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Abstract
Fish are excellent indicators of environmental variations in water

temperature and Rhamdia voulezi, an endemic species of the Iguaçu

River, may be a bioindicator for high temperature heat stress. Thus, the

objective of this work is to evaluate the activity of antioxidant defense

and oxidative stress biomarkers, such as superoxide dismutase (SOD),

catalase (CAT), glutathione peroxidase (GPx), glutathione S-transferase

(GST), glutathione reductase (GR) glucose-6-phosphate dehydrogenase,

(G6PDH) reduced glutathione (GSH), lipid lipoperoxidation (LPO) and

protein carbonylation (PCO) in R. voulezi under the effect of high

temperature (31°C) heat shock in liver for 2, 6, 12, 24 and 96 hours of

exposure. The number of fish per experiment was 7 individuals. R.

voulezi specimens were collected from the Iguaçu River (União da

Vitória/PR) and transported to the Ildo Zago Aquaculture Research and

Extension Center, where they remained in 1000-liter tanks until the

experiments were performed. At the end of each experiment, the fish

were anesthetized with 1% benzocaine, euthanized with medullary

section and immediately dissected. The samples were fixed in liquid

nitrogen and were processed in the Laboratory of Adaptive Biology -

Department of Cell Biology - UFPR. The main hypothesis is that the high

temperature heat shock in R. voulezi alters the enzymes of antioxidant

defense caused by heat stress. As a main result, we observed that there

was an increase in GST content in the liver of R. voulezi.
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Introduction

Most fish are animals whose body temperature varies according to

the environment (petilothermic animals), and they are also ectothermic

animals, that is, the main source of body heat of these animals is

derived from the environment in which it is inserted [1]. One of the

challenges encountered by fish is the constant abrupt heat loss and

increase caused by this dependence on water temperature.

Temperature directly affects the physiology, ecology, and life history of

different fish species, as there is a genetic adaptation to perform

optimal functions within a temperature range in which fish are

routinely exposed in their environments [2].

Analyzing physiological responses upon an abiotic disturbance,

particularly in relation to temperature, provides important insight into

physiological adaptations faced by fish and the conquest of natural

territory, as well as aids in understanding future responses to

environmental changes and the impacts that increased temperature

will have on the adaptation and survival of fish species [3]. Thus, this

work aimed to evaluate the effects of high temperature heat shock in

R. voulezi.

Materials and methods
The Ethics Committee on Animal Use of the Biological Sciences

Sector of the Universidade Federal do Paraná (CEUA - BIO/UFPR).

Rhamdia voulezi was collected in the region of the middle Iguaçu, in the

municipality of União da Vitória-PR. The individuals collected were

placed in plastic bags with aeration, transported and acclimated in

tanks with capacity of 1,000 liters in the Ildo Zago Aquaculture

Research and Extension Center in União da Vitória-PR. The ponds were

cleaned by daily suction, with approximately 10% of the water renewed

daily [4] with water originating from the spring itself.

Rhamdia voulezi specimens, after acclimatization, were randomly

selected and transferred directly to 460 liter tanks containing water at

31 ± 0.5ºC, with exposure times of 2, 6, 12, 24 and 96 hours in this

condition, simulating high temperature thermal shock. For each

experimental situation there was a control, in which the animals were

kept at 21 ± 0.5ºC. The number of animals per experiment/control

(sample n) was 7 fish [5].

At the end of each experiment the fish were anesthetized with 1%

benzocaine (p v-1 ) euthanized with medullary section and immediately

dissected. The samples were frozen and kept in liquid nitrogen and

were processed in the Laboratory of Adaptive Biology - Department of

Cell Biology - UFPR. The levels of antioxidant defense activity and

oxidative stress markers were measured as already established in the

literature for each biomarker.

The effect of the independent variables, temperature (21º and 31º)

and exposure time (2, 6, 12, 24 and 96 hours) and their possible

interactions were evaluated using two-factor analysis of variance

(ANOVA).

Conclusion

Overall, The behavior of GST activity may indicate a defense

mechanism against oxidative stress in fish [8]. Despite the increased GST

content in the liver of R. voulezi, there was no variation in the activity

levels of GPx and GSH, and a similar profile was observed in the liver of

the temperate fish Zoarces viviparus, and no changes in the activity of

the enzymes SOD and GPx were also observed, which is in agreement

with our results [6]. As a conclusion, we observed that GST activity is

related to the defense and elimination of peroxidative products of DNA

and lipids [7]. On the other hand, we did not observe changes in the

other antioxidant defense biomarkers and neither oxidative stress

markers.
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Results
Our results showed a significant interaction between the

independent variables (Time and Exposure) on GST (F=2.873, P= 0.032).

Post Hoc analyses pointed out a difference between control and

treatment at 12 and 96 hours of exposure, being possible to observe

this difference in figure 1C. The variations in exposure time can be

observed in the enzymes SOD (F= 3.376, P= 0.0165) as represented in

figure 1A, GSH (F=5.221, P=0.00146), LPO (F=5.139, P=0.00162) and

PCO (F=18.873, P= 2.59e-09) represented in figure 2A, 2C and 2D

respectively. Despite showing significant results in exposure time, there

was no difference between control and treatment, being the exposure

variation not significant. The enzymes CAT, GPx, G6PDH showed no

significant difference between the independent variables
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Fig. 1. Enzymatic activity as markers of the effect of heat stress on the
antioxidant defense system of Rhamdia voulezi liver exposed to heat shock at
31 °C for 2, 6, 12, 24 and 96 h. Markers: (A) SOD, superoxide dismutase; (B)
CAT, catalase; (C) GST, glutathione S-transferase; (D) GPx, glutathione
peroxidase. Values shown per U/mg protein. Control groups are shown with
pink bars and experimental groups are shown with blue bars. Letters indicate
differences in mean values between exposure times. Asterisks (*) indicate
significant differences (p ≤ 0.05) between fish at 21 °C (control group) and 31
°C (treatment group). Data are presented as the mean ± SEM.

Fig. 2. Enzyme activity, levels of non-protein thiols, and oxidative damage as
markers of the effect of heat stress on the antioxidant defense system of
Rhamdia voulezi liver exposed to heat shock at 31 °C for 2, 6, 12, 24 and 96 h.
Markers: (A) GSH, glutathione S-transferase; (B) G6PDH, glucose-6-phosphate
dehydrogenase; (C) LPO, lipid lipoperoxidation; (D) PCO, protein
carbonylation. Values shown per U/mg protein. Control groups are shown with
pink bars and experimental groups are shown with blue bars. Letters indicate
differences in mean values between exposure times. Asterisks (*) indicate
significant differences (p ≤ 0.05) between fish at 21 °C (control group) and 31
°C (treatment group). Data are presented as the mean ± SEM.

In figure 1C it is possible to observe the behavior of GST activity

(biomarker that presented interaction between the independent

variables). The levels of the activity in the control group suffered a

reduction in activity at 12h of exposure and maintained the tendency of

reduction at 24 and 96h. On the other hand, in the group exposed to

heat shock, the activity level remained at a high level compared to the

control group.
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