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Abstract 
Objective: Analyzing "in vitro" the antioxidant activity of the lemon grass (Cymbopogon citratus Stapf) over 
markers of oxidative stress in erythrocytes of women on postmenopausal period. Method: Total blood with 
anticoagulant has been collected from 28 women on postmenopausal. The plasma was discarded. The diluted 
erythrocyte on 5% with saline and divided in 5 groups of treatment: Group 0: erythrocytes without treatment; 
Group 5, 10, 25 and 50 erythrocytes treated respectively with 5, 10, 25 and 50 g/L of infusion of lemon grass, in 
water bath on 37°C for 1 hour. After this period the erythrocytes were hemolysated in vortex and on the 
supernatant were evaluated the level of the Thiobarbituric Acid Reactive Substances (TBARS), Carbonylated 
Proteins (PCs) and of the Reduced Glutathione (GSH). Results: There were no significant alterations on the PCs 
levels of the studied groups. However the TBARS levels got reduced on the group 25 and the GSH levels got 
increased on the group 50. Conclusion: These results indicate that the lemon grass seems to be an effective 
antioxidant agent when it's used in infusions with concentration of 25 and 50 g/L. 
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1. Introduction 
The postmenopausal period is of major importance to women's lives as it involves substantial effects on social 
and clinical aspects, adversely affecting the quality of life of the same. In this context, changes stand out from 
the normal aging process and also consequences of endogenous estrogen decline, such as the signs and 
symptoms observed in this period (Neves, 2002; Bezerra et al., 2015). The women related to Araújo et al. (2015) 
the symptoms most commons in this phase where stood out the nervousness, hot flashes and paresthesy. It should 
be noted that the occurrence of oxidative stress might present as an aggravating factor, considering that increases 
the predisposition to numerous diseases. The occurrence of oxidative stress in postmenopausal phase may be 
related to changes in lipid profile with consequent lipid peroxidation caused by reduced estrogen (Keaney et al., 
2003; Kolesnikova et al., 2015). The oxidative stress occurs when the balance between production and 
elimination of reactive oxygen species (ROS) what may trigger specific factors responsible for oxidative damage 
in the cell: over-expression of oncogene genes, generation of mutagen compounds, promotion of heterogenic 
activity, senile plaque occurrence or inflammation. This leads to cancer, neuron degeneration, cardiovascular 
diseases, diabetes, kidney diseases (Sosa et al., 2013; Pisoschi & Pop, 2015).  

In this context, the hormone replacement therapy (HRT) is important choice for the treatment of climacteric 
women, because besides reduced the symptoms related, have act as antioxidants “in vitro” and a positive effect 
against oxidative stress in brain mitochondria (Ruiz-Larrea et al., 1997; López-Grueso et al., 2014). However, its 
use is controversial because this treatment also has been associated with thromboembolic events and breast 
cancer (Borges et al., 2015). 

Thus, the natural compounds have been shown to be important therapeutic alternatives, because according to 
Dornas et al. (2009) the polyphenols present in plants are able of preventing oxidative damage and suppress the 
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inflammatory response by inhibiting the action of ROS. Phenolic compounds appear to perform an important 
role in the absorption and neutralization of ROS (Degáspari & Waszczynskyj, 2004).  

Among the plants recognized for their antioxidant activity, highlight the Cymbopogon citratus Stapf, commonly 
known as lemon grass. The Cymbopogon citratus (DC) Stapf is a tropical grass with long leaves. The lemon 
grass is cultivated mainly in tropical and subtropical regions of Asia, South America and Africa (Ákhila, 2010; 
Boukhatem et al., 2014.). This plant is recognized as one of medicinal plants most used in Latin America for its 
many therapeutic uses. In traditional medicine is used as an antispasmodic, hypotensive, hepatoprotective, 
anticonvulsant, analgesic, antiemetic, antitussive, antirheumatic, antiseptic, gastrointestinal disorders and 
nervous system disorders. However, only some biological properties related to lemongrass were studied in detail 
(Paranagana et al., 2003; Shah et al., 2011; Koh et al., 2012). Such activity appears to be related to citral, cited as 
the main essential oil of lemongrass and what appears to be a potent ROS scavenger (Halabi & Sheikh, 2014). 
Moreover, Alvis et al. (2012) showed that lemongrass extract has a high content of phenolic compounds and a 
high agent power reduction and Cheel et al. (2005) identified action of the extract of this plant in the elimination 
of superoxide radicals and lipid peroxidation in human erythrocytes.  

Thus, considering the antioxidant activity attributed to Cymbopogon citratus and the importance of natural 
compounds as an alternative therapy, the aim of this study was to analyze the action of this plant on oxidative 
profile on a specific population, in this case, postmenopausal women. 

2. Materials and Methods 
2.1 Extract Preparation and Infusions  

The Cymbopogon citratus extract was prepared aiming to compare the concentrations of phytochemicals present 
in it with the concentrations of the infusion. To this was followed by the methodology described Simões et al. 
(2010), which recommends the use of water and ethanol (70:30) as solvent extractors. The plant material was 
submitted to manual shake daily for fourteen days, filtered and concentrated in a rotary evaporator. This extract 
was lyophilized to remove water, thereby obtaining the hydro ethanolic crude extract.  

The leaves of Cymbopogon citratus came from the garden of the UNICRUZ, Rio Grande do Sul. The infusion 
was prepared pouring boiling water on plant leaves and then closed the container for 10 minutes. According the 
Brazil (2011), this method is suitable for parts of drugs plants less rigid consistency such as leaves, flowers, 
inflorescences and fruits, or containing volatile active substances. 

2.2 Characterization of the Extract (E) and Infusions (I)  

The determination of total polyphenols was carried according the method Folin-Ciocalteau described by Chandra 
and Mejia (2004) with modifications. The sample was diluted to concentration of 0.150 mg/mL, added with 
sodium carbonate solution at 20% and Folin-Ciocalteau 2N reagent. The solution was incubated for 10 minutes 
and absorbance measurements were realized in triplicate using a spectrophotometer (730 nm). The total 
polyphenol content was expressed in milligrams of gallic acid equivalents per ml of the infusion, based on the 
calibration curve of gallic acid.  

The content of total flavonoids was determined according to the method described by Woisky and Salatino 
(1998). The sample was diluted to one a concentration of 1 mg/mL and added of aluminum chloride and 
methanol. The absorbance read at 420nm. The tests were performed in triplicate and for dosing calculation we 
used a quercetin standard curve. The flavonoid content was expressed in mg quercetin per mL of infusion.  

The determination of tannins was carried out using the method described by Morrison et al. (1995) with some 
modifications. The sample was diluted to one a concentration of 25 mg/mL in methanol. Subsequently was 
added to the sample, vanillin solution (1g vanillin diluted in 100 mL of methanol) and hydrochloric acid solution 
concentrated diluted in methanol. The absorbance was read to 500 nm. The analyses were performed in triplicate 
and the total tannin content will be expressed in milligrams of catechu equivalents per milligrams of infusion, 
based on the pattern of catechu curve. 

2.3 Ethical Aspects 

This study is linked to the following research projects: "Study the antioxidant effect of different active 
ingredients" approved by the Research Ethics Committee (CEP) of the Cruz Alta University (UNICRUZ) 
embodied under opinion number: 15510413.3.0000.5322 and "Female Aging Study” "of the Regional University 
of Northwest Rio Grande do Sul State (UNIJUÍ) approved by CEP of the UNIJUÍ embodied under opinion 
number: 864.988.  

The study participants were asked about the feasibility of participation in the research and signed a free and 
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informed consent form (ICF). 

2.4 Criterion of Inclusion and Exclusion  

The samples used were from 28 postmenopausal women with at least one year of amenorrhea. Participants who 
used HRT, antioxidant medicines, vitamin, supplements, or were smokers with chronic diseases were excluded. 

2.5 Experimental Model  

Blood samples of the participants were performed using vacationers containing ethylene diamine tetraacetic acid 
(EDTA), were excluded hemolysis samples or lipemic samples with insufficient volume to the determinations. 
Then, the samples were immediately centrifuged at 3000 rpm for 10 minutes and the plasma was removed. The 
erythrocytes were washed three times with cold saline isotonic solution and centrifuged again. After the final 
washing erythrocytes were suspended again in saline, then diluted to achieve a 5% hematocrit according to the 
technique described by Horn et al. (2015), with minor adaptations. After dilution of erythrocytes a 5% of each 
participant were divided into five treatment groups. 

• Group 0 (basal): samples without treatment with lemon grass;  
• Group 5: samples treated with infusion of 5 g/L of lemon grass;  
• Group 10: samples treated with infusion of 10 g/L of lemon grass;  
• Group 25: samples treated with infusion of 25 g/L of lemon grass;  
• Group 50: samples treated with infusion of 50 g/L of lemon grass.  

Both groups were incubated for 1 hour in a water bath at 37°C. After this period the samples were hemolysed by 
vortex for 30 seconds and centrifuged at 3600 rpm by 15 minutes. The supernatant was stored at -20°C for later 
realization of analytical determinations. 

2.6 Analytical Determinations  

2.6.1 Levels of Thiobarbituric Acid Reactive Substances (TBARS)  

Lipid peroxidation was determined according to the formation method of TBARS according Stocks and 
Dormandy (1991) Protocols. The supernatant (0.2 mL) was added to the reaction mixture containing 
trichloroacetic acid 28% (v/v); alkaline solution of thiobarbituric acid (TBA) (0.1 mol/L) followed by heating at 
95°C. After cooling readings were performed at 532 nm. The results were expressed as nmol MDA/g Hb. The 
total hemoglobin levels were determined from methodology described by the manufacturers of the kit Labtest®. 

2.6.2 Levels of Protein Carbonyls (PCs)  

The analyzes were carried out using the technique described by Levine (1990) adapted to erythrocytes, wherein 
it is used trichloroacetic acid (TCA) to 10% (v/v), 2N hydrochloric acid; 2,4-dinitrophenylhydrazine (DNPH) 
and 10 mM sodium dodecyl sulfate (SDS), 3% (w/v) to the reaction mixture. Readings were taken in visible 
spectrophotometer at 370 nm. The results were expressed as nmol/carbonyl/mg protein. 

2.6.3 Levels of Reduced Glutathione (GSH)  

They were determined from the technique described by Ellman (1959) adapted to erythrocytes, which uses 
potassium phosphate buffer (TFK) 1M at pH 7.4 and 5,5'-dithiobis acid (2-nitrobenzoic acid) (DTNB). The 
procedure was performed in an ice bath and readings made in a visible spectrophotometer at 412 nm. The results 
were expressed as μmol GSH/mL plasma. 

2.7 Statistical Analysis 

The characterizations of phytochemicals extract and lemon grass infusion were performed in triplicate and the 
results expressed as mean ± standard deviation. Data were submitted to student-t test for parametric data 
considering the significantly different means with a p<0.001. 

The analytical determinations of all samples were performed in triplicate and the results thereof were expressed 
as mean ± SEM (standard error). The distribution of variables was tested using the Kolmogorov-Smirnov test. 
Data from all groups studied for the same parameter, were submitted to analysis of variance (ANOVA) of a path 
followed by the Tukey-Kramer test for parametric data. Significantly different means were considered a p<0.05. 

3. Results and Discussion 
Table 1 describes the total polyphenol levels (E: 24.2 ± 0.61 mg/L and I: 4.0 ± 0.16 mg/L), flavonoids (E: 100.7 
mg ± 2.30/L and I: 38.4 ± 1.23 mg/L) and tannins (E: 28.4 ± 1.01 mg/L and I: 8.9 ± 0.38 mg/L) present in the 
extract (E) and infusion (I) of lemongrass in the concentration of 50 g/L. 
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Table 1. Quantification of total polyphenols, tannins and flavonoids in the extract and in the infusion of 
Cymbopogom citratus. Results were expressed as mean ± standard deviation 

 
Sample 

Amounts (mg/mL) 

Total Polyphenols Flavonoids         Tannins 

Extract Cymbopogom 
citratus (E) 

24.2 ± 0.61 100.7 ± 2.30 28.4 ± 1.01 

Infusion Cymbopogom 
citratus 50g /L (I) 

4.0 ± 0.16*** 38.4 ± 1.23*** 8.9 ± 0.38*** 

*** Indicates significantly different results, considering a p < 0.0001  

 
These results demonstrate that both the extract as an infusion of the plant have antioxidant activity compounds, 
however, it appears a significant difference between the concentrations of these components when the two 
preparations were compared, noting the lowest measurements for the tested infusion. These results corroborate 
the findings of Cheel et al. (2005), who found the main eliminators ERs both the infusion, and in decoction and 
Cymbopogom Citratus extract, but with important differences in the relative proportions in each preparation. 

Lipids are structural components of the cellular membranes, they participate on the formation of the boundary of 
permeability of the cells and organelles under cellular on a lipid bi layer way. Besides, they can control the 
physiological state of organelles changing its biophysical aspects, like polarity and permeability and they can act 
as signaling molecules (Ayala et al., 2014). 

One of the consequences of the oxidative stress is a formation of peroxidation lipid products, which is highly 
harmful to the organisms because it can alter the permeability, fluidity and membrane integrity, and eventually 
results in severe cytotoxicity, leading to uncontrolled cell growth or cell death (Umesh & Ramana, 2013). 
Signorelli et al. (2006) found that women after menopause have levels of malondialdehyde (MDA) significantly 
higher when compared to the levels of fertile women, which shows that postmenopausal women have damage to 
lipids, and also contend that this condition can only be ascribable to the estrogen deficit, which characterizes 
menopause. Figure 1 shows the levels of lipid peroxidation of erythrocyte in women after menopause, where it is 
observed that in the group treated with infusion of Cymbopogon citratus to 25 g/L there was a lower incidence of 
lipid peroxidation (LPO) (p<0.05) when this was compared to the baseline group and the other treatment groups. 
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Figure 1. TBARS (nmol MDA/mg Hb) levels in human erythrocytes from postmenopausal women treated “in 
vitro” with different concentrations of Lemon grass. Different letters represent significantly different statistics, 

considering a p <0.05 

 

In addition to lipids, proteins are among the main targets of oxidants in the conditions of oxidative stress, 
because proteins are most abundant in cells (Hohn et al., 2013). These reactions frequently occurs in methionine, 
cysteine, proline, histidine, arginine, lysine, tryptophan, tyrosine, phenylalanine, and valine residual and as a 
consequence carbonated composed are generated (Oga et al., 2014).  

The carbonylation can be caused by the direct oxidation of the amino-acids rests with EROs, through the 
formation of reactive intermediates generated during the LPO that can react with the sulfidrile of cysteine group, 
the group e-amino of lysine or the group imidazole of rests of histidine forming final products advanced from the 
lipo oxidation or produced by reaction of redactor sugars or from their oxidation products with rests of lysine of 
proteins, taking to the formation of final products of advanced glycation (Butterfield & Dalle-Donne, 2012). 
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The elevation of the PCs formation can be directly related to the female growing, viewing that with the 
proximity of the post-menopause a reduction of the estrogen level occurs in women what besides decreasing the 
fertility of them, it increases the damages in proteins (Voss & Siems, 2006), viewing that, according to Oge et al. 
(2003) the estrogen presents antioxidant effect, which is due in part, to its hydro-phenolic structure, which can 
donate atoms of hydrogen to an instable molecule, becoming a less damageable radical.   

The infusions of Cymbopogon citratus in the concentrations tested in this study didn’t show effects on the PCs 
levels when the obtained results were compared among themselves (Figure 2). Showing that although this plant 
isn’t able to decrease the carbonylation of proteins, we can assure that the infusion of Cymbopogon citratus 
doesn’t take to bigger protein damages, thus it doesn’t aggravate the conditions of oxidative stress generated by 
the hormonal decreasing of women in post-menopause period.  
 

0

2

4

6

8

10
Control
Lemon grass 5 g/L
Lemon grass 10 g/L
Lemon grass 25 g/L
Lemon grass 50 g/L

a a a a a

nm
ol

 c
ar

bo
ny

l/m
g 

pr
ot

ei
n

 
Figure 2. PCS (nmol carbonyl/mg protein) levels in human erythrocytes from postmenopausal women treated 

“in vitro” with different concentrations of Lemon grass. Different letters represent significantly different 
statistics, considering a p <0.05 

 

The production of endogenous antioxidants such as GSH, is considered an alternative to combat these oxidative 
damage caused by ROS, given that it helps neutralize and repair the damage caused by oxidative stress (Ribeiro 
et al., 2005). Recent data have been showing that the efficiency in this antioxidant system can play an important 
role in the development of dysfunctions of the female reproductive system (Miquel et al., 2006; Kolesnikova et 
al., 2012). In this context, the infusion of lemon grass on 50 g/L demonstrated an important antioxidant effect, 
viewing that, in just one hour of treatment in water bath on 37oC the plant increased the GSH levels in the 
concentration of 50 g/L, what possibly would be favorable to the decreasing of the protein and lipid damages 
generated in the period of post-menopause in case that the period of contact of the erythrocytes to the infusion 
were bigger (Figure 3). 
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Figure 3. GSH (µmol GSH/mL) levels in human erythrocytes from postmenopausal women treated “in vitro” 

with different concentrations of Lemon grass. Different letters represent significantly different statistics, 
considering a p <0.05 

 

4. Conclusion  
The infusions of lemon grass on the concentrations of 25 g/L and 50 g/L showed that they own a discreet but 
important antioxidant activity, viewing that they decreased the LPO levels and they increased the GSH levels in 
some of the tested concentrations. Before that, it becomes fundamental to give continuity on the research about 
the antioxidant potential of this plant, because besides this one is very used popularly as an infusion, it can be 
presented as a future therapeutic alternative to the oxidative stress reduction in women on the post-menopause 
period. 
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