:+opportunities+for+the+chemical+sciences-a+wo&ots=qPUQYf_9PR&sig=8lZ7HO0INQ9aRIk-D1GJD1LgkV4&redir_esc=y#v=onepage&q&f=false
https://books.google.co.in/books?hl=en&lr=&id=20ihxZM8AV4C&oi=fnd&pg=PA40&dq=Luthy+RG+(2004,+May)+Organic+contaminants+in+the+environment:+challenges+for+the+water/environmental+engineering+community.+In:+Masciangioli+TM,+Wood-Black+F,+Norling+P+(eds)+Water+and+sustainable+development:+opportunities+for+the+chemical+sciences-a+wo&ots=qPUQYf_9PR&sig=8lZ7HO0INQ9aRIk-D1GJD1LgkV4&redir_esc=y#v=onepage&q&f=false
https://books.google.co.in/books?hl=en&lr=&id=20ihxZM8AV4C&oi=fnd&pg=PA40&dq=Luthy+RG+(2004,+May)+Organic+contaminants+in+the+environment:+challenges+for+the+water/environmental+engineering+community.+In:+Masciangioli+TM,+Wood-Black+F,+Norling+P+(eds)+Water+and+sustainable+development:+opportunities+for+the+chemical+sciences-a+wo&ots=qPUQYf_9PR&sig=8lZ7HO0INQ9aRIk-D1GJD1LgkV4&redir_esc=y#v=onepage&q&f=false
https://books.google.co.in/books?hl=en&lr=&id=20ihxZM8AV4C&oi=fnd&pg=PA40&dq=Luthy+RG+(2004,+May)+Organic+contaminants+in+the+environment:+challenges+for+the+water/environmental+engineering+community.+In:+Masciangioli+TM,+Wood-Black+F,+Norling+P+(eds)+Water+and+sustainable+development:+opportunities+for+the+chemical+sciences-a+wo&ots=qPUQYf_9PR&sig=8lZ7HO0INQ9aRIk-D1GJD1LgkV4&redir_esc=y#v=onepage&q&f=false
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Some-Em-N-Em--Nitroso-Compounds-1978
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Some-Em-N-Em--Nitroso-Compounds-1978


13

Vol.:(0123456789)

Scientific Reports |        (2023) 13:20757  | https://doi.org/10.1038/s41598-023-48151-z

www.nature.com/scientificreports/

	30.	 Shahjahan, M. et al. Nuclear and cellular abnormalities of erythrocytes in response to thermal stress in common carp Cyprinus 
carpio. Front. Physiol. 11, 543 (2020).

	31.	 Casanovas, P., Walker, S. P., Johnston, H., Johnston, C. & Symonds, J. E. Comparative assessment of blood biochemistry and 
haematology normal ranges between Chinook salmon (Oncorhynchus tshawytscha) from seawater and freshwater farms. Aquaculture 
537, 736464 (2021).

	32.	 Kopp, R. et al. Modulation of biochemical and haematological indices of silver carp (Hypophthalmichthys molitrix Val.) exposed 
to toxic cyanobacterial water bloom. Acta Vet. Brno 79, 135–146 (2010).

	33.	 Shahjahan, M., Uddin, M. H., Bain, V. & Haque, M. M. Increased water temperature altered hemato-biochemical parameters and 
structure of peripheral erythrocytes in striped catfish Pangasianodon hypophthalmus. Fish Physiol. Biochem. 44, 1309–1318 (2018).

	34.	 Mazon, A. F., Monteiro, E. A. S., Pinheiro, G. H. D. & Fernandes, M. N. Hematological and physiological changes induced by 
short-term exposure to copper in the freshwater fish, Prochilodus scrofa. Braz. J. Biol. 62, 621–631 (2002).

	35.	 Cazenave, J., Wunderlin, D. A., Hued, A. C. & Bistoni, M. D. L. Á. Haematological parameters in a neotropical fish, Corydoras 
paleatus (Jenyns, 1842) (Pisces, Callichthyidae), captured from pristine and polluted water. Hydrobiologia 537, 25–33 (2005).

	36.	 Salam, M. A., Shahjahan, M., Sharmin, S., Haque, F. & Rahman, M. K. Effects of sub-lethal doses of an organophosphorus 
insecticide sumithion on some hematological parameters in common carp, Cyprinus carpio. Short Commun. Pak. J. Zool 47, 
1487–1491 (2015).

	37.	 Beyea, M. M., Benfey, T. J. & Kieffer, J. D. Hematology and stress physiology of juvenile diploid and triploid shortnose sturgeon 
(Acipenser brevirostrum). Fish Physiol. Biochem. 31, 303–313 (2005).

	38.	 Islam, S. M. M. et al. Acute effects of chromium on hemato-biochemical parameters and morphology of erythrocytes in striped 
catfish Pangasianodon hypophthalmus. Toxicol. Rep. 7, 664–670 (2020).

	39.	 Raphael, T. J. & Kuttan, G. Immunomodulatory activity of naturally occurring monoterpenes carvone, limonene, and perillic acid. 
Immunopharmacol. Immunotoxicol. 25, 285–294 (2003).

	40.	 Begg, K. & Pankhurst, N. W. Endocrine and metabolic responses to stress in a laboratory population of the tropical damselfish 
Acanthochromis polyacanthus. J. Fish Biol. 64, 133–145 (2004).

	41.	 Sawhney, A. K. & Johal, M. S. Erythrocyte alterations induced by malathion in Channa punctatus (Bloch). Bull. Environ. Contam. 
Toxicol. 64, 398–405 (2000).

	42.	 Sadiqul, I. M., Ferdous, Z., Nannu, M. T. A., Mostakim, G. M. & Rahman, M. K. Acute exposure to a quinalphos containing 
insecticide (convoy) causes genetic damage and nuclear changes in peripheral erythrocytes of silver barb, Barbonymus gonionotus. 
Environ. Pollut. 219, 949–956 (2016).

	43.	 Srivastava, J. P. & Chand, V. Degeneration in renal cells of freshwater fish (Channa punctata) under exposure of nigrosine black 
(Acid Black-2), a tanning industry dye. Asian J. Fish. Aquat. Res. https://​doi.​org/​10.​9734/​AJFAR/​2022/​V17I4​30412 (2022).

	44.	 El Sayed, A. & Shokr, M. Effect of zinc on hematology and biochemistry of Nile Tilapia. J. Chem. Pharmacol. Res. 7, 1943–1950 
(2015).

	45.	 Bolognesi, C., Cirillo, S. & Chipman, J. K. Comet assay in ecogenotoxicology: Applications in Mytilus sp.. Mutat. Res. Toxicol. 
Environ. Mutagen. 842, 50–59 (2019).

	46.	 Ergene, S. et al. Monitoring of nuclear abnormalities in peripheral erythrocytes of three fish species from the Goksu Delta (Turkey): 
Genotoxic damage in relation to water pollution. Ecotoxicology 16, 385–391 (2007).

	47.	 Sabharwal, R. et al. Emergence of micronuclei as a genomic biomarker. Indian J. Med. Paediatr. Oncol. 36, 212–218 (2015).
	48.	 Franklin, J. L. Redox regulation of the intrinsic pathway in neuronal apoptosis. Antioxid. Redox Signal. 14, 1437–1448 (2011).
	49.	 Martin, S. J., Green, D. R. & Cotter, T. G. Dicing with death: Dissecting the components of the apoptosis machinery. Trends Biochem. 

Sci. 19, 26–30 (1994).
	50.	 Steinert, S. A. Contribution of apoptosis to observed dna damage in mussel cells. Mar. Environ. Res. 42, 253–259 (1996).
	51.	 Kaur, K. & Kaur, A. Fish erythrocytes as biomarkers for the toxicity of sublethal doses of an azo dye, basic violet-1 (CI: 42535). 

Microsc. Microanal. 21, 264–273 (2015).
	52.	 Dey, S., Choudhury, M. D. & Das, S. Sublethal effects of pulp and paper mill effluent on two commonly cultured carps: A SEM- and 

EDS-based hematological biomarker analysis. Fish Physiol. Biochem. 42, 1791–1805 (2016).
	53.	 Mehra, S. & Chadha, P. Naphthalene-2-sulfonate induced toxicity in blood cells of freshwater fish Channa punctatus using comet 

assay, micronucleus assay and ATIR-FTIR approach. Chemosphere 265, 129147 (2021).
	54.	 Severcan, F. & Haris, P. I. Fourier transform infrared spectroscopy suggests unfolding of loop structures precedes complete 

unfolding of pig citrate synthase. Biopolymers 69, 440–447 (2003).
	55.	 Surewicz, W. K., Mantsch, H. H. & Chapman, D. Determination of protein secondary structure by Fourier transform infrared 

spectroscopy: A critical assessment. Biochemistry 32, 389–394 (1993).
	56.	 Glassford, S. E., Byrne, B. & Kazarian, S. G. Recent applications of ATR FTIR spectroscopy and imaging to proteins. Biochim. 

Biophys. Acta Proteins Proteom. 1834, 2849–2858 (2013).
	57.	 Sitnikova, V. E. et al. Breast cancer detection by ATR-FTIR spectroscopy of blood serum and multivariate data-analysis. Talanta 

214, 120857 (2020).
	58.	 Haris, P. I. & Severcan, F. FTIR spectroscopic characterization of protein structure in aqueous and non-aqueous media. J. Mol. 

Catal. B Enzym. 7, 207–221 (1999).
	59.	 Guang, P. et al. Blood-based FTIR-ATR spectroscopy coupled with extreme gradient boosting for the diagnosis of type 2 diabetes: 

A STARD compliant diagnosis research. Medicine 99, E19657 (2020).
	60.	 Severcan, F., Toyran, N., Kaptan, N. & Turan, B. Fourier transform infrared study of the effect of diabetes on rat liver and heart 

tissues in the C-H region. Talanta 53, 55–59 (2000).
	61.	 Toyran, N., Zorlu, F., Dönmez, G., Öğe, K. & Severcan, F. Chronic hypoperfusion alters the content and structure of proteins and 

lipids of rat brain homogenates: A Fourier transform infrared spectroscopy study. Eur. Biophys. J. 33, 549–554 (2004).
	62.	 Elias, P. S. & Cohen, A. J. Recent Advances in Food Irradiation 361 (1983).
	63.	 Sevilla, C. L., Swarts, S. & Sevilla, M. D. An ESR study of radical intermediates formed by γ-radiolysis of tripalmitin and dipalmitoyl 

phosphatidylethanolamine. J. Am. Oil Chem. Soc. 60, 950–957 (1983).
	64.	 Hands, J. R. et al. Brain tumour differentiation: Rapid stratified serum diagnostics via attenuated total reflection Fourier-transform 

infrared spectroscopy. J. Neurooncol. 127, 463–472 (2016).
	65.	 Malins, D. C. et al. The etiology and prediction of breast cancer fourier transform-infrared spectroscopy reveals progressive 

alterations in breast DNA leading to a cancer-like phenotype in a high proportion of normal women. Cancer 75(2), 503–517. 
https://​doi.​org/​10.​1002/​1097-​0142 (1995).

	66.	 Aamouche, A. & Goormaghtigh, E. FTIR-ATR biosensor based on self-assembled phospholipids surface: Haemophilia factor VIII 
diagnosis. Spectroscopy 22, 223–234 (2008).

	67.	 Hardy, J. T., Dauble, D. D. & Felice, L. J. Aquatic fate of synfuel residuals: Bioaccumulation of aniline and phenol by the freshwater 
phytoplankter Scenedesmus quadricauda. Environ. Toxicol. Chem. 4, 29–35 (1985).

	68.	 Morales-Trejo, F., León, S. V. Y., Escobar-Medina, A. & Gutierrez-Tolentino, R. Application of high-performance liquid 
chromatography–UV detection to quantification of clenbuterol in bovine liver samples. J. Food Drug Anal. 21, 414–420 (2013).

	69.	 Currens, S. Estimating Bioconcentration Factors for Organic Chemicals Using High Performance Liquid Chromatography (HPLC) 
(2011).

https://doi.org/10.9734/AJFAR/2022/V17I430412
https://doi.org/10.1002/1097-0142


14

Vol:.(1234567890)

Scientific Reports |        (2023) 13:20757  | https://doi.org/10.1038/s41598-023-48151-z

www.nature.com/scientificreports/

	70.	 Finney, D. J. Probit Analysis, 3rd ed. By Cambridge University Press, New York, 1971. xv + 333 pp. 14.5 × 22 cm. Price $18.50. J. 
Pharm. Sci. 60, 1432–1432 (1971).

	71.	 Erkmen, B. et al. Sublethal effects of acrylamide on thyroid hormones, complete blood count and micronucleus frequency of 
vertebrate model organism (Cyprinus carpio). Turk. J. Biochem. 47, 811–818 (2022).

	72.	 Yadav, K. K. & Trivedi, S. P. Sublethal exposure of heavy metals induces micronuclei in fish, Channa punctata. Chemosphere 77, 
1495–1500 (2009).

	73.	 Tice, R. R. et al. Single cell gel/comet assay: Guidelines for in vitro and in vivo genetic toxicology testing. Environ. Mol. Mutagen. 
35(3), 206–221 (2000).

	74.	 Doonan, F. & Cotter, T. G. Morphological assessment of apoptosis. Methods 44, 200–204 (2008).
	75.	 Er, A., Uçkan, F., Rivers, D. B. & Sak, O. Cytotoxic effects of parasitism and application of venom from the endoparasitoid Pimpla 

turionellae on hemocytes of the host Galleria mellonella. J. Appl. Entomol. 135, 225–236 (2011).
	76.	 Bhandari, R. & Kaur, I. P. A sensitive HPLC method for determination of isoniazid in rat plasma. J. Chromat. Sep. Tech. 2012, 128 

(2012).
	77.	 Mehra, S. & Chadha, P. Bioaccumulation and toxicity of 2-naphthalene sulfonate: An intermediate compound used in textile 

industry. Toxicol. Res. (Camb.) 9, 127–136 (2020).

Acknowledgements
Authors are sincerely thankful to Council of Scientific and Industrial Research-University Grants Commission 
(CSIR-UGC) for awarding fellowship to Geetika Sharma and Special Assistance Programme (SAP) of UGC for 
providing necessary infrastructure facilities.

Author contributions
G.S.: Investigation, data curation, data analysis, review and editing; Dr. P.C.: manuscript administration, 
supervision.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​023-​48151-z.

Correspondence and requests for materials should be addressed to P.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

https://doi.org/10.1038/s41598-023-48151-z
https://doi.org/10.1038/s41598-023-48151-z
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Evaluation of haematological, genotoxic, cytotoxic and ATR-FTIR alterations in blood cells of fish Channa punctatus after acute exposure of aniline
	Results
	Median lethal concentration of aniline for fish Channa punctatus
	Effect of aniline on haematological parameters
	Micronuclei assay
	Comet assay
	Cell viability analysis by double staining method
	Scanning electron microscopy
	ATR-FTIR studies
	Bioaccumulation studies

	Discussion
	Materials and methods
	Experimental fish and test chemical
	Water parameters
	Estimation of 96 h LC50 for aniline
	Experimental design
	Haematological studies
	Micronuclei assay
	Single-cell gel electrophoresis (comet assay)
	Cell viability analysis by double staining method
	Scanning electron microscopy
	ATR-FTIR studies
	Bioaccumulation studies
	Statistical analysis
	Ethical approval

	Conclusion
	References
	Acknowledgements


