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1. Introduction – The environmental circulation of plant protection products has increased in several 

places around the globe in the last seven decades, due to their increasing use in agriculture. Their 

accumulation in water and soil constitutes is a serious environmental health problem that needs to be 

detected, characterized, and corrected. Atrazine (ATZ), a triazine, widely used in weed control, has been 

associated with a high risk of environmental contamination, because its chemical and biological 

derivatives have high toxicity and high dispersion capacity, affecting the quality of soils, crops, surface 

and groundwater. The consumption of water and food from these ecosystems can drastically compromise 

human health and well-being [2,3]. Isoproturon (IPU), a phenyl urea herbicide commonly used in pre- 

and post-emergence weed management, is another contaminant of aquatic systems that, as a potent 

inhibitor of photosynthesis, is a generator of reactive oxygen species (ROS) that, in excess, are harmful to 

life [1,3,5]. Although these pollutants occur in nature in various combinations, most research involving 

this type of compound analyses the toxicity of each molecule in non-target organisms. Thus, the aim of 

this study was to evaluate whether and how binary combinations of ATZ and IPU significantly affect the 

growth and antioxidant mechanisms of Saccharomyces cerevisiae, a Crabtree yeast. 

 

2. Experimental - S. cerevisiae UE-ME3 have been exposed to follow growth conditions types: i) YPD 

medium; ii) YPD medium with ATZ or IPU herbicides in different concentrations (25 or 50 μM; ATZ25; 

ATZ50 or IPU 5 μM; IPU5) or iii) binary combinations of both herbicides (ATZ25 IPU5; ATZ50 IPU5), 

in a shacking-bath (150 rpm) with temperature-controlled at 28°C. Aliquots from the culture media were 

taken at times t48h and t72h for turbidity reading at 640 nm and determination of specific growth (μ) [6]. 

Cells were harvested at the end of the exposure assays (t72h) and ultrasonic disintegrated in 10 mM 

phosphate buffer pH 7.0. The homogenates were centrifuged at 12,000 g for 20 min, 4ºC. Post-12,000 g 

supernatant were used for determination of ROS, GSH, GSSG and protein contents as well as GR, GPx 

and APx enzyme activities, in accordance with [7], [8,], [9], [10], [11] and [12] methods, respectively.  

 

Results and Discussion - The findings revealed that the specific growth rate determined between 48h and 

72h in combined or isolated ATZ/IPU exposure assays were higher than those determined in control cells, 

being the IPU effects attenuated in any of the ATZ-IPU combined exposure assays. A similar response 

profile was observed for the glutathione reductase (GR), glutathione peroxidase (GPx) and ascorbate 

peroxidase (APx) enzymatic activities of the ascorbate-glutathione cycle. GSH content and GSH/GSSG 

ratio in cells exposure to binary combinations ATZ/IPU were much lower than that were determined in 

control cells or cells exposed alone to each herbicide.  

 

4. Conclusions – Exposure to binary combinations of atrazine-isoproturon favors the Crabtree effect with 

an increase in cell proliferation, ensured by the fermentative metabolism with a consequent decrease in 

antioxidant activity mediated by the ascorbate-glutathione cycle, a response which resembles the aerobic 

activity of tumor cells. 
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