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Abstract: Effects of melatonin on the levels of antioxidant enzymes including catalase (CAT), peroxidase (POD),
glutathione reductase (GRd), and malondialdehyde (MDA), a lipid peroxidation marker, in erythrocytes of rainbow
trout (Oncorhynchus mykiss) were investigated. The results showed that melatonin statistically activated the CAT, POD,
and GRd activity (P < 0.05). Moreover, MDA levels were significantly decreased as a result of melatonin treatment (P <
0.01).
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Melatonin uygulaması gökkuşağı alabalık
(Oncorhynchus mykiss, Walbaum) eritrositlerinde antioksidan enzim aktivitelerini

artırırken lipit peroksidasyonunu azaltmaktadır 

Özet: Çalışmada, melatoninin gökkuşağı alabalık eritrositlerindeki katalaz (CAT), peroksidaz (POD) ve glutatyon
redüktaz (GRd) gibi antioksidan enzimler ile lipid peroksidasyonu göstergesi olan malondialdehit (MDA) üzerine etkileri
araştırıldı. Sonuçta, melatonin uygulamasının CAT, POD ve GRd aktivitelerini istatistiksel olarak artırdığı (P < 0,05)
gösterildi. Ayrıca melatonin uygulamasının bir sonucu olarak MDA seviyesinin önemli derecede azaldığı (P < 0,01)
belirlenmiştir. 
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Introduction
Melatonin is primarily produced by photoreceptor

cells, which act as a photoneuroendocrine transducer
and secrete melatonin into the blood, in the pineal

gland (1). It is involved in many physiological
processes, such as seasonal reproduction, activity
rhythms, and sleep/wake cycles (2), in osmoregulation
and/or stress adaptation in seawater (3). Moreover, it



is considered as a powerful free radical scavenger and
likely to be a general promoter of anti-oxidative
mechanisms and a potential antioxidant in vitro and
in vivo (4). Some of its interactions with other
hormones such as cortisol and arginine vasotocin
(hormones closely associated with electrolyte balance)
have been reported in teleosts (5,6). 

The antioxidant defense (AD) system of organisms
provides a means of dealing with oxidative stress and
includes several enzymes and vitamins. A primary
role of the AD system is protecting cellular
components from damage induced by reactive oxygen
species (ROS) (7). The ROS include free radicals, such
as superoxide anion radicals (O2

•–), hydroxyl radicals
(OH·) and non-free radicals such as singlet oxygen
(1O2) and hydrogen peroxide (H2O2). Also, excessive
generation of ROS induced by various stimuli and
exceeding the antioxidant capacity of the organism
leads to a variety of pathophysiological processes.
Exposure of organisms to pro-oxidant attack can
increase antioxidant defenses, e.g. by increasing
synthesis of antioxidant enzymes (8). If antioxidant
defenses are effective in detoxifying ROS, then no
harmful consequence will result in the tissues.
However, if the ROS attack is severe, antioxidant
defense systems may be overwhelmed, resulting in
inhibition of antioxidant enzymes and oxidative
damage to lipids, proteins, DNA, and other key
molecules. Such processes may in turn provoke
alterations in molecular and membrane structures
and functions, leading to cell and tissue damage (9).
Increased concentration of lipid peroxidation and
DNA damage has been used as indicators of ROS-
derived damage in biological systems (10).

Most cellular antioxidants can be regarded as part
of the innate nonspecific immune system (11). Like
other vertebrates, fish possess an AD system both
enzymatic and non-enzymatic. The more relevant AD
enzymes consist of glutathione reductase (GRd),
superoxide dismutase (SOD), catalase (CAT) and
peroxidase (POD), and non-enzymatic defenses
include vitamin C, α-tocopherol, and vitamin A (12).

Although, the influence of melatonin
administration on fish reproductive parameters has
been extensively investigated (13,14), studies related
to the effects of this application on the inhibition or
activation of enzymes playing a key role in antioxidant

processes are unfortunately scarce in fish. Therefore,
the aim of the present study was to determine the
effects of melatonin on the activity of endogenous
antioxidant enzymes such as CAT, POD, and GRd,
and the levels of MDA as a marker of peroxidized lipid
concentrations from rainbow trout (Oncorhynchus
mykiss) erythrocytes in vivo. 

Materials and Methods
In vivo experiment
Fish treatments were conducted according to the

Applied Research Ethics National Association (15).
In the experiment, fish (mean weight: 200 ± 20 g)
were divided into 2 groups as control and melatonin.
Each included 20 fish. Fish were anaesthetized in
water containing tricaine methanesulphonate (MS-
222, 1/10,000), and 0.5 ml blood samples from the
control group and the melatonin group were
collected from the caudal sinus using heparinised
syringes and placed into a heparinized vacutainer to
determine initial activities of CAT, POD, and GSSG-
Px as well as the levels of total MDA. Subsequently,
melatonin was dissolved in a small amount of
ethanol and then diluted with teleost saline (20 mg
Na2CO3/100 ml of 0.6% NaCl) until the desired final
concentrations were obtained. Physiological saline
was injected to all fish in the control group
intraperitoneally (i.p.). For the melatonin group, 10
mg/kg (fish body weight) melatonin was injected i.p.
Blood samples were taken from the different fish at
1, 3, and 5 h after injection from the control and the
melatonin group (n = 5). All blood samples were
centrifuged at 2500 rpm for 15 min, then the plasma
was removed by drip, the erythrocyte pellet was
washed with 0.16 M KCl 3 times and the supernatant
was discarded. One volume from the resulting
erythrocyte pellet was hemolyzed in 5 volumes of
ice-water. Ghost and intact cells were then removed
by high-speed centrifugation (20000 rpm for 30 min,
Heraeus Sepatech, Suprafuge). As a result, a
hemolysate was prepared. Hemoglobin (Hb)
concentration in hemolysate was determined by the
cyanmethemoglobin method. All of the above-
mentioned procedures were carried out at +4 °C.

Measurement of antioxidant enzyme activities
Catalase activity was assayed by monitoring the

decrease in absorbance at 240 nm due to H2O2
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consumption (16). The reaction mixture contained
0.1 ml hemolysate, 0.5 ml 10 mM H2O2 and 0.9 ml 30
mM potassium phosphate buffer (pH 7.3) and
reduction in absorbance was recorded at 240 nm for
60 s. The enzyme activity is expressed as mmoles
H2O2 decomposed by using the H2O2 extinction
coefficient 36 mM-1.cm-1. 

Peroxidase activity was measured by the method
of Shannon et al. (17). For this purpose, 0.1 ml
hemolysate were taken to 1.7 ml 0.05 M potassium
phosphate buffer (pH 7.3). Then 0.5 ml ABTS were
added. The reaction was started by the addition of 0.2
ml 0.2 M H2O2. Change in absorbance at 470 nm was
recorded for 2 min at intervals of 15 s. The enzyme
activity is expressed as enzyme unit min-1gHb-1. 

GRd activity was estimated by the method of
Goldberg and Spooner (18). To 0.1 ml hemolysate 2.5
ml 120 mM potassium phosphate buffer (pH 7.3), 0.1
ml 0.015 mM EDTA, and 0.1 ml 0.065 mM oxidized
glutathione were added. After 5 min, 0.05 ml 9.6 mM
NADH were added and mixed. The absorbance was
recorded at 340 nm at 15 s intervals. The enzyme
activity is expressed as nmole NADH oxidized min-

1.gHb-1 using the molar extinction coefficient 6.23
mM-1cm-1. 

Measurement of MDA level
MDA levels of rainbow trout erythrocytes were

estimated according to the modified method of
Hunter et al. (19). To 0.5 ml hemolysate, 0.5 ml
Tris/HCl buffer (50 mM, pH 7.4) was added followed
by further mixing and incubation at room
temperature for 10 min; 1.0 ml of 0.75%
thiobarbituric acid in 2 M Na2SO4 was added and then
the mixture was heated to 100 °C for 45 min. After
cooling, 1.0 ml of 70% TCA was added, the mixture
was vortexed, and than centrifuged at 1000 × g for 10
min. The absorbance of supernatant was determined
at 530 nm. Total thiobarbituric acid-reactive materials
are expressed as MDA, using a molar extinction
coefficient for MDA of 1.56 × 105 cm-1M-1. 

Statistical analyses
The obtained data were analyzed by Student’s t-test

or one way analysis of variance (ANOVA), followed
by Tukey multiple range test to determine significant
differences among means at the α: 0.05 level.

Results
In the present study, it was observed that there

were no differences (P > 0.05) between the enzyme
activities determined in the control group at 0
(initial), 1, 3, and 5 h for each enzyme. However, as
can be seen in the Table, the differences between the
mean values of enzyme activities determined at
different times were statistically significant (P < 0.05,
using the ANOVA). Melatonin increased the CAT
activities in rainbow trout at 1 h as compared to the
control values. These differences were found to be
significant (P < 0.001, using Student’s t-test). However,
CAT activity returned to the control level at 5 h after
treatment (P > 0.05). Like CAT activity, POD and
GRd activities were increased after melatonin
injection. Maximal increases of POD and GRd
activities by the fish dose of melatonin occurred
within 1 h after melatonin administration (P < 0.01,
using Student’s t-test). POD and GRd activities
returned to the control level at 3 h and 5 h,
respectively after treatment (P > 0.05) (Figure 1).

It was observed that there were no differences (P >
0.05) between the MDA levels determined in the
control group at 0 (initial), 1, 3, and 5 h. The
decreased concentrations of MDA in the rainbow
trout plasma were found after treatment with a 10
mg.kg-1 dose of melatonin. Melatonin especially
reduces lipid peroxidation after 5 h (Figure 2). This
difference was found to be statistically significant (P <
0.01, using Student’s t-test).

Table. The effect of melatonin on the activities of antioxidant
enzymes from rainbow trout (Oncorhynchus mykiss)
erythrocytes (CAT: catalase, POD: peroxidase GRd:
glutathione reductase, EU: enzyme unit, Hb:
haemoglobin).

Time CAT POD GRd
(h) (EU/gHb) (EU/gHb) (EU/gHb)

0 462.8 ± 30.3a 1339.2 ± 243.3a 11.9 ± 2.3a

1 564.4 ± 28.5b 1809.3 ± 164.6b 26.9 ± 4.4b

3 616.2 ± 48.1b 1532.5 ± 269.4a 16.4 ± 2.4a

5 421.3 ± 69.5a 1140.0 ± 376.3a 12.9 ± 3.2a

Values are means ± SD of 5 fish
Means in a column with different superscripts differ significantly
(P < 0.05)



Discussion

Melatonin and its metabolites are known to
prevent oxidative damage to the cell membrane,
cytosolic organelles, and nuclear and mitochondrial
DNA by electron donation (20,21). These effects can
occur by at least 2 mechanisms. In one case,
melatonin itself exerts direct antioxidant effects via
free-radical scavenging and/or by inhibiting the
generation of these toxic reactants. Additionally,
melatonin alters the activities of antioxidant enzymes
in mammals (22).

A variety of studies have demonstrated an
improvement not only in oxidative stress parameters
measured in plasma, serum, liver, kidney, and brain,
but also in scavenger enzyme activities in other
experimental models after melatonin is administered
(23). In recent studies, the effect of melatonin on
carbonic anhydrase enzyme activity in rainbow trout
erythrocytes was determined as in vitro and in vivo. It
was observed that melatonin did not inhibit the
rainbow trout erythrocyte carbonic anhydrase
enzyme activity in vitro. On the contrary, the results
did show that rainbow trout erythrocyte carbonic
anhydrase was inhibited significantly by melatonin
after its injection in vivo (P < 0.05) (24). Furthermore,

it has been documented that melatonin has an effect
on glucose-6-phospate dehydrogenase from rainbow
trout erythrocytes. In vivo studies showed that,
though initial glucose-6-phospate dehydrogenase
activity was 8.33 EU/gHb, these values fell after the
injection of a pharmacological dose of melatonin (25).

Oxidation of membrane lipids can lead to the loss
of cellular or organelle membrane integrity, which can
eventually result in membrane rigidity, pathological
injury, and cell death (26). Salmonid tissues are
characterized by high concentrations of
polyunsaturated fatty acids compared with most
mammalian tissues, and fish may, therefore, be
particularly susceptible to lipid peroxidative cellular
damage (27). In previous studies, melatonin levels
were found to correlate with the total antioxidant
capacity of rat (28) and human serum (29) and in all
studies using mammals, melatonin characteristically
depressed the products of lipid peroxidation. 

In conclusion, our study showed that melatonin
reduced levels of lipid peroxides and increased the
activity of antioxidant enzymes such as CAT, POD,
and GRd in rainbow trout. These finding are
consistent with other published reports using other
species (22,30).
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Figure 1. Changes of antioxidant enzymes activities (EU/gHb) in
rainbow trout (Oncorhynchus mykiss) erythrocytes after
the administration pharmacological doses of melatonin
(10 mg kg-1) (differences relative to time 0 h: *P ≤ 0.05;
**P ≤ 0.01; ***P ≤ 0.001 versus control using Student’s
t-test).
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Figure 2. Levels of malondialdehyde (MDA) in rainbow trout
(Oncorhynchus mykiss) plasma after the administration
pharmacological doses of melatonin (10 mg kg-1)
(differences relative to time 0 h: *P ≤ 0.05; **P ≤ 0.01;
***P ≤ 0.001 versus control using Student’s t-test).



İ. GÜLÇİN, Ş. BEYDEMİR, O. HİSAR, E. KÖKSAL, R. J. REITER

245

1. Bayarri, M.J., Rol De Lama, M.A., Madrid, J.A., Sánchez-
Vázquez, F.J.: Both pineal and lateral eyes are needed to sustain
daily circulating melatonin rhythms in sea bass. Brain Res.,
2003; 969: 175-182.

2. Reiter, R.J.: Pineal melatonin: cell biology of its synthesis and of
its physiological interactions. Endocr. Rev., 1991, 12: 151-180.

3. Folmar, L.C., Dickhoff, W.W.: Evaluation of some physiological
parameters as predictive indices of smoltification. Aquaculture,
1981; 23: 309-324.

4. Konar, V., Yilmaz, O., Ozturk, A.I., Kirbag, S., Arslan, M.:
Antimicrobial and biological effects of bomphos and phomphos
on bacterial and yeast cells. Bioorg. Chem., 2000; 28: 214-225.

5. Delahunty, G., Schreck, C.B., de Vlaming, V.L.: Effect of
pinealectomy, reproductive state, feeding regime and
photoperiod on plasma cortisol in goldfish. Am. Zool., 1977;
17: 873-376. 

6. Kulczykowska, E.: Arginine vasotocin-melatonin interactions
in fish: A hypothesis. Rev. Fish Biol. Fisher., 1995; 5: 96-102.

7. Kelly, K.A., Havrilla, C.M., Brady, T.C., Abramo, K.H., Levin,
E.D.: Oxidative stress in toxicology: established mammalian and
emerging piscine model systems. Environ. Health Perspect.,
1998; 106: 375-384.

8. Halliwell, B., Gutteridge, J.: Free Radicals in Biology and
Medicine. Oxford University Press, Oxford. 1999.

9. Reznick, A.Z., Packer, L., Sen, C.K.: Strategies to assess oxidative
stress. In: Reznick, A.Z., Packer, L., Sen, C.K., Holloszy, J.O.,
Jackson, M.J., Eds., Oxidative Stress in Skeletal Muscle.
Birkhäuser Verlag, Basel, Switzerland. 1998; 43-58. 

10. Halliwell, B., Chirico, S.: Lipid peroxidation: its mechanism,
measurement, and significance. Am. J. Clin. Nutr., 1993; 57:
715-725.

11. Kang, C.R., Sweeter, S., Boylan, L.M., Spallholz, J.E.: Oxygen
toxicity, biological defense systems and immunity: a historical
perspective. J. Nutr. Immunol., 1994; 3: 51-84.

12. Filho, D.W., Giulivi, C., Boveris, A.: Antioxidant defences in
marine fish I: Teleosts. Comp. Biochem. Physiol. C Comp.
Pharmacol. Toxicol., 1993; 106: 409-413.

13. Amano, M., Iigo, M., Ikuta, K., Kitamura, S., Yamada, H.,
Yamamori, K.: Roles of melatonin in gonadal maturation of
underyearling precocious male Masu salmon. Gen. Comp.
Endocrinol., 2000; 120: 190-197. 

14. Bornestaf, C., Mayer, I., Borg, B.: Melatonin and maturation
pace in female three-spined stickleback Gasterosteus aculeatus.
Gen. Comp. Endocrinol., 2001; 122: 341-348.

15. ARENA (Applied Research Ethics National Association):
Institutional Animal Care and Use Committee Guidebook. 2nd
edn., National Academy of Sciences, Boston. 2002; 121-125.

16. Aebi, H.: Catalase in vitro. Methods Enzymol., 1984; 105: 121-
126.

17. Shannon, L.M., Kay, E., Lew, J.Y.: Peroxidase isoenzymes from
horseradish roots. I. Isolation and physical properties. J. Biol.
Chem., 1996; 241: 2166-2172.

18. Goldberg, D.M., Spooner R.J.: Glutathione reductase. In:
Bergmayer, O.H. Ed., Methods of Enzymatic Analysis. 3rd edn.,
Verlag Chemie Deerfield Beach, FL. 1983; 259-265.

19. Hunter, M.I.S, Nlemadim, B.C., Davidson, D.L.W.: Lipid
peroxidation products and antioxidant proteins in plasma and
cerebrospinal fluid from multiple sclerosis patients.
Neurochem. Res., 1985; 10: 1645-1652. 

20. Reiter, R.J., Tan, D.X., Qi, W.B., Manchester, L.C., Karbownik,
M., Calvo, J.R.: Pharmacology and physiology of melatonin in
the reduction of oxidative stress in vivo. Biol. Signals Recept.,
2000; 9: 160-171.

21. Rosen, J., Than, N.N., Koch, D., Poeggeler, B., Laatsch, H.
Hardeland, R.: Interactions of melatonin and its metabolites
with the ABTS cation radical: extension of the radical scavenger
cascade and formation of a novel class of oxidation products,
C2-substituted 3-indolinones. J. Pineal Res., 2006; 41: 374-381.

22. Reiter, R., Tang, L., Garcia, J.J., Muñoz-Hoyos, A.:
Pharmacological actions of melatonin in oxygen radical
pathophysiology. Life Sci., 1997; 60: 2255-2271.

23. Tomás-Zapico, C., Coto-Montes, A.: A proposed mechanism to
explain the stimulatory effect of melatonin on antioxidative
enzymes. J. Pineal Res., 2005; 39: 99-104.

24. Hisar, O., Beydemir, Ş., Gülçin, İ., Aras Hisar, Ş., Yanık, T.,
Küfrevioğlu, Ö.İ.: The effects of melatonin hormone on
carbonic anhydrase enzyme activity in rainbow trout
(Oncorhynchus mykiss) erythrocytes in vitro and in vivo. Turk.
J. Vet. Anim. Sci., 2005; 29: 841-845. 

25. Beydemir, Ş., Gülçin, İ., Hisar, O., Küfrevioğlu, Ö.İ.; Yanık, T.:
Effect of melatonin on glucose-6-phospate dehydrogenase from
rainbow trout (Oncorhynchus mykiss) erythrocytes in vitro and
in vivo. J. Appl. Anim. Res., 2005; 28: 65-68.

26. García, J.J., Reiter, R.J., Pié J., Ortiz G.G., Cabrera J., Sáinz R.M.,
Acuña-Castroviejo, D.: Role of pinoline and melatonin in
stabilizing hepatic microsomal membranes against oxidative
stress. J. Bioenerg. Biomembr., 1999; 31: 609-616. 

27. Winston, G.W., Di Giulio, R.T.: Prooxidant and antioxidant
mechanisms in aquatic organisms. Aquat. Toxicol., 1991; 19:
137-161.

28. Benot, S., Goberna, R., Reiter, R.J., Garcia-Mauriño, S., Osuna,
C., Guerrero, J.M.: Physiological levels of melatonin contribute
to the antioxidant capacity of human serum. J. Pineal Res., 1999;
27: 59-64.

29. Benot, S., Molinero, P., Soutto, M., Goberna, R., Guerrero, J.M.:
Circadian variations in the rat serum total antioxidant status:
correlation with melatonin levels. J. Pineal Res., 1998; 25: 1-4.

30. Reiter, R.J., Tan, D.X., Cabrera, J., D’Arpa, D., Sainz, R.M., Mayo,
J.C., Ramos, S.: The oxidant/antioxidant network: role of
melatonin. Biol. Signals Recept., 1999; 8: 56-63.

References


