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Abstract 

Origanum majorana is a cosmopolitan herb widely known as “marjoram”, which is used in traditional medicine 
and as family kitchen herb, for culinary purposes. Phytochemical screening was carried out and the antioxidant 
activity of Origanum majorana (Lamiaceae) hydroethanolic extract and infusion was investigated in this study. 
The hydroethanolic extract was screened through thin layer chromatography, subjected to spectrophotometry for 
polyphenols, flavonoids and tannins, as well as to 2,2-diphenyl-1-picrylhydrazyl free radical and iron reducing 
power assays. Fresh plant infusion was tested for the first time at three different concentrations against oxidative 
stress biomarkers in erythrocytes from HIV patients undergoing antiretroviral therapy. High antioxidant 
substance levels, as well as significant decrease in carbonylated protein, GSH and TBARS levels, were recorded, 
fact that showed the potential of O. majorana as exogenous antioxidant source. Our results indicated that O. 
majorana has good potential to prevent diseases caused by the overproduction of free radicals, and that it can be 
used as potential source of natural antioxidant agents. 
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1. Introduction 

Origanum majorana belongs to family Lamiaceae and is a cosmopolitan herb widely known as “marjoram”. It is 
used in traditional medicine to treat gastro-intestinal disorders, depression, dizziness, migraine, paroxysmal 
cough, besides being used in several countries due to its diuretic and anti-coagulant properties (Yazdanparast & 
Shahriyary, 2008). It is also a family kitchen herb widely used for culinary purposes such as seasoning in salads 
(Park, 2011; Hafez, 2012).  

Among its phytochemical constituents, the literature has shown that its volatile oil has terpinen-4-ol and 
(+)-cis-sabinene, which are responsible for the characteristic flavor and aroma of its essence. Although 
terpinolenes (a- and g-), thymol and carvacrol were also reported as majoritary compounds, there can be 
composition variations, mainly between samples from different locations (Novak, Langbehn, Pank, & Franz, 
2002; Edris, Shalaby, & Fadel, 2003). Other secondary metabolites such as rosmarinic acid, methyl rosmarinate, 
apigenin and luteolin-7-O-rutinosis (Shan, Cai, Sun, & Corke, 2005; Wojdylo, Oszmianski, & Czemerys, 2007; 
Roby, Sarhan, Selim & Khalel, 2013) were also found in methanolic extracts. 

Among the biological activities previously reported for marjoram, one finds cardioprotection against myocardial 
infarction (Ramadan, El-Beih, Arafa, & Zahra, 2013), cell adhesion inhibition, protein secretion and platelet 
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self-aggregation (Yazdanparast & Shahriyary, 2008), apoptotic and anti-proliferative activities in leukemic 
lymphoblastoid Jurkat T-cells (Abdel-Massih, Fares, Bazzi, El-Chami, & Baydoun, 2010) and gastroprotection 
against ulcers (Pimple, Kadam, & Patil, 2012).  

Health hazards resulting from damages caused by oxidative stress are well known, for example: the excessive 
production of oxygen and nitrogen free radicals. The production of these substances under such conditions 
exceeds the quenching capacity of antioxidant enzyme (such as superoxide dismutase, glutathione peroxidase 
and catalase) and non-enzymatic systems (such as glutathione, ascorbic acid and -tocopherol), thus leading to 
cell damage and, subsequently, to health issues (Bhatia, Shukla, Madhu, Gambhir, & Prabhu, 2003; Peuchant et 
al., 2004). In these cases, it is necessary adopting supplementation with exogenous antioxidants to help 
re-establishing the redox state at homeostatic level. A previous study demonstrated the potential of O. majorana 
× O.vulgare to enhance the oxidative stability of eggs rich in omega 3 fatty acids (Handl et al., 2008). A study 
conducted with cakes supplemented with different marjoram concentrations demonstrated its effective 
antioxidant properties (Hafez, 2012). In addition, studies have shown that culinary herbs and spices can work as 
bioactive polyphenol sources and have beneficial effects on human health. Among their main properties, we 
highlight antioxidant, anti-inflammatory and anticarcinogenic activities, which could be related to their 
polyphenolic content (Elansary et al., 2018, Oniga et al., 2018). 

Given the usefulness of natural products as possible sources of dietary antioxidants, O. majorana L. was herein 
selected as object of study by taking into consideration its use as spice in food. Samples were subjected to 
phytochemical screening and their antioxidant activity against oxidative stress biomarkers was investigated. 

2. Methods 

2.1 Chemical Reagents, Apparatus and General Procedures 

All chemical reagents were of analytical grade. Hexane and ethanol were purchased at Vetec. Methanol; acetic 
acid, gallic acid, chlorogenic acid, caffeic acid, ascorbic acid, ferric chloride and aluminum thin layer 
chromatography (TLC) plates were purchased at Merck (Darmstadt, Germany); 2,4,6-tripyridyl-S-triazine and 
rutin were purchased at Sygma. Spectrophotometric measurements were performed in a Shimadzu UV-120 
spectrophotometer (Shimadzu, Kyoto, Japan).  
2.2 Plant Material 

Plant material comprised fresh Origanum majorana L leaves, which were manually harvested in the urban area of 
Cruz Alta County (mean altitude 452 meters, latitude 28º38′19″ South and longitude 53º36′23″ West), Rio Grande 
do Sul State, Brazil. Voucher specimen was identified by botanist Diego Pascoal Golle and registered under the 
number 1098 at the Herbarium of Medicinal and Toxic Plants, University of Cruz Alta. 

2.2.1 Hydroethanolic Extract and Infusion Obtainment 

Fresh O. majorana leaves were dried in oven under air circulation, at 45º C, for 3 days. Dried leaves were reduced 
to powder in a knife mill. Lipophilic substances were previously removed by maceration using hexane at room 
temperature, at solvent:plant ratio 9:1. Ten (10) days later, the liquid phase was filtered and the process was 
repeated. Next, the plant powder was covered with hydroethanolic mixture (ethanol:water, 70:30, v/v) based on the 
same procedure described above. Ethanol from the filtrate was subjected to evaporation under reduced pressure. 
Then, the resulting material was dried by lyophilization and the resulting product was named hydroethanolic 
extract (HET). 

Origanum majorana infusion (OMINF) was obtained by heating 100 mL of water to the boiling point in a closed 
container. Heating was turned off after the boiling point was reached and the container was uncovered to allow the 
addition of 5.0 grams of fresh plant. Next, it was closed again for 10 minutes. Then, filtration was carried out in 
order to obtain an infusion at 50 g/L concentration, which was diluted to reach concentrations 25 and 10 g/L. 

2.2.2 Phytochemical Screening 

Both extracts were subjected to phytochemical screening through thin layer chromatography (TLC) in order to 
find the essential oil components, terpenoids, saponins and alkaloids (Wagner & Bladt, 1996). The solid phase 
consisted of aluminum TLC plates coated with silica-gel 60 and F254 fluorescent indicator. Mobile phases 
consisted of specific solvent mixtures for each substance class, as shown in Table 1. Post-elution samples were 
observed under UV 254 and 365 nm, and under visible light after they were sprayed with specific indicators. 

(1) Polyphenol, Total Flavonoid and Condensed Tannin Determination 

Total polyphenol content was investigated based on the Folin-Ciocalteau method (Chandra & De Mejia, 2004) 
using 0.15 mg/mL HET solutions. Absorbance was measured in spectrophotometer at wavelength 730 nm – 
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measurements were conducted in triplicate. Total polyphenol content was expressed as milligrams of gallic acid 
equivalents per gram of dry plant. The equation applied to the standard gallic acid curve was y = 52.167x – 0.0631 
(r = 0.9999). 

Total flavonoid content was spectrophotometrically analyzed (Woisky & Salatino, 1998), 0.5 mL of AlCl3 solution 
at 2% was added to 1mL HET (150 μg/mL); absorbances were read at 420 nm, 15 minutes later. Tests were 
performed in triplicate. The equation applied to the standard quercetin curve was y = 0.0045x – 0.014 (r = 0.9997). 
Flavonoid content was expressed as milligrams of quercetin equivalents per gram of dry plant. 

Tannin content was spectrophotometrically determined (Morrison, Asiedu, Stuchbury, & Powel, 1995) using HET 
samples at concentration 0.25 mg/mL, as well as 5 mL of solutions A (1 g vanillin in 100 mL methanol) and B (8 
mL HCl in 100 mL methanol). Samples were read at 500 nm. Total tannin was expressed as milligrams of catechin 
equivalents per gram of dry plant. The equation applied to the standard catechin curve was y = 0.00015x – 0.005 (r 
= 0.9989). Experiments were performed in triplicate.  

(2) Free Radical Scavenging Activity and Reducing Power 

Free radical scavenging activity was evaluated through the DPPH spectrophotometric method (Choi et al., 2002), 
using HET concentrations 250, 125, 62.5, 31.25, 15.62 and 7.81 g/mL. Then, 2.5 mL of each sample was added 
with 1.0 mL of 0.3 mM DPPH solution in ethanol and incubated in dark chamber for 30 minutes - readings were 
performed at 518 nm. DPPH solution (1 mL, 0.3 mM) in ethanol (2.5 mL) was used as negative control, whereas 
standard ascorbic acid and rutin solutions (at concentrations equal to that of samples) were used as positive 
controls. Solutions of each test sample without DPPH addition were used as blank. Tests were performed in 
triplicate and antioxidant activity was calculated based on the equation below: 

Radical scavenging activity (%) = 100 – [(Abs sample – Abs blank)/Abs control × 100]       (1)  

Where, Abs sample = sample absorbance; Abs blank = blank absorbance; Abs Control = ethanolic DPPH solution 
absorbance. 

Ferric reducing antioxidant power (FRAP) assay was used to determine the reducing power of the extract at 
concentrations 25, 50, 100, 250, 500 and 1000 μg/mL; gallic acid was used as standard and expressed as μM 
Fe2+/mL extract (Benzie & Strain, 1996). 

2.2.3 Statistical Analysis  

Results were used to generate an inhibition rate versus extract concentration graph. Scavenging, or inhibitory, 
concentration (IC 50) was defined as the extract concentration (µg/mL) required to inhibit 50% of the DPPH in the 
assay medium; it was calculated in the Microsoft Office Excel 2007® software based on the standard curve. Each 
value was expressed as mean ± standard error of the mean, n = 3. Different letters were significantly different at p 
< 0.05. Data were subjected to analysis of variance, which was followed by Tukey’s multiple comparison post-hoc 
test.  

2.3 Analyzing the Antioxidant Capacity of Origanum marjorana Infusion (OMINF) Through Oxidative Stress 
Biomarkers in Erythrocytes of HIV-Positive Individuals  

Biological material from seventeen random male and female HIV patients undergoing antiretroviral therapy was 
collected through venipuncture by using vacuum tubes containing ethylenediaminetetraacetic acid (EDTA). The 
biological material was homogenized and packed in thermal boxes after collection. Subsequently, samples were 
centrifuged at 3000 rpm for 10 minutes and the plasma was removed. Erythrocytes were washed three times with 
isotonic saline solution and diluted in 0.9% saline solution until reaching 5% hematocrit (Horn et al., 2015). The 
post-dilution supernatant was discarded and the erythrocytes of each participant were divided in four treatment 
groups:  

Basal (OMINF free): Erythrocytes from HIV individuals treated with saline solution;  

Group 10: Erythrocytes from HIV individuals treated with OMINF at 10 g/L;  

Group 25: Erythrocytes from HIV individuals treated with OMINF at 25 g/L;  

Group 50: Erythrocytes from HIV individuals treated with OMINF at 50 g/L. 

Erythrocytes from seventeen HIV/AIDS-free male and female individuals were used to form the control group. 
Erythrocytes were treated in vitro in water bath at 37 °C for one hour. Subsequently, samples were vortexed for 
erythrocyte hemolysis and centrifuged at 3600 rpm for 15 minutes to remove the supernatant and enable the 
analytical determinations.  
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2.3.1 Analytical Determinations  

(1) Determining Thiobarbituric Acid Reactive Substances (TBARS) 

TBARS were measured according to the protocol described by Stocks and Dormandy (1971). The supernatant 
was added, along with the reaction mixture of trichloroacetic acid (TCA), to 28% (v/v) thiobarbituric acid (TBA) 
at concentration 0.1 mol/L, at 95 °C. Readings were performed at 532 nm. Results were expressed as ηmol 
MDA/g Hb. Hemoglobin (Hb) level analysis was conducted according to recommendations in the Labtest® 
commercial kit.  

(2) Determining the Reduced Glutathione (GSH) Levels 

The technique described by Ellman (1959) was used to determine the GSH levels using potassium phosphate 
buffer (TFK) at 1 M, pH 7.4, and acid 5,5'-ditiobis-(2-nitrobenzoic) (DTBN). The procedure was performed in 
ice bath and the readings were conducted in visible spectrophotometer, at 412 nm. Results were expressed as 
μmol GSH/Hb. Hb level analysis was conducted according to recommendations in the Labtest® commercial kit.  

(3) Determining the Carbonyl Protein (CP) Levels 

CP level analyses were performed based on the technique described by Levine et al. (1990), using 10% (v/v) of 
trichloroacetic acid (TCA), 2N hydrochloric acid, 10mM of 2,4-Dinitrophenylhydrazine (DNPH) and 3% (m/v) 
of sodium dodecyl sulfate (SDS) in the reaction mixture. Readings were carried out in visible spectrophotometer, 
at 370 nm. Results were expressed as ηmol CPs/mg TPs. Total Protein (TP) level analysis was conducted 
according to recommendations in the Labtest® commercial kit. 

4.3.2 Statistical Analysis  

The analytical determinations of all samples were performed in triplicate and results were expressed as ± SD 
(Standard Deviation). The distribution of variables was subjected to the Kolmogorov-Smirnov, Shapiro-Wilk 
normality and D’Agostino-Person omnibus normality tests. Data concerning the same parameters of all studied 
groups were subjected to one-way analysis of variance (ANOVA), which was followed by Tukey-Kramer test. 
Significantly different rates were set at p < 0.05.  

3. Results 

3.1 Extraction Yields 

The amount of 355.33g fresh plant yielded 79.53 g of dry plant material, which was used to obtain 10.58 g of 
hydroethanolic extract (HET), it corresponded to 13.53% HET yield in comparison to the dry material. 

3.2 Phytochemical Screening Through Thin Layer Chromatography, Total Polyphenol, Flavonoid and Tannin 
Contents 

Table 1 presents results of phytochemical screening conducted through thin layer chromatography (TLC) and of 
spectrophotometric polyphenol, total flavonoid and tannin measurements.  

TLC screening did not find alkaloids in the sample, although it recorded essential oil, saponins and terpenoids. 
Spectrophotometric measurements also showed polyphenolic substances, flavonoids and tannins. 

 

Table 1. Results of phytochemical screening conducted through thin layer chromatography and 
spectrophotometric assays in order to determine the total amount of polyphenols, flavonoids and tannins in the 
Origanum majorana hydroethanolic extract 

TLC screening 

Eluents 
Toluene-ethylacetate 
(93:7) 

Chloroform-glacialaceticacid-
methanol-water (64:32:12:8) 

Toluene-ethylacetate- 
diethylamine (70:20:10) 

Ethylacetate- 
methanol-water (77:15:8)

Evaluated parameters Essential oils Saponins Alkaloids Terpenoids 

Results POS POS NEG POS 

 

TLC results were expressed as positive (POS) or negative (NEG).  

3.3 Free Radical Scavenging Activity and Reducing Power 

The hydroethanolic extract (HET) of O. majorona showed antioxidant activity in the 2,2-diphenyl-1- 
picrylhydrazyl (DPPH) assay (Figure 1). According to the calculated IC 50 values, the HET result was comparable 
to the rutin and ascorbic acid standards, the IC 50 value was 37.42 mg/mL.  
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antioxidant behavior depending on the applied dose (Bonfanti et al., 2013). Lipid peroxidation is an oxidative 
deterioration process, in which polyunsaturated fatty acids are damaged by radical species. MDA is one of the 
most widely used biomarkers, since it is one of the secondary products of lipid peroxidation (Brum et al., 
2013)—high MDA levels can indicate oxidative damages to mitochondrial and hepatocyte cell membranes. The 
TBARS assay is capable of estimating the oxidative damage in cell membranes due to its high sensitivity, 
although it lacks specificity to distinguish products formed during lipid peroxidation (Duarte et al., 2016). 
Overall, changes in MDA levels can be a signature of changes in membrane physiology—OMINF protects 
against this physiological unbalance, mainly at concentrations 10 and 25 g/L. The inhibition measured in the 
TBARS assay suggested that it was linked to phenolic compound levels. 

Additionally, GSH levels increased significantly at the 50 g/L dose of OMINF infusion (Figure 3B). Glutathione 
(as neuronal antioxidant) plays an important role in H2O2 detoxification and helps preventing damages to 
macromolecules caused by oxidative stress (McBean, 2017). Glutathione is found in reduced (GSH) and 
oxidized (GSSG) forms, but the reduced form prevails in healthy cells. GSH depletion can activate neuronal 
lipoxygenase, which, in its turn, can generate increased intracellular peroxide levels through arachidonic acid 
catabolism (Boadi, Harris, Anderson, & Adunyah, 2013). The subsequent oxidative damage resulting from H2O2 
and hydroxyl radicals (OH-) may play a key role in the neuronal dysfunction and/or death of patients affected by 
neurodegenerative diseases. Thus, GSH plays a vital role in combating oxidative stress in cells. 

Our study recorded significant decrease in the carbonylated protein assay, after incubation at different OMINF 
concentrations (10, 25 and 50 g/L); these results showed dose-dependent effect (Figure 3C), in which higher 
concentrations had better effect than the lower ones. This behavior could be explained by the higher amount of 
phenolic compounds in the highest doses. This result was already expected, since O. majorana has shown high 
polyphenolic compound levels to which we attributed the antioxidant properties of the investigated plant species. 
With respect to the action of oxidant stressors over proteins, it is known that they increase the formation of 
carbonyl groups (Horn et al., 2015); such formation may also result from the harmful effect of substances like 
hypochlorous acid and monodicarbonyls (such as MDA). However, unlike lipid peroxidation, protein oxidation 
is not featured by chain reactions. Measuring the level of carbonyl groups in circulating proteins provides 
advantages that other oxidative stress markers do not provide; these oxidation products form relatively early, 
besides being more stable; thus, they can be useful oxidative stress markers (Brum et al., 2013). High protein 
carbonyl group levels have been observed in several diseases, such as Alzheimer’s disease, rheumatoid arthritis, 
diabetes, sepsis, chronic renal failure and in some malignancies (Kamdem et al., 2013). 

Based on the herein presented data, the best activity level versus basal group results of TBARS, GSH and 
carbonylated protein tests were recorded at plant extract concentrations 10 g/L in TBARS and 50 g/L in the other 
tests. This outcome indicated that the plant extract worked through different protection mechanisms. Again, these 
promising results of significantly reduced oxidative stress marker levels suggested that O. majorana performs an 
important antioxidant activity, which can be explained by its secondary metabolite content, mainly by its high 
antioxidant compound content. The lowest concentration was particularly effective in the TBARS test, besides 
being known as lipid peroxidation marker.  

The antioxidant properties of O. majorana were previously studied by Erenler et al. (2016). However, the 
antioxidant activity of its infusion against the erythrocytes of HIV-positive individuals was first described in our 
study. Apparently, the treatment with OMINF in vitro helped better protecting the erythrocytes. Glutathione 
peroxidase is applied to metabolic pathways associated with the detoxification of organic and inorganic 
peroxides, since its action depends on the GSH content in phase II biotransformation reactions to prevent 
damages to cell membranes and to other macromolecules (Horn et al., 2015). It was possible inferring that the 
OMINF infusion enhanced the use of GSH as substrate by erythrocytes, which may have decreased the 
formation of carbonylated proteins and TBARS. We hypothesize that the infusion can achieve sufficient plasma 
levels to produce biological effects in studies conducted in vivo, so studies with pharmacokinetic models should 
be encouraged. Alternatively, out study opens windows for research involving specific formulations of the herein 
adopted extract, since it showed good antioxidant compound concentration. 
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