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Abstract. This study was conducted in order to realize the status of the activity of major antioxidant enzymes: 

Glutathione peroxidase (GPx), Superoxide dismutase (SOD) and Catalase (CAT) in Trichomonas gallinae cultured in 

aerobic and anaerobic media. Our data revealed that the activities of GPx and SOD were significantly higher in 

anaerobic condition at only 2 days post inoculation (DPI). In contrast, the level of both enzymes in parasites 

cultured in aerobic conditions presented remarkable elevations at mid to late stages of the culture process. Aerobic 

cultured parasites showed significantly higher CAT activity at earlier stages of culturing at 3 and 9 DPI in anaerobic 

condition compared to those in the aerobic one. These results revealed that both anaerobic and aerobic 

environments can cause oxidative stress in Trichomonas gallinae. This condition stimulates the production of those 

protective enzymes at early and late stages of cultivation, depending on the presence of oxygen in the culture 

media. Also, it seems that the enzymes activities are more prominent in aerobic culture media. 
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Introduction 
 
Trichomonas gallinae is a protozoan parasite 
that occurs in the upper digestive tract and 
various organs of different avian groups 
around the world (Honigberg, 1978). The 
domestic pigeon (Columba livia domestica) has 
been reported as the main host in which the 
parasite causes pathogenic lesions leading to 
considerable economic losses (Norman, 1973). 
 
The reactive oxygen metabolites are major 
substances generated by way of cellular 
metabolism in which the oxygen molecules 

frequently undergo the reduction process 
(Halliwell and Gutteridge, 2007). Also, most 
free radicals in biological systems are 
derivatives of the oxygen molecule which is 
referred to as "Reactive Oxygen Species" (ROS). 
These substances are produced as products of 
normal cellular metabolism (Poli, 1993). 
Excessive production of active oxygen species 
or disturbing the balance between formation 
and removal would result in oxidative stress. 
Consequently, active oxygen species and free 
radicals can attack molecules in biological 
membranes and tissues (Poli, 1993). Here, the 
antioxidants molecules have a pivotal role to 
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neutralize free radicals to eliminate the 
unpaired condition (Stohs, 1995). 
 
The antioxidant system consists of enzymatic 
and non-enzymatic antioxidants. Antioxidant 
enzymes mainly include superoxide dismutase 
(SOD), catalase (CAT) and glutathione 
peroxidase (GPx) (Halliwell, 1994). The 
imbalance between free radical production 
and antioxidant defense may be involved in 
the pathology of some diseases (Halliwell and 
Gutteridge, 2007). Although the function of 
antioxidant enzymes has been studied, to 
some extent in ruminant hosts infected with 
the blood protozoan parasites (Nazifi et al., 
2011; Razavi et al., 2011; Esmaeilnejad et al., 
2014), the mechanisms of cellular protection 
against potentially cytotoxic oxygen 
metabolites have not been thoroughly 
investigated in different oxygen supplies in 
Trichomonads. In addition, defense 
mechanisms operating in other Trichomonas 
species against oxygen and products of its 
reduction (e.g. hydrogen peroxide and 
superoxide) are not clearly understood. 
However, there has been a report of the 
presence of SOD and the reduced form of 
nicotinamide adenine dinucleotide (NADH) 
oxidases in T. vaginalis (Linstead and Bradley, 
1988; Ellis et al., 1992). 
 
Thus, this study was conducted to determine 
the pattern of alterations in the activity of 
antioxidant enzymes (superoxide dismutase, 
glutathione peroxidase and catalase) in 
Trichomonas gallinae cultured in aerobic and 
anaerobic conditions. 
 
Materials and methods 
 
Parasite culture 
 
Culture specimens were collected by swabbing 
the mouth and upper crop of the selected 
infected domestic pigeons (C. livia) captured 
from different regions in Fars province, 
southern Iran. The specimens were prepared 
by sterile dry cotton-tipped swabs and 
introduced into glass tubes immediately; their 
tips were pressed and rolled against the wall in 
the medium to express material from the 
cotton. Then, the materials were introduced 
into culture medium. The culture procedure 

was accomplished according to the method 
described by Diamond (1957), albeit with 
modification. The medium was composed as 
follows: 150 mg of tryptone, 12 g of yeast 
extract, 5.5 g of glucose, 2.5 g of sodium 
chloride, 0.5 g of L-cysteine, 0.5 g of sodium 
thioglycolate, 80 mg of gentamicin, 2 mg of 
amphotericin B, penicillin G (1×106 SI), 120 
milliliter of horse serum and 0.75g of agar. The 
medium was constituted per 1000 ml of 
distilled water and its pH was set at 7. 
 
The parasite was cultured under aerobic and 
anaerobic conditions. For this purpose, 10 μL 
of the previously prepared cultured medium 
containing approximately 3×103 motile 
Trichomonas were inoculated into a total of 45 
sterile culture tubes containing 1.2 μL of the 
culture media. Then, the tubes were kept in an 
incubator at 37°C for 1, 2, 3, 5, 7, 9, 11, 13 and 
15 days post inoculation (DPI). For each 
experiment day, five culture tubes containing 
cultured specimens were selected for the 
following procedure. For anaerobic condition, 
the method of cultivation was similar but 0.2 
μL of sterile liquid paraffin was also added to 
the culture tubes. 
 
Following incubation, the cultured specimens 
were centrifuged at 3000 g for 3 min; the pellet 
was suspended in 1 μL sterile distilled water, 
shaken thoroughly and counted by a Neubauer 
cell counting chamber. The number of the 
parasites per volume of the inoculum was 
calculated and expressed as organism number 
per ml. Then, the contents of each tube were 
kept at -20°C until performing the biochemical 
assays. Each experiment was performed in two 
replicates. 
 
Biochemical assays 
 
All the biochemical measurements were 
accomplished using a visible spectro-
photometer (Jenway 6300, Staffordshire, 
ST15OSA, UK). 
 
Measurement of superoxide dismutase (SOD) 
activity 
 
Total SOD activity was evaluated with a 
commercial available kit [Superoxide 
Dismutase (Ransod, Cat. No. SD 125, 2016), 
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Randox Laboratories Ltd., UK] according to 
the manufacturer's instructions. The role of 
SOD is to accelerate the dismutation of the 
toxic superoxide produced during oxidative 
energy processes to hydrogen peroxide and 
molecular oxygen. This method employs 
xanthine and xanthine oxidase (XOD) to 
generate superoxide radicals which react with 
2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyl-
tetrazolium chloride (INT) to form a red 
formazan dye. The SOD activity is then 
measured by the degree of inhibition of this 
reaction. One unit of SOD is that which causes 
50% inhibition of the rate of reduction of INT 
under the conditions of the assay. SOD levels 
were recorded at 505 nm and through a 
standard curve, and expressed as unit per mg 
of tissue protein (U/mg protein). 
 
Measurement of glutathione peroxidase (GPx) 
activity 
 
The activity of GPx was evaluated with GPx 
commercial kit [Glutathione Peroxidase 
(Ransel, Cat. No. RS 504, 2016), Randox 
Laboratories Ltd., UK] according to the 
manufacturer's instructions. GPx catalyzes the 
oxidation of glutathione (GSH) by cumene 
hydroperoxide. In the presence of glutathione 
reductase (GR) and NADPH, the oxidized 
glutathione (GSSG) is immediately converted 
to the reduced form with a concomitant 
oxidation of NADPH to NADP+. The decrease 
in absorbance at 340 nm against blank was 
measured spectrophotometrically. One unit 
(U) of GPx activity was defined as the amount 
of enzyme that converts 1 μmol of NADPH to 
NADP+ per minute. The GPx activity was 
expressed as unit per mg of tissue protein 
(U/mg protein). 
 
Measurement of catalase (CAT) activity 
 
The catalase activity was assayed 
spectrophotometrically by monitoring the 
decomposition of H2O2 using the procedure of 
Aebi (1984). Briefly, 0.5 ml of 30 mmol/L 
H2O2 solution was put in 50 mmol/L 
phosphate buffer (pH=7.0), 1 mL of 1: 10 
diluted erythrocyte lysates was added and the 
consumption of H2O2 was assessed 
spectrophotometrically at 240 nm for 2 min at 
25°C. The molar extinction coefficient was 

43.6 L/mol per cm for H2O2. Catalase activity 
was expressed as the unit that is defined as 
µmol H2O2 consumed/min per mg tissue 
protein. In order to achieve the average 
activity of each enzyme in the whole parasite 
population, the values measured for each case 
were divided into the parasite number. 
 
Statistical analysis 
 
Student’s T test was used for the comparison 
of the measured parameters in the parasites 
cultured in aerobic and anaerobic condition. 
For all groups, the normality of data was 
assayed using Kolmogorov-smirnov test. All 
data was analyzed using the Statistical 
Package for Social Sciences (SPSS, 16.0) and 
P<0.05 was considered statistically 
significant. 
 
Results 
 
The pattern of alterations in the number of 
parasites cultured in aerobic and anaerobic 
conditions is depicted in figure 1. According to 
our data, the parasite population was 
remarkably heavier in aerobic condition at 5 
(22.17±8.6) (P=0.05) and 7 (34.25±4.85) 
(P=0.001) days post inoculation (DPI); 
however we revealed that the number of 
anaerobic-cultured parasites was significantly 
higher from 9 DPI to the end (P < 0.05). 
 
The alterations in the activity of antioxidant 
enzymes in different days are presented in 
figures 2-4. Comparing the results in aerobic 
and anaerobic conditions revealed that the 
activity of GPx (229.8±111) (P=0.04) and SOD 
(147.4±94.4) (P=0.001) was significantly 
higher in those parasites cultured in 
anaerobic condition at 2 DPI. The activity of 
both enzymes was then reduced in anaerobic 
condition and close to those values obtained 
for the enzymes activities in aerobic one; 
however, GPx presented remarkable 
elevations in the aerobic-cultured parasites at 
11 (2960.09± 28.59) (P=0.001) and 13 
(0.69±0.27) (P=0.001) DPI. Furthermore, we 
observed that the SOD activity showed 
remarkable elevations at 5 (2.8±0.25) 
(P=0.001) and 9 (2.7±0.25) (P=0.001) in those 
parasites cultured in aerobic condition. 
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Figure 1. The alterations in the number of T. gallinae cultured in aerobic and anaerobic conditions  
during 15 days post inoculation. NP: Number of parasite (organism/ml) × 10000 

 

 
 

Figure 2. The pattern of Superoxide dismutase (SOD) activities in aerobic and anaerobic  
conditions for T. gallinae during 15 days post inoculation 

 

 
 

Figure 3. The pattern of Glutathione peroxidase (GPx) activities in aerobic and anaerobic  
conditions for T. gallinae during 15 days post inoculation 
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Figure 4. The pattern of catalase (CAT) activities in aerobic and anaerobic  
conditions for T. gallinae during 15 days post inoculation 

 

 
In the present study, the profile of catalase 
(CAT) activity had some differences with that 
of SOD and GPx. According to our data, aerobic-
cultured parasites showed significantly higher 
enzyme activity at earlier stages of culturing at 
3 (0.66±0.6) (P=0.01) and 9 (0.51±0.49) 
(P=0.01) DPI. 
 
Discussion 
 
This study was conducted to evaluate the 
enzymatic antioxidant systems in Trichomonas 
gallinae in different aerobic and anaerobic 
conditions. Our findings revealed some 
differences between the profile of glutathione 
peroxidase, superoxide dismutase and catalase 
activities during cultivation. 
 
The presence of high GPx and SOD activities at 
early stages of culture in anaerobic conditions 
shows that anaerobic medium had imposed an 
oxidative situation which, in turn, induced the 
significant production of excess antioxidant 
enzymes in the two days after exposure. On the 
other side, a significant decrease was observed 
in those enzymatic activities in anaerobic 
medium from 3 DPI toward the end. 
Subsequently, it can be argued that major 
antioxidant enzymes would be remarkably 
consumed and depleted in Trichomonas 
cultured in anaerobic environment about 3 
days after exposure. However, it seems that the 
unchanged level of both enzymes in parasite 
after 3 DPI may be due to the presence of very 
low levels of oxygen and its metabolites 

available for the parasites, thus lowering the 
probability of free radical production. 
 
The comparable elevations in GPx activity at 11 
and 13 DPI and also remarkable elevations in 
the SOD activity at 5 and 9 DPI in those 
parasites cultured in aerobic condition may 
imply that the aerobic condition would also 
impose a significant oxidative condition onto 
the parasites. Such oxidative stress could 
induce a marked increase in antioxidant 
enzymes. Also, it seems that the continuous 
consumption of antioxidant enzymes in T. 
gallinae exposed to aerobic conditions 
probably delays the significant elevations in 
the concentrations of those enzymes for a long 
period of time. However, it can be 
hypothesized that the activities of GPx and SOD 
would be more important in parasites exposed 
to aerobic environment. 
 
Trichomonas is a microaerophilic protozoan 
parasite which has many characteristics of 
anaerobic organisms. Among these 
specularities, the sensitivity of their 
fermentative metabolism to changes in oxygen 
is most obvious (Paget and Lloyd, 1990; Ellis et 
al., 1992). In order to neutralize the harmful 
oxygen metabolites and thus the hazards of 
free radicals, previous studies have disclosed 
the activities of some antioxidant enzymes in 
other Trichomonas species. Corroborating our 
data, the activity of protective enzymes such as 
NADH oxidase and NADPH oxidase (Linstead 
and Bradley, 1988; Ellis et al., 1992) and also 
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SOD (Ellis et al., 1994) has been shown in 
different strains of T. vaginalis. SOD activity has 
also been detected in Tritrichomonas foetus of 
cattle, cultured in anaerobic condition 
(Lindmark and Müller, 1974; Kitchener et al., 
1984). In addition, the presence of FeSOD is 
characteristic of other parasitic protozoa such 
as Entamoeba histolytica (Tannich et al., 1991) 
and the Trypanosomatids (Meshnick and Eaton, 
1983; Trang et al., 1983). This enzyme has 
been identified as a potential 
chemotherapeutic target in these parasites, as 
FeSOD enzymes are absent in mammalian cells 
(Meshnick and Eaton, 1983). Oxidative stress is 
mainly associated with the production of 
reactive oxygen-derived substances which are 
ultimately responsible for levels of damage to a 
wide variety of cellular components (DNA, 
membrane lipids, enzymes etc.). All living 
parasitic cells in their hosts are prone to the 
toxic effects of oxygen and its reduction 
products and thus, adequate defense against 
oxidative stress usually requires the presence 
of a number of protective mechanisms, 
including the detoxifying enzymes general 
peroxidases, SOD and catalase and the 
glutathione-cycling enzymes (Halliwell and 
Gutteridge, 1989). 
 
The antioxidant enzymes present in T. vaginalis 
were investigated under different oxygen 
tensions (Ellis et al., 1994). This study showed 
that the activities of peroxide-reducing 
enzymes (e.g. CAT and general peroxidases) 
were not detectable in the parasite cells 
extracts. In contrast, a superoxide dismutase 
(FeSOD) activity was indicated in cells of all 
metronidazole-sensitive and resistant strains 
of T.vaginalis. These results could indicate that 
the sensitivity of this parasite to oxygen above 
the physiological levels is due to the lack of 
adequate peroxide reducing enzymes and 
radical-scavenging mechanisms. This is, in line 
with our data which shows that the CAT 
activity in T. gallinae was at low levels in 
anaerobic media. Thus, it can be postulated 
that the role of CAT is not significant enough 
for T. gallinae to overcome the oxidative stress 
in anaerobic conditions. In contrast, two 
significant elevations in CAT activity at 3 and 9 
DPI that occurred in cells cultured in aerobic 
condition show that the antioxidant role of CAT 

is probably more prominent in Trichomonas 
cultured in aerobic environments. 
 
In summary, our results showed that both 
anaerobic and aerobic media can impose 
oxidative stress in T. gallinae. This situation 
induces a significant production of antioxidant 
enzymes during the culture process. Protective 
enzymes such as GPx, SOD and CAT most 
probably keep intracellular toxic oxygen 
radicals at low levels at early and late stages of 
cultivation. However, their activities are more 
conspicuous in the presence of oxygen in 
culture medium. 
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