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ABSTRACT  

 

1,5,9-Epideoxyloganic acid (ELA) was isolated from the methanol fraction of endemic Nepeta aristata crude methanol-chloroform 

by chromatographic methods (preparative-HPLC, silica, and sephadex column). The structure of ELA was determined with 1H NMR 

and 13C NMR spectrometry. Furthermore, the mass of the molecule was confirmed by mass spectrometry. ELA's antioxidant and 

antibacterial activities were examined and also compared to standards. ELA exhibited the best antibacterial activity with inhibition 

zone against K. pneumoniae (11.50 mm), S. aureus (10.00 mm), and also effective minimum inhibition concentration value against 

E. faecalis (8 µg/mL). The antioxidant properties of ELA were assessed with posphomolybdenium reducing, reducing power, metal 

chelating, H2O2, DPPH˙, ABTS˙⁺, and O2˙ˉ scavenging activities. The posphomolybdenium, O2˙ˉ, and H2O2 scavenging activities of 

ELA were found effective at 136.02±3.99, 3.54±0.26 and 9.67±1.26 µg/mL, respectively. As a result, the effective antioxidant and 

antimicrobial activity values of the ELA molecule may be a source that can be used in pharmacology in the future. 
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1. INTRODUCTION  

The reducing chemicals known as antioxidants have 

been employed to counteract various free radicals. 

Atomic groupings or atoms with just one type of 

electron make up free radicals. Oxygen molecules 

interacting with certain compounds in medications, air 

contaminants, and mitochondrial respiratory chain 

processes can all be found in them. Free radicals harm 

people and damage DNA, proteins, cell membranes, and 

other cellular building blocks. They also cause many 

pathological conditions, including atherosclerosis, 

myocardial infarction, asthma, diabetes mellitus, 

anemia, and rheumatoid arthritis.
1,2

 

 

Natural or artificial chemicals that destroy or stop the 

growth of bacteria are known as antimicrobial agents.
3
 

These include antibiotics, antiseptics, disinfectants, etc., 

very wide. Antibiotics are substances created by living 

things that prevent the proliferation of certain 

microorganisms or kill them.
4
 Plants with antimicrobial 

properties gain importance as problems arise with the 

use of antibiotics.
5
 Since pathogenic germs can be killed 

by antibiotics, many researchers are interested in 

chemicals that can be differentiated from plant species.
6
 

 

The family Lamiaceae includes about 300 taxa. Nepeta 

L, which is distributed in many parts of the world, is the 

genus with the highest number.
7
 It includes 44 taxa, 22 

of which are endemic in Turkey.
8
 Nepeta’s are rich in 

terpenes, flavonoids, phenolics, and steroids. Moreover, 

it is known to have various pharmacological 

activities.
9,10

 Iridoid glycosides consisting of 

cyclopentane and monoterpene skeleton are found in 
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various nepeta species and are known to have bioactive 

properties.
11

 1,5,9-Epideoxyloganic acid (ELA) is one 

of the most common compounds in the Lamiaceae 

family.
12

 

 

Our study examined the antioxidant and antibacterial 

activities of the ELA molecule isolated from the 

endemic N. aristata Boiss Et Kotschy Ex Boiss plant. In 

the literature review, detailed studies on the antioxidant 

activities of the ELA molecule were not found. 

Therefore, this study is a comprehensive report on 

biological activity. 

2. EXPERIMENTAL 

2.1. Plant Materials  

In the Bingöl province in the Eastern Anatolia Region 

of Turkey, N. aristata (BIN6195) was gathered south of 

Ortaköy (Methane rough mountain sides). Prof. Dr. 

Lütfi Behçet's diagnosis of plants. Plants gathered 

between July and September were dried in an 

environment that was conducive to drying. 

2.2. Methods 

2.2.1. Extraction, Fraction and Isolation 

One hundred grams of dried plant materials were 

ground up and extracted three times using a 1:1 

methanol: chloroform solvent solution. The extraction 

mixture was filtered, and a rotary evaporator removed 

the solvent at the proper temperature. 

 

In the evaporator, the fractions' solvents were 

eliminated. Hexane, dichloromethane, ethyl acetate, and 

methanol were the four fractions produced, respectively 

when the residual solvent residue was dried in the 

lyophilizer. The methanol fraction was then used on 

Sephadex columns and fractionated due to its high 

activity. Thin-layer chromatography (TLC) was applied 

to mix fractions with similar composition, yielding nine 

sub-fractions. 

 

More sensitivity and purity were achieved by separating 

molecules using preparative-HPLC (Thermo 

ScientificTM DionexTM UltiMateTM 3000). 

Chromatographic separation was performed with a 

reverse-phase thermoscientific Hypersil Prep Bds C18 

preparative column. The elution gradient was set to 

methanol and pure water. 100 mg of fraction sample 

was dissolved with 1:1 w:v methanol and water. It was 

passed through a 0.22 µm filter, transferred into 5 ml 

vials, and given to the device. UV scanning was 

performed for sensitive separation, and the separation 

process was started according to the appropriate method 

by setting the appropriate UV value.
13

 

CD3OD was used to dissolve the refined ELA. The 

Agilent-Premium Compact 14.1 Tesla 600 MHz 

Frequency NMR equipment was used to identify its 

structure through two-dimensional COSY, HMBC, and 

HSQC NMR spectra in addition to 600 MHz ¹H- and 

150 MHz ¹³C-NMR.
13

 

 

Mass spectrometry (MS) and liquid chromatography 

(HPLC) of the chemical were performed using the 

Agilent 6460 Triple Quad brand. After removing the 

analytical column, the MS spectrometer was connected 

to HPLC without the column. Eluent: A (acetonitrile 

with 5 mM ammonium formate plus 0.1% formic acid), 

4 µL of sample injected, 0.400 mL/min injection 

volume, and solvent flow rate. After 90 seconds, the 

scanning range was found to be 50–1200 m/z, and the 

MS spectrum was produced.
14

 

 

2.2.2. Antioxidant Activities 

 
The phosphomolybdenum reduction test was performed 

according to the molybdenum method. This method was 

based on reducing Mo
+6

 to Mo
+5

 and generating green 

phosphate/Mo
+5 

at 695 nm.
15,16

 This assay was 

determined spectrophotometrically based on the 

reduction of the Fe
3+

/ferricyanide complex to its ferrous 

form and the green color formation of the Fe
2+

 at 700 

nm.
17,18

 The activity was obtained 

spectrophotometrically based on the measurement 

principle of the orange complex formed by the ferrous 

ion (Fe
2+

) with 1,10-phenanthroline at 510 nm.
19,20

 The 

activity was obtained spectrophotometrically at 517 nm 

based on DPPH˙ scavenging.
21

 The activity was 

performed at 734 nm using the results of the oxidation 

of 2,2-azinobis-(3-ethylbenzothiozine-6-sulfonic acid) 

ammonium salt with peroxydisulphate.
22,23

 The activity 

was determined spectrophotometrically at 560 nm based 

on the measurement of the conversion of the yellow 

color to formazan blue as a result of the reaction of 

NBT
+2

 with the superoxide radical produced by the 

PMS-NADH system radical.
24,25

 The activity was 

determined spectrophotometrically at 562 nm based on 

the formation of Fe
2+

-ferrozine complex with ferrozine 

of Fe
2+

.
26

 

 

2.2.3. Antibacterial Activities 

 

The antimicrobial activity was performed using six 

bacterial strains (gram-negative bacteria such as 

Escherichia coli ATCC 25922, Psedomonas aeruginosa 

ATCC 15442, and Klebsiella pneumoniae ATCC 

10031, and gram-positive bacteria such as Enterococcus 

faecalis ATCC 29212, Bacillus cereus CCM 99, and 

Staphylococcus aureus ATCC 25213).  

 

100 µL of the bacterial solution, of which 0.5 

McFarland value was set, was spread on Mueller Hinton 

Agar medium, and 6 mm sterile test discs impregnated 

with 20 µL sample were placed on the agar and then 

incubated at 37 °C for 16-18 hours. Antibacterial 

activity was tested by disk diffusion.
27

 ELA-prepared 

solution at a concentration of 1024 µg/mL was used. In 

methods, tetracycline and amoxicillin antibiotics were 
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used for comparison purposes. The clear inhibition zone 

was measured in millimeters. 

 

In the MIC method, 100 mL of cationic Mueller Hinton 

Broth medium (Mueller Hinton Broth medium, 400 µL 

MgCl2 (2 mg/mL), and 1 mL CaCl2 (2 mg/mL) are 

added to each well of a sterile 96-well microplate. 

Antibacterial activity was tested by minimum inhibition 

concentration.
28

 ELA-prepared solution at a 

concentration of 1024 µg/mL was used. In methods, 

tetracycline and amoxicillin antibiotics were used for 

comparison purposes. After cooling, 100 µL of sample 

(or antibiotic) was added and mixed homogeneously, 

and serial dilution was made. Then, 5 µL of bacterial 

solution (0.5 McFarland adjusted bacteria and cationic 

Mueller Hinton Broth medium) was added to each well 

at +4°C. It was left for 2 hours, taken at the end of the 

time, and incubated for 16-18 hours at 37°C. The MIC 

value was expressed as µg/mL. 

2.2.4. Statistical Analysis 

To calculate the ± standard deviations for each 

parameter, triple replication findings from in vitro 

biological activity tests were used. The SPSS 20.0 

software was used to calculate the data. ANOVA was 

utilized when examining interactions between more than 

two independent factors and how they affect the 

dependent variable. For numerous comparisons, the 

Tukey HSD
a,b 

program was also utilized. The activity 

results were compared to the statistical significance 

level of the values, and the result was stated using 

p<0.05 values. 

 

 

3. RESULTS and DISCUSSION 

3.1. Antioxidant Activities 

The study of antioxidant activity has drawn more 

attention recently.
29

 Preventing food oxidative 

deterioration and lowering the risk of oxidative damage 

at the cellular level requires the use of safe 

antioxidants.
30,31

 It is possible to alter the antioxidant 

defense mechanisms of living things by diet.
32

 The 

posphomolybdenium reducing (136.02±3.99 µg/mL), 

metal chelating (109.66±3.02 µg/mL), reducing power 

(102.00±0.00 µg/mL), DPPH˙ (11.67±0.38
 

µg/mL), 

ABTS˙⁺ (84.48±0.95 µg/mL), superoxide anion 

(3.54±0.26 µg/mL) and H2O2 (9.67±1.26 µg/mL) 

scavenging activities were investigated of ELA and α-

tocopherol, EDTA and ascorbic acid standards were 

used in antioxidant activity tests. Table 1 shows that 

ELA (Figure 1) has higher than standard antioxidants 

superoxide anion scavenging (3.54±0.26 µg/mL), H2O2 

scavenging (9.67±1.26 µg/mL) and 

posphomolybdenium reducing (136.02±3.99 µg/mL) 

activities. According to studies, no study has been found 

in the literature on the antioxidant activity of ELA 

 

Figure 1. Molecular structure of ELA
13

.

Table 1. Antioxidant activities of the ELA. 
Antioxidant assays Activity ELA* α-Tocopherol Ascorbic acid EDTA 

Posphomolybdenium reducing A0.5, 

µg/mL 

136.02±3.99a 165.05±0.94c 145.49±0.20b - 

Reducing power 102.00±0.00b 176.63±1.21c 88.11±0.94a - 

H2O2 scavenging 9.67±1.26a 56.84±0.96b 250.52±0.47c - 

DPPH˙ scavenging IC50, 

µg/mL 

11.67±0.38b 3.44±0.62a 3.11±0.07a - 

ABTS˙⁺ scavenging 84.48±0.95b 11.16±0.09a 11.70±0.01a - 

O∙
2 scavenging 3.54±0.26a - 78.33±0.49b - 

Metal chelate 109.66±3.02b - - 30.01±0.38a 

* ELA: 1,5,9-epideoxyloganic acid, EDTA: Etilendiamintetraacetic acid, n:3, p<0.05

3.2. Antibacterial Activities 

The gram-positive bacteria's cell barrier structure 

permits hydrophobic compounds to diffuse cells quickly 

and act in the cell wall and cytoplasm.
33

 Contrary to 

this, the cell barrier of gram-negative bacteria is more 

complicated. In these bacteria,  lipopolysaccharides 

consisting of lipid A, core polysaccharide, and O 

antigen provide a "quid" structure.
34,35

 Antibacterial 

activity was examined against gram-negative and gram-

positive, and amoxicillin and tetracycline were used as 

antibiotics. When the antibacterial activity of ELA was  

examined, it was determined that the MIC value was 8 

µg/mL against E. faecalis. In contrast, it was determined 

that the inhibition zones 11.50±0.00 mm and 

10.00±0.00 mm against  K. pneumoniae and S. aureus 

bacteria, respectively. These results show that it has 

good antibacterial activity when compared with 
amoxicillin; however, it was lower antibacterial activity 

than tetracycline (Table 2). 

Aničić, et all. 
36

 investigated the antibacterial activities 

of ELA and determined the MIC values of 600, 50, 300, 

400, and 200 µg/mL against B. cereus, S. aureus, E. 

feacelis, P. auregonisa, and E. coli bacteria, 
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respectively. According to these results, as indicated in 

Table 2, it was observed that the MIC values of B. 

cereus and E. feacelis bacteria that we obtained in our 

study were higher. 

 

Table 3. Antibacterial activities of the ELA. 

Bacteria Inhibition zone, mm Minimum inhibition concentration, µg/mL 

ELA Amoxicillin Tetracycline ELA Amoxicillin Tetracycline 

E. coli (ATCC 25922) - 21.00±5.66 31.00±0.00 256 1024 8 

P. aeruginosa (ATCC 15442 - - 32.00±0.00 >512 1024 <2 

K. pneumoniae (ATCC 10031) 11.50±0.00 - 31.00±0.00 >512 1024 8 

E. faecalis (ATCC 29212) - - 32.00±0.00 8 1024 8 

B. cereus (CCM 99) - 27.00±0.00 37.00±0.00 256 <1 <0.5 

S. aureus (ATCC 25213) 10.00±0.00 8.00±0.00 31.00±0.00 >512 1024 8 
*ELA: 1,5,9-epideoxyloganic acid 

4.CONCLUSION 

Plants normally contain little levels of secondary 

metabolites, yet these compounds have medicinal 

characteristics. The interest in herbal medicines for the 

synthesis of natural goods is growing every day due to 

the highly toxic effects of synthetic pharmaceuticals 

used for treatment. Though millions of chemical 

molecules make up a plant, only a few exhibit bioactive 

characteristics. High concentrations of phenolic, 

steroids, flavonoids, and terpene chemicals are found in 

Nepeta species. Furthermore, because of their 

bacteriostatic properties, these species are favored by 

the general population as remedies for skin conditions 

like eczema. The antibacterial and antioxidant 

properties of ELA molecules. As a result of the studies, 

it was seen that ELA has high antioxidant properties in 

H2O2 and O2˙ˉ scavenging activities. In addition, its 

antibacterial activity is high against E. feacelis, K. 

pneumoniae, and S. aureus bacteria. The antioxidant 

activities of ELA were investigated for the first time and 

contributed to the literature. Further studies on this 

molecule, which is effective against antioxidant and 

antibacterial activities, can be used in the 

pharmaceutical industry. 
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