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Abstract 
The acid 2,4-dichlorophenoxyacetic (2,4-D), agrochemical widely applied to the improvement of the agricultural 
productivity, is recognized as extremely toxic, once that its effects are accompanied by the occurrence of 
oxidative stress. On this context it becomes fundamental to explore components that are able to reduce the 
damages caused to the organism by this pesticide. The P. Peruviana, is a plant known that it presents components 
which contribute to the neutralization of the reactive species. Thus, this study had as purpose to evaluate the 
effect of P. Peruviana fruit aqueous extract on the bio-markers of oxidative stress in erythrocytes exposed to the 
2,4-D. The exposition of samples to the 2,4-D has been done, followed to the treatment of these ones with 
different concentrations of the P. Peruviana Extract (1; 10; 25; 50 e 83 g/L). The results show an increase of the 
TBARS, PCs, and GSH after the exposure to the 2,4-D. On the other hand, after the treatment of the samples 
there was a reduction of the PCs and GSH levels in all the treated groups, and a decrease of the lipid 
peroxidation levels on the groups that were exposed to the Extract on the concentrations of 1 and 10g/L. The 
results show that the P. Peruviana owns an effect on the antioxidant system of the organism, viewing that it 
stimulated the consumption of GSH and thus it was able to fix damages in lipids and proteins provoked by 2,4-D 
specially on the concentrations of 1 and 10 g/L. 
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1. Introduction 
Environmental contamination caused by increasing and indiscriminate use of pesticides has generated a lot of 
concerns about the behavior of either the environment or their negative influence on human health (Campos & 
Vieira, 2002). The clorofenoxiacetical herbicides such as acid 2,4-dichlorophenoxyacetic (2,4-D), are used to kill 
weeds due to their chemical properties, these compounds are similar to auxin, the plant growth hormone, causing 
overstimulation of growth that will culminate with his death (Oruç, Sevgiler, & Üner, 2004). The 2,4-D is 
classified by the National Health Surveillance Agency (ANVISA), the maximum toxicological classification 
(Class I), being highly carcinogenic, and is also associated with the uncoupling of oxidative phosphorylation, 
which may cause disruption of intracellular membranes (Bradberry et al., 2000; Brasil 2012). It has known that 
the pesticides, among them the 2,4-D, can cause effects on the biochemical functions, physiological dysfunction 
and disturb on the energetic metabolism of the alive organisms, affecting the integrity of the membrane inducing 
the production of Oxygen Reactive Species (EROs), taking to the occurrence of oxidative stress (Sancho et al., 
2009, 2010).  

The oxidative stress is defined as a disturb of the balance among the pro-oxidant and antioxidant components for 
the first ones and generating damage. Being the result of one from three factors: (1) Increase in the generation of 
EROs and/or of nitrogen (ERNs), through the accumulation of reactive intermediaries; (2) Prejudice of the 
antioxidant defense system (inhibition of antioxidant enzymes, depletion of non-enzymatic antioxidants); (3) 
Incapability to repair oxidative damage (Araújo, 2002). Considering that, increase in ERs or the antioxidant 
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system of the body deficiency lead to the development of oxidative stress that can damage lipids, proteins or 
DNA (Murussi et al., 2014). The antioxidant system of the organism can be divided into enzymatic and 
non-enzymatic. The major components of the enzymatic antioxidant system are superóxico dismutase (SOD), 
catalase (CAT), and glutathione peroxidase (GPx), which act early in the chain formation of ERs, avoiding the 
accumulation of radicals O2

− and H2O2. The non-enzymatic antioxidants include compounds produced “in vitro” 
such as reduced glutathione (GSH), ubiquinone, uric acid and transition metal transport proteins (transferrin and 
ceruloplasmin), and compounds obtained directly from the diet, such as beta-carotene and vitamins C and E 
(Cavalcante & Bruin, 2009).  

The health problems in Brazil are since the access to the hospital attending centers to the obtaining of exams or 
medications, thus the population are looking for alternative therapies for the basic health care (Rates, 2001; 
Veiga Junior, Pinto, & Maciel, 2005). On this context, it has been some years that these medicinal plants are 
being studied in an attempting to discover new active principles for the healing of illnesses and intoxication 
(Czelusniak et al., 2012). 

Thus, the use of medicinal plants has increased over the years due to their physicochemical and biological 
properties. In this context, your biologica properties include antimycobacterial, anticancerous, antitumorous, 
anticoagulant, hypotensive, immunostimulant (Pietro et al., 2000; Januário et al., 2002; Oshoet al., 2010). The 
Physalis Peruviana L. (Solanaceae) fruit have compounds such as flavonoids, carotenoids, among others, that 
have attracted attention because of its beneficial biological effects to human health, acting as an antioxidant. 
Furthermore, the present fruit bioactive compounds that contribute to the capture of free radicals acting as 
antioxidants (Fontana et al., 2000). 

However, there are few studies related to the antioxidant activity of fruit P. Peruviana thus this study was to 
evaluate the effects of the extract of the fruits of Physalisperuviana on the generation of damage to lipids and 
proteins, as well as on the GSH levels in human erythrocytes exposed to 2,4-D herbicide. 

2. Materials and Methods 
2.1 Plant Cultivation 

The P. Peruviana were planted in the experimental area of the Laboratory of Plant Multiplication, University 
Campus of UNICRUZ- Polo Tecnológicodo Alto Jacuí in Cruz Alta, located in the northwest of the state of Rio 
Grande do Sul. The soil is characterized as Oxisoil Typical type A moderate, medium texture (Embrapa, 2006). 
The climate, according to Köeppen classification, is subtropical, Cfa 2a, with rainfall evenly distributed 
throughout the year. The geographical coordinates are: latitude 28°38′19″S and longitude 53°36′23″O, with an 
average altitude of 452 m.  

2.2 Aqueous Extraction and Income 

The aqueous extract of the fruits was performed according Degaspari, Waszczynskyj and Santos (2004), where 
the fruits were submitted to fast drying, followed by degranulation and extraction of bioactive compounds in 
water bath at 50 °C. Being kept in a freezer, wrapped in aluminum foil until the time of exposure, in order to 
preserve bioactive compounds possibly degradable by light. The yield was calculated with the ratio between the 
final and initial mass of material obtained in the extraction.  

2.3 Ethical Aspects 

This project was submitted to the Ethics Committee of the University of Cruz Alta and was approved under 
protocol number: 15510413.3.0000.5322. 

2.4 Sample Processing 

Blood samples were obtained from fourteen healthy volunteers, half men and half women, aged between 20 and 
40 years, non-smoking, non-alcoholic and no food or medicinesthat may affect the outcome of the study. All 
participants signed the free and informed consent, followed by completion of questionnaire consisting age, diet, 
occupation, and other information in order to rule out any possible interference in the results of analytical 
determinations. 

Whole blood was collected after 4-8 hours of fasting by venipuncture using vacutainers containing EDTA 
anticoagulant. The samples were immediately centrifuged at 3000 rpm for 10 min and the plasma removed. The 
erythrocytes were washed three times with isotonic saline and centrifuged again. After the final washing 
erythrocytes were resuspendedin saline to the acquisition of erythrocytes solution at 5% hematocrit (Catalgol, 
Ozden, & Alpertung, 2007). 
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2.5 Experimental Model 

7 exposures were carried out “in vitro”:  

Group A: non-exposed erythrocytes (5%) to 2,4-D and not treated with the plant (control); 

Group B: 1500 µL of erythrocytes (5%) exposed to 200 µL of 2,4-D (1.1 g/L) for 1 h in a water bath at 37 °C; 

Group C: 1500 µL of erythrocytes (5%) exposed to 200 µL of 2,4-D (1.1 g/L) for 1 h at 37 °C water bath and 
treated with 200 µL P. Peruviana aqueous extract 1 g/L for 1h at 37 °C; 

Group D: 1500 µL of erythrocytes (5%) exposed to 200 µL of 2,4-D (1.1 g/L) for 1 h at 37 °C water bath and 
treated with 200 µL P. Peruviana aqueous extract 10 g/L for 1h at 37 °C; 

Group E: 1500 µL of erythrocytes (5%) exposed to 200 µL of 2,4-D (1.1 g/L) for 1 h at 37 °C water bath and 
treated with 200 µL P. Peruviana aqueous extract 25 g/L for 1h at 37 °C; 

Group F: 1500 µL of erythrocytes (5%) exposed to 200 µL of 2,4-D (1.1 g/L) for 1 h at 37 °C water bath and 
treated with 200 µL P. Peruviana aqueous extract 50 g/L for 1h at 37 °C; 

Group G: 1500 µL of erythrocytes (5%) exposed to 200 µL of 2,4-D (1.1 g/L) for 1 h at 37 °C water bath and 
treated with 200 µL of the aqueous extract P. Peruviana 83 g/L for 1h 37 °C; 

After exposure erythrocytes of all groups were hemolyzed with vortexing for 10 seconds and centrifuged at 3000 
rpm for 15 minutes and the supernatant stored in a freezer at -20 °C for subsequent analytical determinations. 

2.6 Analytical Determinations 

2.6.1 Determination of Thiobarbituric Acid Reactive Substances (TBARS) 

TBARS were measured according to the protocol described by Stocks and Dormandy (1971). In the supernatant 
was added to the reaction mixture containing trichloroacetic acid (TCA) to 28% (v/v) thiobarbituric acid (TBA) 
at 0.1 mol/L and heated to 95 °C. Readings were taken at 532 nm, length in which the product formed 
malondialdehyde (MDA), can be measured.The results were expressed as nmol MDA/g Hb. The analysis 
Hemoglobin levels was performed according to the rules of Labtest® commercial kit. 

2.6.2 Determination of Protein Carbonyls (PCs) 

The analyzes of PC were carried out using the technique described by Levine (1990) adapted to erythrocytes 
using HEPES, 10% TCA (v/v) hydrochloric acid (HCl) 2 N; 2,4-dinitrophenylhydrazine (DNPH) and 10 mM 
sodium dodecyl sulfate (SDS), 3% (m/v). Readings were taken at 370 nm and the results were expressed as 
nmoles of carbonyl/mg of total protein. The analysis total proteinslevels was performed according to the rules of 
Labtest® commercial kit. 

2.6.3 Determination of levels of Reduced Glutathione (GSH) 

GSH was determined by the method described by Ellman (1959) adapted to erythrocytes, is used as the reagent 
5,5′-dithiobis (2-nitrobenzoic acid) (DTNB), and the reading taken at 412 nm. The results were expressed as 
µmol GSH/mL. 

2.7 Statistical Methods 

The analyzes were carried out in triplicate and results were expressed as mean ± SEM (Standard Error of the 
Mean). Data from all groups for the same parameter, were submitted to analysis of variance (ANOVA) of a path 
followed by the Tukey-Kramer test, considering the significantly different means with a P < 0.05. 

3. Results  
After the exposure of the erythrocytes to the herbicide 2,4-D, there was an increase of the TBARS levels (Figure 
1), of the PCs (Figure 2) and of the GSH (Figure 3).  

However, in the samples treated with the aqueous extract of P. Peruviana Fruit TBARS levels decreased in 
groups C and D and PCs levels, reduced in all groups (Figures 1 and 2).  

According to the figure 3, the treatment of the samples with the aqueous extract of P. Peruviana Fruit has 
reduced significantly the GSH levels in all tested groups (C, D, E, F and G). 
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Figure 1. TBARS (nmol MDA/ mg Hb) levels in human erythrocytes 

Note. Group A: control; Group B: 0 erythrocytes exposed to 2,4-D 1.1 mg/L; Group C: erythrocytes exposed to 
2,4-D + P. Peruviana extract 1 g/L; Group D: erythrocytes exposed to 2,4-D + P. Peruviana extract 10 g/L; 
Group E: erythrocytes exposed to 2,4-D + P. Peruviana extract 25 g/L; Group F: erythrocytes exposed to 2,4-D + 
P. Peruviana extract 50 g/L; and Group G: erythrocytes exposed to 2,4-D + P. Peruviana extract the 83 g/L. 
Different letters represent significantly different statistics, considering a P < 0.05. 

 

 
Figure 2. Carbonyl protein levels (nmol carbonyl/mg total prot) in human erythrocytes 

Note. Group A: control; Group B: 0 erythrocytes exposed to 2,4-D 1.1 mg/L; Group C: erythrocytes exposed to 
2,4-D + P. Peruviana extract 1 g/L; Group D: erythrocytes exposed to 2,4-D + P. Peruviana extract 10 g/L; 
Group E: erythrocytes exposed to 2,4-D + P. Peruviana extract 25 g/L; Group F: erythrocytes exposed to 2,4-D + 
P. Peruviana extract 50 g/L; and Group G: erythrocytes exposed to 2,4-D + P. Peruviana extract the 83 g/L. 
Different letters represent significantly different statistics, considering a P < 0.05. 

 

 
Figure 3. GSH (µmol GSH/mL) levels in human erythrocytes 

Note. Group A: control; Group B: 0 erythrocytes exposed to 2,4-D 1.1 mg/L; Group C: erythrocytes exposed to 
2,4-D + P. Peruviana extract 1 g/L; Group D: erythrocytes exposed to 2,4-D + P. Peruviana extract 10 g/L; 
Group E: erythrocytes exposed to 2,4-D + P. Peruviana extract 25 g/L; Group F: erythrocytes exposed to 2,4-D + 
P. Peruviana extract 50 g/L; and Group G: erythrocytes exposed to 2,4-D + P. Peruviana extract the 83 g/L. 
Different letters represent significantly different statistics, considering a P < 0.05. 
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4. Discussion 
The ERs are involved in several pathological conditions including ischemia injury, inflammatory diseases and 
aging, where oxidative stress plays a central role in cell damage occurring according to the literature, the 
elevation of the ERs leading to lipid peroxidation and oxidation proteins (Dalle-Donne et al., 2003; Duarte et al., 
2007; Duarte et al., 2010; Oliveira et al., 2013). Such alterations are often observed in workers from the rural 
environment, what can be justified by the fact that the exposure to the agrochemicals can produce a variety of 
biochemical injuries, such as in the connection target-cell/receptor, as well as in the enzymatic induction or 
inhibition (Santi et al., 2011). Therefore, the increase in TBARS and PCs in group B (Figures 1 and 2) confirm 
that the 2,4-D 1.1 g/L has a high toxicity in cellular level, which can cause several changes in the human body 
and lead to development of serious diseases, especially in the case of chronic exposure (Murussi et al., 2014). 

This fact draws attention for the importance of more careful when handling this pesticide and at the time of 
application, preventing further damage to the body, given that according Rodrigues and Almeida (2005) this is 
the maximum concentration used in soybean, wheat and maize crops from south of the country. On the other 
hand, in the group exposed just to the 2,4-D there was a significative elevation of the GSH levels when this 
group was compared to the control group, indicating that although the lipid and protein damages caused by the 
exposure to this herbicide, there was a quick endogenous answer to the damages occurred, increasing the 
production of GSH, probably in the attempt of minimizing them increasing its antioxidant capacity (Barreiros, 
David, & David., 2006). According to Oga, Camargo, and Batistuzzo (2014), the concept of toxicant involves 
quantitative and qualitative aspects. Talking about the quantitative aspects it can be said that practically every 
substance, dangerous in certain shots, can be non-dangerous in very low shots; for example, the vinyl chloride is 
a potential hepatotoxic in high shots, it's a carcinogen in long exposure to low shots and, apparently, non-toxic in 
very low shots. 

In this study, after the samples treatment with the aqueous extract of Physalis fruit, it has been possible to realize 
that depending on the shot that the erythrocytes were exposed, to the P. Peruviana fruit showed it has an 
antioxidant effect (group C and D) which hasn't been seen in the groups E, F and G. Thus, the popular usage of 
this plant needs to be very cautious, so the better effect can be achieved and at the same time no oxidative 
damages happen to the organism. Besides, in relation to the effects on the proteins, in every concentrations of the 
P.Peruvian fruit tested in this research there was a decreasing of the PCs formation. Showing that the P. 
Peruviana could decrease the protein damages caused by the exposure to the herbicide. This result suggests that 
the Physalis Peruviana Fruit owns important antioxidant activity, what can be justified by the high content of the 
total phenolic composts and of carotenoids present in this extract (Vasco et al., 2008; Rockenbach et al., 2009; 
Severo et al., 2013). After the treatment with the P. Peruvian extract, in every evaluated group it has been 
founded a significative reduction in the reduced glutathione levels. A GSH content is used in detoxification 
pathways of the body, such as the action of GPx that is responsible for eliminating the peroxides from the body 
and also on the activity of glutathione-S-transferase enzyme (GST) which counteracts the xenobiotics using GSH 
as substrate in stage II biotransformation and preventing damage to cell membranes and other macromolecules 
(Malmezat et al., 2000; Dybing et al., 2002). This achievement apparently was induced by treatment of the 
erythrocytes with the aqueous extract of the P. Peruvian fruit, showing that in someway this action “in vitro” 
stimulated the usage of GSH by the erythrocytes, what minimized the TBARS and PCs formation (Figures 1 and 
2). 

5. Conclusion 
In conclusion, the results show that the aqueous extract of Physalis peruviana fruit reduces TBARS and PCs 
levels and has action stimulating on the antioxidant system of the organism for the consumption of GSH as a 
substrate, especially in concentrations of 1 and 10 g/L, in order to reverse the damage to lipids and proteins. 
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