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Abstract The effect of temperature on HgCl2 (Hg2?)-

induced oxidative stress to Chinese rare minnow (Gobio-

cypris rarus) was evaluated in vitro. Malondialdehyde

(MDA) content and superoxide dismutase, catalase and

glutathione peroxidase activities were determined in whole

body homogenates incubated with 0.1 mg/L Hg2? at 15, 25

and 35�C for 60 min. The result showed that oxidative

stress was at a normal level in the Hg2? ? NT (0.1 mg/L

Hg2? and normal temperature, 25�C) and Hg2? ? LT

(0.1 mg/L Hg2? and low temperature, 15�C) groups, but a

significant induction in oxidative stress occurred in the

Hg2? ? HT (35�C) group. This was reflected by an

increased level of MDA and decreased activities of the

antioxidant enzymes. The results suggest that higher tem-

perature enhances heavy metal toxicity in aquatic systems,

which should be given more attention in the future.
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Temperature as an important abiotic factor has been shown

to exert a strong influence on the toxic responses of

organisms exposed to chemical compounds (Li et al.

2011a). As the sensitivity of organisms to toxicants may be

modified by the alteration of physiological conditions,

temperature stress may enhance adverse effects, particu-

larly close to the thermal tolerance limits (Donker et al.

1998; Heugens et al. 2003). Until now, most studies

reported were directed towards the effect of a single

environmental factor on organism. However in areas

receiving mixed effluents from various point and non-point

sources, studies on combined effects of two or more

stressors may provide valuable information that more clo-

sely represents the actual exposure scenarios faced by

aquatic life.

Certain heavy metals are suspected to exert their toxic

action on cells through oxidative damage. Under normal

physiological condition, oxidative stressors are held in

check by an antioxidative defense system (Verlecar et al.

2007; Li et al. 2011b). The antioxidant enzymatic system,

involving the sequential and simultaneous action of

enzymes such as superoxide dismutase (SOD), catalase

(CAT) and glutathione peroxidase (GPx), may scavenge

the reactive oxygen species (ROS) induced by a metal (Li

et al. 2010a). Depending on metal concentration, it can

either inhibit or stimulate the activities of several antioxi-

dative enzymes (Li et al. 2010b, 2011b; Rajeshkumar et al.

2013).

In polluted environments, fish are exposed to a variety

of environmental stressors, such as heavy metals, organic

pollutants and thermal releases, especially in areas where

clusters of industries are located. Sewage and industrial

outfalls may give rise to metal contaminants, of which Hg

is considered to be highly toxic. In the present study, we

investigated the effects of temperature on the antioxidant

Z.-H. Li (&) � P. Li (&) � L. Chen

Key Laboratory of Freshwater Biodiversity Conservation

(Ministry of Agriculture), Key Field Station for Fishery

Resource and Environment in Upper-Middle Reaches of Yangtze

River (Ministry of Agriculture), Yangtze River Fisheries

Research Institute, Chinese Academy of Fishery Sciences,

Wuhan 430223, China

e-mail: zhihuali06@yahoo.com

P. Li

e-mail: liping@yfi.ac.cn

Z.-H. Li � P. Li

Faculty of Fisheries and Protection of Waters, South Bohemian

Research Center of Aquaculture and Biodiversity of

Hydrocenoses, Research Institute of Fish Culture and

Hydrobiology, University of South Bohemia in Ceske
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responses of Hg2? in the Chinese rare minnow (Gobiocy-

pris rarus) in vitro, focusing on the effect of temperature

on Hg2?-induced oxidative stress and the activities of

antioxidative enzymes.

Materials and Methods

HgCl2 was purchased from Sigma–Aldrich Chemical Co.

(St. Louis, MO, USA). Deionized water was used as the

vehicle to dissolve the chemical. All of the other chemicals

used in this study were of analytical grade.

Larvae (7 day post-hatch) of the rare minnow were

obtained from a local hatchery (Wuhan, China), and were

raised in a flow-through system with dechlorinated tap

water (pH 7.2–7.6; hardness 44.0–61.0 mg CaCO3/L) at a

constant temperature (25 ± 1�C) with a photoperiod of

16:8 h (light:dark). They were fed with newly hatched

brine shrimp (Artemia nauplii) two times daily. Waste and

residue were removed daily, while the test equipment and

chambers were cleaned once a week. All procedures and

animal handling were in accordance with the guidelines

approved by the Chinese Association for Laboratory Ani-

mal Sciences. The study was approved by the animal ethics

committee of the Institute of Yangtze River Fisheries

Research Institute, Chinese Academy of Fishery Sciences.

After acclimation, ten larvae per sample were homoge-

nized in 0.4 mL ELISA buffer by using an ultrasonic cell

disrupter for 5 min on ice (Scientz-IID, Ningbo, China).

All processes were carried out at 0–4�C.

Subsequently, the larval homogenates with a final Hg2?

concentration of 0.1 mg/L were incubated under different

temperatures (15, 25 and 35�C) for 60 min. These three

temperatures were considered to represent a low tempera-

ture stress, normal temperature, and a high temperature

stress, respectively. One group exposed to clean buffer was

used as the control. Each experimental condition was

duplicated. The incubation reaction was immediately ter-

minated by placing the homogenate on ice at the end of

experiment. At the beginning and end of the test, the Hg2?

concentrations were measured as 0.10 ± 0.01 and

0.09 ± 0.01 mg/L, respectively, by using atomic fluores-

cence spectrometry (AFS-2000, Beijing, China).

The homogenates were centrifuged at 3,000 rpm and

4�C for 10 min (Eppendorf Centrifuge 5427R, Hamburg,

Germany) to obtain the supernatant for the enzyme activity

assays of SOD (EC 1.15.1.1), CAT (EC 1.11.1.6) and GPx

(EC 1.11.1.9); and the measurement of MDA concentra-

tion. All the biochemical parameters were measured using

commercial kits (Nanjing Jiancheng Bioengineering Insti-

tute, Nanjing, China) according to the manufacturer’s

protocols. Protein level was measured at 595 nm by the

Bradford method with Coomassie Brilliant Blue G-250,

using bovine serum albumin as a standard. All the mea-

surements were carried out using an ultraviolet–visible

spectrophotometer (Mapada-UV1800, Shanghai, China).

All statistical analyses were performed with SPSS,

version 13 (IBM, Armonk, NY, USA). All values were

expressed as mean ± SD and analyzed by SPSS for Win

13.0 software. One-way ANOVA followed by Tukey’s test

was used to determine whether results of treatments were

significantly different from the control group (p \ 0.05). In

addition, principal component analysis (PCA) was used to

define the most important parameters, which could be used

as key factors for individual variations using Statistic 6.0

(StatSoft, Inc. Tulsa, OK, USA).

Results and Discussion

In order to verify the changes of the Hg2?-induced oxi-

dative stress in fish larvae homogenates at the different

temperature, MDA as a marker of oxidative stress and the

activities of a series of antioxidant enzymes (SOD, CAT

and GPx) were measured (Figs. 1, 2). Although a slight

hint for an increase of oxidative stress indices was

observed, there was no significant induction among control,

Hg2? ? NT (0.1 mg/L Hg2? and normal temperature,

25�C) and Hg2? ? LT (0.1 mg/L Hg2? and low tempera-

ture, 15�C) groups during the incubation period. However,

a significant induction of oxidative stress was observed in

the Hg2? ? HT (0.1 mg/L Hg2? and high temperature,

35�C) group, as reflected by an increase in MDA level and

decreases in enzyme activities.

Among abiotic factors, thermal stress is a physiological

disorder in animals, which directly affects metabolism and

results in the accumulation of ROS (Hwang and Lin 2002;

Rajagopal et al. 2005; Li et al. 2011a). The oxidative stress

results from a disturbance of the balance between ROS

production and neutralization. In the Hg2? ? NT group,

the antioxidant enzymes activities were induced signifi-

cantly, which showed that the antioxidant defense system

was evoked and could neutralize ROS under Hg2? stress.

However, the activities of all the antioxidant enzymes were

inhibited in Hg2? ? HT group, especially CAT. Together

with the significant higher ROS level in this group, our

results indicated that temperature enhanced Hg2?-induced

toxicity, likely by increasing the production of ROS and

inhibiting the antioxidative defense system. Our results are

in agreement with those of Verlecar et al. (2007) and

Parihar et al. (1997) on oxidative stress of fish under the

stress of higher temperatures. The possible reasons may be:

(1) the enzymatic activity in nature at 25�C was more

active than that at higher temperature; (2) higher temper-

ature enhanced oxygen consumption, which may have

increased ROS production as side-products of intensified
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metabolism, thereby resulting in oxidative stress (Li et al.

2011a). Moreover, the normal level of ROS was measured

in Hg2? ? LT group, which may be a result of decreasing

heavy metal toxicity under lower temperature by lower

metal uptake at uptake sites on membranes, or a decrease in

the release of facilitating molecules. However, SOD and

GPx activities were induced significantly in Hg2? ? LT

group after incubation.

Correlation coefficients for the parameters that were

measured are presented in Table 1. Based on the data,

temperature and the oxidative stress marker, MDA, were

positively related, while temperature and antioxidative

enzyme activities were negatively related.

In order to examine the discriminating power of the set

of studied biomarkers and the variable temperature, we

carried out principal component analysis (PCA). In the

present study, all the parameters measured in the present

study were distinguished on the ordination plots corre-

sponding to the first (76.99 %) and second (18.17 %)

principle components (Fig. 3).

In conclusion, higher temperature enhanced Hg2?-

induced oxidative stress in Chinese rare minnow in vitro,

Fig. 3 Ordination diagram of PCA of biochemical parameters in

Chinese rare minnow larvae in vitro in this test

Table 1 Correlation coefficients for the test parameters in Chinese

rare minnow larvae in vitro

Temp HgCl2 MDA SOD CAT GPx

Temp 1.00

HgCl2 0.00 1.00

MDA 0.80 0.52 1.00

SOD -0.77 0.63 -0.30 1.00

CAT -0.75 -0.06 -0.82 0.57 1.00

GPx -0.87 0.47 -0.50 0.97 0.72 1.00

Fig. 1 Effect of temperature on Hg2?-induced MDA level in whole

body of Chinese rare minnow larvae in vitro. Note: Hg2? ? NT—

0.1 mg/L Hg2? and normal temperature, 25�C; Hg2? ? LT—0.1 mg/

L Hg2? and low temperature, 15�C; Hg2? ? HT—0.1 mg/L Hg2?

and high temperature, 35�C. n = 10. Asterisk denotes significant

difference relative to the control mean (p \ 0.05)

Fig. 2 Effect of temperature on the activities of antioxidant enzymes

in whole body of Chinese rare minnow larvae in vitro. Note: SOD

superoxide dismutase, CAT catalase, GPx glutathione peroxidase.

Other information is the same as in Fig. 1
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through increasing the ROS level and inhibiting the anti-

oxidant enzymes activities. However, ROS levels were in a

state of near equilibrium in the normal and low temperature

groups. Statistical analyses showed that temperature cor-

related positively with ROS production, but negatively

with antioxidant activity. Based on our results, we con-

clude that higher temperatures may increase the toxicity of

certain heavy metals in fish. As interactions between abi-

otic and biotic factors are common in the aquatic envi-

ronment, we should give more attention to the combined

effects of temperature and heavy metals in field studies.
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