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Abstract

Several in vitro studies have described the erythrocyte toxicity mechanism response to the 2,4-
dichlorophenoxyacetic acid (2,4-D) and its metabolites, strongly related to oxidative stress. Compounds
such as ascorbic acid and flavonoids, present in various fructiferous plants like Physalis angulata L.-
Solanaceae, are exogenous sources of antioxidants, which have aroused interest because of its beneficial
biological effects to health by capturing oxygen reactive species. Here, was investigated the cytotoxic
effects of the 2,4-D in human erythrocytes exposed to this herbicide and treated with the juice of P.
angulata fruits. Analyzing the oxidant and antioxidant mechanisms in these cells in vitro, was
demonstrated that the damage mechanism by the Physalis juice occurred at the level of cellular proteins
and membranes, altering levels of endogenous antioxidants components such as reduced glutathione and
uric acid, and exogenous like vitamin C. Our results indicate new insights into the mechanism of human
erythrocytes response exposed to the P. angulata juice, providing wayforward to future studies of

cytotoxicity.
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1. Introduction

The application of herbicides for weed control has been a common activity in global agriculture, aiming to
increase crop productivity. However, when these compounds are employed in an uncontrolled manner, they
can impact non-target organisms such as those living in the environment, including humans (Nwani et al.,
2010).

Herbicide levels in water, food and soil have increased considerably, which accentuates the risk of
environmental and toxicological problems. 2,4-Dichlorophenoxy acetic acid (2,4-D) is commonly used for
annual weed control, preemergence of broadleaf in cereals, corn, pasture, rice and non-agricultural
(Bongiovanni et al., 2012). According to the National Health Surveillance Agency (ANVISA), 2,4-D is a
hormonal herbicide belonging to toxicological class I due to the acute effects it can produce in a single
exposure (Anvisa, 2018).

Prolonged inhalation of 2.4-D in humans may cause acute effects such as dizziness, coughing, weakness

International Educative Research Foundation and Publisher © 2019 pg. 374


http://www.ijier.net/

International Journal for Innovation Education and Research www.ijier.net Vol:-7 No-8, 2019

and even temporary loss of muscle coordination, as the main and most recurrent effects are due to improper
handling of the product, which may lead to skin and eye irritation (Macedo Neto, Froehner and Machado,
2012).

In addition, some studies show that 2,4-D alters cellular energy metabolism and redox balance, favoring
the occurrence of Oxidative Stress (OS) in humans (Bongiovanni et al., 2011; Liu et al., 2017). OS can be
caused by increased production of Reactive Species (RSs) or decreased antioxidant system action that is
activated to prevent the buildup of RSs that damage cells and molecules by attacking the body's lipids,
proteins, polysaccharides and nucleic acids (Gelatti et al., 2018).

For this reason, erythrocytes, being anucleated and unable to repair damage through synthesis of news
components, become an excellent research model for oxidative damage, since any modification that occurs
cannot be masked by the repair mechanism in these cells. Nicotinamide Adenine Dinucleotide Phosphate
(NADPH) is used as a cofactor in the reduction of Oxidized Glutathione (GSSG) in Reduced Glutathione
(GSH), which is the primary protective mechanism against oxidative stress (Greer et al., 2003; Zhou et al.,
2017).

Erythrocytes have a hemoglobin solution essentially surrounded by a lipid bilayer complex containing
about 42% lipids, 52% protein and 7% carbohydrates. These membrane components can be highly damaged
when oxygen (02) is reduced and generates Reactive Oxygen Species (ROS), such as the hydroxyl radical
(OH-), which acts as an oxidant (Furman, 2011). Oxidative damage can be counteracted by endogenous
antioxidants such as GSH (free thiol group tripeptide) and uric acid (metal ion chelator from the capture of
ROS by its urate group) or exogenous as Ascorbic Acid (ASA), which despite being at levels lower levels
within erythrocytes (0.043 mol/L) is essential for action synergism along a-tocopherol (vitamin E), which
acts as a chain reaction terminator, preventing the spread of ROS (Furman, 2011; Vaos and Zavras, 2017).
In this context, certain nutrients and food components have stood out due to their antioxidant activity, ie,
with the ability to transform and/or reduce the oxidation action of RSs, preventing their harmful effects on
the body (Tureck et al., 2017). Phenolic compounds such as simple and glycosylated flavonoids, present in
various fruits, are also exogenous sources of antioxidants, which aroused interest due to their beneficial
health biological effects (Camlofski, 2014). Thus, the present research carried out experiments with a fruit
widely marketed and cultivated in southern Brazil, called Physalis angulata L., an annual branched shrub
belonging to the Solanaceae Family, known by various names as Mullaca, camapu, gooseberry cape, wild
tomatoes, among others, widely distributed in tropical regions and their extracts or infusions have been
used in many countries in folk medicine to treat a variety of diseases such as malaria, asthma, hepatitis,
dermatitis and rheumatism (Rathi et al., 2017). Therefore, the present study aimed to evaluate the cytotoxic
effects of 2,4-D on human erythrocytes exposed to this herbicide and treated with Physalis angulata L.

fruit juice.

2. Method

2.1 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. Included in these subsections the information essential to
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comprehend and replicate the study. Insufficient detail leaves the reader with questions; too much detail
burdens the reader with irrelevant information. Consider using appendices and/or a supplemental website
for more detailed information.

2.2 Physalis angulata cultivation and 2,4-D preparation

The Physalis were planted in the experimental area of the Vegetal Multiplication Laboratory, University
Campus of Unicruz - Technological Pole Alto Jacui in the town of Cruz Alta, located in the Northwest of
Rio Grande do Sul state. The soil is characterized as Typical Dystrophic Red Latosol, type A moderate and
medium texture (Embrapa, 2006). The climate, according to the Koeppen classification is subtropical, type
cfa 2a, with rains uniformly distributed throughout the year. Samplings of fruits were obtained after 60
days from lab seedlings transplantation to the field (approximately February 20, 2014). For the production
of the juice, the fruit were picked in the end of maturation and weighed (250g), followed by grinding of the
fresh fruit and dilution with water to obtain the concentration of 250g/L, while the other concentrations (50
and 100g/L) were made from the initial solution. For the 2,4-D preparation, 1.1 grams of 2,4-D were
measured, followed by dilution to one liter, to achieve the concentration of 1.1g/L.

2.3 Physalis Fruit characterization

Measurements of total polyphenols and condensates tannins were performed using SOmL Physalis angulata
juice at a concentration of 250g/L lyophilized.

2.3.1 Determination of Total Phenolics

The determination of the total phenolics was made according to the method described by Chandra and
Mejia (2004). Infusion of 250g/L lyophilized P. angulata was diluted with distilled water to a concentration
of 0.15mg/mL. To this solution was added sodium carbonate to 20% and after 5 minutes was added 2N
Folin-Ciocalteu reagent. This reaction mixture was incubated for 10 minutes and the spectrophotometer
readings taken in visible 730nm. The tests were performed in triplicate and for calculating the dosage of
total phenolics used was a standard curve of gallic acid. The results were expressed as mg gallic acid/g dry
weight.

2.3.2 Determination of Condensed Tannins

The determination of condensed tannins was carried out using the method described by Burns (1971).
Infusion of 250¢g/L lyophilized P. angulata was diluted with methanol to a concentration of 25mg/mL. To
this solution was added methanol, vanillin solution 0.01g/mL and 0.08 M hydrochloric acid. The mixture
was heated at 60°C for 10 minutes. Readings were taken in visible spectrophotometer at 420nm. The tests
were carried out in triplicate to calculate the assay was condensed tannins using a catechin standard curve.
The results were expressed as catechin mg/g dry mass.

2.3.3 Blood collection, isolation of erythrocytes, exposition and treatment

Blood samples were obtained from 20 healthy volunteers, the blood was colleted after fasting for eight
hours by intravenous puncture into Vacutainer® tubes with ethylenediaminetetra acetic acid (EDTA). The
study protocol was executed in conformity with the guidelines of the Institutional Ethical Committee. After
the measurement of hematocrit and hemoglobin into total blood, the samples were centrifuged at 3000rpm
for 10 minutes and the plasma removed. Erythrocytes were washed three times with isotonic saline (0.9%)

at 37°C, centrifuged and suspended with some adjustments (Catalgol et al., 2007). The hematocrit was
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diluted at 5% and the suspensions of erythrocytes were divided into five different groups with the same
patients’ samples:

1) Control, not exposed to 2,4-D nor treated with P. angulata juice

2) Exposed to 1.1g/L 2,4-D for one hour;

3, 4 and 5) Exposed to 2,4-D for one hour and treated with P. angulata juice at 50g/L, 100g/L and 250g/L
for one more hour, respectively.

After exposure and processing the suspension of erythrocytes at 5% hematocrit were hemolyzed by
vortexing, followed by centrifugation and separation of the supernatant, where a new hemoglobin
measurement was performed and the remaining stored in the freezer for subsequent biochemical analysis.

2.3.4 Analytical determinations

2.5.1 Determination of hemoglobin and hematocrit

The measurement of hemoglobin levels was performed using a commercial kit Labtest®, according to the
manufacturer’s instructions. The hematocrit was determined by the microhematocrit method for the sealing
of the capillary tubes followed by centrifugation at 11.500rpm for 5 minutes. With the aid of the hematocrit
reading card, each microtube was read to obtain the percentage of cells relative to the total volume of
solution.

2.5.2 Determination of total protein carbonylated proteins and uric acid

The dosage of total proteins and uric acid were done by use of a commercial kit Labtes'™ according to
the manufacturer's instructions. The carbonylated proteins were analyzed according to the methodology
described by Levine (1990) with some adjustments. 250uL of 10 mM 2,4-dinitrophenylhydrazine (DNPH)
to 250uL of 2M hydrochloric acid were added, followed by incubation in the dark, and washing with the
solution containing ethanol and ethyl acetate. 1500uL of the denaturing sodium dodecyl sulphate buffer (3%
SDS, pH 8.0) were added and the samples were incubated for 10 minutes in a water bath at 37°C. After
formation of colored product, the mixture was measured spectrophotometrically at 370nm and expressed
as nmolcarbonyl/mg total protein.

2.5.3 Determination of Reactive Substances Thiobarbituric Acid (TBARS)

For the quantitative assessment of lipid peroxidation, the determination of TBARS was performed by
the formation of malondialdehyde (MDA) following the procedure described by Stocks and Dormandy,
(1971) with some adjustments. 200ulL of supernatant were added to 550uL of water and ImL 28%
trichloroacetic acid (TCA). After centrifugation at 2000rpm for 15 minutes, the supernatant was collected
and added to 500uL of 1% thiobarbituric acid (TBA). The solution was subjected to heating in a boiling
bath at 95°C for 15 minutes. After cooling, the samples were read at 532nm through the pink color
formation and the results expressed as nmol MDA/Hb.

2.5.4 Determination of Reduced Glutathione (GSH)

850uL of potassium phosphate buffer (TFK) 1M pH 7.4 and 50uL of 5,5-dithio-bis-2-nitrobenzoic acid
(DTNB) 10 mM were added to 100uL of the supernatant. The mixture was read by a spectrophotometer at
421nm and the results were expressed in umol GSH/Hb (Ellman, 1959).

2.5.5 Determination of Ascorbic Acid (ASA)

Quantification of Ascorbic Acid (ASA) was performed with the addition of 50uL of supernatant into water
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at 150uL, 300uL of 13.3% TCA and 75Ul of DNPH. Incubation was performed at 37°C for 1 hour and 30
minutes with the formation of colored product. The reaction was stopped by the addition of 500uL of
sulfuric acid (H2SO4 65%), followed by centrifugation for 10 minutes at 3500rpm reading on a
spectrophotometer at 520nm and the results expressed as pumol ASA/Hb (Roe, 1954).

2.6 Statistical analyses

Data normality was assessed by the Shapiro-Wilk test. Nonparametric results of GSH, TBARS,
carbonylated proteins and ASA were analyzed statistically by the Kruskal-Wallis test followed by the
Dunns post-test. Parametric data of total protein, uric acid and hemoglobin were analyzed by 1-way
ANOVA repeated measures followed by the Tukey post-test, considering significant differences at p<0.05,
through analyses using the statistical program GraphPad Prism 5 and results showing the mean + standard
error of the mean (SEM).

3. Results

3.1 Phytochemical characterization of the fruit of P. angulata

There was a concentration of 5.5+0.24mg/g of total phenolics and 1.5+0.48mg/g of condensed tannins in
P. angulata juice at a concentration of 250g/L, which indicates that the plant has a low concentration of
compounds with antioxidant potential compared with other juices (Vargas et al., 2008; Rocha et al., 2011).
3.2 Haematologic assessments by hematocrit and hemoglobin

The mean (+ SD %) hematocrit (Ht) of the subjects’ total blood was 39+2.0, while the average (g/dL + SD)
hemoglobin (Hb) was 14.8+2.1 demonstrating the absence of pathologies associated with these parameters.
3.3 Induction of formation of ROS

The data demonstrate that the cells that have been exposed to 1.1g/L of 2,4-D did not alter the total protein
(TP) levels and the carbonyls levels. However, there was a decrease of TP in cells exposed to P. angulata
juice (Figure 1 A) and increased protein carbonylation in the group treated with 50g/L of juice (Figure 1
B). These data suggest that the lowest concentration tested appears to be toxic. We believe that TP reduction

occurred by the increase of protein carbonylation generated by oxygen reactive species.
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3.4 Activation of the antioxidant system against damage in the cell membrane
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The data suggests that P. angulata juice has a dose-dependent effect, therefore, the uric acid levels increased
as the juice concentrations increased (Figure 2 B). Declining levels of TBARS (Figure 2 A) in
concentrations may be occurring in proportion to the amount of uric acid, in other words, the higher the
antioxidant levels the better to reduce the damage in cell membranes. The results demonstrate a greater
cytotoxicity level of cell membranes exposed to concentration of 50g/L of P. angulata juice, suggesting an
increase in the ROS generation, confirming the carbonylation protein levels presented in this study.
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Figure 2 A. Levels of lipid peroxidation (nmol MDA/Hb) Figure 2 B. Uric acid (mg/dl)

3.5 Increased GSH activity concomitant with consumption of ASA

The results show that the erythrocytes exposed to concentration of 50g/L P. angulata juice had higher
consumption of ASA and GSH activity (Figure 3 A; B) which possibly happened due to increased oxidative
damage already described in this study.
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Figure 3 A. Activity Reduced Glutathione Figure 3 B. Levels Ascorbic Acid

4. Discussion

The aim of the present study was to evaluate the antioxidant or oxidative action of Physalis angulata L-
Solanaceae in human erythrocytes exposed to the herbicide 2,4-D. The choice of this plant was due to
phytochemical studies according to Lashin and Elhaw (2016) that revealed constituents with a wide range
of biological activities presented by the genus Physalis, possibly due to the metabolic and structural
diversity of its compounds with pharmacological properties such as alkaloids, flavonoids, glycosides,

saponins, tannins, steroids, among others, attributed to these many of the documented anti-cancer, anti-
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tumor, and anti-leukemic actions, also considered as an effective immune stimulant with antimicrobial
properties (Rathi et al., 2017). However, in the present study a low concentration of compounds with
antioxidant action was demonstrated.

Phenolic compounds (including flavonoids) can react with RSs in the cell, conferring antioxidant properties
that have the potential to inhibit pathological and degenerative processes. Consequently, these antioxidant
properties confirm the therapeutic potential of this plant (Ferreira et al., 2019).

In this context, it was possible to verify that the toxicity of Physalis juice is dose dependent since, according
to the concentration tested, there was an increase in lipid or protein damage, and in the case of treatment
with 50 and 250 g infusions/L there was an increase in both lipid peroxidation and protein oxidation. These
findings corroborate the results found by Conceigao et al. (2017), which shows in their research that the
toxicological effect caused by herbal extracts may be dose dependent.

In addition, it is noteworthy that in this study the damage was greater in lipids, probably because the
membrane is one of the most affected structures due to oxidative stress due to lipid oxidation, a process in
which ROS attack phospholipid polyunsaturated fatty acids cell membranes, disintegrating them and thus
allowing these species to enter into intracellular structures. Phospholipase, activated by toxic species
disintegrates phospholipids, releasing unsaturated fatty acids, resulting in deleterious actions of lipid
peroxides (Kleniewska and Pawliczak, 2017; Thapa and Carroll, 2017).

The entry of toxic substances in the biological system generates RSs, which when not removed by the
antioxidant defense system end up generating cellular damage such as oxidation of biomolecules through
lipoperoxidation and protein carbonylation, enzymatic inactivation, exaggerated consumption of
endogenous antioxidants, excessive activation of proinflammatory genes (Petiz et al., 2017).

From the degradation of aldehydes lipid peroxide products are toxic to cells. Malondialdehyde is a highly
reactive molecule, being a dialdehyde capable of reacting with primary amines in proteins or DNA to form
crosslinks. The covalent modifications made by this secondary liporexidation messenger can alter the
structure and function of proteins and nucleic acids and are responsible for the cytotoxicity of these
molecules (Gaschler and Stockwell, 2017).

Regarding proteins, they are biomolecules that are present in abundance in the biological system, being the
main oxidative targets in oxidative stress, due to the high affinity with ROS. Protein carbonylation
derivatives (aldehydes and ketones) are formed by residues of methionine, cysteine, proline, histidine,
arginine, lysine, tryptophan, tyrosine, phenylalanine and valine. As a consequence, carbonyl compounds,
nitrated products, disulfide bridges, crosslinking, peroxides, among others are generated (Barreiro, 2016).

Direct reactions of proteins with ROS may also lead to the formation of lipid peroxidation fragments
containing highly reactive protein carbonylation. In addition, secondary reactions of primary amino groups
of lysine residues with reducing sugars or their oxidation products (glycation and/or glyoxidation reactions)
may also generate reactive carbonylation in proteins. Changes in protein oxidation may produce carbonyl
groups (ketones and aldehydes) in their side chains leading to impairment of protein functions (Dalle-
Donne et al., 2017; Zhou et al., 2017).

Protein carbonylation are typically dysfunctional or nonfunctional, having a major influence on cell

viability, tissue and even complete organ dysfunction. It is likely that protein dysfunction after
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carbonylation may depend on the quantitative level and/or location of the protein-bound carbonyl group (s)
(Dalle-Donne et al., 2017).

GSH levels increased at the concentration tested with Physalis juice (50 g/L), which in turn may be related
to the increase in TBARS and protein carbonyl in this same treatment. Suggesting that the plant led to
excessive production of RSs that have a widespread action on cellular homeostasis, causing biochemical
changes on lipids, proteins and DNA (Murussi et al., 2014).

However, on the other hand, the plant also increased the production of the body's main antioxidant agent
to probably reduce the damage generated on lipids and erythrocyte proteins exposed to 250 g/L
concentration of Physalis juice, but without success, taking into account the damage continued to increase
at this concentration.

At the moment was exposed the plasma of the samples with the herbicide an imbalance of this system was
caused. Therefore, it was found in this study that although the plant increased GSH production, damage to
lipids and proteins were predominant in treatments with Physalis juice, greater damage than exposure to
2,4-D, which shows a high toxicity of Physalis juice at concentrations 50 and 250 g/L on human
erythrocytes.

The major non-enzymatic antioxidant is GSH, a tripeptide formed from glutamic acid, cysteine and glycine,
and is present in millimolar concentration (2-10 mmol/L) in all eukaryotic cells. To prevent radical-
mediated toxicity, specific enzymes and low molecular weight substances, GSH has the function of
eliminating reactive species and helping to maintain cellular redox balance, being involved in various
biological functions, playing a central role in biotransformation and elimination of xenobiotics, which are
present in large quantities in agricultural pesticides, insecticides, plastics, cleaning products and
pharmaceuticals (Kleniewska and Pawliczak, 2017; Oga, Camargo and Batistuzzo, 2014; Vaos and Zavras,
2017).

ASA has the characteristic of enhancing the activity of GSH and also vitamin E within the cells, through
an electron donation of vitamin E molecule for the ASA molecule, generating a radical, which in turn
oxidizes GSH. In contrast, when the ASA is in fluids it catches and neutralizes ROS (Picchi, 2010).

The increase in ASA levels in erythrocytes exposed to a concentration of 250g/L juice may be due to the
higher concentration of P. angulata used in this group, as quantified by Camlofski (2014), the ASA content
in fruit of P. angulata (~ 26 mg/100g fruit) confirming the presence of this antioxidant in fruits. Thus, the
possible mechanism of action in reducing the levels of lipid peroxidation in this group may be occurring
by the concomitant action of uric acid and ASA.

Only hemolysis and antioxidants, in particular the end-product of purine metabolism, uric acid, could bias
the measurement of ROS generation. Uric acid is recognized as a potent antioxidant by removing ROS,
particularly in combat lipid peroxidation protecting the lysis of erythrocytes. In addition, there is an inverse

relationship between uric acid and lipid peroxidation (Peluso et al., 2016).

5. Conclusion

Our study has shown that P. angulata juice in concentrations of 50 and 250g/L caused cytotoxicity in human

erythrocytes damaging cell membranes and altering proteins. The results presented here provide new
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knowledge about the erythrocytic response machinery against the damages caused by the P. angulata juice.

Such mechanisms clarified here provide subsidies for future studies of cytotoxicity.
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