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Abstract: The essential oils of Cymbopogon citratus (EOCC) has found use in medicine, food and chemical industry. 

This study attempts to provide evidence of its suitability for antioxidant and anti-inflammatory therapy. Total phenol 

and total flavonoid of EOCC was 49.83±0.39mg GAE /g of extract and 352.82±3.45 µg QEC/g of extract 
respectively. Gas chromatography-mass spectrometry (GC-MS) analysis of its essential oil (EOCC) showed 25 peaks 

with myrcenyl acetate (9.703%), caryophyllene (8.997%), citronella (6.383%) been the most abundant. The in vitro 

anti-inflammatory assay using human red blood cell (HRBC) membrane stabilization shows that at 200µg/mL, the 

percentage inhibition of EOCC was significantly higher compared to diclofenac both for heat-induced and hypotonic 

induced haemolysis. 2,2-diphenyl-1-picrylhydrazyl (DPPH) and ferric reducing antioxidant power  (FRAP) assays 

showed a comparable and dose-dependent increase from 50 to 400 μg/mL in relation to vitamin C. Half maximal 

inhibitory concentration (IC50) of EOCC (73.16±12.89 μg/mL and 656.01±0.01 μmol Fe (II)/L) was remarkably higher 

compared to that of vitamin C (69.09±4.52 μg/mL and 246.79±0.01 μmol Fe (II)/L) both for DPPH and FRAP assays 

respectively. In conclusion, results from this study establish preliminary evidence on the therapeutic potential of EOCC 

in managing inflammation and oxidative stress caused by free radicals.  
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INTRODUCTION 

 

Medicinal plants are increasingly playing vital 

roles in the treatment and prevention of diseases in 

several parts of the world, including Nigeria 

(Chukwuma et al., 2015). Medicinal plants have 

been extensively used in folktale medicine because 

of their ethnopharmacological application 

(Idm'hand et al., 2019; Samoisy & Mahomoodally, 

2015), and they play vital roles in primary and 

public health care (Oladeji et al., 2019). Although 

most of these plants have been neglected in the 

past due to insufficient research on their essential 

oils and phytochemical constituent, increasing side 

effects resulting from the use of synthetic drugs 

and improvements in biotechnological methods 

(Fierascu et al., 2020; Olorunnisola et al. 2014; 

Tzanova et al., 2020; Wang & Weller, 2006) has 

resulted  in  a  bourgeoning  interest  to  isolate and  
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characterize the bioactive constituents of 

ethnopharmaceutical plants (Carson & Hammer 

2015; Dai & Mumper, 2010; Ganjewala, 2009; 

González-Rodríguez, 2020; Sasidharan, 2011). 

These bioactive phytochemicals confer medicinal 

value to ethnopharmaceutical plants (Batubara et 

al., 2015; Misiak & Lodyga-Chruscinska, 2010). 

Important and widely studied bioactive plants 

chemicals include flavonoids, phenolics, tannins, 

saponins and many more (Dai & Mumper, 2010; 

Misiak & Lodyga-Chruscinska, 2011; Gilling et 

al., 2014).  

Cymbopogon citratus (C. citratus) is an aromatic 

perennial grass traditionally used as tea or 

decoction (Olorunnisola et al. 2014). Their 

extensive use is attributable to their nice taste and 

therapeutic potentials. C. citratus is identified by 

different names because of its wide distribution; 

however, it is commonly recognized as lemongrass 

or citronella. Nche awula (Igbo), Eti (Edo), ikon eti 

(Efik), Tsauri (Hausa), Myoyaka makara (Ibibio), 

and Koriko- oba (Yoruba) are local Nigerian 
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names for C. citratus (Aiyeloja & Bello, 2006).  

Citronella, citronelle, squinant, citrongrass, 

gandhabene, xiang mao are the common names 

for C. citratus in the US, French-speaking 

countries, England, Sweden, India and China, 

respectively (Oladeji et al., 2019) Major 

attraction for researchers and local users are its rich 

composition of essential oil. Research findings 

have shown that the essential oil of C. citratus 

(EOCC) has high levels of geraniol, myrcene, 

citral (mixture of geranial and terpenoids), 

citronellol and α-oxo-bisabolene (Ranitha, 2014).  

Isolated forms of these compounds serve as 

important raw materials in the manufacturing 

industry for the production of several consumer 

products (Avoseh et al., 2015). For example, the 

lemon-like aroma and volatility of C. citratus 

derivatives such as citronella, makes its extracts 

useful in the manufacture of several consumer 

products such as deodorants, cosmetics, toiletries, 

aftershave, fragrances, perfume, local soaps, 

candle, insect repellents and culinary flavour (Garg 

et al., 2012; Oladeji et al., 2020). Also, people in 

Africa and Asia use C. citratus as a repellant for 

reptiles and, it has played a pivotal role in primary 

health care in these regions (Zhang et al., 2015; 

Lawal et al., 2017). 

Previous studies have shown the in vivo anti-

inflammatory potentials of Cymbopogon citratus 

(e.g. Boukhatem et al., 2014; Garcia et al., 2015); 

the anti-nociceptive action (Quintans-Junior et al. 

2011) and in vitro immunomodulatory effects of 

citral one of its major constituent (Bachiega & 

Sforcin, 2011). These studies have shown that the 

leaves of C. citratus contain important 

phytotherapeutic compounds that confer the 

antioxidant, anti-inflammatory, (Unuigbe et al., 

2019), anxiolytic (Costa et al., 2011), anti-fungi, 

anti-bacteria, anti-mutagenicity, anti-obesity 

(Olorunnisola et al., 2014), anti-malaria 

(Chukwuocha et al., 2016) properties of the plant. 

Also, several reviews on C. citratus discuss its 

anti-algesic, anti-hermetic, antispasmodic, anti-

dyspeptic, anti-fever effects, antiseptic, antipyretic, 

tranquillizing, and diuretic potentials (Ademuyiwa 

et al., 2015; Oladeji et al., 2020).  

An essential oil (EO) is usually a heterogeneous 

mix of plant secondary metabolites  (20-100) with 

low molar mass (usually <500 Da) and belonging 

to very different chemical groups, for example, 

phenylpropanoids, terpenoids and their oxygenated 

derivatives (Carson & Hammer, 2011). They are 

commonly isolated by solvent extraction, hydro 

distillation and steam distillation for commercial-

scale production. Usually, one or two bioactive 

compounds confers the biological activity to the 

essential oil mixture (Bakkali et al., 2008); 

however, in certain instances, the main 

bioactivities of the EO is not attributable to a 

single chemical constituent. Thus the synergic 

effect of several bioactive compounds confers the 

known chemical activity of the EO (Gulcin et al., 

2016).   

Both normal and pathological cellular processes 

result in the release of free radicals. For example, 

oxygen-derived free radicals are produced during 

normal cellular oxidation. Also, exogenous 

chemicals may trigger oxidative stress resulting in 

the release of more free radicals. Oxygen derived 

free radicals act by triggering oxidative processes, 

which may bring about cell death, tissue damage 

(Carson & Hammer, 2015); and may start off 

disease progression, including arteriosclerosis, 

cancer, cirrhosis, rheumatoid arthritis and several 

other age-related health challenges (Nagavani et 

al., 2014).  

However, oxidative enzymes like superoxide 

dismutase, catalase, and antioxidant chemicals 

such as ascorbic acid, glutathione, polyphenols, 

carotenoids, α-tocopherol, make up the body's 

defence against oxidative damage. If this 

antioxidant system gets distorted, normal 

metabolic processes will be affected, giving rise to 

age-related pathophysiologies (Sharifi-Rad et al., 

2020).  

There has been a bourgeoning interest to research 

the use of natural antioxidants as supplements and 

particularly on the utilization of essential oils as 

key constituents in the production of 

confectioneries, beverages and cosmetics. These 

natural antioxidant sources can support the body’s 

antioxidant system against oxidative damage 

(Saleh et al., 2010; Tajidin et al., 2015).  

Since several synthetic drugs have resulted in 

deleterious side effects, researchers are beginning 

to seek natural and plant-based alternatives which 

are thought to be well-suited, acceptable, tolerable, 

and do not lead to any severe side effects 

(Balakrishnan, 2014; Oladeji et al., 2020). This 

research effort attempts to establishing preliminary 

evidence on the therapeutic potentials of EOCC in 

managing inflammation and oxidative stress. 

.  
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MATERIALS AND METHOD 

 

Plant material sampling and preparation 

The plant leaves from Umuariaga village in 

Ikwuano Local Government Area (LGA), Umuahia 

Abia State, Nigeria, were harvested and identified 

by Mr Ibe Kalu at the Department of Forestry, 

Michael Okpara University of Agriculture 

Umudike as Cymbopogon citratus. The leaves 

were washed to remove dirt and debris. This was 

followed by air drying under shade at room 

temperature (25±2oc) for seven (7) days to attain a 

uniform weight. The dried leaves were milled 

using an electrical miller to powdered form. The 

extraction of essential oil followed immediately.  

 

Essential oil extraction 

Extraction was performed using a Soxhlet extractor 

and n-hexane at a ratio of 1:10w/v. The 

temperature was set at 35oC throughout the 

process. This set up was allowed to reflux 

continuously until all compounds in the plant 

material were exhaustively collected. The extract 

obtained was concentrated using a rotary extractor. 

The concentrated extract was transferred to a 

sterile clean container and stored in a refrigerator 

at 4oC until time for further analysis (GCMS, 

antioxidant and anti-inflammatory analysis).   

 

GC-MS analysis 

The essential oils composition of the extract was 

analyzed using a gas chromatograph (Hewlett-

Packard Agilent 6890N, Palo Alto, CA, USA) 

coupled with an Agilent mass selective detector, 

driven by Agilent Chemstation software (Agilent 

Technologies, Palo Alto, CA, USA). A DB-5SIL 

MS capillary column was used 

(30 m × 0.25 mm × 0.25 µm). The carrier gas was 

ultra-pure helium at a flow rate of 1.0 ml/min and a 

linear velocity of 37 cm/s. The injector temperature 

was set at 250 oC, and the oven temperature 

programmed at 60 oC to 280 oC at a rate of 10oC 

with a hold time of 3 min. Injections of 1 mL were 

made in the splitless mode with a manually split 

ratio of 1:0. The mass spectrometer operated in the 

electron ionization mode at 70 eV and electron 

multiplier voltage at 1859 V. Other MS operating 

parameters were as follows: ion source temperature 

230 oC, quadrupole temperature 150 oC, solvent 

delay 4 min and scan rage 50-700 a.m.u. Total GC 

running time was 22 min, and the compounds were 

identified by direct comparison of the retention 

times (RT) and mass fragmentation pattern with 

those from the National Institute of Standards and 

Technology (NIST) library.  

 

Estimation of total phenols 

 Total plant phenolics was determined 

spectrophotometrically using 10 mg/mL extract 

solution in methanol. A mix of 0.5 mL methanolic 

solution of extract, 2.5 mL of 7.5% NaHCO3, and 

2.5 mL of 10% Folin-Ciocalteu’s reagent dissolved 

in water was used as reaction mixture. In tandem, a 

solution of 0.5 mL methanol, 2.5 mL of 7.5% of 

NaHCO3  and 2.5 mL 10% Folin-Ciocalteu’s 

reagent dissolved in water was used as blank. 

Sample and blank were incubated at 45oC for 45 

min using a thermostat, and absorbance was 

measured at λmax = 765 nm. A similar procedure 

was followed using graded concentrations of Gallic 

acid (12.5 mg/L, 25 mg/L, 50 mg/L, 75 mg/L, 100 

mg/L and 150 mg/L) . Using the values obtained, a 

standard/reference curve was then constructed. 

Gallic acid standard equation obtained was y = 

0.0359x – 0.4562 (R2 = 0.9904). Mean absorbance 

of the triplicate samples was also calculated, and 

extrapolations were made using the standard curve 

to determine the total phenolic concentration  

(mg/mL). Total phenolic levels in essential oils 

was then expressed as gallic acid equivalent (mg of 

GAE/g of extract). 

 

Estimation of total flavonoids 

 Spectrophotometric assay as portrayed by Quettier 

et al., (2000), was used to determine the total 

flavonoid content of the essential oil. 1 mL of 1 

mg/mL methanolic extract and 1 mL of 2% 

methanolic solution of AlCl3 was contained in the 

sample, which was incubated at room temperature 

for 30mins. The absorbance of the sample was then 

measured at λmax = 415 nm. With the same 

protocol, a standard curve was constructed using 

serial dilutions of quercetin (12.5 mg/L, 25 mg/L, 

50 mg/L, 75 mg/L, 100 mg/L and 150 mg/L), and a 

standard curve (y = 0.024x – 0.067) was 

constructed with R2 = 0.997. The mean absorbance 

of triplicate samples was extrapolated on the 

calibration curve to determine the total flavonoid 

level (mg/mL) of the essential oil, which was 

expressed as quercetin equivalent (mg of QEC/g of 

extract). 

 

DPPH radical scavenging assay 
With some modification, spectrophotometric assay 

of free radical DPPH (2,2- diphenyl-1-picryl 

hydrazyl) scavenging activity as demonstrated by 

Mensor et al., (2001) was used to ascertain the 

antioxidant potentials of EOCC. The reference 

standard used was vitamin C (at different 

concentrations 25, 50, 100, 200 and 400 µg/mL). 

1mg/mL ethanolic (98%) solution of stock EOCC 

was prepared and diluted to several µg/mL 
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concentrations (25, 50, 100, 200 and 400 µg/mL).  

1.0mL of 0.3 mM DPPH was also prepared and 

mixed with 3.0mL of the sample (serial dilutions 

of EOCC extract) and also 3.0mL of the standard 

solution. The mixture was homogenized, and the 

reaction was allowed for 60minutes at room 

temperature in the dark. Absorbance was read at 

520 nm to ascertain the ability of essential oil to 

reduce 2,2- diphenyl-1-picrylhydrazyl to 2,2-

diphenyl-1-picryl hydrazine through a colour 

change detectable by the spectrophotometer. 

Values obtained were used to compute the 

corresponding percentage antioxidant activity 

(%AA), and the least square regression method 

was applied to determine the half-maximal 

inhibitory concentration (IC50) of the extract as 

well as the coefficient of determination (R2). 

Samples were treated in triplicate, and DPPH 

radical scavenging activity was obtained using 

 % 𝐷𝑃𝑃𝐻 𝑟𝑎𝑑𝑖𝑐𝑎𝑙 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
𝐴0−𝐴1

𝐴0
 𝑋 100             (1) 

where: A0 = absorbance of the control,  

A1 = Absorbance of DPPH solution + 

sample extract/standard. 

 

Ferric reducing antioxidant power (FRAP) 

assay 

Following some modification, the FRAP assay, as 

demonstrated by Benzei and Strain (1996) was 

used to determine the antioxidant capability of the 

essential oil. A 1:1:10 mix of FeCl3.6H2O (20 

mmol/L) solution, 2, 4, 6-Tri (2-pyridyl)-s-triazine 

(10 mM in 40 mM HCl) solution and acetate buffer 

(300 mM, pH 3.6) respectively was used as the  

working FRAP reagent. After warming the FRAP 

reagent at 370C, 3mL was measured and 

vigorously mixed with 10 μM of the sample 

solution. The reaction mixture was then incubated 

for 30 minutes at room temperature.  At λmax = 

593 nm and, between 30 seconds intervals, the 

absorbance of each sample was read for 4 minutes. 

The standard/reference curve was constructed by 

making use of a standard solution of aqueous 

Fe2+ solution within the range of 100 –1000 

μmol/L, and the FRAP estimates (μmol Fe (II)/L) 

of each sample was extrapolated using the least 

square regression technique. Vitamin C (Ascorbic 

Acid) was used as the reference standard.  

 

Determination of anti-inflammatory activity 

Blood collection 

The effects of lemongrass essential oil on the 

hemolysis of HRBC (human red blood cell) in 

hypotonic saline solution was evaluated as 

described by Anosike et al. (2012). Whole blood 

sample (5 mL) was collected from a healthy donor 

that has not received an anti-inflammatory drug 

(NSAIDs) in the past 10 days into heparinized 

tubes. 5mL of heparinized blood samples were 

centrifuged for 10 minutes at 3000rpm. The HRBC 

was repeatedly washed with normal saline by 

centrifugation as portrayed by Anosike et al. 

(2012) until the supernatant was clear. Red blood 

pellets were then dissolved in a volume of normal 

saline equal to the volume of the supernatant. The 

volume of the dissolved HRBC pellets obtained 

was measured and reconstituted as a 0.4% v/v 

suspension with isotonic buffer solution (pH 7.0, 

and containing 3.394g of NaH2PO4, and 20.214 of 

Na2HPO4 in 1000mL of distilled water). The 

reconstituted HRBC (resuspended supernatant) 

were utilized for the assay.   

 

Hypotonic induced haemolysis 

0.1 mL of the suspension (of the HRBC) was 

introduced into test tubes holding distinct 

concentrations (25-400 µg/mL) of lemongrass 

essential oil dissolved in hypotonic saline solution 

in triplicate. The mixtures were incubated at 37 °C 

for 3 minutes and later centrifuged at 3000 rpm for 

5 minutes. The absorbance of the supernatants was 

read at 560 nm. While 240µg/mL diclofenac was 

used as reference standard, an hypotonic saline 

solution served as control. The percentage 

inhibition was computed using the formula 

 𝐻 (%) =
𝐴𝐴−𝐵𝐵

𝐴𝐴
 𝑋 100        (2) 

where: AA = absorbance of control, BB = 

absorbance of test substance  

 

Heat-induced hemolysis assay 

First, isotonic phosphate buffer solution was used 

to dissolve the extract samples. Secondly, 3mL of 

graded extract doses (25, 50, 100, 200 and 

400μg/mL) were assembled in quadruplicate sets 

per dose. Also, 3mL of 200 μg/mL diclofenac and 

3 mL of the vehicle were prepared in control 

centrifuge tubes. 0.1 mL HRBC suspension was 

introduced to all sample tubes and then gradually 

mixed together. A pair of tubes were maintained at 

−10°C in a freezer for 20 minutes. At the same 

time, the other pair of the centrifuge tubes were 

incubated at 54°C for 20 minutes in a regulated 

water bath. Thereafter, the tubes were spined for 3 

min at 1300 g, and the haemoglobin concentration 

of the supernatant was measured at an absorbance 

of 540 nm with the aid of Spectronic 21D (Milton 

Roy) Spectrophotometer. The percentage 

inhibition of hemolysis by the essential oils was 

computed using the formula:  
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 % Inhibition of Hemolysis = 1 −  
𝑂𝐷2− 𝑂𝐷1

𝑂𝐷3−𝑂𝐷1
 𝑋 100 

                       (3)     

where:  

OD1 = absorbance of test sample unheated  

OD2 = absorbance of test sample heated  

OD3 = absorbance of control sample heated 

 

Statistical analysis 

Results obtained in this study were analyzed with 

the aid of SPSS version 22.0. Values were 

compared using analysis of variance (ANOVA) 

and Tukey's multiple comparison test to verify if 

they were significantly different.  Statistical 

significance was set at p < 0.05. 

 

 

RESULTS  

 

Total flavonoid and phenol contents of EOCC 

(Lemon Grass) leaves 

The total flavonoid and phenol contents of 

essential oil of Cymbopogon citratus leaves 

(EOCC) are shown in Table 1, and values are 

presented as means ± standard deviation of 

triplicate determinations. The total flavonoid was 

352.82±3.45 mg QEC/g of extract, while; the total 

phenol content was 49.83±0.39mg GAE/g of 

extract. 

 

 

GC-MS screening of the EOCC (lemongrass) 

Following comparison with the NIST electronic 

Library, 25 bioactive compounds were identified 

as constituents of the essential oil from C. citratus 

as presented in Table 2 below. Mass spectra used 

for this comparison is also shown in Figure 1. 

 

 

 

 

 
Table 1. Total flavonoid and phenol and contents of EOCC (Lemon Grass) leaves 

Sample Total flavonoid*  Total phenol**  

Lemongrass 352.82±3.45 49.83±0.39 

EOCC = Essential oil of Cymbopogon citratus leaves;  

* = mg QEC/g of extract (Quercetin equivalent);  

** = mg GAE /g of extract (gallic acid equivalent) 

 

Table 2: GC-MS screening of the essential oil of Cymbopogon citratus 

Peak Name of compound Retention time 

(minutes) 

Percentage 

concentration (%) 

Formula 

1 α-citral 4.560 3.720 C10H16O 

2 β-citral 4.922 2.522 C10H6O 

3 Geraniol 5.550 1.127 C10H18O 

4 Geranyl oleate 5.612 0.845 C28H50O2 

5 Citronella 6.120 6.383 C10H18O 

6 Terpinollene 6.710 2.577 C10H16 

7 Geranyl acetate 6.804 4.943 C12H20O2 

8 Myrcenyl acetate 7.079 9.703 C12H20O2 

9 Terpinenyl acetate 7.308 7.579 C12H20O2 

10 2-Nonanone 7.914 1.652 C9H18O 

11 Endo-borneol 8.080 3.662 C10H18O 

12 Linalyl acetate 8.257 2.468 C12H20O2 

13 α-pinene 8.395 0.514 C10H16 

14 β-pinene 11.445 1.142 C10H16 

15 Limonene 11.891 0.504 C10H16 

16 Linalool 12.154 0.548 C10H18O 

17 Caryophyllene 15.364 8.997 C15H24 

18 Isocaryophyllene 16.056 0.584 C15H24 

19 Fenitrothion 17.475 1.004 C9H12NO5PS 

20 Methyl parathion 17.790 0.625 C8H10NO5PS 

21 Retinol 17.830 1.194 C20H30O 

22 4-androsten-3β,6β-diol-17-one 17.962 0.659 C19H28O3 

23 3-β-5α-6β-trihydroxy androstan-17-one 18.042 5.829 C19H30O4 

24 4-androsten-3β-6β-diol-17-one 19.821 1.260 C19H28O3 

25 Androst-5-ene-3,17-dione 20.331 0.659 C19H26O2 
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Figure 1. GC-MS chromatogram of Cymbopogon citratus methanol leaves extract 

 

 

In vitro anti-inflammatory activities of EOCC 

Hypotonic induced haemolysis assay 

The result of the HRBC membrane stabilization 

activity in hypotonic solution (Figure 2) indicates 

that there was a concentration-dependent rise in 

activity from 50 to 400 µg/mL. The lowest anti-

inflammatory activity was detected at 50 µg/mL 

with 34.40% inhibition, while highest anti-

inflammatory activity was detected at 

concentration of 400 µg/mL with 54.40% 

inhibition and was significantly higher compared 

to that of the standard (13.09% at 200 µg/mL). 

Since HRBC membrane lysis act in similar fashion 

as the lysosomal membrane rupture, its 

stabilization using the extract may follow a similar 

mechanism as NSAID suppression of 

inflammatory pathways. Thus, % inhibition of 

hypotonic-induced haemolysis is a measure of the 

anti-inflammatory activity of EOCC. The half-

maximal inhibitory concentration (IC50) for EOCC 

was 345.3504±10.97 µg/mL. 

 

Heat-induced hemolysis assay 

The result of heat-induced hemolysis assay (Figure 

3), shows a dose-dependent rise in anti-

inflammatory response by EOCC. The lowest anti-

inflammatory response was detected at 25 µg/mL 

with 0.55% inhibition, while the highest anti-

inflammatory activity was detected at a 

concentration of 400 µg/mL with 92.27% 

inhibition. At an equivalent concentration of 200 

μg/mL EOCC showed a significantly higher 

percentage inhibition (42.43±4.27%) compared to 

the standard (25.49±0.70%). Half maximal 

inhibitory concentration (IC50) for EOCC was 

238.39±17.68 μg/mL.  

 

In vitro antioxidant activities of EOCC 

DPPH scavenging response of the EOCC was 

concentration-dependent, and ascorbic acid has 

been used as a reference standard. The maximum 

concentration of EOCC used in this study 

(400 μg/mL) gave the highest DPPH scavenging 

activity compared to the other concentrations of 

EOCC. Figure 4 shows the linear trend, the least 

square regression equation and the coefficient of 

determination.  

Also, Figure 5 shows the ferric reducing 

antioxidant power (FRAP) of EOCC using 

ascorbic acid as the reference standard. There was 

a dose-dependent increase in FRAP of EOCC from 

25 to 400 μg/mL in relation to the standard. 

50% inhibitory concentrations (IC50) for EOCC 

and ascorbic acid are presented in Table 3. 

Antioxidant capacity was inversely proportional to 

the half-maximal inhibitory concentration (IC50), 

and values obtained for EOCC were comparable 

with that of Ascorbic acid.   

 

 

https://www.sciencedirect.com/science/article/pii/S2213453016300933#tbl0010
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Figure 2. Percentage inhibition of hypotonic-induced 

haemolysis with EOCC. *Values are means ± standard 

deviations of triplicate determination 

Figure 3. Percentage inhibition of heat-induced haemolysis with 

EOCC. *Values are means ± standard deviations of triplicate 

determinations 

 

 

 

 
Figure 4. DPPH scavenging effect of EOCC, with Ascorbic acid as standard. 

 

 
Table 3: Half maximal inhibitory concentrations (IC50) for EOCC and ascorbic acid. 

Antioxidant assays IC50 value 

EOCC Ascorbic acid 

DPPH (μg/mL) 73.16±12.89 69.09±4.52 

FRAP (μmol Fe (II)/L) 656.01±0.01 246.79±0.01 

 

*4.40±1.34
*6.98±0.68

*39.08±0.2
4
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Figure 5. Ferric reducing antioxidant power (FRAP) of EOCC. 

 
 

DISCUSSION 

 

Cymbopogon citratus has been reported to contain 

several beneficial phytochemicals and compounds 

which have made its essential oil, a vital starting 

material in the production of many 

pharmaceuticals and cosmetics (Acimovic et al., 

2019; Boukhatem et al., 2014; Tayupanta, 2016). 

Phytochemicals such as flavonoids and phenolics 

have been reported by many scholars to abate 

oxidative stress, and exhibit a broad spectrum of 

therapeutic potentials including anti-diabetes, ant-

inflammatory and anti-cancer (e.g. Al-Snafi et al., 

2020; Hamzah et al., 2013; Karak, 2019; Mirghani 

et al., 2012; Tungmunnithum et al., 2018; Unuigbe 

et al., 2019). This necessitated the research on the 

anti-inflammatory and antioxidant properties of 

EOCC, including the total flavonoid and phenol 

levels.  

Medicinal and aromatic plants are well known to 

contain phenols and flavonoids; these compounds 

have drawn considerable attention because of their 

potential antioxidant activities, demonstrating their 

beneficial implications for human health (Maizura 

et al., 2011; Unuigbe et al., 2019). Total phenol 

(49.83±0.39mg GAE /g of extract) and total 

flavonoid (352.82±3.45 µg QEC/g of extract) 
reported in this study for C. citratus grown in 

Umuahia is remarkably higher than those reported 

by Godwin et al., (2014) for C. citratus harvested 

at different locations in Southern Ghana;  also, 

total phenol was notably higher when compared 

with values reported by Olaiya et al., (2016) and 

Sete da Cruz (2020) however, total flavonoid was 

comparable to those reported by Olaiya et al., 

(2016) for C. citratus grown in Western Nigeria. 

However,  alongside the choice of solvent used for 

extraction, the absence or presence of non-phenolic 

antioxidant metabolites that can reduce Folin-

Ciocalteu may influence the total phenol 

concentration of plant extracts (Jolayemi et al.,    

2020). The high amounts of total phenol and total 

flavonoids of EOCC, as shown in Table 1, has 

strong implications for the (highly significantly) 

antioxidant and anti-inflammatory potential of 

EOCC, and this is in line with previous studies by 

Gebashe et al., (2020), Olaiya et al., (2016) and 

Godwin et al., (2014), on the phytochemical profile 

and therapeutic potentials of Cymbopogon citratus. 

Particularly, polyphenolic compounds scavenge 

free radicals by donating protons from their 

hydroxyl group, which stabilizes these radicals 

(Goupy et al., 2003). Also, flavonoids can decrease 

the pro-oxidant action of metal ions by chelating 

them, thus inhibiting the production of reactive 

oxygen species. Their role as antioxidants 
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primarily explains several other pharmacological 

characteristics, including neuroprotection and anti-

inflammation (Misiak, & Lodyga-Chruscinska, 

2010).   

In respect to this study, a GC-MS assay was done 

on the essential oil of Cymbopogon citratus 

(EOCC). Results obtained show that the plant 

contained a wide range of phyto-compounds which 

may be responsible for its therapeutic potentials. 

The total peak area (%) and retention times (RT) 

depicted twenty-five absorption peaks indicating 

the presence of twenty-five (25) phyto-compounds 

in the extract. The identified phyto-compounds 

comprise mainly hydrocarbons, terpenes, ketones, 

aldehydes, alcohols, esters, phenols, flavonoids, 

fatty acids and some other compounds (Shruti, 

2015).  

The GC-MS chromatogram of EOCC is presented 

in figure 1 above. The most significant compounds 

identified include myrcenyl acetate (9.703%), 

caryophyllene (8.997%), citronella (6.383%), 3-β-

5α-6β-trihydroxy androstan-17-one (5.829%), 

geranyl acetate (4.943%), and α-citral (3.720%). 

However, other parallel studies identified geranial, 

neral and myrcene as three relatively high 

components of Cymbopogon citratus (Bassolé et 

al., 2011; Boukhatem et al., 2014, Olivero‐Verbel 

et al., 2010; Zaki et al., 2018). Also, Hanaa et al.,  

(2012) reported a discrepancy in the proportion but 

consistent makeup of phytochemical component 

for C. citratus obtained within the same locality 

but dried using different methods. This implies 

that variation in the phytochemical composition of 

C. citratus is mainly due to geographical origin, 

plant species (Oladeji et al., 2019), climatic 

factors, age of the plant (Lawal et al., 2017), 

harvesting factors (Coelho et al., 2016) method 

employed during distillation (Ganjewala, 2009) 

and storage time of the sample plant (Akinkunmi 

et al., 2016).  

The presence of these therapeutically active 

compounds lays credence to the use of 

Cymbopogon citratus essential oil in 

ethnopharmacology (Avoseh et al., 2015; Mirghani 

et al., 2012). For example, results from a recent 

study by Salaria et al. (2020) has shown that 

caryophyllene has higher binding energy when 

matched with diclofenac and not only binds better 

to the Human peroxiredoxin-5 compared to 

ascorbic acid and α-Tocopherol but also showed 

greater safety thus, providing a better alternative 

for antioxidant and anti-inflammatory therapy.   

Anti-inflammatory agents act to maintain the 

integrity of the lysosomal and erythrocyte 

membranes by stabilizing membrane proteins 

(Anosike et al., 2012; Mahendra et al., 2016). 

However, during inflammation, lysosomal 

enzymes get released into the cytosol, where they 

trigger metabolic processes that result in damage 

of surrounding tissues. Thus, anti-inflammatory 

therapy acts by inhibiting the release of lysosomal 

enzymes through the stabilization of lysosomal 

membrane proteins (Mahendra et al., 2016). 

During this research, membrane stabilization 

techniques were used to assess the anti-

inflammatory capability of C. citratus essential oil 

(EOCC). The results revealed that Cymbopogon 

citratus essential oil significantly impeded the 

erythrocyte hemolysis under heat stress (IC50 = 

238.39±17.68 μg/mL) and in hypotonic saline 

solution (IC50 = 345.3504±10.97 μg/mL) following 

a concentration-dependent fashion. Also, the 

percentage inhibition was significantly higher 

compared to the standard drug diclofenac. This 

suggests that Cymbopogon citratus essential oil 

contains bioactive molecules which can be isolated 

and concentrated for anti-inflammatory drugs. 

Cymbopogon citratus essential oil may have 

stabilized the HRBC membrane proteins, thereby 

preventing its rupture as reported by Mahendra et 

al. (2016). Also, it is possible that the anti-

inflammatory activity exhibited by EOCC is as a 

result of the ability of some of its constituent 

compounds to impede the synthesis of 

proinflammatory cytokines (Sforcin et al., 2009); a 

good example is citral which is mainly a blend of 

neral (β-citral) and geranial (α-citral) (Zaki, 2018). 

This is buttressed by the findings of a previous 

study by Bachiega and Sforcin (2011). According 

to them, citral exerts immunomodulatory action 

through the inhibition of interleukin (IL)-1β and 

interleukin-6 (IL-6) synthesized by macrophages 

both before and after a lipopolysaccharide 

challenge (Bachiega & Sforcin, 2011). Citral 

blocks lipopolysaccharide-induced stimulation of 

nuclear factor kappa-B (NF-κB) by suppressing the 

phosphorylation of  I-kappa-B (I-κB), which 

further inhibits,  p50 and p65 translocation to the 

nucleus; overall, preventing gene expression of 

various cytokines (Lee et al., 2007). Our study 

shows significant levels of citral in EOCC, 

suggesting the suitability of EOCC as a preventive 

and therapeutic anti-inflammatory agent.  

Antioxidant phytochemicals perform vital 

functions against age-related ailments, including 

cancer, high blood pressure and cardiovascular 

disease, either by stimulating the release of 

endogenous antioxidants or acting directly to 

scavenge reactive oxygen species and free radicals 

(Jamuna et al., 2017). The results of this study 

show that the reducing power and antioxidant 

potential of EOCC (IC50 = 73.16±12.89 μg/mL) is 
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comparable to that of standard vitamin C (L-

ascorbic acid), suggesting its role in free radical 

inhibition as a proton donator.  These findings are 

in consonance with previous studies (Hasim et al., 

2015; Jamuna et al., 2017; Salaria et al., 2020).  

The antioxidant properties of EOCC are ascribable 

to phytochemicals with redox potential such as 

phenolic compounds (Unuigbe et al., 2019), 

flavonoids, alkaloids and sulphides (Hasim et al., 

2015). In our study, 400 μg/mL concentration 

showed the highest antioxidant activity.  

Also, concentration-dependent scavenging activity 

of EOCC against FRAP radicals was observed. In 

line with findings by Unuigbe et al. (2019), our 

results suggest that EOCC is an excellent 

antioxidant agent and may guard against oxidative 

stress by sequestering Iron II ions.  

 

 

CONCLUSION 

 

Our study reveals that the essential oil from 

Cymbopogon citratus (EOCC) possess anti-

inflammatory and antioxidant properties in vitro as 

shown by the highly significant percentage 

inhibition of human red blood cell membrane 

hemolysis,  DPPH and FRAP oxidation which 

were possibly enhanced by the total flavonoid and 

phenol contents. The results show that the 

percentage inhibitory activity is dose-dependent 

and half-maximal inhibitory concentration (IC50) 

were comparable to those of standard drugs- 

diclofenac and ascorbic acid. However, it is 

suggested that further studies be carried out to rule 

out any possibility of toxicity and to purify and 

concentrate the active components in order for the 

oil to be used as an antioxidant and therapy for 

inflammation. 
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