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Abstract

Agrochemicals were more prominent in 1960, marked due to the agricultural modernization process. As a result
of this widespread use for food production, there was also an increase in cases of intoxication caused by these
agents which made it necessary to search for alternative therapies for agricultural workers. Thus, considering that
phytochemical characterization revealed the presence of antioxidants in Cymbopogon citratus extract, the
objective of this study was to evaluate the effect of this plant infusion on the enzyme acetylcholinesterase
activity (AChE) and on the redox response in farmers’ erythrocytes. These erytrocytes were processed and
subjected to treatment with the Cymbopogon citratus infusion (5, 10, 25 and 50 g/L). In these samples the
following were determined: the AChE enzyme activity, the levels of thiobarbituric acid reactive substances
(TBARS), protein carbonyls (CPs) and reduced glutathione (GSH). In general, it was discovered that the
inhibition of AChE activity is negative regarding to the increase of protein carbonyl levels and positive regarding
the GSH levels. In addition, Cymbopogon citratus infusions could not even reverse this inhibition or the high
levels of TBARS and CPs. On the other hand, levels of GSH were increased by infusions demonstrating the
increased antioxidant activity in rural workers’ erythrocytes.

Keywords: farmworkers, pesticides, treatment, Cymbopogon citratus
1. Introduction

Agriculture has been practicing by the humanity for over ten thousand years, however the intensive pesticides
use for the pests and diseases control on the tillage has existed since a little more than half a century. In Brazil,
the agro-chemists started being more prominent in the 1960’s, marked by the agricultural process modernization
(Recena et al., 2006; Silva et al., 2015). Thus, there was also an increase in the cases of intoxication caused by
the widespread use of pesticides for the food production these agents. According to the National System of
toxic-pharmacological information (Fiocruz, 2015) 33.86% of the deaths by intoxication recorded in Brazil in
2012 were due to contact with pesticides.

The agrochemicals promote the acetilcolinesterase enzyme (AChE) inhibition, causing the acetylcholine
accumulation in the synoptical cleft and consequent Acute cholinergic syndrome, what leads to the development
of several symptoms, such as muscle stiffness, fatigue, tiredness, headache, among others (Bayrami et al., 2012;
Cardenas et al., 2005). Besides, several “in vitro” studies indicate that blood markers are negatively affected by
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increased oxidative stress, considering that the AChE activity is also inhibited by the increase of the reactive
species (Molochkina et al., 2005). According to Milatovic, Gupta, and Aschner (2006) the agricultural pesticides
promote the oxidative phosphorylation inhibition in the central nervous system, debilitating the cells capacity to
keep their energy levels, what possibly increases the quantity of reactive oxygen species and reactive nitrogen
species in the organism, characterizing the oxidative stress condition. This mechanism has also been pointed as
relevant to justify the adverse effects in the farmers’ health who were exposed to the agricultural pesticides
(Surajudeen et al., 2014). Despite of this, the biological AChE role present in the erythrocyte membrane is not
well explained, and it is known that this enzyme is present in the red blood cells and it has several similar
proprieties like in the purified shape obtained from the brain tissue (Sorensen, Gentinetta, & Brodbeck, 1982).
Therefore, the AChE activity in erythrocytes can be considered an indicator of the central cholinergic state
(Kaizer et al., 2008).

The oxidative stress occurs due to the existence of an unbalance between the oxidant and antioxidant compounds,
in favor of the excessive generation of reactive species or a speed detriment during the removal of the reactive
species. This process leads to the biomolecular oxidation with consequent loss of its biological functions and/or
homeostatic unbalance, whose manifestation is the oxidative-potential damage against the cells and tissues
(Barbosa et al., 2010). The reactive species promotes a rupture in the DNA chain, lipid peroxidation of the
cellular membrane and protein degradation. In the biological systems these damages are reflected through
performing a comet test and the micronucleus determination, determination of the substance levels reactive to
the thiobarbituric acid (TBARS) and by the quantification of carbonyls protein levels, respectively (Vasconcelos
et al., 2007).

The excess of reactive oxygen species in the organism is combated by antioxidants produced by the body or
absorbed from the diet. The endogenous antioxidants divide themselves among the ones that act enzymatically,
as for instance the glutathione peroxidase, catalase and superoxide dismutase, or non-enzymatically, for example
the reduced glutathione (GSH), histidine peptides and proteins bound to iron (transferrin and ferritin). Moreover,
it is noteworthy the antioxidant function of the compounds obtained from food, such as the alpha-tocopherol
(vitamin-E), beta-carotene (pro-vitamin A), ascorbic acid (vitamin-C) and phenolic compounds (Barreiros, David,
& David, 2006). According to Barbosa et al. (2010), despite of the effects of the dietetic antioxidants over the
oxidative stress are still not conclusive, diet is a factor of great importance in the oxidative stress modulation.

Plants have important phenolic compounds resource, such as: flavonoids, phenolic acids, tannins and tocopherols
(Shahidi & Janitha, 1992; Neves & Cunha, 2006). Alvis, Martines, and Arrazola (2012), and Soares et al. (2013)
studies show the presence of these same phytochemical compounds in the Cymbopogon citratus leaves extract.
However, it should be considered that certain plants exhibit potentially dangerous substances (Rodrigues et al.,
2011), what makes it indispensable more bodies of research about the utility of the natural resources that
surround us.

The Cymbopogon citratus, known popularly as lemongrass, is highlighted due its high level of citral, that besides
therapeutic efficacy, seems to be a powerful captor of reactive oxygen species, promoting reduction of the same
(Halabi & Sheikh, 2014). In addition, Soares et al. (2013) evaluated the total antioxidant capacity of the extract
Cymbopogon citratus leaves with different solvents (water, methanol and ethanol) and they detected the
elimination of reactive species activity in all of them.

Therefore, considering that phytochemical characterization of Cymbopogom citratus revealed the presence of
antioxidant substances in this plant and that the contact with the agrochemicals promotes alterations in the AChE
activities with possible generation of oxidative stress, it becomes relevant the evaluation of the effect of the same
on the AChE and on the redox answer in farmers’ erythrocytes, since the lemongrass can be considered a future
therapeutic alternative for the workers exposed to the agrochemicals.

2. Method
2.1 Ethical Aspects

The present research paper was accepted by the Research Ethics Committee, from Cruz Alta University
(UNICRUZ) under the protocol: 0071.0.417.000-11. The participants of this study were consulted about the
participation viability at the research and they signed the Free Enlightened Consent Form (TCLE).

2.2 Population Studied

The samples used were from farmers who live in COREDE Alto Jacui, RS, Brazil, who signed the TCLE, aged
from 18 to 59 years old and that worked for at least 3 years with agriculture (inclusion criteria). To compose the
control group healthy individuals were selected with sex and age similar to the farmers’ group. All the volunteers
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answered a questionnaire about occupational health with structured questions in order to use these data to select
the research participants concerning the exclusion criteria, like: being non-smoker, not being alcoholic addict and
not having chronic diseases.

Table 1 shows the participants’ characteristics in this study.

Table 1. Profile of the participants

Healthy individuals (Group S) Farmers

Male (%) 90 96.67
Age (years old) 38+9 41£12
Sedentarism (%) 90+6 83.3+3
Exposure period (years) - 21.9£12.2
Use of individual protection equipment (%) - 40

Last application (Days) - 58.9+10.4

Thus, 30 of the 40 farmers who accepted to participate in this research were randomly selected and divided in 5
groups:

Group 0 (basal): erythrocytes from farmers, without lemongrass treatment.
Group 5: erythrocytes from farmers, treated with 5 g/L lemongrass infusion.
Group 10: erythrocytes from farmers, treated with 10 g/L lemongrass infusion.
Group 25: erythrocytes from farmers, treated with 25 g/L lemongrass infusion.
Group 50: erythrocytes from farmers, treated with 50 g/L lemongrass infusion.

The control group (group S) was also composed by samples from 30 healthy individuals and they did not receive
treatment with the Cymbopogom citratus infusion.

The participants’ blood collection was performed by using vacutainers with ethylenediamine tetraacetic acid and
the samples were centrifuged immediately on 3000 rpm during 10 minutes and the plasmas were removed. The
erythrocytes were washed three times with cold isotonic saline solution and centrifuged again. After the final
washing, the erythrocytes were resuspended in saline solution, and then diluted until they reached 5% hematocrit
according to the technique described by Catalgol et al. (2007), with small adaptations. After the erythrocytes
dilution, a treatment with the plant leaves infusion with concentrations (5-50 g/L) closer to those ones used by
the population was carried out. So, the samples remained incubated for 1 hour in Bain Marie at 37 °C, after this
period the samples were hemolyzed in vortex for 30 seconds and centrifuged on 3600 rpm for 15 seconds. The
samples were stored at -20 °C for posterior analytical determinations.

2.3 Reagents and Samples

Sodium carbonate, Folin-Ciocalteau, gallic acid, aluminum chloride, vanillin solution, methanol, ethanol,
hydrochloric acid, catechin, acethylthiocholine, 5,5-dithio-bis(2-nitrobenzoic acid), malondialdehyde,
2-thiobarbituric acid, trichloroacetic acid, 2,4-dinitrofenilhidrazina and sodium dodecyl sulfate were obtained
from Sigma Chemical (St. Louis, MO). Distilled water (grade 3) was used in analytical determinations.

The Cymbopogom citratus was prepared in order to compare the phytochemical concentrations present in the
same with the infusion concentrations. For this, the methodology described by Simdes et al. (2010) was followed,
which recommends the use of water and ethanol (70:30) as extractor solvents. The plant material (Cymbopogon
citratus leaves) was submitted to daily manual agitation during 14 days, filtered and concentrated in rotary
evaporator. This extract was lyophilized to remove water, obtaining thus, the crude hydroethanolic extract.

The Cymbopogom citratus leaves were from the UNICRUZ vegetable garden, Rio Grande do Sul, Brazil. The
infusion preparation consisted of pouring boiling water on the plant and then putting the lid on covering the
recipient for 10 min. According to the Brazilian pharmacopoeia (2012), this method is indicated for parts of the
plants which do not have such a hard consistency as the leaves, flowers and fruits, or that have volatile active
substances.
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2.4 Analytical Determinations

The composition of Cymbopogom citratus infusion was evaluated and all determinations were performed in
triplicate. Thus, the total polyphenols determination was performed by Folin-Ciocalteau method, described by
Chandra and Mejia (2004), with alterations. For this, the sample was diluted in a 0.150 mg/mL concentration,
plus 20% Sodium carbonate solution and 2 N Folin-Ciocalteau reagent. The solution was incubated for 10
minutes and the absorbances measured at 730 nm. The total polyphenols content was expressed as gallic acid
based on the gallic acid calibration curve.

The total flavonoids contents were determined according to the method described by Woisky and Salatino (1998).
The sample was diluted in a concentration of 1mg/mL plus aluminum chloride and methanol. The absorbances
were measured at 420 nm.

The condensate tannins was determined by the method described by Morrison et al. (1995) with some changes.
The sample was diluted in a concentration of 25 mg/mL in ethanol. Afterwards, a vanillin solution (10 g/L in
ethanol) and hydrochloric acid (0,08 M) were added. The absorbances were measured at 500 nm. The total
tannins content was expressed as catechin based in the catechin calibration curve.

The analysis of the AChE enzyme activity was performed following the methodology described by Ellman et al.
(1961) which mixed potassium phosphate tampon (100 mM (pH 7.5)), 5,5-dithio-bis(2-nitrobenzoic acid) (10
mM) and substrate acetylthiocholine (1 mM). The absorbances were measured at 412 nm at a rate of 20 s during
2 min. The results were expressed in Ul/mL.

The lipid peroxidation was determined according to Stocks and Dormandy (1971) protocols. Afterwards, it was
added to the reactive mixture which has 28% (v/v) trichloroacetic acid; thiobarbituric acid (0.1 mol/L) followed
by heating at 95 °C for 15 minutes. The absorbances were measured at 532 nm. The results were expressed in
nmol TBARS/g Hb.

The analyses of CPs levels were performed by means of a modification Levine et al. (1990) method, where
trichloroacetic acid (10% (v/v)), hydrochloric acid (2 N), 2,4-dinitrofenilhidrazina (10 mM) and sodium dodecyl
sulfate (3% (m/v)) were used as the reaction mixture. The absorbances were measured at 370 nm. The results
were expressed in nmol carbonyl/mg CP.

The GSH levels were determined through the technique described by Ellman (1959) adapted for erythrocytes,
where a potassium phosphate buffer (1 M, pH 7.4) and acid 5,5’-ditiobis-(2-nitrobenzoic) (10 mM) are used. The
procedure was performed in ice bath and the absorbance measures were performed at 412 nm. The results were
expressed in pmol GSH/mL.

2.5 Statistical Methods

Lemongrass extracts were obtained and characterized in triplicate and the results expressed by average +
standard deviation. The results obtained were submitted to the t-student test for parametric data considering the
significantly different rates with a p < 0.001.

The analytical determinations of all the samples were performed in triplicate and their results were expressed by
+ SEM (pattern mistake). The variables distribution was tested using the Kolmogorov-Smirnov test. The data
obtained by all the studied groups, for the same parameter, were submitted to the one-way variance analysis
followed by Tukey-Kramer test for the parametric data, or KrusKal-Wallis followed by Dunn Multiple
Comparison or Mann Whitney test for the non-parametric data. The AChE, CPs and GSH results were
transformed for the parametric analysis, where the Y = log (Y) and the TBARS results were analyzed by
non-parametric tests. Significantly different rates with a p < 0.05 were considered.

3. Results and Discussion

In Table 2 the levels of phytochemicals antioxidants present in the extract (E) and in the (I) lemongrass infusion
in the 50 g/L concentration. These results demonstrate that both the extract and the infusion of this plant contain
compounds with antioxidant activity, however, a significant difference was verified between the concentration of
these components, when both preparations were compared, highlighting the minor quantification for the tested
infusion. These results confirm, corroborating with Cheel et al. (2005), that found the main ERs eliminator both
in the infusion and in the decoction of the Cymbopogom citratus extract, but with important differences in the
relative proportions in each preparation.
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Table 2. Quantification of total polyphenols, tannins and flavonoids of the extract and Cymbopogom citratus
infusion

Quantity (mg/g)
Sample - -
Polyphenols Total Flavonoids Tannins
Cymbopogom citratus extract (E) 59.36+0.28 28.3+0,006 0.613+0.006
Cymbopogom citratus 50 g/L Infusion (I) 22.98+0.8 * 12.4+0.32 * 0.0 *

Note. The results were expressed by the averagetpattern deviation; *indicates significantly different results,
considering p < 0.01.

Although the presence of polyphenols and tannins is evidenced in the lemongrass, it is possible to point out the
quantity of flavonoids both in the extract and in the infusion of this plant, fact which according to Balakrishnan,
Paramasivam, and Arulkumar (2014), indicates an important antioxidant lemongrass activity, due to the fact that,
these authors report that the flavonoids have strong activities of reactive oxygen species elimination, and it is
effective regarding the cell protection against the oxidative damages.

However, it is useful to consider that according to Simdes et al. (2010) and Sousa et al. (2007), the total
polyphenols contribute in the initiation period, just like in the oxidative process propagation and the tannins
seem to intercept with the reactive oxygen forming more stable radicals.

Figure 1 demonstrates the results concerning the AChE enzyme activity, where it is possible to notice that in the
farmers’ erythrocytes without the plant treatment (group 0), this enzyme activity is found significantly reduced
(0.53+0.15 Ul/mL), when compared to the control group (3.78+0.22 Ul/mL), indicating that these rural workers
are intoxicated with pesticides that inhibit the AChE activity.

10+

Log [Activity
AChE (UI/mL)]

NETE

5 10 25 50

0.1

-
o4

Lemongrass (g/L)

Figure 1. AChE enzyme activity in erythrocytes treated with lemongrass infusion at different concentrations:
without lemongrass infusion (Group S and basal), 5 g/L (group 5), 10 g/L (group 10), 25 g/L (group 25) and 50
g/L (group 50). Different letters means significant differences (p < 0.05)

This inhibition of the AChE activity causes the acetylcholine accumulation in the synaptic cleft of the nervous
terminals, what can cause several undesirable physiological effects, such as: back pain, and intense headache
(Murussi et al., 2014), symptoms that are often reported by workers who are exposed to pesticides.

With the purpose of verifying if the Cymbopogom citratus would revert the inhibition of the AChE enzyme
activity, farmers’ erythrocytes were treated with different concentrations of lemongrass infusion. No significant
alterations were observed after these treatments, suggesting that this plant does not have action on the AChE
activity. Similarly, Adaramoye and Azeez (2014) did not observe relevant differences between AChE and rats
treated with the Cymbopogom citratus extract and the control group (rats not treated with the plant).

The erythrocyte membrane is a direct target to the lipid peroxidation and protein carbonylation in oxidative
stress conditions. Figure 2 shows that the TBARS and CPs levels analyzed in the farmers’ erythrocytes were
higher than the quantity of these oxidative markers in the control group, showing an occurrence of oxidative
stress in these individuals that were chronically exposed to the tillage chemical products, what increases the risk
of development of some pathologies, like: atherosclerosis, diabetes, neurodegenerative diseases and cancer
(Cruzat et al., 2007; Deresz et al., 2007; Duarte et al., 2007, 2010; Choi et al., 2014).
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Figure 2. TBARS and CPs levels in erythrocytes treated with different concentrations of lemongrass infusion:
without lemongrass infusion (Group S and basal), 5 g/L (group 5), 10 g/L (group 10), 25 g/L (group 25) and 50
g/L (group 50). Different letters mean significant differences (p < 0.05)

These results can be still associated with the incapability of lemongrass infusion to revert the AChE enzyme
inhibition, due to the fact that the reduction of this enzyme activity can induce the reactive oxygen species
production and consequently to promote damages to the macromolecules (Milatovic, Gupta, & Aschner, 2006;
Adaramoye & Azeez, 2014).

GSH plays a key role in the xenobiotic elimination and in the cells defense against the oxidative stress, once that
it helps the glutathione S-transferases and the glutathione peroxidase in the reduction of oxidant species (Huber,
Almeida, & Fatima, 2008). Thus, considering the importance of this antioxidant agent for the defenses against
the reactive oxygen species in this study the evaluation of the GSH levels in all the groups was also done (Figure
3). This way, it was possible to observe that the GSH levels were lower in the basal group (farmers) comparing
to the control group, what suggests that the organism increased the consumption of this non-protein tiol as a
response to the increase of the TBARS and CPs levels found in the erythrocytes from these same rural workers
(Figure 2), probably in order to neutralize the reactive oxygen species that operate damaging lipid, protein and
DNA (Barbosa et al., 2010). Besides, after the samples treatment with lemongrass infusion the GSH levels were
significantly decreased when compared to the healthy group and the group without treatment with the plant,
indicating that these plant infusions (5-50 g/L) are able to stimulate the antioxidant action.
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Figure 3. GSH levels in erythrocytes treated with different concentrations of lemongrass infusion: without
lemongrass infusion (Group S and basal), 5 g/L (group 5), 10 g/L (group 10), 25 g/L (group 25) and 50 g/L
(group 50). Different letters mean significant differences (p < 0.05)

Figures 4A and 4B exhibit the correlation between the lipid peroxidation and protein carbonylation before the
erythrocytes treatment with lemongrass infusion, showing that the enzyme activity and the oxidative markers
levels were inversely proportional, confirming what Milatovic, Gupta, and Aschner (2006) describe in their
studies; the hyper cholinergic stimulation promoted by the AChE inhibition damages the oxidative
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phosphorylation, increasing hence, the reactive oxygen species production which in turn, promotes the cell
components destruction.

It should also be noted that this discovery corroborates with Jha and Rizvi’s (2009) studies that observed
correlation between the antioxidant capability and the AChE activity.

Moreover, in Figure 4C it is observed that the lower the AChE activity in the farmers’ erythrocytes, the lower the
GSH levels were on the same, what indicates a possible consumption of this endogenous antioxidant agent on
the attempt to revert the damages promoted by the TBARS and CPs levels elevation generated by the AChE
activity inhibition.

A 80 B E 30 o
” g 60 (r=0,031;P=0,87) I (r=-0,3714; P=0,0364)
o> [ 8 ; 204 ©
) o o
i< > § o
224 o o 3% ®°
23 o S8
£ L
S o __o
0 E o &%O 00 QO o ©
T T T T 1 = ) T T T T 1
0 5 10 15 20 0 2 4 6 8 10
Activity AChE (Ul/mL) Activity AChE (UI/mL)

C

N
o
J

(r=0,6852; P=<0.0001)

P
1
o

GSH Levels
(umol GSH/mL)
2

0 2 4 6 8 10
Activity AChE (Ul/mL)

Figure 4. Correlation between AChE enzyme activity and TBARS (A), CPs (B) and GSH (C) levels in healthy
individuals’ erythrocytes (group S) and erythrocytes without lemongrass infusion treatment (group 0)

Generally speaking, the decrease of AChE activity caused by the pesticides use seems to be correlated with the
oxidative stress occurrence, once that it presents negative correlation with the TBARS and CPs levels and
positive correlation with the antioxidant capability verified through the GSH levels evaluation (Milatovic, Gupta,
& Aschner, 2006; Adaramoye & Azeez, 2014).

Therefore, it was observed the presence of polyphenols, flavonoids and tannins in the lemongrass infusions (5-50
g/L), but these concentrations were inferior to the ones that are present in the extract of this plant. Probably
because of this low quantity of antioxidant phytochemical, the lemongrass infusions (5-50 g/L) did no trevert the
ACHhE activity inhibition verified in the farmers who were exposed to the pesticides and thus, could not revert the
oxidative markers levels at the 1-hour exposure performed in this study. On the other hand, the Cymbopogom
citratus infusions (5-50 g/L) increased the antioxidant capability in the erythrocytes by elevating the GSH
consumption, what decreased the reactive oxygen species generation and increased the reactive oxygen species
neutralization (Barbosa et al., 2010; Oliveira et al., 2013).

The lemongrass infusions tested in this study (5, 10, 25 and 50 g/L) were not able either to reverse the AChE
enzyme inhibition observed in the farmers’ erythrocytes, or to decrease the TBARS and CPs levels, however,
they increased the GSH levels, proving hence that the Cymbopogom citratus increased the antioxidant capacity
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in the rural workers’ erythrocytes. Moreover, according to this study, the hypothesis is confirmed that the AChE
activity inhibition is accompanied by the increase of the oxidative markers levels and of the consumption of the
most important antioxidant endogenous.
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