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Abstract: Formalin bath treatments are widely used to control of parasitic infections in aquaculture. However, effects of formaldehyde on the lipid peroxidation 
and antioxidant system were not still need elucidation. Fish were exposed to formalin at doses of 50, 100 and 200 ppm for 1 h. Fish were then left to depurate for 
24 h in formalin-free water. At the end of the test, whole bodies were isolated and homogenized to measured malondialdehyde (MDA) and reduced glutathione  
(GSH) levels and catalase (CAT) and glutathione peroxidase (GPx ) activities. Results obtained showed that formalin significantly (p < 0.05) increased the MDA 
level. There was statistically significant decrease in the CAT activity of the experimental groups when compared to the control group. After recovery period, the 
CAT activity was still found to be lower than the control level. The GPx  activity and GSH level decreased by formalin exposures and did not return to the control 
values during recovery periods. From the findings of our study, it can be interpreted that acute formalin inhalation may cause oxidative stress and thus, some sec-
ondary toxic effects in whole body.
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Introduction

Formalin is used predominantly as a chemical 
intermediate.  It also has minor uses in agriculture, as 
an analytical reagent, in concrete and plaster additives, 
cosmetics, disinfectants, fumigants, photography, and 
wood preservation (1,2).  Toxicological studies have 
suggested that Formalin is: causes hepatotoxicity, 
neurotoxicity; and induces the development of lung, 
nasopharyngeal and buccal cavity cancer in humans 
(3,4,5,6). Formalin is commonly used in the aquaculture 
industry against bacterial and parasitic infections of 
fish (7). This matter is an effective treatment against 
a number of fish pathogens including many external 
parasites like protozoans, and monogenetic trematodes. 

 Disinfectants can either increase or decrease 
lipid peroxidation and enzyme activities such as 
superoxide dismutase (SOD), catalase (CAT), 
glutathione peroxidase (GPx), glutathione reductase 
(GR), and protein content depending on the disinfectant 
type and concentration in the fish and the other animal 
species (8,9,10). In previous studies, oxidative stress 
caused by formalin was demonstrated in fish (11). 
But, no previous studies formalin related to oxidative 
stress mechanisms in the whole body of fry  rainbow 
trout have been reported. In this study, therefore, was 
aimed at investigating the exposure to formalin in the 
fry rainbow trout (Oncorhynchus mykiss), as reflected 
in stress and health indicators; malondialdehyde (MDA) 
and reduced glutathione (GSH) levels and catalase 
(CAT) and glutatione peroxidase (GPx) activities.

Materials and Methods

Acute exposure to formalin were carried out with 
fry (0.38 ± 0.07 g). Fish were supplied from the Keban 
Fish Breeding Unit of IX. Region Directorate, the State 
Hydraulic Works in Turkey.  Fish were kept for 2 week 
in 50 L glass tanks filled with continuous aeration, at 
water temperature (13-14 °C), before being used in 
experiments. The water quality characteristics were 
determined according to the APHA (12) guidelines. 
The mean quality parameters of water were as follows: 
dissolved oxygen 8.02 ± 0.5 mg/L , pH 7.3 ± 0.4, 
temperature 13 ± 2 °C . Fish were fed ad libitum with a 
commercial feed.

Experiments were conducted in static tests in 5 L 
glass aquaria. Before the test, fish were transferred to 
aquaria filled with 3 L of tap water. Fish exposed to three 
different concentrations of formalin (50 ppm; Group-A, 
100 ppm; Group-B, and 200 ppm; Group-C) for 1 h.  
Fish were then left to depurate for 24 h (recovery) in 
formalin-free water. Control fish were sampled at the 
same intervals and were handled in the same way with 
treatment groups. After 1 h and 24 h , all of the fishes 
were sampled. The entire experiment was repeated 
two independent times; each replicate for each group 
contained 20 fish, for a total of 160 fish. 

At the end of the experiments, fish were 
anaesthetized in icecold chilled water and whole bodies 
were isolated for biomarker analysis. After rinsing 
with cold 0.09 % NaCl solution and filtering to remove 
fluid, the fry samples were weighed meticulously. 
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The homogenization was carried out in a Teflon-glass 
homogenizer, with a buffer containing 1.15 % KCl, to 
obtain 1:10 (w/v) whole homogenate. The homogenates 
were centrifuged at 18.000×g for 30 min at 4 °C to 
determine the MDA and GSH levels and the CAT and 
GPx activities.

The level of MDA as indices of oxidative stress was 
determined according to a modified method of Placer et 
al. (13) based on the reaction with thiobarbituric acid, and 
were expressed as nmol/mg protein. The CAT activity 
was determined by measuring the decomposition of 
hydrogen peroxide at 240 nm, according to the method 
of Aebi (14), and was expressed as k/mg protein, where 
k is the first-order rate constant. The GPx activity was 
determined by the procedure described by Beutler (15). 
The procedure of analysis performed was based on the 
oxidation of GSH by GPx coupled to the disappearance 
of NADPH by GR measured at 37 oC and 340 nm and 
were expressed as U/mg protein. The GSH level was 
measured by a kinetic assay using a dithionitrobenzoic 
acid recycling method described by Ellman (16) and was 
expressed as μmol/mg protein. Protein concentrations 
were measured according to Lowry et al. (17).

The means (± SE)  of assayed parameters were 
calculated for each group of fish. One-way ANOVA tests 
were to compare values from individual experimental 
fish groups with those from controls. Significant 
differences  were based on the p < 0.05 level.

Results

The clinical signs of the fish in the control and 
experiment groups were noted. Behavioural changes 
were observable within the first few hours. In the control 
and the 50 and 100ppm concentrations of formalin 
groups there were no behavioral changes throughout the 
experiment. In another concentration (200 ppm), the fish 
showed some abnormal swimming and tended to gather 
at the surface. They tried to avoid the toxic water with 
fast swimming; the fish were observed to have breathing 
difficulties and tried to breathe air from the surface 
water. However, no fish died during the experiment 
period of exposure to different formalin doses.

The effects of formalin exposures on the MDA 
and GSH levels and the CAT and GPx activities in the 
control and experimental groups are presented in Table 

1.  
The MDA levels in fish exposed to three different 

concentrations of formalin for 1h were higher than in 
the control group. When the fish were transferred into 
formalin-free water after treatment, significant decreases 
in the MDA level were observed. After recovery period, 
the MDA levels were still found to be higher than the 
control level (p < 0.05).

The CAT activities after 1 h of formalin treatment at 
all the concentrations was lower than that in the control 
fish. When the fish were transferred into formalin-free 
water after treatment, significant increases in the CAT 
activity were observed. However, the CAT activity was 
still lower than the control level after recovery period 
(p < 0.05).

Treatment with formalin caused a dose-dependent 
change in the GPx activity. The GPx activity decreased 
by formalin exposures and did not return to the control 
values during recovery periods (p < 0.05). 

Statistically significant differences in the GSH levels 
were determined between the control and treatment 
groups in all exposure concentrations and periods. 
The GSH levels decreased in the groups that exposed 
to different concentrations of formalin. After recovery 
period, the GSH levels were still found to be lower than 
the control level (p < 0.05).

Discussion

Clinical signs of acute toxicity, such as grouping 
and loss of equilibrium were observed during the 
study in rainbow trout exposed to formalin. Similar 
data of clinical signs have also been described in 
brown trout, Salmo trutta, (18), Oncorhynchus mykiss 
(19) and Esomus danricus (20). Santos et al. (21) 
documented the Amazon ornamental fish, bluespotted 
coridora (Corydoras melanistius) exposed to formalin 
concentrations showed two patterns of behaviour during 
the first 24 hours. Fish exposed to higher concentrations 
presented agitation, followed by erratic swimming and 
positioning on the water surface immediately after the 
addition of the substance. While the fishes submitted 
to the lower concentrations remained standing, making 
small movements and resting at bottom of containers. 
Our results for behavioural manifestations  showed 
similarity to the results in previous studies.

Para-
meters

Control Group-A Group-B Group-C

1 h 24 h 1 h 24 h 1 h 24 h 1 h 24 h

MDA 1.47 ± 0.25 x,a 1.48 ± 0.22 x,A 2.25 ± 0.80 x,b 1.88 ± 0.54 y,B 2.31 ± 0.78 x,b 1.93 ± 81 y,B 2.81 ± 0.42 x,c 2.29 ± 0.68 y,C

CAT 2.93 ± 0.20 x,a 2.84 ± 0.16 x,A 2.04 ± 0.39 x,b 2.25 ± 0.51 y,B 2.05 ± 0.35 x,b 2.28 ± 0.40 y,B 2.08 ± 0.66 x,b 2.30 ± 0.34 y,B

GPx 6.14 ± 0.66 x,a 6.17 ± 0.89 x,A 4.23 ± 0.66 x,b 5.18 ± 0.74 y,B 3.57 ± 0.51 x,c 4.36 ± 0.47 y,C 3.34 ± 0.33 x,d 4.32 ± 0.45 y,C

GSH 18.22 ± 2.47 x,a 17.98 ± 2.43 x,A 14.53 ± 1.74 x,b 14.86 ± 2.23 x,B 13.74 ± 1.55 x,c 14.67 ± 2.91 y,B 12.79 ± 1.66 x,d 12.90 ± 1.38 x,C 

Table 1. Oxidant/antioxidant changes in the whole body of O. mykiss exposed to formalin (1 h) and its recovery response (24h).  

Group-A: 50 ppm formalin,  Group-B: 100 ppm formalin,  Group-C: 200 ppm formalin
MDA: malondialdehyde level (nmol/mg protein),  CAT:  catalase activity (k/mg protein, where k is the first-order rate constant), GPx: glutathione 
peroxidase activity (U/mg protein), GSH: reduced glutathione level (μmol/mg protein). 

Each value is the mean ± standard error (n = 20). 
x,y  in the same row indicate significant differences in the same group (p < 0.05).
a,b,c,d  in the same row indicate significant differences between groups for 1 h (p < 0.05). 
 A,B,C  in the same row indicate significant differences between groups for 24 h (p < 0.05). 
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following exposure to these disinfectants, and mainly 
chlorine compounds induced marked biochemical 
variations of carp liver compared to those induced by 
peracetic acid treatment. Monteiro et al. (28) studied 
the effect of inorganic mercury, a disinfectan, in a 
tropical freshwater fish, Brycon amazonicus. Significant 
alterations in the expression of the antioxidant enzymes 
such as SOD, CAT, GST, GPx, and GR were observed. 
These results indicate that affected of antioxidant 
mechanisms in B. amazonicus exposed to inorganic 
mercury. The present results showed the GPx activity 
was reduced in the groups that exposed to formalin in 
different concentrations. The reduction could be due to 
its exhaustion or restriction as a result of the increased 
production of free radicals. This result signify that 
the increase in the MDA levels of the fish exposure to 
different concentrations of formalin  may be related to 
the diminish in the CAT and GPx activities.

Glutathione redox cycle is very important in 
intracellular antioxidant system and is essential for 
the tissues to protect themselves against the ROS 
damage. Glutathione is one of the necessary compounds 
for providing cell stability because of its reducing 
properties (24, 37,38,39). In this study, a decrease in 
the GSH level was observed. The reduction in the GSH 
level in this study may be due to direct conjugation of 
GSH with electrophiles species which are produced 
increasingly by formalin exposure or due to inhibition 
of enzymes such as GR and GPx, which are involved in 
GSH synthesis and regeneration. The decreased levels 
of GSH are previously reported in fish exposed to some 
disinfectants (20,29). 

In conclusion, the results showed that exposure to 
different concentrations of formalin caused a significant 
alteration in the metabolism of rainbow trout, as 
shown by the antioxidant status parameters. It was 
also demonstrated that its antioxidant defence system 
was deal with formalin exposure, as evidenced by the 
oxidative damage.
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